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This invention provides methods and

diagnostic kits for determining the toxicity of a
compound. The methods and diagnostic kits of this

invention employ a plurality of bacterial hosts, each
10 of which harbors a DNA sequence encoding a different

stress promoter fused to a gene which encodes an

assayable product. Each of these stress promoters is
induced by exposure to a different type of cellular

stress. The stress promoters utilized

15 - invention, in toto, comprise those promoter which

in this

respond to redox stress, DNA stress, protein stress,
energy stress and pH stress. The methods and
diagnostic kits of this invention may be employed to
characterize and quantify the toxicity of a compound,
20 as well as to identify the cellular mechanism of its
toxic action. Moreover, the methods 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

25 toxic and in active drug design.



BACKGROUND OF THE | NVENTI ON' At | east 55,000 chenical s”are presently
producedsin the United States. Over 2,000 new chem cals are introduced into
the maf ket seach year. 5 Very few of these chemicals have been
conprehensively tested for acute or chronic toxicity. For exanple, |ess
than 1 percent of commercial chem cals have undergone conplete health
hazard assessnent. The Environnent al Protegt%og Agency ("EPA') 10 has the
authority to require toxicological testing of a chemcal prior to
commerci al production, but that authority is rarely invoked. Less than 10

percent of new chenicals are suBpeRbEREulS dgt@hbeQNVENTQUbe the EPA. In
the interest of cost and speedy access to the mar ket, the EPA often uses
t he toxi ci ]Ey of previ ousl y AeSIwbhmJ%@@@ﬁww?brécpém@etme
toxicity of a new ¢ t ent toxicity of n S is
nonitored by the %%cﬁ“ %\% + Y?%?F("F%A '2# New Dr ug
Appl i cation ( NDA)Ghemica 3 ayei intrgducedi into atharlgaathQaqh yeawxicity,
car ci nogeni ci ty ngé%céfytlﬂée‘!;er&l?éﬁi’&ﬁé%sfr&rﬁé té‘o:{:ﬁféﬁeﬁé‘l@él}eas"

two species of I|ve ani nal s tests are re U|re up to ohe
year. The costs iFRI¥SDILPH §EPE%H$¥e@h?@P%%éE%x%%%¥¥ |sF%ﬁd?%%EEleFor
exanple, a typi caieé)é) -€ifdn eX ppericent oxf %éméﬂsial Ncliéhbc&Ds t kave

APbr oxi mat o 3 S80 TIPS Hra Fke AERER adEis BrdSnStE i cion, m 0.
Amdur et al., eds. 30 Per gdbine Emvxs¢anntaerIOBEGmh@mkAggn027(TEEEH)]

10 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
EPA. In the interest of cost and speedy access to the

15 market, the EPA often uses the toxicity of previously
tested homologous compounds to gauge the toxicity of a
new chemical.

The potential toxicity of new drugs is
monitored by the Food and Drug Administration ("FDA").
20 For a New Drug Application (NDA), the FDA typically
' requires a large battéry of toxicity, carcinogenicity,
mutagenicity and reproduction/fertility tests in at
least two species of live animals. These tests are
required to last up to one year. The costs involved in
25 completing these teéts is enormous. For example, a
typical 90-day exposure toxicity test in rats costs
approximately $100,000. A two year toxicity test in
rats costs approximately $800,000 [Casarett and Doull’s
Toxicology, 4th Edition, M. 0. Amdur et al., eds.
30 Pergamon Press, New York, New York, p. 37 (1991)].
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
35 tests, which determine the LDgy of a compound (the dose



Besi des cost, animal testifg al so presents disadvantdges in terms of tine,
ani mal suffering and accuracy. Typical toxicity tests are divided into
three staggs: acute, short termand long term Acute 35 tests, which
determne the LD50 of a conpound (the dose -3- at which 50% of test
animals are killed), require sone 60-100 animals and a battery of tests for
determ ni ng LD50, dose-response curves and _fgr Jjonitoring clinical end

poi nts, other than death. Short termtests usually 5 involve at |east 24
dogs and 90 rats and |last from90 days in rats to 6-24 nonths in dogs. Body

wei ght, food consggpyh®8n Bbg0ods destcaniflalicSave kalRkay,areqhiedussiky
nmeasured in the sggrghbernlteits. [.n agdlglon, gegd gnhgalsdage sub#ected
to post-nortem 10°28x4APnaPABALS BAGa BARTEEY O FESEFN{PE, dBESERIPLNTer m
tests, but |ast 2LPpgpr dose+wéspanske umtves arehrfor matigomingrerkinical

Ani mal testing has_cone,under iticism i mal, rights_activists and.the
general public befd sgoigggf PﬁéeEengE géF?Brinthﬁgl%SFQdESﬁEthsgﬁgﬁﬁls.
Mor eover, receht énvddwmeeatallkastnld dogst and SPReratsuandylastafiroml 90

testing. For exa”HLgs Xﬁr&ahge%p B4 AdntRsMh dbgk. ”B%d&”ﬁékghibefogg |
predictability of anhimal tests I n determning _carcirnogeni c_propérties
[P. H Abel son, "oresuBR§ichncblopq,HuFine and RigsHessampipsnake 255, p.

141 (1992)]. And pregtiently measured in the short-term tests. 1In
' addition, dead animals are subjected to post-mortem

10 examinations. Long term tests are similar to short
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

15 of the severe suffering inflicted on the animals.
Moreover, recent evidence calls into question the
accuracy of animal testing. For example, variables,
such as animal diet, may impair the predictability of
animal tests in determining carcinogenic properties

20 [P. H. Abelson, "Diet and Cancer in Humans and
Rodents", Science, 255, p. 141 (1992)]. And prior
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,

25 p. 753 (1991); L. Roberts, "More Pieces in the Dioxin
Puzzle", Research News, October, 1991, p. 377]. It is
therefore apparent that there is an urgent need for a
quick, inexpensive and reliable alternative to toxicity
testing in animals. '

30 ' Several short-term alternative tests are
available. For example, the Ames Assay detects
cércinogens which cause genetic reversion of mutant
strains of Salmonella typhimurjum. However, the Ames
Assay cannot detect either non-mutagenic carcinogens or

35 non-carcinogenic toxins. The yeast carcinogen assay



determ nations on dioxin toxicity, based on guinea pi'g:testing, are now

bei ng reevaluated [B. J. Culliton, "US Governnent Orders New Look At

Di oxin', Natwure, =352, 25 p. 753 (1991) L. Roberts, "More Pieces in the

Di oxi n Puzzle Research News, COctober, 1991, p. 377]. It is therefore
apparent that there I s an urgent need for a quick, inexpensive and reliable
alternative to toxicity testing in animals._ 30_ Sever al
short-termalternative tests are avail able” For exanple, the Ames Assay
detects carci nogens whi ch cause genetic reversion of mutant strains of
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employed yields any information about the cellular

10 mechanism by which a carcinogen, mutagen or toxin
exerts its effect. Therefore, these prior art assays
also do not reveal any information that would be
helpful in selecting a counteracting agent or antidote
to a compound found to be toxic.

15 SUMMARY OF THE INVENTION

- Applicant has solved the problems set forth
above by providing a method which combines a plurality
of DNA constructs, each comprising a different stress
promoter fused to a DNA sequence which codes for an

20 assayable polypeptide, such as B-galactosidase.

An appropriate bacterial host carrying any
one of these fusions is an in vivo diagnostic reagent
for determining if a given compound induces the
particular stress promoter the strain harbors. By

25 incubating such a host with a given compound and
assaying for the detectable polypeptide, one can
quickly and easily determine if a particular stress
promoter is induced or repressed by the compound. By
repeating this procedure with a set of hosts, each

30. harboring a different stress promoter gene fusion, the
toxicity of a compound can be both quantified and
characterized in terms of how it damages the cell.

The present invention provides such sets of
hosts in the form of diagnostic kits for assaying and



hel pful in selecting a counteractlng agent or antidote. ‘to a conpound found
to be toxic. 15 SUMVARY OF THE | NVENTI ON Appl i cant has
sol ved. the ;probl ens set forth above by providing a nethod which conbines a
plurality of DNA constructs, each conprising a different. stress pronoter
fused to a DNA sequence whi ch codes for an 20 assayabl e pol ypeptide, such
as [err]-gal actosidase. An appropriate bacterdal host carrying any one of
these fusions is an in vivo diagnostic reagedt for determining if a given
conmpound i nduces the particular stress pronoter the strain harbors. By 25

| ncubating such acﬂQSLc%bEEzinﬁ'¥8§1E?E9°U”9hégﬂ QESQYEEQ BBEI%QQIY

det ect abl e polypept| one ca urc easl | é et erm ne
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present |nvent50ntpu§vhnven§aoh schieve kbese rﬁsuﬂ§Sf69n1gffuaagﬁgstbf

Kits for assayi ngtfRdcost- 8t aR3mat!t ebkeif g hfid' Githouthegg kits are
optimally designed to determ ne the toxicl a conmpound in a natter of

days, rather than°PH§°ﬁéﬁPﬁ§18rc?BﬁPS“P@SGFrE& fdveaanimpleest fRY, th
Furthernore, the RQlihgneéktic kits and methods of this invention yield

information about the nature of a toxin’s action on the
10 cell -- something that the prior art short-term assays
fail to do.

The invention also provides a method of
identifying an antitoxin to a compound demonstrated to
be toxic by the methods of this invention. And the

15 invention provides a method of improving active drug
design.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the induction of the merR,
sfiA and sodA promoters by varying concentrations of

20 methyl mercury, as measured by B-galactosidase
synthesis. i

Figure 2 depicts the induction of the sfiA,
ada-alkA, nfo and dinD promoters by varying
concentrations of 4-nitrogquinoline, as measured by 8-

25 galactosidase synthesis.

_ Figure 3 depicts the induction of the sfia,
ada-alkA, nfo and dinD promoters by varying
concentrations of methyl methanosulfate, as measured by
B-galactosidase synthesis.

30 Figure 4 depicts the induction of the so0il7,
s0il9 and s0i28 promoters by varying concentrations of
plumbagin, as measured by B-galactosidase synthesis.

Figure 5 depicts the induction of the sodA,
proU and soil7 promoters by varying concentrations of



5 this invention achieve these results for a fraction of the cost of animal
testing and without the objectionable consequences to |ive aninmals. And,
the di agnostic kits and nmethods of this invention yield information about
the nature of a toxin's action on the 10 cell -- sonething that the prior
art short-termassays fail to do. The invention also provides a method of
identifying an antitoxin to a conpound denungtcated to be toxic by the
met hods of this invention. And the 15 invention provides a nethod of

I mproving active drug design. BRI EF DESCRI PTION OF THE DRAW NGS Fi gure 1
depicts the indu0§6®ﬂuﬂfchh6rﬁ&éfiaéfhéaﬁﬁﬂeQOEﬁtB*QSD&CtGSbﬁayérying
concentrations of ﬁQEHE mercury, as neasured by [err]-gal act osi dase
synt hesi s. F|gure eprc s the induction of the sfiA ada-al kA, nfo and
di nD pronoters by varying cBhgenerat depicts ﬁhalln@qqth@nlnﬁ the fepBur ed

by [err]- 25 gal a@é&ﬁlslﬁaesfmtaféhstef'sgy{,evérpfﬂgceamt:éﬁtfaéysﬁsoafof the
sfi A, ada-al kA, nfo_and, di nD_pronoters varéy 8 concentra I ons of nethyl

met hanosul fat e adr #eaSHP¥EL 1B—©§IH€?§§FE§S n?ﬂ%§F§°s Rse
Figure 4 depicts $yethediigti on of the soil7, 30|I9 and 30|28 pronot ers by

varying, concentract one of phygEg' . o5 HEEoE R0 RnBe b 6Bk RR s,
pronoters by var y$fiAcandenoid?i pnemoters at various PH: as measured by
B-galactosidase synthesis.

10 Figure 8 depicts the induction of the soil7,
s0il9, s0i28 and katG promoters by varying
concentrations of hydrogen peroxide, as measured by 8-
galactosidase synthesis.

Figure 9 depicts the effect of various

15 concentrations of methyl methanesulfonate on the
induction of each of the sixteen stress promoters in
the most preferred diagnostic kit of this invention as
measured by fold increase in B-galactosidase activity.

Figure 10 depicts the effect of various

20 concentrations of mercuric chloride on the induction of
each of the sixteen stress promoters in the most
preferred diagnostic kit of this invention as measured
by fold increase in B-galactosidase activity.

Figure 11 depicts the effect of various

25 concentrations of nitroquinoline oxide on the induction
of each of the sixteen stress promoters in the most
3preferred diagnostic kit of this invention as measured
by fold increase in B-galactosidase activity.

Figure 12 depicts the effect of various

30 concentrations of paraquat on the induction of each of
the sixteen stress promoters in the most preferred
diagnostic kit of this invention as measured by -fold
increase in B-galactosidase activity.



-6- 'sodi um chloride, as measur ed by B-gal actosi dase synthe5|s Figure 6
depi ct's the induction of the fepB, sodA and sfi A prompters by varying
concentrations of 5 2,2[err]-dipyridyl, as nmeasured by [err]-gal actosi dase
syntheS|s Flgure 7 deplcts t he |nduct|on of the aniG sfiA and soil7
pronoters at various pH, as neasured by B-gal actosi dase synthesis. 10
Figure 8 depicts the induction of the soil 7+ g0+l 9, soi 28 and katG
pronoters by varying concentrations of hydrogen peroxide, as neasured by
[err]- gal actosi dase synthesis. Figure 9 depicts the effect of various 15
concentrations of nethyl neREBAREEDf BESCRIBRIONcOF HHE{ INWENTIQNCh of the
Si xteen stress pronoters in the nost preferred dlagnostlc kit of this

i nvention as measured by fol&f iYRedherein  &he -fprmst'miweas’ Advity.

Flhgur _edlo deltmhct_s 'ti’&t:ﬂfi et Hfe \{éé&?ﬁmt?& ) Eﬁﬁla?ﬁdi féféierw_rmah

chl eride on the inductiqn e e .Si X ronDt s in the
nost preferred di Eﬂﬁ aﬁﬁ? %ﬁt qﬁs?*?ﬁ&ﬁﬂ*?ﬁi] 4ék& ol d
increase in [er%] mpmemstssdas@fahhev¢eyl Figure 11 depicts, the ef fect of
various 25 concentrations ofmd t{gﬂylmpéd&g S geson g@qléé}gtﬁ;f%ﬁgu@ach

of the sixteen stress pronpfers,in the nost
this application, refers to conditions which vary from

the normal reduction/oxidation potential ("redox")
state of the cell. Redox stress includes increased

10 1levels of superoxides, 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.

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.

25 "protein stress", as used throughout the
application, refers to alterations to proteins or
individual amino acids, as well as perturbations of
intracellular transport of proteins. The term
includes, but is not limited to, denaturation of

30 proteins, misfolding of proteins, chelation of protein
cofactors, cross-linking of proteins, both oxygen-
dependent and ~independent oxidation of inter- and
intra-chain bonds, such as disulfide bonds, alkylation
of proteins, oxidation of individual amino acids and




3preferred diagnostic kit ‘of this invention as measur’ed by fold increase in
[err]-galtact osi dase activity. Figure 12 depicts the effect of various 30
concentrations of paraquat on the induction of each of the sixteen stress
pronoters in the nost preferred diagnostic kit of this invention as
nmeasured by -fold increase in B-gal actosi dase activity. -7- DETAI LED
DESCRI PTI ON OF THE | NVENTI ON As used herein, ;,the terns "stress" and
"toxicity" are used interchangeably and refef fo the disturbance of the

bi ochem cal and bi ophysical 5-honeostasis of the cell. The term "redox

stress", as used épggg q&;mgﬁ%scagggacg§iQgp°§§£gréotgegpf?ﬁéfgﬂg'wgﬁeﬂ

vary fromthe normal reductionh/oxidation potential ("redox state of the
cel i . Redox stres®SiFRAMYB. | ncreased 10 |evel s of superoxidés, increased

| evel s of peroxides -- bothrhydeogre terfxnédrebdy StHE8EC PErertoMpass

decreased | evel s of lgtathio e_and gn oéﬂ rlcongitlon mhic? alter the

redox potenti al o?o?ﬂb t%??,wghﬁﬁ 35 %%Bo fe gYe ?rbﬂgé?%dﬁ% ﬁg agents. 15

The term "DNA St rEzatiples ofcenbegyi stresécaset forntedranaensbic

deoxyr i bonucl ei ¢ getgpgis L PhCEHESHEeBUALECLE IRygbll FYPEREBat Es SbE eSS
Imted to, t )

r
I ncl udes, but is not stran rea %NA strand cross-
| i nki ng, exposur e21ecEr@n kraneRrEti ARdaBE¥RPSUrgofA uncoupling agents.

The term "pH stress", as used herein, refers
to conditions which cause perturbations in _

10 intracellular pH, i.e., which decrease intracellular pH
below about 6.0 or increase intracellular pH above
about 7.5. pH stress may be caused, for example, by
exposure of the cell to ionophores or other cell
membrane damaging components, or exposure to weak

15 organic hydrophobic acids, such as phenolic acid. The
term also includes cell membrane damage and deleterious
changes in electromotive potential.

The term "“stress promoter induction" refers
to conditions which either increase or decrease the

20 level of expression of assayable gene product.

Individual cells respond to toxic stimuli, in
part, by activating specific genes whose protein
products detoxify the stimuli or repair damage caused
thereby. Mammalian and bacterial cells share a large

25 number of genetic and biochemical responses to damage
and stress. For most stress response genes found in
mammals, -a closely related gene has been identified in
bacteria. For example, it has been demonstrated that a
bacterial DNA repair enzyme can successfully complement

30 a human cell lacking its own DNA repair enzyme
[E. Friedberg, "DNA Repair", Microbiol. Review, 52,

p. 70 (1988)]. Thus, bacterial responses to stress are
reasonably accurate predictors of stress responses in
higher eukaryotes.



20 increased and decreased superhelicity, oxi dati ve DNA darmage, DNA

al kyl ati on, oxidation of nucleotide triphosphates and al kyl ati on of

nucl eoti de triphdsphates. The termal so includes inhibition of DNA
synthesis and replication. 25 "Protein stress", as used

t hroughout the application, refers to alterations to proteins-or individual
amno acids, as well as perturbations of |ntQ?ceIIuIar transport of

pr ot ei ns. The termincludes, but is not |imted to, denaturation of 30
proteins, msfolding of proteins, chelation of protein cofactors,

cross-linking of proteins, hy Iie@é\tg%%' ‘%&%%?x‘%t b%'&@er'lﬁ‘ie%%‘%'%t genes

oxidation of inter- and intra-chain , such as disulfide bond s

al kyl ati on of proP@Wﬁéalﬁﬁ@ﬂﬁtPﬁﬁnbﬂsP4G¢@@HG@F shaxacterdgedng T eEFbteln
damage caused by gemesuatd dndeen mHt al Sr,aﬁwﬂy QE Chemical lstu@esb&eo&er m

"energy stress" t a diti ct ATP | S.in
cell. 5 Exanples %Figﬁlg‘%y%é“%g&s af‘%%?'g\,\% 5’5’1 Sm’ft %%Is glkm t he
presence of oxPpgeindpee: whieaoromorel ofl m«smmmrfqu gemesxpreure to
uncoupl i ng agent s exHiRurdl BE' RHle'dells to, Fordtty Ny netalss O

condi ti ons which cause perturbations In intracel lular pH i .e., which
decrease i ntracel PdEEFOXIdes aromstdc @“gﬁﬂcqqhﬂﬂﬁaséqlﬁﬂﬁﬂbepﬁﬂ¥ﬁlﬁ&ﬂ

above about 7.5. pikylating agentsaperdxiadz itn@ents)y cross-1inking

agents, ionophores, redox active agénts and uncoupling

10 agents. Examples of cellular damage which induce these
'identified genes are lipid oxidation, DNA strand
breaks, DNA alkylation, DNA cross-linking, DNA
oxidation, osmotic imbalance, protein oxidation,
protein misfolding, protein alkylation, ATP depletion,

15 membrane permeabilization and glutathione depletibn.
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.

- 20 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, etc. Each diagnostic kit of this

25 invention comprises a plurality of bacterial hosts,
each harboring a bacterial stress promoter operatively
linked to a gene which codes for an assayable product.
That construct may be located in the bacterial
chromosome or on an extrachromosomal element, such as a

30 plasmid. Prefergably, the construct is present as a
single copy in the bacterial cell chromosome.

The degree of induction or repression of a
particular stress promoter is measured by the level of
assayable product, as compared to an untreated control

35 culture of the same host. The methods and kits of this



exposure of the cell to idnophores or other cell nenbrane damaging
conponents, or exposure to weak 15 organic hydrophobic acids, such as
phenollc acird.  The term al so includes cell nenbrane damage and del eterious
changes in el ectronotive potential. The term"stress pronoter induction”
refers to conditions which either increase or decrease the 20 |evel of
expression of assayable gene product. Ind|V|g al cells respond to toxic
stimuli, in part, by activating specific gen Whose protein products
detoxify the stimuli or repair damage caused thereby. Manmal i an and

bacterial cells shiagen 1bﬁr9§rﬁ§t &HHEP&lREtQSHerCtﬁadtQkQEEEQ‘SE'

responses to danmage and Stress. sLress response genes found in
manmal s, a cIosel9°FEPBP€da3@nﬁhﬂ§§°56€hz?HEﬂP|PfeH entyRet efi geliplar

exarrplef :f has b?&ﬁadenggﬁkédtﬁﬁ ahabmpobﬁaterlal DNA repair enzyne can
successful |y conpl enent pai-r. enzyne
[E. Friedberg, "DNA Repalr"Tﬁﬁ1%gaBF prgggﬁg SEPEBYggoE%ﬁ5§§ Thus,

bacteri al resp5nsésagnostlesklhseanéamehhbd§ afcuhaSelpveutcoanaUé beenss
responses in highgp QHKaBX%Eésu on tﬁe ég éfé%aragPQéfBEVSEEeQECESVhﬁich

stress genes have already been Fsol at erized. These genes are
i nduced by a var|€¥9 ?nﬁhEh?EaF°§P?é%¥e§eﬁPlé§PIHPﬁP°BﬂﬁngeBegﬂBﬁﬁ t he

chemi cal stressespypbiméfiers control gene expression, it is the promoter
which is actually induced by stress. Therefore, if the
10 promoter is fused to a gene encoding another
polypeptide, the expression of that polypeptide will be
affected by exposure to the particuiar stress which
induces the promoter. '

Thus, by determining which particular stress

15 promoters are induced by a compound, and comparing
those results to standard curves generated by exposure
to compounds which are known to cause specific
stresses, one can predict and characterize the specific
type of cellular stress that compound will cause. This

20 1is important both in terms of determining tolerable
intake levels of a compound and in predictihg symptoms
that may be correlated with its toxicity. More
importantly, the information that may be obtained by
use of the kits and methods of this invention allow for

25 the design of effective antitoxins to a toxic compound,
as well as in optimizing new drug design.

The diagnostic kits methods of this invention
employ a plurality of bacterial hosts. In toto, these
hosts comprise promoters which respond to each of:

30 redox stress, DNA stress, protein stress, energy stress
and pH stress. _

Preferably, the promoters which respond to
redox stress in the methods and kits of this invention
are selected from the prbmoters of the sodA, so0i28,

35 katG, ahp, rdc, gsh, zwf and micF genes.



5 induce one or nore of these |dent|f|ed genes are exposure of the cell to
mercury, *heavy netals, nitroxides, aromatic hydrocarbons, acidity,
basicity, alkylating agents, perOX|dizing agents, cross-|inking agents,

i onophores, redox active agents and uncoupling 10 agents. Exanpl es of
cel l ul ar damage which induce these |dent|f|ed genes are |ipid oxidation,
DNA strand breaks, DNA al kyl ati on, DNA cross- l'i_nki ng, DNA oxidati on,
osnoti c inbal ance, protein oxidation, proteﬁﬁ m sfol di ng, protein

al kyl ati on, ATP depletion, 15 nenbrane perneablllzatlon and gl ut at hi one

depl etion. Many nore stressy r})g%jfr I Egﬁg.} cation
and characterization of thes%"ea %Aﬁe é'fiyess g(;‘%gsxstl}xslé'u@ﬁﬁ edsglér abl e
i n under st andi ng anshtisefstarang i rindncead sthem celk ks are expaseash the cel | .

20 TheHEnSR s IHha tdrdadtied \Euiftsr ol Rl Gsdd fcddld SirRRthdTRid10ds
for determ ning and,characterizing the tOXICIE¥ of 4.0 und ,in terns of
the type of damagql 35 RAKAT Yty PLPAET, b5 ERRRREO

damage, redox ﬁarmajmymne Hdash ahthqﬂrenanﬂe tmeﬁhy]hlsnm'atm\{@m |cmrlloz

conprises a plurglgt malsh %ggl.n Gp 2 ial stress
pronoter operatively gen |éﬁﬁcode§{ ) ‘an ‘assayabl e product.
That construct mﬁF 40e Agad <SGk, USAmEnPRr %03

extrachr onosomal Igy‘ggn-t D Sﬁl a ;BO ggc'ﬁ:_rgitl Prefay 93 y.281he-apnst r uct
Is present as a S@g%@ c&fpy in the b t |a| celT chr or&oso% The degree of
i nduction or repr 1 b ina kil sured by the

| evel of ass.mblmprmzoms(mmpred 'Ilte asvdmtgersd eis @ldo dinduced by
metal chelaters, such as 1, l0-phenanthroline,
2,2’dipyridyl and EDTA (D. Touati, supra]. SodA gene
induction depends upon an increase in steady state
superoxide concentration, not necessarily upon cellular
15 damage caused by superoxides.

The s0i28 gene encodes a pyruvate flavodoxin
oxidoreductase. This gene is induced by superoxide-
producing reagents only. Specifically, the so0i28 gene
is induced when two small, thiol-containing proteins --

20 . flavodoxin and ferredoxin ~- become oxidized. These
proteins, in reduced form, are required for DNA
synthesis. Therefore, severe superoxide stress can
cause cessation of DNA synthesis.

The katG gene has been described by P. C.

25 Loewen et al., J. Bacteriol., 162, pp. 661-67 (1985),
the disclosure of which is herein incorporated by
reference. The katG gene encodes a hydrogen peroxide-
inducible catalase activity. It can be induced by Hy0,,
specifically, or compounds that cause production of Hy0,

30 in the cell. The katG gene does not, however, respond
to superoxide-generating compounds. |

The ahp gene is induced by hydrogen peroxide
and organic hydroperoxides, both exogenous and those
formed upon peroxidation of proteins and fatty acids.

35 The cloning and sequencing of the ahp gene was



35 culture of the same host. The methods and kits of this - 10 -

i nvention permt determnation of the toxicity of a conpound and
characterization'of the type of cellular damage caused by a conpound. The
stress pronoters enployed in the 5 diagnostic kits and nethods of this

i nventi on have been chosen based upon the specific types of stress to which
the gene they normally regul ate responds. §eg$u§e pronoters control gene
expression, it is the pronoter which is actuafly induced by stress.
Therefore, if the 10 pronoter is fused to a gene encodi ng anot her

pol ypeptide, the gxpreipbAnbyf clhatops! éleegii.sieaw' Bhcb8rabhect §91by
exposure to the particular stress which induces the pronpter.  Thus, hy

det er m ni ng whi chPBar 2PA8rap {19883 .,1%5hg giscdpsurprcof Whdeh A§ hek8iPound,
and conparing t hojaceepolrhtetiobyt Fedtei-dneel.VeThecahpapedmbyet<pasare to

ds which K Ll C . di d
char act er i 76 the SHESPR £2Py B8 BRSRorPUrAP CAPPUaER, REEYEBR,A0RA% | | cause.

This 20 is inpbrt peroxdtiationt damagef andt exoigrnpyst okrgaaice i nt ake | evel s
of a compound andyi &l | h r e | its
np ; hXBrB%F?b&EP%g 5%pehaﬁangn%?ﬁggxneﬁrge& hebed %%&QH

toxicity. Mre inpdOrta I Nf or mat | may be aobtal ned se_ of

‘the kits and nethé&édoﬁypéhgsﬁﬁvéﬁﬁiéﬁgaﬁﬁﬁﬁipﬁrmEGaFHe°§e§kgﬁgéi-efFﬂébive
antitoxins to a taxsera@®pouwRdch is exemplified by a fabB, fadE

genotype, can be made to incorporate peroxidation-

10 sensitive fatty acids into its cell membrane by growth
on a substrate containing those fatty acids. The
‘induction of ahp promoter-controlled expression of lacZ
in such a strain may indicate a compound is causing
lipid peroxidation. This can be confirmed by assaying

15 a wild-type strain of E. coli which harbors the same
construct. Failure of the same compound to induce 8-
galactosidase expression in this latter strain,
confirms that the compound causes lipid peroxidation,
but is not itself an organic hydroperéxide.

20 The rdc promoter is my name for the thiol-
sensitive promoter that has been described by G. T.
Javor et al., J. Bacteriol., 170, pp. 3291-95 (1988),
the disclosure of which is herein incorporated by

reference. This promoter is induced by thioglycerol
25 and other strong reductants.

The gsh gene encodes glutathione synthetase
and is induced by compounds which deplete cellular
glutathione levels, such as N-ethylmaleimide. The gsh
gene has been cloned and sequenced [H. Gushima et al.,

30 Nucleic Acids Res., 12, pp. 9299-307 (1985), the
disclosure of which is herein incorporated by
reference].

The zwf gene encodes glucose-6-hydrogenase

_ and is induced by superoxide-producing compounds and
35 nitric oxide [J. T. Greenberg et al., Proc, Natl. Acad.



as well as in optimzing ﬁEM/drug design. The diagnostic kits nethods of
this invention enploy a plirality of bacterial hosts. In toto, these hosts
conprlse pronoters which respond to each of: 30 redox stress, DNA stress,
protein stress, energy stress and pH stress. Preferably, the pronoters

whi ch respond to redox stress in the nethods and kits of this invention are
selected fromthe pronoters of the sodA, Qph_ - 35 katG ahp, rdc, gsh, zwf

and m cF genes. - 11 - The sodA gene encodes superoxide di snutase and is
strongly induced when cells are exposed to chemnicals that produce

super oxi de radi c@&l | rugphe £ lpp SUts Psg D af BB plﬂ@a& s afione,
streptonigrin, 5 net x.gﬁiblue and henazi he net qu 111 riioz et
al ., EMBQ J., 5, hee %Fé t1 Lacad.

gglll lngA,( 18&3) PP Baktao- B, 11988,) ,pID SeRren (ﬂ99ﬂaﬁttﬂre odlscni%r?@g%%
(1990)]. The sodA g%%gnll%/% o) m’ERJ cf @ t%(%G+Ycr}"|é'.i7aters sﬁch as 1,

10- phenant hrold ne, 2, 2" di pyﬂh@jwl%cﬂﬂlﬁ'@l}@d%lﬂﬁlseﬁﬁﬁ HNA Shat gene
I nduct |t ont _dependsstmﬁggl 4 4 Iﬁ}_&‘d‘mjdh lsslpqq-}gl ? O)@lﬁﬁ.‘ This
concentration, not necessar n ce u ar e cause

super oxi des. The ¥N®8'Y e‘rf@‘{gﬁ‘gg@é %"E‘F rpompoudes, such

as paraquat [J. T. Greenherg et al., supra]. The micF
gene is also induced by ethanol and by heat shock. The

10 nmicF gene has been cloned and sequenced [T. Mizuno et
al., Proc. Natl. Acad. Sci. USA, 81, pp. 1966-70
(1984), the disclosure of which is herein incorporated
by reference].

Other redox stress promoters which can be
15 utilized in the diagnostic kits and methods of this
invention include so0il7 and so0il9, which respond to
superoxides [T. Kogoma et al., Proc. Natl. Acad. Sci
. USA, 85, pp. 4799-803 (1988)].
The promoters which respond to DNA stress
20 useful in the methods and kits of this invention are
preferably selected from the promoters of the dinD,
ada, ada-alkA, leu-500, gyr, top, mutT and nfo genes.
The dinD gene is part of a larger regulon,
~ the SOS regulon, that responds to disruption of DNA
25 replication. Disruption of DNA replication is most
often caused by a limited class of DNA lesions,
including strand breaks and ‘cyclobutane dimers’.
Typical inducers of dinD include compounds such as
mitomycin. C, bleomycin and 4-nitroquinoline oxide, as
30 well as exposure to UV radiation. The dinD promoter
does not respond to oxidative DNA damage, except when
cells are exposed to extremely high concentrations of
Hy0, (Wwhich results in DNA strand breaks). The dinD

promoter is also not generally induced by alkylated DNA



oxi.dor educt ase. This gene‘?s i nduced by super oxi de- ﬁ?bducing reagents
only. Specifically, the soi28 gene is induced when two small, E
t hi ol - cont.,ai ni ng" protei ns 20 fl avodoxi n and ferredoxin -- becone oxidi zed.

These proteins, in reduced form are required for DNA synthesis. Therefore,
severe superoxi de stress can cause cessation of DNA synthesis. The katG
gene has been described by P. 'C 25 Loewen_ej,al., J. Bacteriol., 162, pp.
661-67 (1985), the disclosure of which is herein incorporated by reference.
The kat G gene encodes a hydrogen peroxide- inducible catalase activity. It

can be induced byo¥|ekialtevely aaﬂaa';éacakhyLsolr(xtégyaﬁuaazalhatn'taauﬁe,
e a gene oes not, owever,

production of Herg]O[err] 30 I h . T
respond to superoé#%e-BEne§§?Tﬁg gﬁﬁﬁigids. The ahp gene is induced by
hydr ogen per oxi de and or ganThehydaogenexenesdesoahpeabtginotbatindesponds

Seauencing of 1 he BigLELegLLFC ebChTRySACZbIN, DOLEL, 10CLPR, ThapuifeaR)

sequenci ng of the ahp 8en escri be
Bacteriol ., 171, ppsedbsandsothegogenene(arkd| andralkP) wkhak axeherein
i ncorporated by reheseie’ inhenahpepaPPOber alRgTateai pRACANTRE 4887 &4%kA

st ngut o et vechal Pk SeBSACAEd"b 2 R HE, ERY, SARHSABHRRRLIT
degr adati on nut anAlkylétion| dam@gehto DNA includes production of 0- -
6-alkylguanine and 3-alkyladenine. Known alkylating
10 agents that induce ada gene expression include
methlymethanosulfate (MMS), ethlymethanosulfate (EMS)
and N-methyl-N’-nitro-N-nitrosoguanidine (MNNG)
[(B. Demple, Bioessays, 6, pp. 157-60 (1987)]. The ada
gene has been cloned and sequenced [Y. Nakabeppu et
15 al., J. Biol. Chem., 260, pp. 7281-88 (1985), the
disclosure of which is herein incorporated by
reference].
The leu-500 promoter is a mutant promoter in
the Salmonella typhimurium leucine biosynthetic operon.
20 The promoter function can be restored by increasing DNA
supercoiling in the cell [D. M. L. Lilley et al.,
Molec. Micrbiol., 5,. 779-83 (1991)]. Therefore, a
leu-500-lacZ fusion inserted into either a S.
tzphimu;ium or an E. coli host can be used to detect
25 agents which cause increased supercoiling.

The gyr gene encodes one of the helicase
enzymes in E. coli. That enzyme monitors and maintains
the correct degree of DNA superhelicity by increasing
supercoiling. Agents that decrease superhelicity of

30 the DNA in a cell, such as DNA strand cross-linking
agents, induce the gyr promoter [K. Drlica, et al.,
Biochemistry, 27, pp. 2252-59 (1988)].

The top gene encodes a topoisomerase that

removes supercoils in overwound DNA [K. Drlica, et al.,
35 supra]. Transcription of the top gene is stimulated by



a strain, which is exenplified by a fabB, fadE genotype, can be made to

i ncorporate peroxidation- 10 sensitive fatty acids into its cell nenbrane
by gromﬂh on a substrate containing those fatty acids. The induction of ahp
pronnter-controlled expression of lacZ in such a strain nmay indicate a
conpound is causing |ipid peroxidation. This can be confirmed by assaying
15 a wild-type strain of E. coli which har s_the sane construct. Failure
of the same conpound to induce [err]- gal act'0si dase expression in this

|l atter strain, confirnms that the conpound causes |ipid peroxidation, but is

not itself an orgeeégtmlqueﬁ%'ﬁﬂcrzgse superhelid iy’ fg. PEOMPAELDIn MY
name for the thio sensitive pronpter that has been descri bed by

Javor et al., J. ¢hcdd f:d——liaﬁe-%%l;ezéqzespmg"é%?"*% hE12B8L] osu:F'é of
mﬂichlis he[e;n Iﬂ%@f@ﬁbﬁéeﬂebyoﬁcégiﬁnﬁemaﬂﬁéﬁ PppoPite that NG cele yyr

t hi ogl ycero 5 and ot rong uc T ne, encode

gl ut at hi one syntH%?%%e gﬂﬁé$ l?nﬁﬁ%%ﬁeésg Eﬁ%ﬁﬁﬁgﬁgﬁgﬁﬂg%é%§%?%§%%||u|ar
gl ut at hi one | e¥el supexcdihingl et Byl yeast i agentfscthiah fndrcestopegene| oned
and sequenced [H. @f@égﬁoﬁtai’éo ﬁ&é@céeesmm&lélaes suddesing Hie 307

(1985), the disclosure of | ein |ncor§orate reference] The

zwf gene encodes EPEEBRENat h?ﬂr%ﬁeﬁ%gilbﬁﬂt?g Prgteeglggnerase.
super oxi de- pr oductherépspe} nisbébiledé thati topxgére| inddct orandprigeet al .

Proc. Natl. Acad. used to 1dentify 'recombinogenic’ agents, which are
10 generally strong carcinogens.

The mutT gene encodes a 15 kilodlaton protein
that specifically degrades 8-oxo-dGTP to GMP. 8-oxo-
GTP is produced by X-ray irradiation, as well as many
naturally occurring oxidants [H. Maki and M. Sekiguchi,

15 Nature, 355, p. 273-75 (1992)]. The mutT is induced by
agents and conditions that cause cellular production of
8-ox0-dGTP.

The nfo gene encodes a DNA repair enzyme that
is specific for oxidative damage. Specifically, that

20 damage is the formation of 3/ blocking groups, such as
3’ glycolates, formed by the shattering of the
imidazole ring of nucleic acids [B. Demple et al.,
Proc. Natl. Acad. Sci. USA, 83, pp. 7731-35 (1986)].
Other DNA repair enzymes do not respond to this type of

25 DNA damage [S. Saporito et al., J. Bacteriol., 170,
pp. 5141-45 (1988)]. Nfo is specifically induced by
redox active agents, such as paraquat and menadione [S.
Farr et al., Microbiol. Rev., 55, pp. 561-85 (1991)].

Other promoters which respond to DNA stress

30 and can be utilized in the methods and kits of this
invention include dnaA, which encodes a protein
involved in DNA replication and is induced by agents
which block replication [C. Kenyon et al., J. Mol.
Biol., 160, pp. 445-57 (1982)]; sfiA, which encodes a

35 protein involved in excision repair of DNA and is



- 13 - Sci. USA, 87, pp. 6181-85 (1990)]. The zwf gene has been cloned and
sequenced [D. L. Rowley et al., J. Bacteriol., 173, pp. 968-77 (1991), the
di scl osure of which is herein incorporated by reference]. 5 The
‘m cF gene encodes antisense RNA that shuts off translation of the porin
gene, onpF. This gene i s induced by superoxide-produci ng conpounds, such as
paraquat [J. T. Geenberg et al., supra]. _T m cF gene is al so induced by
et hanol and by heat shock. The 10 mi cF gene has been cl oned and sequenced
[T. Mzuno et al., Proc. Natl. Acad. Sci. USA, 81, pp. 1966-70 (1984), the

di scl osure of whijglauced &y dkpddid ¥RURH raa i i nael -quEeirdedox
stress pronoters which can he 15 utilized _in the diaghostic klts]%gg

methods of this iShékiod+RAskerioly7 1oty MR S0 HI-Yddnd
superoxi des [T. Kogeom ericatles rFilonudiEdtide ateduitiaddiA a §xotpgin 4799- 803

(1988)]. The pr oy ein%e%if%} rﬁ&p%%%w S C(fzizs ]?‘q‘dn"a&%]délba)r (r)hr#)é}&;ret hods

and kits of this’im ron are pr y Sele fro ters of
the dinD, ada,5 addhigiik AnhikiteMNA @ynthesis niR.T Reverhand g Re di nD

gene is part of as%loﬂﬁ:_r. J el . I SPH (mu,wm;, ARdY) Furidt ion

di sruption of replicatiaon., Disrupti of replicatjon is St

of ten caused by &% YAk | JAE s ‘f‘ﬁfg?%,aqm% tm% s and
‘cycl obut ane di neiG] a@s [Wallkkgy sttt a ducks Mal. Bidl J haAaale penpBls T such
as (1982)]; recA, which is induced by single strand DNA

10 breaks and DNA crosslinking agents [S. Caseragola
et al., 185, pp. 430-39 (1982)]; and aidC, which is
induced by bulky DNA alkylating agents [R. Fram et al.,
Cancer Res., 48, pp. 4823-26 (1988)].

The promoters which respond to protein stress

15 useful in the methods and kits of this invention are
selected from rpoD, lon, clpB, merR, fepB-entC, meto
and groE genes.

The rpoD gene encodes a sigma subunit that is
part of the RNA polymerase holoenzyme. The rpoD

20 promoter is a strong "heat shock" promoter that
responds to all of the same conditions that induce the
heat shock response [D. W. Cowing et al., Proc. Natl.
Acad. Sci. USA, 82, pp. 2679-83 (1985)). 1In addition
to increased temperature, the "heat shock" response is

25 also induced by almost all alcohols, as well as some
heavy metals. The cellular response to "heat shock" is
actually a response to an increase in the
concentrations of misfolded mature proteins and
unfolded nascent proteins.

30 The lon gene encodes an ATP-dependent
protease which digests misfolded proteins [D. T. Chin
et al., J, Biol. Chem., 263, pp. 11718-28 (1988)]. It
responds to agents which cause misfolding of mature
proteins.



m tomycin ¢, bleonycin and 4-nitroquinoline oxide, aéABO wel | as exposure
to W radiation. The dinD pronoter does not respond to oxidative DNA
danage except when cells are exposed to extrenely high concentrations of
H202 (mhlch results in DNA strand breaks). The dinD pronoter is al so not
general ly induced by al kyl at ed DNA - 14 - or oxidatively damaged DNA [ S.
Kenyon et al., Nature, 289, pp. 808-12 (1981%; The ada gene encodes a
protein that responds specifically to alkyla ed DNA. It, in turn, regul ates
5 itself and other genes (al kA and aIkB) that are |nvolved in the repair of

al kyl ated DNA. ‘The ada, al k-:ehénél ﬂsnséoaﬁétahaspﬁfateaséhscéﬁmzt
operon. Al kylation dana eto DNA ud yction uanlne

and 3-al kyl adeni n3nd Kﬁ%ﬂmbbPﬂyFﬁt?ﬂﬁaiﬁdaBEﬂFglFﬁat Fﬁdbﬁelﬁﬁﬁcﬁ
expr ession lncludEhGEéélynpfbaﬁesylaﬁtabﬁhﬂﬁhceebhlaaaabeaopnbﬁeins(EﬁE»

and N-rnet hyl - N[er nitro- rosQgugni di ne [B npke | says,.
6, pp. 157-60 (19 llﬁ‘ga"f?ie'\%dgigéngﬁ-lgé—g% on BanaZEZS‘één&éQ‘-‘?ﬁ-
Nakabeppu et 15 aMisfdld&dobr thuncatedOprppeingsindace103pB, gehe

di scl osure of whighni.esBgkRiN i ncorporated by reference]. The |eu-500
pronoter is a nutan? pronoter in the Sal nonella_ty ghlnurlun1leu0|ne
bi osynt hetic operon. 20 TheTRRORBYRr ILNACYPERORER bR PLER8RERLPErGRF¥asi ng

DNA . as well as most inorganic mercury compounds [W. Ross
et al., J. Bacteriol., 171, pp. 4009-18 (1988)].

10 Mercury is known to cause modification of thiol groups
of proteins, frequently leading to inhibition of enzyme
function. Mercury can also alter'sulphydryl groups in
cell membranes, causing changes in membrane
permeability and membrane transport.

15 The fepB-entC gene encodes a periplasmic
protein required for iron transport into the cell.
Expression of fepB-entC is regulated by the amount of

- available iron within the cell. Low iron levels induce
the gene, while high levels shut off its transcription

20 (T. J. Brickman et al., J. Mol. Biol., 212, pp. 669-82
(1990) ].

The meto gene encodes methionine sulfoxide
reductase. The gene is induced by oxidized methionine.
The groE gene plays a role in cell growth.

25 Although the product of the groE gene has ATPase
activity, its cellular function is not yet understood.
It is also known that the groE gene product functions
as a molecular chaperon protein. The groE gene is
induced by agents which cause protein misfolding [D. W.

30 Cowing et al., Proc. Natl. Acad. Sci. USA, 82, pp.
2679-83 (1985)]. The sequence of the groE promoter has
been reported [D. W. Cowing et al, J. Mol. Biol., 210,
pp. 513-20 (1989), the disclosure of which is herein
incorporated by reference].



supercoiling in the cell [D. M L. Lilley et al., Mlec. Mcrbiol., 5,
779-.83 (1991)]. Therefore, a leu-500-lacZ fusion inserted into either a S.
typhlnurlun1or an E. coli host can be used to detect 25 agents which cause
i ncreased supercoiling. The gyr gene encodes one of the helicase enzymes in
E. coli. That enzynme nonitors and naintains the correct degree of DNA
superhelicity by increasing supercoiling. Agents that decrease
superhelicity of 30 the DNA in a cell, such DNA strand cross-1inking
agents, induce the gyr pronoter [K. Drlica, et al., Biochenistry, 27, pp.

2252-59 (1988)]. The top g

supercoils in overwound DNA Cﬁd@g &}Q%f&g‘é} Eﬁrﬁa‘?aé%r anscrl pt | on of
the top gene is s¥¥FRA%tARA 5an be utilizedaimcthe mefhodsanddel

super helicity [YtrﬁsTﬁevax@tbﬁtméludé dndxk, Whoéh, 1§0£nd@@ed713)'5 d’é’ents

(1988)]. It therefore responds. rann osjte that of t he gyr gene,
which is induced ¥R* @?e%?‘ﬁ%%t’glﬁﬁﬁfdﬂé ‘éé\s %ﬁ‘b%rt:lgt ¥ Y east,
agents that i nslucet tab. g-w 2 JdUgsA r egapippat267T8-83

suggesting that regaudy atio :.Lac%ﬁiétf 91 L 890k S0P nad b ST e |

bel i eve that top i on nay reco I noge
agents, which areaqgnﬁﬁﬁ%hhyhyi%h$bh§ @ér%iﬂﬁ@@hstr atian gbhe BB des a

15 kilodl aton proéeiagn., Molec. Gen. Genetics, 217, pp. 281-88 (1989)].
The promoters which respond to energy stress
10 useful in the methods and kits of this invention are
selected from the promoters of the sdh, ch, cyd and
unc genes.

The sdh gene encddes succinate dehydrogenase,
an enzyme that removes electrons from succinate and
15 donates them to cytochrome oxidase [R. Poole and
W. Engledew, in "Escherichia coli and Salmonella
typhimurium", F.C. Neidhardt, ed., ASM Press,
Washington, D.C., pp. 170-200 (1987)]). Expression of
the sdh gene is regulated by the presence of oxygen in
20 the cell. ©Under anaerobic conditions or conditions
which disrupt electron transport, the sdh gene is
turned off. Thus, the expression of B-galactosidase
regulated by an sdh-lacZ fusion would decrease in the
presénce of a toxin which affects electron transport.
25 The cyo and cyd genes encodes the two
cytochrome oxidase genes in E. coli. The cyo gene is
expressed strongly when cells are growing under normal
aerobic conditions, but is repressed under anaerobic
conditions or conditions that inhibit respiration [S.
30 Iuchi et al., J. Bacteriol., 172, pp. 6020-6025
(1990)]. Therefore, like the sdh fusion described
above, it is decreased cyo promoter-controlled
expression of assayable product that indicates a
compound is toxic. The cyd gene, in contrast, is



that specifically degrades 8-oxo-dGIP to GWP. 8-oxo- GJP is produced by
X-ray irradiation, as well as many naturally occurring oxi dants [H. Maki
and M Seklguchl 15 Nature, 355, p. 273-75 (1992)]. The mutT is induced by
agents and condltlons t hat cause cellul ar production of 8-o0oxo0-dGIP. The nfo
gene encodes a DNA repair enzyne that is specific for oxidative damage.
Specifically, that 20 damage is the formation of 3[err] blocking groups,
such as 3[err] glycolates, forned by the §ﬁdﬁ%er|ng of the imdazole ring
of nucleic acids [B. Denple et al., Proc Nat|. Acad. Sci. USA, 83, pp.

7731-35 (1986 t f 25
DA damage S SotisiueoinagP AandIEIGRS, 6o ﬁ’éﬁﬂfedﬁ%gﬁi%é’(%gﬁ?‘?

Nfo is speC|f|caII?Ptﬂﬂﬁeédub99¥eﬂgkmﬁkt|¢€r@5bﬁt§r0 hcendpbiensat and
nenadione [S. Farr et al. ':Mxér@hd: en&C¥nco@es HRe §P1tBe ﬁ‘igﬂiiiisea her

prom <7 i e rgsgen o 8 SRR Contte KL Felad Ui rethoos
i n DNA repI|ca5|oanemdylshandeceHTBylageh)soﬂhthé bébtksuehlasatlon [C
Kenyon et al. - f&ﬂé agdfiPs BRa ¢ -E%Ré%QBSk ;véﬁiﬁé ggﬁgp%encodes
a 35 protein |nv ved ? |on repalr % - 1 hduced by
exposure to W ra®tadlen ¥¥§_Qﬁ;blérdﬁp e¥3§7'53J(1E%§ibr|ol , 157, pp.
36-38 (1984)]; nrd, Promoters which respond to pH stress useful

in the methods and kits of this invention are selected

10 from the promoters of the hag, katF, micF and aniG

genes.

The hag gene encodes a protein involved in
cell mbbility. Cell mobility requires a proton
gradient across the cell membrane to a flagellar motor

15 [M. J. Silverman et al., J. Bacteriol., 120, pp.
1196-1203 (1974)]. Any compound that disrupts the pH
gradient by allowing a free flow of ions across the
membrane will induce hag gene expression and thus, the
hag promoter. -

20 The katF gene encodes a regulator of one of
the two catalases in E. coli [Triggs-Raine and Loewen,
Gene, 52, pp. 121-28 (1987)]. It is induced by
conditions that change the intracellular pH, such as
exposure to weak organic acids like phenolic acid. It

25 1is also induced by starvation.

The micF gene, which is described above in
the redox stress promoter section, also responds to
both membrane damage and changes in osmotic pressure
[J. T. Greenberg et al., Proc. Natl. Acad. Sci. USA,

30 supra). Both ethanol and heat shock are known to
induce the micF gene.

The aniG gene is a S. typhimurium gene that
is induced by changes in intracellular pH [Z. Aliabadi
et'al., J. Bacteriol., 170, pp. 842-51 (1988)]. The

35 aniG promoter may be employed in the kits and methods



whi ch encodes ribonucl eotide reductase, a protein reqUJred for DNA
synthesi s, ,and is induced by agents 5 which inhibit DNA synthesis [P

Rei chard, Ann Rév. Biochem, 57, pp. 349-74 (1988)]; dinB, whose function
S unknomn but I s induced by agents which danage DNA [G C \al ker et al .,
J. Mol. Biol. , 160, pp. 445-57 (1982)]; recA, which is induced by single
strand DNA 10 breaks and DNA crossllnklng aqﬁﬁts [S. Caseragola et al.

185, pp. 430-39 (1982)]; and aidC, which is duced by bul ky DNA aIkyIatlng
agents [R Framet al., Cancer Res., 48, pp. 4823 26 (1988)]. The pronnters

whi ch respond to e o)

i nvention are selﬁ%@#r%ﬂnﬁgﬁ%@# ﬂ? éyﬁl'h%ln - : kﬁrr%%% éan groE
genes. The rpoD RMEereeki éh%§%1gnn.subun|t that is part of the RNA

pol ynerase hol oenzyne. The cmo& 2r HGESES 'wh Bl Bé£19014 "6 PH SHOedss
pronoter that res q&?aﬁ%a?all t he Egngdcondutlﬁé that |nd chthefheat
shock response | v rf&a%t %I PP HIR N&t? 3L pp.

2679-83 (1985)%. ﬁheanldésemn imvemtxmsmblmmpsurml¢lheeﬂ¢m&st=sshock"

response is 25 al pysgé jddl s @ﬁ?&@éée %eéﬁdafss%g@@vy

nmetals. The ceIIu respo se to "heat sho IS act a response to an
increase in the d%%% Jnembrang ¢ﬁ%¢%ﬁdéﬂ dﬂ?ﬁ?%ﬁ%ﬁ%t% sl andgﬁhﬂéided

hascent proteins. &omol., 5, pPe 15909606 EIPPLEF; agsrdtTszdemm.d@d&t
ELotease whi ch di de Proi?lnfs;[)pp. é%gr5§ﬂ(fgss)f éhlch
em, 263, pp 1 1 28
is induced by 1ncreases in osmotic pressure; and mdoa,
which encodes an enzyme involved in the synthesis of
periplasmic membrane oligosaccharides and is induced by
membrane damage and osmotic stress [J. M. Lacroix
et al., Molec. Microbiol., 5, pp. 1745-53 (1991)].

15 In addition to those promoters described
above, new stress promoters that may be discovered and
characterized may also be employed in the methods and '
kits of this invention.

To identify new stress promoters one may

20 prepare and screen a Mu dX phage chromosomal or plasmid
library. The preparation of such libraries is
described by T. A. Baker et al., J. Bacteriol., 156,
pPp. 970-74 (1983), the disclosure of which is
incorporated by reference.

25 ' A chromosomal library is created by
transfecting an ampicillin-sensitive bacterial strain,
preferably E. coli which lacks the entire lac operon,
with Mu dX. This phage, which carries the lacZ gene,
randomly inserts into the host chromosome. Certain of

30 those insertions produce a stress promoter-lacZ fusion.

To identify those fusions, ampicillin-resistant
transfectants are screened for induction of 8-
galactosidase expression by known inducers of
particular stresses.



responds to agents which cause mnisfol ding of mature proteins. - 17 - The
cl pB gene product has protease activity and can bind to damaged proteins.

It is |nduced whén the cell produces an abundance of damaged proteins [M
Kitigawa et al., J. Bacteriol,, 173, 4247-53 (1991)]. 5 M sfol ded or
truncated protelns i nduce cl pB gene expression. The nerR gene responds to
el enrental nercury, as well as nost |norgan|c nercury compounds [W Ross et
al., J. Bacteriol., 171, pp. 4009-18 (19887] 119 Mercury is known to cause
nodi fication of thiol groups of proteins, frequently leading to inhibition

of enzyme function. N@rcuryAcBﬂa%%§8 fut 8% if%9$¥§r¥§ %Bﬂgﬁ%uEEeﬁ

menbr anes, causi ng changes I'n rane pernea rane transport.

15 ThelﬁebﬁtéﬂgCt@@n@héﬁ@GlGBa& BEBlEfaéniécp#@HQQ¥%§&mhqgkifor
iron transport ?Pef@?aﬁ\f,\# E. - B8 %fsshﬁﬁ Qﬁbévéﬂglﬁat&' orfGH{:ﬁiéé}i]QM the

amount of avallab e1ron I ron eve s I nduce the gene,
while high levels éﬁﬁﬁtb9ﬂ~|tghﬁr§ﬂ§BlF§990ﬁh29mP$°m§1 Eragnepksetsare, 3.

Mol. Biol., 218, @p wh$6nhS4@iii%86ntainhglress aepereﬂsﬁdeﬁ aesbressngene

sul f oxi de reduct age ene s_induce 0 |d| thiopin he groE
gene plays a role pﬂ &§§|85?B gr, are gh X fone nge s1mlfarI

digested vector, which does not carry an ampicillin
resistance gene, but preferably carries another
antibiotic resistance gene, i.e., tetracycline

10 resistance. An example of such a vector is pKT328.

The resulting plasmid.library is then used to transform
an amps, tets, lac™ bacterial strain. AmpR,'tetR
transformants are isolated and are then transfected
with Mu dX phage. The transfectants are grown in media

15 containing ampicillin and tetracycline. Plasmid DNA is
then isolated and used to transform an amps, tets, lac”

. bacterial strain. Screening for fusions is achieved as
described above, except that the desired transformants
are both ampR and tetR.

20 The plasmid library method is preferable
because it allows detection of Mu dX insertions into
stress genes that might otherwise be lethal. Only the
plasmid copy of the stress gene contains the Mu dX
insertion. Thus, the chromosomal copy of the stress

25 gene is still functional and is able to respond to the
stress.

Another method of identifying new stress
promoters and creating fusions to DNA encoding
assayable proteins involves the insertion of random

30 restriction fragments of bacterial chromosomal DNA into
specially designed vectors. Such vectors contain a
multiple cloning site situated 5’ to a DNA sequence
which codes for an assayable protein. The most
preferred vector of this type is pRS415. Following the

35 shotgun insertion of bacterial chromosomal fragments



25 A though the product of the groE -gene has ATPase activity, its cellular
functi-om i s not yet understood. It is also known that the groE gene product
functions as a nol ecul ar chaperon protein. The groE gene is induced by
agents mhfch cause protein msfolding [D. W 30 Cowing et al., Proc. Natl.
Acad. Sci. USA, 82, pp. 2679-83 (1985)). The sequence of the groE pronoter
has been reported [D. W Cowing et al, J. Mol. Biol., 210, pp. 513-20
(1989), the disclosure of which is herein~i #@ofporated by reference]. -
18 - O her pronpters which respond to protein stress and can be utilized in

t he met hods and kits of this _inventi I ncl dnak | .S | db
agents whi ch causétfl ﬁ"lﬁt'biand'%ﬁtod:r'ot %fe[%a'et&hnr%orvﬁ ng t@'q‘taétrﬁ'-'a:d.ﬁ,;“uIg(raoc. Y
lﬂat |b : Acgd. gci) . Hdlecliz iEp uREY SBINAEEN amtnairk ofvhagteniandhated
0 be induce y]%ggps{ | J4.00i 4y ey tyr 11 i kKapet
al ., Mdlec. GCen. ne %:%g] %ﬁﬁ‘%s@%@‘fﬁ%ﬁﬁéﬁeﬁ rﬁé}r?rpoét \éi:rns whi cyti
respond to ener gytheraspert ysdhg W%QW%tWWﬁ(&% xe (gfpreene

i gxggt i on are felmuﬂ Ad¥ fAise Mindwe sitfesswen, CBibsand unc
gl ectrons ffom 233% it %‘%Sﬂ?%gé{%ghgﬁ‘g%e%/ﬂgﬁ%a%&%% r]gér?eygcgi c}{akgte [eR@ves
Pool e and W EnglaskayabYe "fmsotein cin sthe | presendal o raii¢hy compounds
contain desirable fusions.
' The diagnostic kits and methods of this

10 invention rely on the induction of specific stress
promoters to alter expression of an assayable gene
product. This change in expression level is measured
both qualitatively and quantitatively. 1In order to be
useful in those kits and methods, the particular stress

15 promoter must be operably linked to the gene which
encodes an assayable product. The term "operative
linkage" refers to the positioning of the promoter
relative to the gene encoding the assayable product
such that transcription of the gene is regulated by the

20 promoter. Such positioning is well known in the art
and involves positioning the promoter upstfeam (57) of
the gene so that no transcription termination signals
are present between the promoter and the Shine-Dalgarno
site preceding the gene.

25 Preferably, the piece of DNA carrying the
carrying the gene encoding the assayable product will
also contain that gene’s Shine-Dalgarno sequence and
translation start codon. In this manner, proper
reading frame is not an issue when the DNA carrying the

30 stress promoter is ligated to the DNA encoding the
assayable product. This is true even if the promoter
DNA also carries a Shiné-Dalqarno sequence and a
portion of the stress gene coding region. For such
constructs, sufficient translétion will be controlled

35 by the Shine-Dalgarno sequence of the assayable product



typhi muriunt', F.C. Neidhdrdt, ed., ASM Press, Washington, D.C., pp. 170-200
(1987)7] .- Expression of the sdh gene is regulated by the presence of oxygen
in 20 thg cell.” Under anaerobic conditions or conditions which disrupt

el ectron transport, the sdh gene is turned off. Thus, the expression of
[err]-gal actosi dase regul ated by an sdh-lacZ fusion woul d decrease in the
presence of a toxin which affects electron % ansport. 25 The cyo
~and cyd genes encodes the two cytochrome oxTdase genes in E. coli. The cyo
gene is expressed strongly when cells are grow ng under nornal aerobic
conditions, bul L8nkCRhASIAYrYAHRI aRNERAEPHENEABIELRRS coloRORY! HatBEL! Nal
inhibit respiratfon [S., 3 luchi et al., J. Bacteriol., 172, pp. 6020-6025
(1990)]. Theref oiBductien: g€ EhK PEOMERSHescri bed above, it is decreased

cyo progn;er-contro#led eénne&swﬁnhdh theagebpe pfotthdis tihyentidncares a
“conmpound is toxic, e.c ne. .i.n ntr i - -2 dmdyged under
condi tions mhicthHﬁl5PF¥Feg§F%3fboﬁR§n%s§§ ngge egﬁdégoggF%aP% 8

aer obi c
growt h condi t Bongusiba proteine contadnivgeapf Nrterminaipportigpuett $he t

i's induced by aggg&ﬁyghg&rggguaanghgréaﬁﬁengyIﬁh%mﬁ@e(ABBstwehb ¢he! he
cell such as uncoupling ag&gg;F%p Jqnophores [K. .von enber

EMBO J., 4, pp. PdSPe69f( tedginge the promoter, 1% SONN i eggm,

usef ul encoding at least the N-terminal amino acid of the
stress gene product. Such constructs are useful in
10 detecting stresses that affect gene expression at the
translational level. For these constructions,
operative linkage requires ligating the 5’ end of the
DNA encoding the assayable product to the 3’/ end of the
DNA containing the promoter and part of the stress gene
15 coding region such that the DNA encoding the N-terminal
amino acids of the stress gene product are in the same
reading frame as the DNA encoding the assayable
product. It will be apparent to those of ordinary
skill in the art that for such constructs the promoter
20 DNA will contain the Shine-Dalgarno sequence and
translational start codon and that the DNA encoding the
assayable product must not contain its own Shine-
Dalgarno sequence.
The choice of genes to operably link to the
25 stress promoters in the kits and methods of this
invention is essentialiy limitless, as long as (1) a
DNA sequence encoding the assayable product has been
characterized; and (2) the product of the gene can be
detected. Sufficient characterizétion includes
30 knowledge of the entire coding sequence, availability
of a cDNA molecule or knowledge of a sufficient number
of restriction sites within the DNA sequence to allow
the gene to be manipulated so as to create an operative
linkage to the stress promoter.



in the methods and kits 6 this invention are selected 10 fromthe
pronnger;,of the hag, katF, micF and ani G genes. The 'hag gene encodes a
protein involved in cell nobility. Cell nobility requires a proton gradient
across the cell nenbrane to a flagellar motor 15 [M J. Silverman et al.,
J. Bacteriol., 120, pp. 1196-1203 (1974)]. Any conpound that disrupts the
pH gradient by allowing a free flow of ions cross the nmenbrane wi Il induce
hag gene expression and thus, the hag pronD% r. 2 The kat F gene
encodes a regul ator of one of the two catal ases |n E. coli [Triggs-Raine

and Loewen, Cene, 52, pp. &?&fé§ﬁ£i§87the EEsh?abﬂgugfng&tCQQdBLIOnS t hat

change the |ntraceIIuIar suc osure 1o weak organic acids |ike
phenol i ¢ aci d. IanSCtP§i§F§6 (spgedadnpystheyaBFEn9deRRe /i cF gene, which

i s described abo&ﬁlbﬂaﬁhﬁehiéal ateegl BrafBEerasecienspdelisbyr ehponds t o

bot h menb d

o ! Proc Nat| Safay: gpidcteRe kgnasmy(sheBaBATHYCERS. gk HERRICT B,
are known to sndgaacbb&daseF(ganedeahbyanhe gusegesea.Sglpypﬁhwenﬁunlgene
that is induced Q¥aﬁgg§g§§f E 92&) ?% Eageﬂéohéd Ayl thadhugt gahey .J-

Bacteriol., 170, ani ronot er .may be enpl oyed
inthe kits and Mesﬁoayefera ly, t laCZ gene 1spemployed. Y Pt oy

The stress promoter-assayable product fusions

harbored by the hosts employed in the diagnostic kits

10 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 stress gene has been cloned

15 onto a plasmid, the Mu dX insertion technique described
above may be utilizgd to form a stress promoter-
assayable gene product fusion. The only requirement
for using Mu dX in this instance is that the plasmid
harboring the stress gene not encode ampicillin

20 resistance. Screening for a functional fusion is
achieved by exposing transfectants to a stress which is
known to induce the specific stress gene. For any of
the above Mu dX transfection protécols it .is preferable
that the bacterial strain which is exposed to the

25 stress have a wild-type phenotype for all genes other
than lac. An example of a strain that is preferable
for harboring a stress promoter-assayable product
fusion is E. g¢oli strain SF1.

If the nucleotide sequence of the stress gene
30 is known, polymerase chain reaction technology may be
employed to produce lacZ or other assayable protein
fusions. Spécifically, one synthesizes primers which
are complementary to the 5§’ and 3’ ends of the stress
- promoter portion of the gene, hybridizes those primers
35 to denatured, total bacterial DNA under appropriate



- 20 - of this invention im either a S. typhinuriun1hbst or in an E. .col
host. Other prompters which respond to pH stress and which may be enpl oyed
in the kits' and nethods of 5 the present invention include cps, which
encodes capsul ar pol ysacchari de synthetase gene and is induced by cel

menbr ane danage [S. Gottesman et al., Mdlec. Mcrobiol., 5 pp. 1599-606
(1991)]; proU[A Barron et al., J. Bacterig .o 167, pp. 433-38 (1986)],
which 10 is induced by increases in osnotic %ressure; and ndoA, which
encodes an enzyne involved in the synthesis of periplasmc nenbrane

ol i gosacchari des N da J.
%ﬁdﬂ&d e U SRR R I8 TR0 AR r C Aol

M Lacroi x et al

p. 1745 53 19 .
I n addltlontotl%@@tﬂiﬁﬁﬁ@rfsadyscﬁQ%’&!“%% k:1“'é"3§2"]p tbé"rs t hat
nmay be di scover e¢ptadridi aTd a2 We'ﬁss(pﬂmamﬁ @NAd has tdeemet hods and

kits of this |nve | T0 |dent|fy tres r repare
and screen a Mi tﬁ%ﬂtféi'c tbrﬁ?sc}ﬁ‘ﬁ %shi 3&1 r}}rgégﬁgcl)'%% ryﬁ%’ aﬂtaiegg of
such librarie$ | prbedn bed any appmprem wgctor, SJJCfBz?(ﬁ mﬂ% £ Mheichy.
970-74 (1983), ”&ﬁﬂdéﬁié)%“nﬁ;ﬁlm 0 dri g O R @sﬁﬁaﬁr{m tﬁfe

A chronosomal i brarzye I'S created transfectl ng an anpi Ive
bacterial strainlagZfgans| jRE. Slé!}%/l} it A dn 'hé"b’ntqg‘r 944 9%3 I,

with Mi dX. This sifigmethtdd) £ eE] “Mfowracih gare artandonl y i nserts into

the host chro : '
rosone Certmi%éﬁchoice of bacterial strain to ultimately

10 harbor the particular stress promoter-assayable product
construct and thus useful in the methods and kits of
this invention is only limited by the strain’s
inability to synthesize the assayable product in its
untransformed state. Most preferably, the strain used

15 should be homologous with the stress promoter. ' The
strain should also be wild type for all other genes,
especially stress genes. In this manner, there exists
a chromosomal version of the host stress gene that can
properly respond to a stress, in addition to another

20 -copy'of the stress promoter which is induced to produce
the assayable product. The preferred strain is E. coli
SF1, which was created by the inventor and is described
below. _ '

In order to compare the level of induction of

25 various stress promoters in the kits and methods of
this invention, it is desirable that the copy number of
each stress promoter-reporter gene fusion utilized in
the kits and methods of this invention be equal.
Because plasmids harboring these fusions can vary

30 widely in the number of copies per cell, the most
preferable method for equaliziﬁq copy numbers is to
integrate the stress promoter-reporter gene construct
into the bacterial chromosome. In this manner, each
fusion will be present in a single copy.



30 those insertions produce a stress pronoter-lacZ fdsion. To identify

those fusions, anpicillin-resistant transfectants are screened for
i nduct i on of [err]- galactosidase expression by known inducers of
parti'cul ar stresses. - 21 - Aplasmd Mi dX library is constructed by

I solating the chronosomal DNA of a |ac bacterial host, preferably E coli,
and subjecting it to restriction digestion. Epe resultlng chr onosomal

fragnents, some 5 of which will contain all "or a portion of a stress gene
and its pronoter, are then cloned into a simlarly digested vector, which

does not carry an anpicCillifhd Grdst PRSI hakndd €Tt dewiid | €S
anot her anthIOtIC re3|stance ene, 1.e., tetracycline 10 resuéianc
exanpl e of such aRkegRAtiQn d(%@Sthqrﬂa?‘é%‘iPr?* r%f"fﬂ’%&?ﬂ‘%? R then

used to transfor raten W[« rd béﬁéﬁdjhaé@.c Aagtipshage tHdataicontains

Wt Mo X phage e S RAEFRIS: Frlo BE DA AL AR oo o0
anpi cillin and t &Wa@eguenRts MHINA @NA‘-I'I% vertor seontaining the dusion

transform an amp[&id Ipe téhiﬂfé;{)d | apfl £k | GRRE 198 d Pdns L& £ HomoXSRE B b OF
fusions is achi eved, as described, above, except that the desire

transformants ar & HAYPLEJIeFMbipaLion eyent &y occur betwegp YThegy g
library method i svextadieraid ecloe qphisge nﬁha’altﬁs pledget infects M cBll

Insertions into harboring the vector. This allows the vector to

10 integrate into the phage genome. An example of such a
bacteriophage is ARS88, a lytic-defective phage which
contains regions of DNA homologous to the ampicillin
resistance gene-and to B~galactosidase.

Phage containing the integrated fusion are
15 identified by assaying plaques for reporter gene
- expression following inoculation onto a lawn of
bacteria in the presence of a compound that induces the
particular stress gene in the fusion. Positive plaques
are then isolated and phage therein used to infect

20 bactéria under lysogenic conditions. Most preferably,
the phage employed in this process are lytic defective,
i.e., the phage DNA cannot jump out of the bacterial
chromosome under conditions which normally induce the
lytic cycle. _

25 It is preferable that each bacterial host
employed in the kits and methods of this invention
harbors only one particular stress promoter-assayable
gene product fusion. In this manner, if a compound
induces expression of the assayable gene product in any

30 particular host, the specific type of stress caused by

- the compound can unambiguously be identified. It
should be understood, however, that certain stress
promoters that may be employed in methods and kits of
this invention can respond to more than one type of



stress genes that might otherwi se be lethal. Only thé& plasm d copy of the
stress gene contains the Mi dX insertion. Thus, the chronosonal copy of the
stress 25 gene is still functional and is able to respond to the stress.
Anot her net hod of identifying new stress pronoters and creating fusions to
DNA encodi ng assayabl e proteins involves the insertion of random 30
restriction fragnents of bacterial chronpsogml _DNA into specially designed
vectors. Such vectors contain a nultiple clohing site situated 5[err] to a
DNA sequence which codes for an assayable protein. The nost preferred.

vector of this t¥Qfe%§fpR§6}5ex§ﬂbhﬁwggﬁetEgdﬁ5p§3ﬂbﬁéﬂ iBS¢hBueedoby

bacterial chronosona ragment.s - - 1nto such,a vector, the resultin
reconbi nant DNA ReFBcEnRerexides FBdtPXnEFSPﬁlﬁhgﬁPgFﬁsof bacteri a that :
| acks the entire | ac oper oghehuf ptowobkért yaéchnrespondst ker madpéplle The

resulting transformnts_are_screene i t.h.co u t n
stresses. Thosegypﬁﬁngrﬁgﬁfgstﬁgtgﬁg&gv% té§e58§x§§§§SP§E g?%?ﬁg@ o
assayabl e probei this tihvepticpncdtofissprefesapdensbatont hostqbarbasing

fusions. The di agpgehet Kirbhoted Twhileds rabpbhiss 6 onlyesheowsr ehpsen t he
I nduction of specitic stfess pronoters to aPter expressi on_of gn as a¥able
gene product. ThBYTreBgeSe iif @l5C-eBPIRYeSrel 1IN gapgper, the nature

of the stress caused by the compound can be more
accurately determined. Thus, the use of an E. coli
10 host harboring a so0i28 promoter-assayable gene product
fusion, which responds solely to superoxides, may be
used together with a host harboring the sodA promoter
fusion. This combination of hosts allows one to
determine whether induction of the latter promoter was
15 due to superoxide formation or metal chelation.
According to the most preferred embodiment, the kits
and methods of this invention employ the following
promoters fused to B-galactosidase: so0i28, dinD, hag,
ada, gyr, katG, nfo, clpB, merR, top, cyd, micF, zwf,
20 groE, katF and aniG. Each of the stress promoter
fusions is present as a single copy integrated into the
bacterial chromosome of a different host. All of the
fusions except for aniG are preferably in E. coli
strain SF1. The aniG fusion is preferably in a strain
25 of S. typhimurium. .

It is known that some compounds are not toxic
to mammals in their native form, but become toxic after
being processed by the liver. Therefore, according to
another embodiment of this invention, the compound to

30 be tested in the methods 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., In Mutagenicity Testing - A
Practical Approach, S. Vennitt et al., éds., IRL Press,

35 oOxford, England, pp. 52-57 (1984), the disclosure of



both qualitatively and quantitatively. In order to bé useful in those kits
and.ngthods, the particular stress 15 pronoter nust be operably linked to
the gene whi ch €ncodes an assayabl e product. The term "operative |inkage"
refers to“the positioning of the pronoter relative to the gene encoding the
assayabl e product such that transcription of the gene is regulated by the
20 pronoter. Such positioning is well kno in the art and invol ves
positioning the pronoter upstream (5[err] ) the gene so that no
transcription term nation signals are present between the pronoter and the

Shi ne- Dal gar no Siv{fi&{ %@%%%%%o&&dng% hreeferé?{cg.er Y Yyg the piece

of DNA carrying the carryi gene “encodi assayabl e product w ||

al so contain t hatesgant ialdy r?e-%‘%_ﬁarmmﬂ:é’farﬁ?‘? ARG WIFP st art

gg??”:n'”tLh'30mﬁﬁgﬂluﬁﬂéﬂﬁﬁrﬁfﬁigﬁwkéﬂdifaiﬁy[FHwéﬁpéd$ue when the DNA
ying the stress, pronoter is ligated to .t codi ng t

assayabl e product‘-':e"'lt’rﬁ’sfo‘}%a M ev¥h ’% ]tr?‘f'é‘]?:ﬁftﬁ’fﬁt‘gr% ealq'lseosq.tgoﬁ'l‘peosunéi

Shi ne- Dal gar n s eit e quotash ump dou f fer cforitteci rsinge NADR ko auidiie) stage T  For

such constructs, %‘LH fg&‘ﬁmtﬁ]r%@gﬁﬁb&ﬁlﬁt@rﬁgﬂ%%ﬁ{hé%&hém

Shi ne- Dal garno sequence e assayabl e prod - gene and
initiate at that pearkommed by theicramealianckiveiiucti on of the pronoter.

Al'so within the scope of thsiduediéd¥rPiny out an assay on a compound
of unknown toxicity using the methods and kits of this

10 invention, standard curves are preferably generated
utilizing at least one and preferably three compounds
that are known to induce each specific stress promoter
that will be used to screen the unknown compound. Each
known chemical should more preferably be tested against

15 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 of concentrations to
provide a useful standard curve, preferably 1 picomolar
to 1 millimolar.

20 once the standard curves have been generated,
a computer data base containing those curves is
generated. This database is then used to compare
stress promoter-induction profiles of the compounds to
be tested with those of the toxins used to generate the

25 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

30 first step of separately culturing each of the
individual bacterial hosts described above. The hosts
should be grown so that they are in log or stationary
phase. Growth may be in a minimal media, such as M9
supplemented with glucose, or in LB; with or without

35 antibiotics, such as ampicillin or tetracycline,



constructs wherein the assayabl e gene product is a 5 ~fusion protein,
contai‘ning an N-termnal portion of the native stress gene product. In

t hese constructs the piece of DNA containing the promoter also contains DNA
encoding at least the N-terminal amno acid of the stress gene product.

Such constructs are useful in 10 detecting stresses that affect gene
expression at the translational level. For £€e§e constructions, operative

|l i nkage requires ligating the 5[err] end of"the DNA encodi ng the assayabl e
product to the 3[err] end of the DNA containing the pronoter and part of
the stress gene dopefidfhgdoh®ghaNsealnt Bt phBeeP gseadi narowenl ter m nal

am no acids of the stresS gene product are i ane.as the

DNA encodi ng thetﬂ§8ﬂ§GBP§eﬁrBEuEFtWPan?PrcbéngpﬁargnPaYO g@BESYed’

grdlnarytﬁklgL lﬁlﬁgﬁtﬁétlbhéf énda GﬁChhéOﬂahgacbelngeppeﬁenred 20 thia wil |
ontain e I neg arn e r h
t he DNA encodlngsFﬁss sgﬁéﬁéﬁgypgggaggglg pgahg&%gggglﬁhaﬁésg§gﬁme?§§_t at

Dal gar no sequénceiaThemphvaturefsgpadtive pbagebtyansiRctdonnesYShsafess

pronoters in theyki 4, a”er3§£ﬂ032 Eﬁetﬁb§t§nlgntbqmowédeayeﬁbaahking

limtless, as '0”9 as (1) .a DNA sequence encoding the_assa duct h
been characterlzGGllaﬁenﬁzyytNéappgﬁegpagpetﬁg §gﬁe°B&ﬁu yggtgeﬁro uct has

Sufficient charagopgigati am a8 Bdewaen iskpet of . 1 rend M 2 eis oubsty
sequence, avail abi | of ac nmol ecul e or know edge of a sufficient
number of' restri PEPSERTEPL8s within the DNA sequence to allow the gene to be

mani pul ated 30 as to creat Fodlowiaathis initial growth, the compound

to be tested is added to a portion of each culture.
For initial tests, a series of 10-fold dilutions of the
compound should be used, ranging from millimolar to
picomolar concentrations. Another series of dilutions

15 of the compound which have been pre-incubated with S9
fraction should also be prepared and added to a second
portion of each culture. A third portion of each
culture is not exposed to the compound and is used as
both a control to measure the effect of the compound on

20 the overall growth of the cells and for a baseline
measurement of assajable gene product. The ODgyy of the
cultures just prior to exposure to the compound is
recorded.

All of the cultures (both control and

25 exposed) are then allowed to incubate at normal growth
temperature for a period of time ranging from 5 minutes
to 24 hours. More preferably, exposure to the toxic or
test compound is for about 2 to 4 hours. After this
additional incubation, a portion of both the exposed

30 and control cultures is used to determine comparative
growth by measuring ODgyy. Another portion of both the
control and exposed culture is used to measure the
level of assayable gene product. Those of skill in the
art are well aware that if the assayable product is

35 cytoplasmically located, the hosts must be lysed prior



linkage to the stress pr onot er . - 24 - Preferably, .the assayabl e product
i s ferr]- .gal actosi dase (encoded by the |acZ gene), chloranphenicol acetyl
transferase (encoded by the cat gene), gal actose kinase (encoded by the

gal K°gene), [err]- 5 glucosidase (encoded by the gus gene), gl utathione
transferase or luciferase (encoded by the |ux gene). Mst preferably, the
|l acZ gene is enployed. The stress pronoter-ggsayable product fusions
harbored by the hosts enployed in the diagnostic kits 10 and nmethods of
this invention may be made using standard reconbi nant DNA techni ques that

are well known i got Bardcrmihge thiaopastdcuiaehRis@ass deRthddsuFor Wyatings

U7 eos gone has BeEFeCianare 8oLy, Kooy in, Khe S it ARLEH [on |
technigrg dgﬁgriheéhﬂ?ﬂganﬂmgﬂhbdsJIﬁuc&daﬁohhmugeniﬂaﬁigg:pﬁ&ﬂmmatic _
Mhotance i ot hat ethess: Bl oF Erdlchdr¥IY I Weoaynetiald Yardual 1 i ¢
anpi ci | 1in 205 esioduiidd zasdaremethods, sudhas fraatmentovith fluans by
T he " e Skl 0% WAt bt s a1
preferabl e t hat tﬂ?é’%b'é"tﬁ &9 aﬁe%ﬁ‘eﬁw Wk éﬁ&é‘%%cﬁ%@’?cgﬂ%;t e;':ss have
a wld-type phenauwipmideorflaiid gmest bt hewed for the assay.
Once the assayable product is released from
10 the cells it can be guantified. 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 produét is an enzyme.
 Appropriate colorimetric substrates for specific
15 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.
Even assays which detect mRNA levels, such as Northern
blots, may be employed to detect induction. In the
20 most preferred embodiment, the expression product, B-
galactosidase, is assayed for by emploging the
colorimetric substrate, o-nitrophenyl galactose (ONPG).
The reaction is quantified spectrophotometrically by
measuring absorbance at 420 and 550 nm.
25 Depending upon the nature of the assay used,
the buffer conditions of the lysed culture or
‘'supernatant may need to be adjusted. Acqordingly,
suitable buffer may be added to the lysed culture or
supernatant so that optimal conditions for the
30 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
neutral pH to allow for maximal antibody-antigen
complex formation and to minimize non-specific_antibddy
35 binding. Such conditions are well known in the art and



than lac. An exanple of a3train that is preferable for harboring a stress
pronoter-assayabl e product fusion is E. coli strain SF1. |If the nucleotide
sequence gfithe'stress gene 30 is -known, polynerase chain reaction

technol ogy may be enployed to produce |acZ or other assayable protein
fusions. Specifically, one synthesizes prinmers which are conplenentary to
the 5[err] and 3[err] ends of the stress prqgoter portion of the gene,
hybri di zes those priners 35 to denatured, total bacterial DNA under
appropriate - 25 - conditions and perfornms PCR In this manner, clonable

quantities of anéh—%e%%gqqﬁfeaew B $TRGEAr bHRY ke comddition. ofNGo ke
stress pronoter has Deen gbtained, it is._ligated to encodi ng an
assayabl e 5 per@PﬁPPﬁténbﬁﬁﬁFﬁbrPépemﬁéy?ﬁpﬂ g@b%'&% p € whi ch
g_ont ai nst a IrruI tlcagplsgaglawm@wdm t Ust ampenzyme andndettedtion dendo Re

i nrons et al ., ne,. . - 96 A c ?E#ﬂ% I | hys in the
art. The choice W%f%’?egr |%§I %stc%é'?%%tlﬁ% nga ely c11%.%}15% dr lb't%@g%\p%‘;rt I cul ar
stress pronot & - seswbidiilonsp mudic bec opstimigedafer maximads @NZYMARE et hods
and kits of thi > ddtitAley nidd i1 HorRata 18 o Id1davayed bdithe ¥ to
synt hesi ze the assayab product 1n its yntransforned state. .Mst

preferably, the @ubstraked Ehess,sandlitd FARSSRINATH N and yary
pronoter. The sidepdhdiigich almo dirzyiid td e dsway@d. ot her genes,

For assays which utilize colorimetric

10 substrates to measure directly enzymatic expression
product (as opposed to ELISA assays which indirectly
utilize colorimetric substrates), the time of the
reaction must be recorded, because time is an element
for measuring activity. In such assays, it is

15 therefore not necessary to stop the reaction between
expression product and colorimetric substrate in all
cultures simultaneouély. Obviously, however, the
reaction in Eny particular control sample will be
stopped at the same time as the corresponding test

20 sample. Those of skill in the art are aware of how to
stop the various enzyme/substrate reactipns.
Even more preferably, the reaction in multiple samples
is monitored simultaneously through the use of a
device, such as a multi-well plate reader. When

25 utilizing such a device, a curve plotting adsorbance
versus time is generated. Reporter gene product
activity is then expressed as the change in adsorbance
over time, i.e., the slope of ‘the linear portion of the
generated curve. The use of this preferred method of

30 measuring reporter gene product activity avoids the
need for stopping the colorimetric reaction.

According to the most preferred embodiment of

this invention, the assayable product is 8-
galactosidase, the host cells are lysed by the addition

35 of chloroform and the buffer conditions for the assay



especially stress genes. I'mthis manner, there exists a chronosomal version
of 't-he hbst stress gene that can properly respond to a stress, in addition
to another, 20 coOpy of the stress promoter which is induced to produce the
assayabl e product. The preferred strain is E. coli SF1, which was created
by the inventor and is described below In order to conpare the |evel of

i nduction of 25 wvarious stress pronoters | he kits and methods of this
invention, it is desirable that the copy nuriber of each stress

promot er-reporter gene fusion utilized in the kits and nethods of this

i nvention be equalre RECHY!SE NABY,d9H rbetbﬁgmtﬁsﬁpfpéy-ﬁ oS ocel MakE130
widely in the nunber of copie er’ cefl, the npbst efer&ble nmet hod for
equal i zi ng copy dhdﬂ%#dMiHS$Qm1A;PegPaPé Mh8-mereapteeshaned.r BPort8r gdfie

construct into t j al rfggggggﬁ | r tgﬁgéhf [ wil |

be present in a :rFen ] e_%o%ﬁl.tw - 260 - hieélr%%éepre € rséd thol%i{lsot?‘[b

achi evi ng i nt egr AIBEioR P A t-eri al chronpsome is through the use of a

bact eri ophage.5 Any phage t hg{ & I £204 Seick T {158 Pl ad S Qhsg of DNA
¢ GO G s hi

honol ogous with 5 two segnents e vector containing the fusion
can be enpl oyed. MEASY t$ Y} 171Es N9 FR I RIRL JFeSiy SORRRMM
reconbi nati on eveardndentrtionerarsus tdel) apfowtmn(bddpyg Reagerekentsje

phage infects a 9§%A test compound concentration versus level of stress
promoter induction (as determined by the amount or rate
10 of assayable product produced).

The former plot is important because exposure
of certain of the transformed hosts utilized in the
kits and methods of this invention to high
concentrations of test compounds may be lethal. Thus,

15 an accurate reading of specific induction of a stress
promoter cannot be obtained for that concentration of
test compound. If, however, cell death occurs without
a concomitant induction of a particular stress
promoter, it is apparent that the test compound is

20 toxic, but does not cause that particular stress.

This may indicate that additional fusions should be
tested against the test compound.

It is known that while individual compounds
may not be toxic, combinations of non-toxic compounds

25 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 compounds
in an identical manner to that described above.

30 According'to another embodiment, the
invention provides a method of identifying an antitoxin
to a compound determined to be toxic by the methods of
this invention. As described above, once a stress
promoter induction/suppression profile is generated for

35 an unknown compound, that profile is compared to



harboring the vector. Thi$™all ows the vector to 10 integrate into the phage
genone. *An exanpl e of such a bacteriophage is [err]RS88, a |ytic-defective

phage whi ch- cont’ai ns regi ons of DNA honol ogous to the anpicillin resistance
gene‘and fo [err]-gal actosi dase. Phage containing the integrated fusion are
15 identified by assaying plaques for reporter gene expression follow ng

I nocul ation onto a |awn of bacteria in the esence of a conpound that

i nduces the particular stress gene in the'fgélon Positive plaques are then

i sol ated and phage therein used to infect 20 bacteria under |ysogenic

condi L1 ons. NSt ppp 8k $paDLY, 1hBenPBaABORABLOYAdal BaklbAsBl 0CRS poAEAXLI C
defective, i. cannot " junp o of the bacteria gr%nnsone
under condltlonsamﬁiﬁﬁxhﬁrﬁﬁlF99|HHEBQWPh§°P?PPBdC}EIé kpgwn antidote |, ;4

preferable that each baﬁbeﬁha|hEOihgeﬁprmﬁdarnsthesblb&oﬂbﬁewethods of
this invention har

art t
product fusion. ﬁié Hﬁ%ﬁgpregflghg§ﬁ%%&§8t?ﬁgagé%g§%3%e2§?%#a2 e gene
" assayabl e gens peﬁﬁucbcyno&npu&h paran&ataxlhosthetH&rsﬁécprpvoﬁyﬁe of
stress caused bYoL0gyCoupouplatan HRANY Ghaysknode hABRS Hofaikiinghoul d be

under st ood, however at ¢ rtaln stress pronoters ed in
met hods and ki t s SSKeSRi PrometeErSowhish F@§Eoﬁ&dNGeHDP€ Fﬂgﬁrﬁﬁéegsb@y :

-27- the unknown compound. Each of those hosts is pre-
incubated with varying concentrations of the proposed

10 antitoxin prior to the addition of an inducing/
suppressing 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.

15 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

20 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

25 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

30 this invention. _

In order that the invention described herein
may be more fully understood, the following examples
are set forth. It should be understood that these
examples are for illustrative purposes only and are not



stress. For exanple, the sodA pronoter is induced by-both superoxides and
by metal" chel aters. Wien a pronoter which responds to nmultiple types. of
stress, is ehployed in the kits and methods of 5 this invention, it is
preferable that a host harboring another pronoter, which responds to only
one of those stresses, is also enployed. In this manner, the nature of the
stress caused by the conpound can be nnre_a&gu;ately det erm ned. Thus, the
use of an E. coli 10 host harboring a soi 28 pronoter-assayabl e gene
product fusion, which responds solely to superoxides, may be used together
with a host harbe& bé éBﬁséPGédpégnﬁiﬁitiﬂélEﬂlsTBhﬁeﬁﬁﬂbhnﬂhlaﬂy0f host s
all ows one to determ ne whether induction of the |atter pronoter was 15
due to superoxi d8@®BfFation or netal chelation. According to the nost
preferred enmbodi ment, the &etrtasndofethadbasict hbletuiant bbalegypl oy t he
fol |l owi ng pronot a S S S 8 D; ., h a,
ol 10w 19 pr Tt e sphyise! Aokt thed *hatbih 2oos ke ol AL A eadln
Each of the sﬁre§§°br§ﬁ€b§FQFa§|éﬁ§ ngbrE§EWF 4B §h§|ﬁ§Fea§€p?rPntegrated

into the bact erlaésebiaaaseﬂemé aidtibsnpat ofombledlilla fcnbﬁlﬁ SLOAS
except for ani G orgfera I col.i téaln S§1 Th #G usion S
preferably in a Lﬁ—9§xe§§é9§£ygﬁgﬁﬁgr§a%—%g— kngﬁﬂ

conmpounds are noédsox|c°nd SprmngsHanbbheLaboaatmeyfBressbuNeWeEonk t oxic
e | Dol g PrOCR3584) B hiCal b ebeut BebE! GhEcnaGEOhdradn Qnéa?hg§5teﬁods

enbodi nent of thi's |n elg! € conpound tes
and kits of ﬁﬁlstnveﬁersncss

EXAMPLE 1

Use of Phage Mu dX To Create
Stress Promoter-lacZ Fusions
The Mu dX phage carries the ampicillin
15 resistance gene and both the lacZ and lacY genes. The
phage makes random insertions into genes or operons in
such a way that in some transductants, the lacZ and
lacY genes it carries are placed under control of a
. promoter of the gene or operon in which the insertion
20 lies. Some of these productive insertions will occur
in stress-inducible genes. Such insertions were
selected for by assaying for ampicillin resistant
transductants that increase or decrease expression of
- lacZ under conditions which induce the stress promoter.
25 Because the Mu dX phage is somewhat temperature
sensitive, all cultures were grown at 30°C, instead of
37°C.

I. Preparation of Mu dX Lgsate

To prepare the Mu dX lysate, I used the
30 method described by J. H. Krueger et al., Meth.
Enzymol., 100, pp. 501-09 (1983), the disclosure of
which is herein incorporated by reference.
Specifically, I grew E. coli MAL103 cells, which




pre treated with an S9 |iver extract. N@thods for préparing an S9 |iver

extragt "("“S9") are described by S. Vennitt et al., In Mitagenicity Testing
- A Practical Approach, S. Vennitt et al., eds. | RL Press, 35 Oxford,
Engl and, pp. 52-57 (1984), the disclosure of '.28- which is herein

i ncorporated by reference. S9 is essentially a crude honogenate of rat
liver with insoluble particles renoved by Igg speed centrifugation. S9 is

i ncubated with the test compound 5 in a pot&3sium buffer containing NADP to
mmc stage | and stage |l biotransformation of conpounds nornally

performed by the Japagh %ﬁ%?’ Hﬂﬁ PUnPREAMREY On a
conmpound of unknown t oxi g%" }g{e%the r?teath S Its of this 10

i nvention, standiePPerAk ey hy Rfé'né’taé’ctﬁiﬂiﬁﬂhaigﬁ Agsertedadn one
and preferably thikee chadosdie,t fiai Iy & Isma:;.thllmotume MRFYH1 )S RECi2gioC

t t that, Wi ll b th h
A RN TCE NI i S R g i e
pronoters, nots | whiifitded mum@mwmhaiemﬁena&dﬁwm 4@ %o e 2 0AMd netes
chem cal shoul d %?\da%t @keq__oo%groda Lif fé 5‘&1%51 Oq:,eur ﬂ,fs]_%o% ntrations

to provide a use andard curv pre plco ar to | i nol ar.
20 Onepparendt.andarthen added die Weeml'g@rmf@tr@d angd c;mqsma&eddat a

base containing keSS fiok an additional 5 minutes at room
temperature. The culture was then centrifuged at 8,000
10 rpm for 5 minutes, the supernatant was saved in a
sterile tube and the pellet was resuspended in fresh
LB. The suspension was centrifuged once again at 8,000
rpm for 5 minutes and the resulting supernatant was
added to the initial supernatant and stored at 4°C in
15 1% v/v chloroform.

IT. Use Of Mu dX To Create A lacZ
Fusion With A Known Stress Promoter
When a stress gene has already been
identified and cloned onto a plasmid, I used the
20 following techniques to create a stress promoter-lacZ
fusion. First, the E. coli strain carrying the plasmid
must be Amps and the plasmid should preferably contain
a drug resistance marker other than AmpR. I grew the '
cells carrying the plasmid in LB at 30°C to a
25 concentration of 10° cells/ml. I then centrifuged the
cells and resuspended the pellet in 1/2 of the original
volume of LB. I added CaCl; to a final concentration
of 2.5 mM and stored the cells on ice.
I next made a series of 4 ten-fold dilutions
30 of the phage lysate described in part I, above, into 25
mM MgSO4, 1 mM CaCl,. I then mixed 100 pl of each phage
dilution with 100 gl of the E. coli cells and incubated
at 30°C for 20 minutes. The_cells were then
centrifuged and the supernatant was discarded. The




generated. This database s then used to conpare stress pronoter-induction
profiles of the conpounds to be tested with those of the toxins used to :
generate the 25 'standard curve. Thus, the results for any untested conpound
are éxpressed in terms of relative toxicity conpared to known inducers of
stress pronoters. Each of the characterization and toxicity determ nation
met hods of this invention conprise the 30 fjrst step of separately
culturing each of the individual bacteri al “hosts descri bed above. The hosts
shoul d be grown so that they are in log or stationary phase. G owh may be

in a mninal ga 168Gk S é\@u é&%eﬂﬂt&%ww ifdubdtddatv th or

wi t hout 35 anti otics, suc as anp |C|II|n or tetrac i ne, éi}
fﬂ%en

dependi ng on t he3&1G 9r o’FOQJd@f%‘%"F%suseH then fdded %ﬁﬂ?@?’b’fc
30[err] C and 37[*@@]&:1@/:&@ €| pypasl Hindl tdendanerateishpfandie range

being preferred jf r ro

achi eved 5 via eta?‘ij °%e§§|?r?é/§t1p?§%€y$l}é%%$ %iycg jéslzl:ﬁfaﬂ% dX.

G owth of the haselsfcpméd)ldmkismﬁrmmmplr@cel’rh%ielrsﬁ“ﬂytwgl rlasnifisice of
the culture at %&mﬁ@[@éé&)m Hhm@fﬁlaoia@etmgﬁ 800gb19. 4t2aENn0. 2

is most preferable. 10 low ng this initial “growth, the
conpound to be tusing ascmm%pml%tr@owéw&mm@tw (BR% al

tests, a series gétHésd®) MY | athd OFS1Déwih§ the manufacturer’s

directions. The transformants were plated onto LB +

10 ampicillin (70 pg/ml) + X-gal (40 pg/ml) plates which,
if the original plasmid contained an antibiotic
resistance gene, also optionally contained the
appropriate antibiotic. After growing the
transformants overnight at 30°C, I picked 100 blue

15 colonies and replated them on duplicate plates
containing the same media, one of which additionally
contained an agent that induces or represses the
particular stress gene contained on the plasmid.

If the added agent caused induction of the

20 stress gene, those colonies which were darker blue on
the plate containing inducing agent were assumed to
contain a fusion between the lacZ gene and the promoter
of the cloned stress gene. Conversely, if the agent
represses the stress gene, those colonies that were

25 significantly lighter blue in color or white on the
agent-containing plate were selected as harboring the
desired construct. Confirmation of such constructs was
achieved using the B-galactosidase assay described
below. '

30 III. Use Of Mu dX To Create A
Library Containing lacz Fusions
With Unknown Stress Promoters
The two methodologies described below allowed

me to discover heretofore unknown stress promoters.



conpound shoul d be used, ranging fromnillimolar to pf&onnlar
coricentrati.ons. Another series of dilutions 15 of the conpound which have
been pre-inpgubated with S9 fraction should al so be prepared and added to a
second portion of each culture. A third portion of each culture is not
exposed to the conpound and is used as both a control to nmeasure the effect
of the conpound on 20 the overall growh of ,the cells and for a baseline
measur enent of assayabl e gene product. The err] of the cultures just
prior to exposure to the conpound is recorded. Al of the cultures (both

control and 25 exﬁﬁéeéhz§h§.th@ﬂeakbgﬂﬁgch@diDﬁnbghetﬁbnnﬁtﬁahﬁﬂtﬁﬁbh
bref o abl v, exposHPENgo ChAcSPOANE BPSEBLe/ EBNBoBREBPE for about 2 to 4
hours. After this additionathendigasited, chrpmosomalobNBotis thenelpgatdd30
and control cul tuges.ji : L8+ at,i ro by s I ng
O err]. Another %grFb%nB%?gg%pﬁggﬁgaggngﬁgggggg g%%gggd gﬁpfugégﬁgigéed to
measur e the | efel mdxtureajishnsedete pronsformrrompesenskEl.| cpAit facart are
wel | aware that |Eehfig 835aYaRkeoBeodiibn. S F2ankiaRhanklCably okaghl 3 (he
hosts nust be Iyseg prio?s - 38 - to performng the partlculgr.assay

Met hods for |ysingBbictetracycdine rtka0RE mntifdethey zmachnstagdonary

mechani cal methodphagéch ehlbeaRpheni@ol0t15epgym!t ifinal concentration)
is then added and the culture is incubated for an
10 additional 3 hours at 30°C. Plasmids are then isolated
from the culture and used to transform a lac’, Tets

strain using the electroporation technique. The
transformants are then grown in LB + tetracycline until
they reach log phase.

15 The transformants are then infected with Mu
dX at a multiplicity of infection of 0.1-0.2, as
described above. The transductants are then plated
onto LB + ampicillin (70 ug/ml) + tetracycline plates
and grown overnight at 30°C. Individual colonies are

20 then replica plated onto X-gal (40 ug/ml) plates in
either the presence or absence of an agent which
induces a defined stress and the plates are incubated

- overnight at 30°C. Colonies that differ significantly
in color in the presence of the agent, as compared to

25 its absence are selected.

Cultures of those colonies were then assayed
for the inducibility or repression of f~galactosidase
as described below.



met hods, such as treatnentthth | ysozynme; and cell wall" 5 solubilization
met hods, such as treatment with toluene or chloroform I|f, on the other
hand, , the assayabl e product is secreted out of the host cell, only the
culture fluid need be used for the assay. Once the assayable product is

rel eased from 10 the cells it can be quantified. Quantification nmay be
carried out in a nunber of ways that are wehklp known in the art. For
exanple, a colorinmetric substrate nay be utilized if the expression product
is an enzyme. Appropriate colorimetric substrates for specific 15 enzynes
are well-known in the art. Alternativel yExawpEEsay which enploys specific
anti bodi es, such as an RIA or ELI SA, can be used to detect the expressron
product. Even assaysewbfcpRSd : - : L e~ ;
be enpl oyed to detect |nduct|on In the 20 most preferred enbodrnent t he
expression product, [drr]- rgiﬂ&ftmTq §r@§\§@yé’d for by enploying the
colorinetric substrate, o- ,IFGEh@W dasde 5 |

qguantified spé%trophotonet*'- e Pt R0 at 420 and 550

nm 25 Dependrn e .ass the buff r
conditions of the |lysed cuI “%ﬁjgé’#g‘ﬁa?gt"% Jﬂ'ese?‘t %ﬁgz de
Accordingly, sui taamldﬁalﬁlfeerclrwﬂm sdde Just tipstinesa foom dmatbrgene-

supernatant so thgt ﬁgotdéggnh it @ns §19Jorf§33ect;?%1 pa —Bt&ld? jp 2% by an

obt ai ned.  For exagp e assayabl e pro -
RIA or ELISA assdi98Me Bive disdasune ﬁﬁb‘tcrbe‘-%td}q}'sﬁlé'd incornarated pH

to all ow for 1rmxrbyalrean§ﬁé3ma/ antigen
The SmaIl site in pRS415 allows for shotgun
cloning of chromosomal DNA that is cut with any
restriction enzyme and then blunt-ended with
exonuclease. All of the techniques described below are
15 stendard protocols in the molecular biology art and are
described in Molecular Cloning - A Laboratory Manual
~ Second Edition, J. Sambrook et al., eds., Cold Spring
Harbor Laboratory Press, New York (1989).
' Specifically, genomic DNA is isolated from a
20 strain of E. coli that lacks the entire lac operon, but
is wild type in every other aspect. The isolated DNA

is then partially digested with any restriction enzyme
which cuts at a four base pair target. Following '
digestion, the samples are treated with

25 phenol/chloroform to inactivate the enzymes. The
restricted DNA is then precipitated using the sodium
acetate/EtOH method. If necessary, the sample is then
digested with S1 nuclease to create blunt ends and then
reprecipitated with sodium acetate/EtOH.

30 . Simultaneously, pRS415 is digested with SmalI.
The sample is then inactivated with phenol/chloroform
and the DNA precipitated using sodium acetate/EtOH.
The vector is then treated with bacterial alkaline
phosphatase to prevent self-annealing.



conpl ex formation and to m ni m ze non-specific antibody 35 binding. Such
cpndlpjdns are well known in the art and - 31 - are exenplified by a
final buffer condi tion of 50 nmM phosphate buffer, 150 MM Nadl, pH 7.0. If
t he assayéble product is an enzyne and detection is to be achieved by a
colorimetric substrate assay, buffer 5 conditions nust be optim zed for
maxi mal enzymatic activity and m ni nmal non-ggtal ytic cl eavage of the
substrate. These conditions are conventional and vary depending on the
enzyme to be assayed. For assays which utilize colorinetric 10 substrates
;gsgsgsaLe ﬂlregtly erzyn?tre a&gbﬁt&ho&h&bﬁd&@?a@aﬂNﬂpﬂss&heholEghSAd

Ich indire y utilize colori A r S), e 1t : t he
reaction nust beEPengdgafrﬁgggﬁéén?ﬂxg%ﬁge%ﬁ%élg%gﬁkgférTh%aghpgﬁéak
activity. In suchiztszesisi used t6 tensform compesenssf-ycedisdaf the

reacti on between eégéfggi%gsggggﬁ@%aﬁﬂgnpgg Bbm%tﬁdiniﬁBﬁhﬁﬁh? in al

cul tures sinultaﬁ? _however, the reaction In any particul ar
control sanpl & wappaetusepp&Foldowing Saranstiormatdome ther tEansiormgntest

20 sanpl e. Those,0f @fhhiteld ahle pAlalted Sratl & AnpieW10dnS(TR Wy magr Hous
enzyne/ substrate reactions. Even nore prefera t ' nul%iple

) Ly, ,the reac n
sanples is noni t &edgragycding, dodsi9p L HASUHF/ ylP&? 5%5\/%%5{515?%}? as a
mul ti-well plateilodadeoloWies per plate. After growing overnight at

37°C, replica plates of the above plates are made onto
10 two plates of the same medium, one with and one without
the addition of a compound which produces a desired
stress. Transformants containing inserted, inducible
promoters in the pRS415 vector will be darker blue on
the stress compound-containing plate than on the
15 control plate. Conversely, transformants containing
lacZ fusions to a promoter which is repressed by stress
will be lighter blue or white on the compound-
containing plate.
Inducibility or repression is confirmed with
20 individual positive clones using one of the
Banlactosidase assays described below and varying
concentrations of the stress-inducing compound.

II. Use Of pRS415 To Create A
Stress Promoter-LacZ Fusion
25 With A Known Stress Promoter

A. Creation Of A Known Stress
Promoter DNA Fragment

Using PCR Amplification
When the sequence of a stress gene is
30 available and the promoter region has been located, I
employ a PCR protocol to amplify the stress promoter.
Specifically, I design a pair of primers that is
complementary to the 5’ and 3’ ends of the stress
promoter. The region to be amplified is normally in



25 ut|I|Z|ng such a.device, a curve plotting adsor bance versus time is
generated Reporter gene product activity is then expressed as the change
in adsorbange over time, i.e., the slope of the linear portion of the
generated curve. The use of this preferred nethod of 30 neasuring reporter
gene product activity avoids the need for stopping the calorinetric
reaction. According to the nost preferred_eghodi nent of this invention, the
assayabl e product is [err]- gal actosidase, the host cells are |ysed by the
addition 35 of chloroformand the buffer conditions for the assay - 32 -

are 0.06 M Na[ er ihdP@atige dﬁwo]ﬁ[w rgo@ Hased ﬁuﬂw[aera]ﬁﬁ Qengt for] O

0.01 MKOA, 0.00 S

7.0. If necessar &het %%1% rr]r errﬁmr%&¥ & o%‘]ﬁeﬁ%%n °tt3§1ets| ‘on of
Na[err]CJerr]. 5 oncﬁwhtam:gwmsem fayovbhelsd zeidov &hgys éxiebed
measur ement s al | GfhyOR dedt Rl lefuhlsc IR0 K J00NGRN WAl Kol Bk Ce! |

gromh (Jerr]_ neasurenents) and test conpound concentration versus |evel
of stress prorot &ondidiansd sees i axampde halecular, Qloning oo of

assayabl e produciLayorditend) Mahualf (S‘d’ﬁii‘n@|ﬂﬁ1ﬂfog',rrmr mmw;ﬁxgosure
Chis: | nventi on CSgR Sish SRR HAPes TEharataho FReb et Yol
Thus, 15 an accur(@S89)dadi nFpefcifiamlly, ithdu@IR regictiogt cegdains the
: | following components: genomic DNA (0.5 ug), ANTPs (200
10 uM each), primers (30 picomoles each) and Taq
polymerase (2.5 units). Typically, 30 cycles of PCR
are performed, with each cycle comprising heating the
' sample to 95° for 1 minute, cooling to 54° for 15
seconds and then reheating to 73° for 3 minutes. 1In
15 the last step of the final cycle the sample is heated
to 73° for 10 minutes, instead of 3 minutes.
After the PCR reaction is complete, 1 unit of
Klenow fragment is added to f£ill in any overhangs.

B. Fusion Of A Known Stress
20 Promoter DNA Fragment To

The LacZ Gene In pRS415
The amplified DNA fragment containing the

stress promoter is purified and then ligated into SmaI-
cut pRS415 that has been treated with bacterial

25 alkaline phosphatase. The ligation mixture is then
used to transform lac’, Amps E. coli cells by
electroporation. Transformants are plated on LB +
ampicillin (70 wg/ml) + X-gal (40 pg/ml). Colonies
that are pale or dark blue are selected and replica

30 plated onto two plates. One replica plate contains LB
+ ampicillin (70 ug/ml) + X~gal (40 ug/ml). The other
contains the same components plus a compound known to
induce or repress the specific promoter. For stress-
induced promoters, colonies that are darker blue on the

35 compound-containing plate after overnight growth at



promoter cannot be obtainéd for that concentration of test conmpound. If,
however, cell death occurs wi thout a conconitant induction of a particular
stress,pronpter, it is apparent that the test conmpound is 20 toxic, but
does hot cause that particular stress. This may indicate that additional
fusi ons shoul d be tested agai nst the test conpound. It is known that while
I ndi vi dual conpounds nay not be toxic, coubh?aLions of non-toxic conmpounds
25 may, in fact be toxic. Therefore, it should be understood that the kits
and nethods of this invention can also be utilized to determ ne the

potential toxicipeel containathedesliredo Wirohidd ey faipmind¥orn an
identical manner to that descri hed above. 30 . Accor di,n 0
Lot her enbod! oAt EeERa reps aREed: P PPRLEES 1o RIS St AT g tEr

antitoxin to a cbipeund sbtidenionedhieo compounds-dontialinimgt pdateoicontiadin

I nvention. As degqLl 0 2. Sstress pronoter induction/suppression
profile is gener§§gagﬁgf%ggﬁgﬁeu%&%&%%'conpound, that profile is conpared

to - 33 - profiles of known conpounds_in a database. A potenti al
antitoxin to Phe unknown compound is a (EAMPLELI dote to a conpound having

a simlar stress pronoter induc ion/ig pr.es ion;HnofiIea I rder- to test
the 5 efficacy of such an gﬁFﬁ%5¥P§r—ﬁhgisiﬁe§§—&Péﬁﬁ?ép—gggay IS repeated .
using only those hosts CO”%@fﬂigga derivative of E. coli K12 strain
GC4468. The parent strain has an F, thi, rpsL, A(lac-
pro)169 genotype. Because of the thi mutation, the
10 parent strain requires thiamine for growth. The
preferred hosts of this invention should be wild-type
for all genes, except lac. Therefore, I created SF1 by
plating approximately 1010 Gcas68 cells on plates
containing M9 + glucose medium. Colonies that grew on
15 such medium must have reverted to a thi* genotype. One
such colony was selected and named SF1.
A sample of strain SF1 was deposited with the
American Type Culture Collection. ("ATcCC"),
12301 Parklawn Drive, Rockville, Maryland 20852 on
20 June 26, 1992 and given accession number 55337.

XAMPLE 4

Pl Lysate Procedure For Moving Stress
Promoter-LacZ Fusions Between Host Strains
This procedure allowed me to move a stress
25 promoter-lacZ fusion from one host strain to another.
In this manner, all stress promoter-lacZ fusions in a
diagnostic kit can be put into the same host cell
background. I used this technique to place all of the
stress promoter-lacZ fusions into strain SF1.
30 P1 phage randomly nicks host cell DNA with
its own endogenous endonuclease and packages the
resulting DNA fragments into virions. Certain of the



stress pronoters which were induced or suppressed byﬂ%he unknown conpound.
Each of "those hosts is pre- incubated with varying concentrations of the
proposed 10 antitoxin prior to the addition of an inducing/ suppressing
concentration of unknown conpound. If pre- incubation with the proposed
antitoxin decreases or obliterates the effect of the unknown conpound, such
an antitoxin will likely be effective. 15_ Finally, this

invention provides a method of inproving ac??va drug design. According to
this enbodiment, a new drug is first tested with any of the above-described

kits and met hodspgRdei-hgmbA¥EChibdusedehpimpaeRagéhevilioesntadn phevi ded
by such nethods 20 ,and kits indicates the cell ul.ar nechani smof the drug's

toxicity. The pofeBbReds SEREsSHr BEOPREEET apfy ERF1PB - cause the particul ar
cel lul ar danage indicated The Phedysatepmaspmadechy fodidlpwed ofThel ceildst ed

dependi ng upon th .e.lhat ., poLti I ' - ] ti
activity The reSorERiGhE EpBohexinel Serpsd pRBadELs-Tacy ERALEARTOL. O
net hods of thBs eatberi on aopdesmidi gr Withdn the chrpmpgemgeciere

ig{;;gigp;'gl;gdaiﬁﬁnob?%&hﬁbﬁ%taﬁ%LE%E?53prfthd;aadrlydbthtdoh;ryhiS

within the scope o is inventioon..ln qrder that the

i nventi on descri BB&SRer eiln B@°ﬁﬂi@tPgI%9 Hﬁd@ﬁé%ﬁg&,cPﬁggiglﬁg%Pné

_ei<i':mpl es are set mioLBhcohtaihdngd chatugdacoseodndhst miheacloxangdl es are for
t ' '

'1lustrative pur&%%%%agghyfggq3%r%fy% es at 30°C. I next added 0.1 ml

10 of Pl phage (approx. 5 X 108 pfu/ml) to the culture and
continued incubation for 2-4 hours, until cell lysis
was apparent. I then added 0.1 ml of chloroform,
vortexed for 10 seconds and centrifuged to remove
cellular debris. The supernatant was stored at 4°C

' 15 with an additional 0.1 ml of chloroform.

I then performed transduction of the
recipient strain, SF1. I grew SFl1l in LB to early
stationary phase. I then centrifuged the cells and
resuspended them in 2.5 ml of 5mM CaCl and 10 mM MgSO4.

20 I then mixed 0.1 ml of the cell suspension with either
10 pul or 100 ul of Pl lysate in separate tubes. I also
had one tube with only 100 gl of cells and one tube
with only 100 ul of P1 lysate as controls. I then
incubated these tubes for exactly 20 minutes at 30°C,

25 without shaking. I then added 0.1 ml of 1 M Na citrate
to each tube and centrifuged to pellet the cells. If
the stress promoter is induced by a particular
compound, the cells were resuspended in 50 ul of LB and
plated onto LB + ampicillin (70 pg/ml) + X-gal

30 (40 pg/ml) + the compound. Those colonies which were
blue after overnight growth at 30°C contained the
stress promoter-lacZ fusion. If the stress promoter is
repressed by a particular compound, the cells were
resuspended in 50 ul of LB and plated onto LB +

35 ampicillin (70 pg/ml) + X¥gal (40 ug/ml). Blue



- 34 - to be construed as Timting this invention in’any manner. Certain of
t he -baSi‘c nol ecul ar bi ol ogy techni ques descri bed bel ow are not set forth in
detail, 5 Such techniques are well known in the art and are described in
the discl osure of Ml ecular Cloning - A Laboratory Manual Second Edition,

J. Sanbrook et al., eds., Cold Spring Harbor Laboratory Press, New York
(1989), the disclosure of which is herein_iggoLporated 10 by reference.
EXAMPLE 1 Use of Phage Mu dX To Create Stress Pronoter-|lacZ Fusions The Mi
dX phage carries the anmpicillin 15 resistance gene and both the | acZ and

lacY genes. The pRAgH ;ERKGRreABEABCLRR ANGOREP11ca $ARALRA0NLRE LHES shfheSUCh
a way that in sone transductants, the lacZ and.lacY genes it carri are

e
pl aced under con®eiaoPTrs then £ A 1oL he, TEREFSHINT FRFRRU e
i nserti _ond20 b: i €dlon3esr whfichh eeeep ndditieiry ®lives ert mvitenion thecur in

stress-induci bl e St isngert i I f TG . for
anpicillin resi Stc%ﬁ@s%ﬁn{cﬂiﬁg‘é&%&a&%ﬁ?g{ ﬁglgie‘ggogggn%? e(‘:ar g%ss?f&ﬁ;ressﬁ%glﬁ of
| acZ under conditions which i nduce the stress Eronoter. 25 Because the M

dX phage is s@®ewhat tenperature sensit ik ultures were grown at
30[err]C, instead of 37ferr]C. I. Pr rati
[ ] [ Tok%n-Inducibﬁ%?BQEB gc%251 agé kgggtg

I used two variations of the same assay to

determine changes in stress promoter-linked 8-
galactosidase expression induced by various compounds.

10 The first assay was performed in small test
tubes. E. coli host(s) harboring a stress promoter-
lacZz gene fusion, were grown separately overnight with
shaking in either LB supplemented with 70 ug/ml
ampicillin or M9+G supplemented with 70 ug/ml

15 ampicillin (180 ml H,0, 20 ml 10X M9 salts (10X M9

salts = 60 g NasHPO,, 30 g KHyPO4, 5 g NacCl, 10 g
NH4Cl/liter), 2 ml 40% glucose, 0.4 ml 1M MgSO4, 20 ul

1M CaCl,) at 30°C. The next morning, one drop of eaqh
overnight culture was diluted into a series of tubes,

20 each containing 1 ml of fresh media. This allowed me
to test a range of concentrations of the compound on
each host. The cells were then grown at 30°C until
they reached an optical density at 600 nm (ODgg) of
0.1 - 0.2. .

25 At this point, one tube of each stress
promoter-containing host was placed on ice and used to
measure the ODgy prior to the addition of the compound.
The other tubes of each stress promoter-containing host
were split into two, with one half receiving the

30 compound to be tested (1 pM - 1 mM, in 10-fold
increments were routinely used) and the other half
receiving no compound. The tubes which received no
compound served as both a control for the effect of the



To prepare the Mu dX | ysafe, | used the 30 nethod described by J. H.

Kruegef ‘et. al ., Met
which is herein inc
MAL103 cel’l's, which
MuC t enper at ure-sen
in LB + anpicillin
of 108 cells/m . |

h. Enzynol., 100, pp. 501-09 (1983), the discl osure of
orporated by reference. Specifically, | grew E. coli

- 35 - contain both the Mu dX bacteri ophage and an
sitive hel per bacteriophage inserted in its chronosone,
(70 [err]g/m) at 28[errhg until they reached a density
then 5 shifted the growth tenperature to 43[err]C for 20

m nutes and back to 37[err]C for 60 minutes or until lysis was apparent. |
then added 1% v/ ¢ompotn@dl @hMceld igeowtd athd s @ubased iher measmbdnentnal 5

m nut es at roon1t%
rpm for 5 minutef:

erature. The culture was then centrifuged at 8,000 10
gaéﬁﬁgpﬁ&pgﬁﬁ\ﬁé?qﬁﬁﬁé?Q‘n a sterile tube and the

pell et was resuspended in flhesculBurfise wersp&soringbates foruged once
again at 8,000 rpa4iQn opal BiPhottd WHe JR! { iND SURAr PALYHoLRT @ddnd 1o

the initial supernatant and stored at 4[err]Cin 15 1% v/v chl orof or .

Use OF Mi dX Po cudiurenwas: thegsrgpoNed, £01awPls0o SRAPILERAN: - Wikt a
stress gene has ahyeagy bealk | €SSt { 4Pt anchicd 0N th Qe e Rt@EdNY, |1 Used

the 20 foll ow ng technﬁ&ﬁes to create a stress pronoter-lacZ fusion. First,
the E. coli straidilaed ithe thé mlaadiiguot with an equal volume of .

fresh culture media, reread the sample at ODgyy and

multiplied the reading times two.) I then took 200 ul
10 from each culture and pipetted it into 800 ul of 2

buffer (16.1g Naj,HPO4~7H,0, 5.5g NaH;PO4-H0, 0.75g KC1,

0.246g MgSO4-7H,0, 2.7 ml B-mercaptoethanol/liter, pH

7.0). To this I added 2 drops of toluene and vortexed

the cultures for 10 seconds. I then added additional 2
15 buffer to 2 ml fipal volume. The toluene/Z-buffered

sample was then incubated in a 37°C water bath for 40

minutes. The sample is then placed in a heating block,
which had been pre-heated to 28°C, for 5 minutes. To

start the colorimetric reaction, I added 200 ul of o-
20 nitrophenyl galactose (ONPG; 4 mg/ml in Z buffer),
while kéeping exact record of the reaction time. When
~any particular sample tube turned light yellow, I added

0.5 ml of Nay,CO3 to stop the reaction, as well as

stopping the reaction in the corresponding control

25 sample, noting the exact time elapsed from ONPG
addition to Na,CO; addition. The sample and. the control

were then read in a spectrophotometer at OD4gyg and ODssq.

Units of activity were calculated using the

following formula:

30

Units activity = 1,000 x OD49~(1.75) (ODs50)

time x culture volume X ODgqy

wherein time is the time elapsed from adding ONPG to
stopping the reaction with Na,CO3, in minutes; culture

35 volume is the volume used in the assay (in the above



nus;'pe Anmp[err] and the plasmd should preferably cont ai n [err] a drug
resi stahce marker other than Amp . | grewthe cells carrying the plasmd
in LB at 300C to a 25 concentration of 10[err] cells/m. | then centrifuged
the Cells and resuspended the pellet in 1/2 of the original volunme of LB. |
added CaCl[err] to a final concentration of 2.5 nM and stored the cells on
ice. | next made a series of 4 ten-fold dilggi-ons 30 of the phage lysate
described in part |, above; into 25 nMMgS(err], 1 nMCaCllerr]. | then

m xed 100 [err]| of each phage dilution with 100 [err]l of the E. col

celI's and i ncubadzfsk ato ID[wXy ] ©0Q) XA ndDyseareThhecdlifferenceshén

centrifuged and the supernatant was di scarded. .The - 36 - |l et was
resuspended in éihﬁs%ffﬁls’aérﬂfﬁ’r RefyReY the fpen |27 eﬁ(ﬁf‘%%es. | then

added chl or anphesirgtol Gsdnslesy taneOlichs ierthe/ neadingl obbatredr fxonn)

and incubated for an additional 3 hours at 30[err]C., l.next 5 perforned a
pl asmi d mi ni - pr dhe Rxinireatrf FUAHR %gﬁértﬁ‘é%u%%holf'o trgnsf orm a

lac, Anp[err]s E. coli stralive usecnd hhe -SORNEERY (1% qeertpomed i bm 96
D ) of oL DR (b Ao gh ORI MY ol St b it dons
X-gal (40 [err] gwigokl hestsiwere growmeseparately Premight gi:h‘é an
anti bi otic resi s{@nefeeP Mo At SRe@Plh 068 LB Bédi@mnedIh heither case,
the medium was supplemented with 70 ug/ml ampicillin.
10 The next day the cells were diluted 20-fold into fresh
medium and grown at 30°C until reaching an ODgyy of 0.2
- 0.4. I then pipetted 50 ul of each host cell into
two rows of wells in a sterile 96-well microtiter
plate. One row was used to measure the effect of the
15 test compound on B-galactosidase expression. The other
row was used to measure the effect of the test compound
on cell growth. '
I then made a 10-fold dilution series of the
compound to be tested in culture medium, adding 50 pl
20 of each dilution to the cells in wells 2 through 9 in
each row of cells (i.e., well 2 received full-strength
compound, well 3 received a 1:10 dilution of compound,
well 4 received 1:100 dilution and so on). The cells
in_well 1 of each row received 50 pl of medium alone.
25 An ODgyy measurement of all wells was then taken to
account for any adsorbance that might be due to the
test compound. The cells were then incubated for 90
minutes at 30°C with moderate shaking. After
incubation, an ODgy) measurement of all wells was taken
30 and 1 drop of chloroform + 10 pl of 1% SDS was added to
each well in the first row. I then added 100 pl of 2
buffer to each of the wells in the first row and
incubated an additional 20 minutes at 30°C.
I then added 40 pl of ONPG (4 mg/ml in Z
35 buffer) to each well in the first row, continued



appropriate antibiotic. After grow ng the transformants overnight at
30[érrJé, { picked 100 blue 15 colonies and replated themon duplicate

pl ates, containing the same nedia, one of which additionally contained an
agent that induces or represses the particular stress gene contai ned on the
plasm d. If the added agent caused induction of the 20 stress gene, those
col oni es which were darker blue on the plat 7C(_)ntaining I nduci ng agent were
assunmed to contain a fusion between the Iac% gene and the pronoter of the
cl oned stress gene. Conversely, if the agent represses the stress gene,

those col onies thgtuBRESoRSati §8ti GAA! beghhURiALNG! Uhel PefiEk@bnQr Mike onN
t he agent-contalnlngwplate wer e_sel ected &s harboring the

h esired
construct. ConfiRhaPWER EhesGehleond: Fhie: seGRRA XN 8d°8§gﬁ5th8r°Wth
[err]-gal act osi dand thasyasgeettalbadthel efifed of thel kestUsempbukil dif To

Create A Library taLni | usi (th.Unk Stres ogoters The
t wo nethodologieggggsgkpggg Bgﬁgw;aﬁP§§§gwk%Q%§ad?ggg&g%'he?gFétg?e unknown
stress pronot ér syellow3golox deveippedsdnapnyi bfathes wellg E€cedvang

FXponentiallytﬁraﬁbag QHEL;EQCQEOQHFE;sFBbbe&tE?iBlhhﬁblhécﬁgdthaefﬁﬂbhre
ac operon with phagg Wiy dX 3%, 2, T LePlbs ) 3e 1 heRb588, %nd the time
was carefully noted. The OD4yg and ODgs5g of all wells in

the first row was read and the units of activity

10 measured by the formula set forth above. The cells in
the second row were allowed to grow for an additional
90 minutes after the initial 90 minute incubation. Aan
ODgyp measurement was taken every 30 minutes to monitor
cell growth.

15 The same two assays were utilized when
repression of stress promoter-controlled
B-galactosidase expression was being assayed. The only
difference was that yellow color developed in the
control samples before the compound-containing samples.

20 Once the yellow color developed in the control well, |
the reaction in both the control and compound-
containing samples was stopped simultaneously.

Both the units of B-galactosidase activity .
and the culture ODgyy is plotted against the dose of

25 compound for each dosage tested. Such plots allowed me
to determine the LDsg of a compound. These pldts may
also suggest that the test compound is toxic (via a
decrease in ODgyy with increasing concentrations of
compound), despite its failure to induce a particular

30 .promoter (no induction/suppression of B-galactosidase
expression).



5- 0.2 as descri bed aboveé in part Il. The transductants were sel ected by
grovith. on LB + anmpicillin (70 [err]g/m) plates at 30[err]C. | then
repllcg pl ared the transductants onto LB + X-gal (40 [err]g/m) plates in
either the presence or absence of an agent 10 which induces a defined
stress and i ncubated the plates overnight at 30[err]C Col onies that
differed significantly in color intensity_ |Q t he presence of the agent as
conpared to its absence were sel ected. Cultures of those sel ected col oni es
were then 15 assayed for the inducibility or repression of

[err]-gal actosidase activity as descri beskAMpaV.¢ B. Plasm d Libraries
Thi s nethodology is simlar to the one above, but av0|ds any potentlal

lethality caused pordiaud:idisad fged s
t hereby inactivating that gene. SpeC|f|caIIy, plasn1d pKT218 (Anp[err]
Tet[err]) is conpletelry di gegided With Pstl, which cuts at a single site in
the plasm d. The sanple is then |nact|vated 25 with phenol / chl or of or m and
the-DNA precipitated usi ng Is oditavinesk @a s90B-dacZTifasion genes XM treat ed

wi th bacterials apgal ipahiRies AREASE t fePcPeditled Hhe ruyioN uadngCeneri ¢ DNA
is isolated froma strain of 30 E. coli_ that Iaqks t he ent| l.ac_operon,
but is wild typeBhags v d% chreposqmal Fandom, insey c?’ﬁ‘é’ﬁ Wartially

di gested wi th PsidesdrdbedViar®vdl das Hxanpleha ,s papte TII .t raﬂteed with
phenol/chloroforq&%%gdﬁgggnzgn%ere screened for specific induction of
B-galactosidase expression in the presence of paraquat.

10 I moved the sodA-lacZ fusion into strain SF1 by Pl-

mediated transduction, as described in Example 3.
The sequence of sodA is known [D. Touati,

J. Bacteriol., 170, pp. 2511-20 (1988); and H. M.

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

15 3217-21 (1992), the disclosures of which are herein
incorporated by reference]. Therefore, a sodA-laci
fusion can be constructed using the PCR technique
described in Example 2, part II and the following
primers: 57 -ACGAAAAGTACGGCATTGAT-3’/ [SEQ ID NO:1] and

20 5/-GCTCATATTCATCTCCAGTA-3’ [SEQ ID NO:2].
Transformants containing the desired fusion are
identified by inducibility of B—galactosidase
expression in the presence of either paraquat or metal
chelators.

25 II. soi28

The soi28-lacZ fusion was constructed using
the random Mu dX phage chromosomal insertion technique
described above in Example 1, part III. The
construction is described in T. Kogoma et al., Proc.

30 Natl. Acad. Sci. USA, 85, pp. 4799-803 (1988), the
disclosure of which is herein incorporated by

reference. Transductants were screened for the ability



- 38 - the enzyne. The restricted DNA i s then preciplfated usi ng-the sodi um
acetate/ Et OH net hod. The digested chronbsonmal DNA is then |igated to the
correspondi agly digested vector. The ligation 5 mxture is used to
‘transformconpetent E. coli lac[err] cells by electroporation.

Transformants are grown in LB + tetracycline at 30[err]C until they reach
stationary phase. Chl oranphenicol (15 [erL]génL final concentration) is

t hen added and the culture is incubated for "an 10 additional 3 hours at
30[err]C. Plasmids are then isolated fromthe culture and used to

franstorm a | ac, y3e Lhiiles bl gl ddtoBllabie SR 1900CAH ) bechuaes. afhe

transformants are thef grown i'n + tetracycline until y reach | og
phase. 15 descrihed; ign It oFeIeme Ste ¥henSUREScted With Mu dX at a

nul ti E\l i ci Ity OL infection afiterhatiZelys @eswi2zedarizorasibne canabeduct ants
are then plated onto LB.+ anpicilll Jerr @ )s vt ot QLY l,ne ,pl at es
and grown over ni Weatusﬁﬁer Cfﬂéﬁ]&e% é eqo oni ésl?egr g'tnzg&gﬂﬁ)el% rzépl I ca
pl at ed ont o XS5galpafA0 ITeandg/tine) fioildioainan paiimexs:t h& presence or absence

of an agent whi CRcAdARTCTATETEA e SSIRAD Mo :ljalpa &7e i ncubat ed
overnight at 30[err[C._ Colonies that differ significantly in gﬂf) i,n_the
presence of the & ACACATGRCSCSE A 35 (5B I&oé@ié@] ‘ar §e§é1r (,f['ll.s’”ns

Cul tures of thosaredldetierte® by linduddidaiey fofr A-alactosiidiadse y or

repreessi on of [erer)Jp-]:%aslsaJ_gnOSiJnd % presence of paraquat.

10 IIT. katF

The katF gene is described by P. C. Loewen
et al., J. Bacteriol., 162, pp. 661-67 (1985), the
disclosure of which is herein incorporated by
reference. The katF gene encodes a hydrogen peroxide-

15 inducible catalase activity. A katF-lacZ fusion was
constructed by Mu dX insertion into a cloned katF gene
on a plasmid, as described in Example 1, part II.

A katP-lacZ fusion is alternatively

constructed using the PCR technique described in

20 Example 2, part II and the primers: 5/~
CAGGTGCGTTGTAGTGAGTT-3 ' [SEQ ID NO:5] and 5’/-
CAATAAACGAGATAACTCTCC-3’ [SEQ ID NO:6]. The construct
is tested for inducibility of B-galactosidase
expression by phenolic acid or another weak organic

25 acid.

IV. KkatG

The katG gene is described in P. C. Loewen
et al., J. Bacteriol., supra. A katG-lacZ fusion can
be constructed using the PCR technique described in

30 Example 2, part II and the following primers: 5'-
AAGCTTAATTAAGATCAATTTG-3/ [SEQ ID NO:7] and 5'~
GCCGCAGAAAGCGGTTCGCC-3 [SEQ ID NO:8]. Transformants



as descri bed bel ow. - 39 - EXAWMPLE 2 Use O pRS415 To Create Stress
Pronot'er - LacZ Fusions |. Use O pRS415 To Create A Stress Pronoter-LacZ
Fusion 5 =~ : Wth An Unknown Stress Pronoter The plasm d pRS415
cont®ins“the | acz gene and a multiple cloning site just upstreamfromthat
gene. It is described in R Sinons et al., Cene, pp. 85-96 (1987), the

di scl osure of which is herein incorporated % by reference. The Smal site
in pRS415 all ows for shotgun cloning of chr somal DNA that is cut with
any restriction enzynme and then blunt-ended with exonucl ease. Al of the

techni ques descréggabRifl EhE ddpPbanfakdoR’ skacehantorisa Byl ecul o

‘bi ol ogy art and are escr ecu nin

g aboratg % %&nual
Second Editi on, End!ﬁﬁ%PBoRfeP'ﬁPla°58§1da€SlHnSE PnBrREPBEF Pabt2R-ory
Press, NEM/YOrk (1989). Specifically, genomic DNA is isolated froma 20

strain of E. coli tha{ | ackapt he enti.re | ac operon, but is wild type in
every ot her aspect. The isolated DNA is then partially digested with any

restriction enzyme which ceghe eloaihguanfiasegnencingr g€t thEohhpwgege
dgestion. '8, SOHR' 83s8rnbl°BY°E. "5khra®"210!/ 51! BhBkAEFLIQ, | B34, Vale
pp. 2049-55 (1989); and by L. A. Tartaglia et al., _
J. Mol. Biol., 210, pp. 709-19 (1989), the disclosures
of which is herein incorporated by reference. 'An ahp-
lacZz fusion can be constructed using the PCR technique
10 described in Example 2, part II and the following
primers: 5/-ATCGGGTTGTTAGTTAACGC-3’ [SEQ ID NO:9] and
5/ -CTATACTTCCTCCGTGTTTTCG-3’ [SEQ ID NO:10]. .Des ired
fusions are detected by inducibility of B-galactosidase
expressioh in the presence of cumene hydroperoxide or
15 tert-butyl hydroperoxide.
When an ahp-lacZ fusion is employed'in the
methods and kits of this invention, the construct
should be present in both a wild type E. coli and a
mutant strain of E. coli which cannot synthesize or
20 degrade fatty acids (fabB, fadE strain). The mutant
strain provides the ability to identify a compound that
causes lipid peroxidation. Peroxidation-sensitive,

mammalian cell-specific fatty acids, such as linolenic
acid and linoleic acid, can be inserted into the

25 bacterial membrane of such a strain by growing it in
media containing those fatty acids. When a
transformant of the mutant strain is induced to express
B-galactosidase by a compound, but a wild-type
transformant is not, the compound in question must

30 cause lipid peroxidation.

Moving the ahp-lacZ fusion construct from the

original strain to another stain is achieved via the P1
lysate procedure described in Example 3.



restricted DNA is then prébipitated usi ng the sodi um acet at e/ Et OH net hod.
| f nhecessary, the sanple is then digested with S1 nucl ease to create blunt
ends gnd then.reprecipitated with sodiumacetate/ Et OH 30

Si mif t artéously, pRS415 is digested with Smal. The sanple is then

i nactivated with phenol/chloroformand the DNA precipitated using sodi um
acetate/ EtOH. The vector is then treatedgMgpracterial al kal i ne

phosphat ase to prevent self-annealing. - 40 - The digested chronosomal
DNA is then ligated to the correspondingly digested vector. The ligation
m xture is used to transft oifgsconpetent E. coli lac[err] cells by

el ectroporation.using a CELL-PORATOR 5 apparatus. Foll ow ng
transformation, the transfTheanfc geme dencddes ca (DA atephin drizymenghat [ i n

70 /[ m s ' - / ity of
1000 Col bai 65’ pei® EEEELg or’ SlarlvO adidad ﬁgﬁ%ﬁﬁ% Ahgria
pl ates of the abERdaretesring %d@l@fﬁw 1‘!)013% pratds auerd dire nedi um

one W th and ®neredd:hdstive agéhts ONsiéh dQas FROSE el Cdags@duces a
desired stress. Transforpants con%alnln t1nserted, i pduci bl e pronoters in
If&?%&

the pRS415 vect FFTURETIXIfe Ladica 1R stTRE N FRRE KDt ai ni ng
pl ate than on t hieddrilbedtby|Rpl @ieningloawestscal, , tProcf afawel) SAcads ai ni ng

e e O BebL YA a4t G0 | 87478 °02585P) Ehd “@ladlddube 4t O

blue or white o t ount- .
which is herein incorporated by reference. The nfo-

10 lacZ construct was created as described in S. Saporito
et al., J. Bacteriol., 170, pp. 5141-45 (1988), the
disclosure of which is herein incorporated by
reference. I obtained this construct from Dr. Richard
Cunningham. o

15 An nfo-lacZ fusion can be constructed using
the PCR technique described in Example 2, part II and
the following primers: 5/-CATCGCATAAACCACTACAT-3’ [SEQ
ID NO:11] and 5/~GTTACTGCCCTGACCGGCGG-3’ [SEQ ID '
NO:12). Fusions are screened for inducibility of

20 B-galactosidase expression in the presence of paraquat.

VII. sdh

Expression of the sdh gene is inhibited by
lack of oxygen or inhibition of electron transport.
Thus, detection of sdh induction is indicated by a

25 decrease in assayable product expression.

The sdh-lacZ fusion was made by Mu dX
insertion into the sdh gene contained on a plasmid
provided by Dr. John Guest, University of Sheffield,
England, as described in Example 1, part II.

30 Transformants were assayed by incubation under
anaerobic conditions.

The sequence of sdh has been published [S. S.
Ner et al., Biochemistry, 22, pp. 5243-48 (1983), the
disclosure of which is herein incorporated by



contai ni ng plate. Inducibfrity or repression is confirnmed with 20

i ndi*vi dual - positive clones using one of the [err]-gal actosi dase assays
descri bed bgel ow and’ varying concentrations of the stress-induci ng conmpound.
I'l. Use of pRS415 To Create A Stress Pronoter-LacZ Fusion 25

Wth A Known Stress Pronoter A Creation O A Known Stress Pronoter DNA
Fragment Using PCR Anplification Wien the_sggugnce of a stress gene is 30
avai |l abl e and the pronoter region has been ?ocated, | enpl oy a PCR protocol
to anplify the stress pranoter. Specifically, | design a pair of priners

that is conpl erfeeta%)éeheeahe ahesbh-28éz3[Fakibnecdn b b%st&:ﬁ;&t%dpromter

The region to be anplified is nor e f 30 800
base pairs and t H8iPg@n§hg SFRtﬁécg%IHéFSgFﬁﬁﬁége#r&ﬁlgﬁ O t it
nucl eoti des. Cnfanahehprfﬁ&uswahg pyiimersi:z6d; GmmmwcmAQGQﬂmmﬂmsga@-Bd
genom ¢ DNA utili Py 8x%a

Mol ecul ar d oni nééb&glﬁyor Bﬁ%"@éﬁuapﬁ?gn 'Itk\lig%ﬂ?b 3 rrg.'rgoo Igt al .
eds., Cold SpbBi njoriddier CredysfoFManbscase ﬁ@ﬁay@pkfefgggﬁlpresence of

SpeCI 1(‘) i gal ly, thQnBCEul’s%&t 'b?nd%%li'b%'s@a ighgrall@ldtod ita seo Expresisiongenoni ¢
DNA ( Lerrlg), ger an eroblc conditions.

VIII. dinD

I obtained this construct from Graham Walker
10 who made this fusion as described in S. Kenyon et al.,
Nature, 289, pp. 808-12 (1981), the disclosure of which
is herein incorporated by reference. This construct
was made by the same Mu dX insertion'procedure
described in Example 1, part III. Transductants
15 containing the fusion were identified by expression of
B-galactosidase in the presence of mitomycin C.
I moved the dinD-lacZz fusion into strain SF1
by the P1 transduction technique described in
' Example 3. The resulting strain containing the dinD-
20 lacZ fusion is named SF923.
A sample of SF923 was deposited with the
American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland 208520 on June 26, 1992 and has
been given accession number 55336.

25 IX. rpoD

I obtained an rpoD-lacZ fusion from another
source who created it using the Mu dX chromosomal
insertion technique described in Example 1, part III.

I moved the rpoD-lacZ fusion into E. c¢oli strain SF1 by
30 Pl transduction as described in Example 3.

Alternatively, an rpoD-lacZ fusion can be
constructed using the PCR technique described in
Example 2, part II and the following primers: 5/-



10 [err]Meach), primers (30 pi conoles each) and Taq pol ynerase (2.5
unlts) ‘Typi cal ly, 30 cycles of PCR are performed, with each cycle
conpr|5|ng ‘heating the sanple to 95[err] for 1 mnute, cooling to 54[err]
for '15 séconds and then reheating to 73[err] for 3 minutes. In 15 the |ast

step of the final cycle the sanple is heated to 73[err] for 10 m nutes,
Instead of 3 mnutes. After the PCR reactio

o is conplete, 1 unit of Kl enow
fragnment is added to fill in any overhangs. B.” Fusion OF A Known Stress
20 Pronmoter DNA Fragnment To The LacZ CGene I n pRS415 The

anpl i fied DNA f1 g ChgciBess! (855 PHONBLEE)| AnduskLied and then
| igated into Sma a?ﬂ?igﬁ@ﬁ?éﬂ E éenétreate ]th bacterial 25

has
al kal i ne phospha€BEEGC GCTFQEF?SﬁCﬁrﬁtuﬁ§EPS IPHNR: 483d t BeBALRS: or m
lac[err], Anp[erghsEon8ohirecabtechbrdcbgcBrgaaaetostidaseaezpresaibn dne

plated on LB + a éﬁkkgkggggrgksgﬁbgpgh) + X-gal (40 [err]g/m). Colonies

that are pale or ‘and replica 30 plated onto two
plates. One replica plate contains LB + anpicillin (70 [err]g/m) + X-ga
(40 [err]g/mp. The oXker hagdtains the sane conponents plus a conpound
known to induce or repress the specific pronoter. For stress- |nduced
pronoters, colonies that afBedhrRElasEZ,Eusdonnwass copsbalrtedoRyarnMy

plate after over gkghhtd’ aWphagihid contdining a cloned hag gene, as
described in Example 1, part II. Transformants were
screened for repression of B-galactosidase expression
10 in the presence of CCCP. |
The sequence of the hag gene is known [G.
Kuwajima et al., J. Bacteriol., 168, pp. 1479-83
(1987), the disclosure of which is herein incorporated
by reference]. Thus, a hag¥1acz fusion may be
15 constructed using the PCR technique described in
Example 2, part II and the following primers: 5~
GACGGCGATTGAGCCGACGG-3’ [SEQ ID NO:17] and 5’'-
TTAGTACCGGTACTGGCCTG~3’ [SEQ ID NO:18]. Transformants
are tested for the presence of the desired fusion by
20 decreased expression of B-galactosidase in the presence
of compounds that disrupt membrane integrity, such as
CCCP.

XI. ada

We constructed an ada-lacZ fusion using the
25 Mu dX insertion technique dgscribed in Example 1, part
II, into a plasmid containing the ada gene. That
plasmid was obtained from Dr. Leona Samson at Harvard
University. Transfectants were selected on the basis
of induction of B8-galactosidase expression in the
30 presence of MMS.
The nucleotide sequence of the ada gene has
been published (Y. Nakabeppu et al., J. Biol. Chem.,
260, pp. 7281-88 (1985), the disclosure of which is



: 30[err]C contain the desited pronoter-lacZ fusion. For stress-repressed
pronoters,” colonies that are lighter blue or white on the

conpound- ¢cgnt ai hing plate contain the appropriate fusion. 5

EXAVPLE 3 Construction OF E. coli Strain SF1 SF1 is a derivative of E col
K12 strain GC4468. The parent strain has an F[err], thi, rpsL, [err](lac-
pro) 169 genotype. Because of the thi nutatgg the 10 parent strain
requires thiamne for growth. The preferre osts of this invention should
be wild-type for all genes, except lac. Therefore, | created SF1 by

plating approxi ngdeéin 1Dh&6F om%feféfeféh@é?t eSTiEM Foé N%ahPada-

gl ucose nedi um Cblonles t hat grew on 15 such nedi um nust have reverted to

a thi + genotype.l3%® CoRH ’E‘i‘)‘F’bn?a‘i’val%es%F%%’f%‘El by Rk ng1the, RGRy)| e of

strain SF1 was dmumigdewuédacﬂnee@nﬂumﬁwez Lupaxtt exCoandcthéen

("ATCC"), 12301 f 3ﬁ$§ér€©ckville Maryl and 20852 on 20 June 26,
1992 and gi ven acceSS|on 5337. EXAMPLE 4 P1 Lysate Procedure For
Movi ng St ress® PrafmARGCTECCTTCECAGCGARA v N[ $8Rt It NQ$ 1) Tand procedure

allowed ne to nwe_@ééémc@-ﬁcm@m@é-iacgsﬁgsiﬁmérm one host strain to
another. In this_man stress propoter-lacZ fusions in a di agnostic

kit can be put |?E?P§£krﬁ%ﬂ%sh%5? teq, ?5r§kﬁmpr?s%ﬁ%ﬂ ?%i&he echni que to
pl ace all of thedesired Pusioncby| hwdudilsiDity i of 0Bsddbactdsdidaseé

P1 phage random ol ks; 89Sin Ché PUsLhed of MMS.

10 XII. gyr

A gyr-lacZ fusion was constructed using the
Mu dX insertion method into a plasmid containing the
gyr gene as described in Example 1, part II. The
:esulting transfectants are screened for induction of
15 B-galactosidase expression in the presence of nalidixic
acid.
The sequence of the gyrA gene was described
by H. Yoshida et al., Mol. Gen. Genet., 211, pp. 1-7
(1988), the disclosure of which is herein incorporated
20 by reference. A gyr-lacZ fusion can be constructed
using the PCR technique described in Example 2, part II
and the following primers: 5/-CTACGTTATGGTTTACCGGC-3'
[SEQ ID NO:21] and 5’/-AAGTACGCGACGGTGTACCG-3’ [SEQ ID
NO:22]. Transformants containing the desired fusion
25 are identified by inducibility of B-galactosidase
expression in the presence of nalidixic acid.

XIII. top

I used the Mu dX chromosomal insertion
technique described in Example 1, part III, to create a
30 library from which to select top-lacZ fusions. The
library is screened for induction of B~galactosidase
expression in the presence of acridine orange to
isolate clones containing the desired fusion.



its own endogenous endonutlease and packages the resultlng DNA fragments
intd virions. Certain of the - 43 - DNA fragnents produced and packaged
will .gont ai/n thé desired stress promoter-lacZ fusion. The Pl |lysate was
made'as fol l ows. The cells containing the desired stress pronoter-|acz
fusion, 5 either on a plasmd or within the chronosone, were grown
overnlght in LB at 30[err]C until early stagsopnary phase. | then inocul ated
50 [err]l of that culture into 5 m LB containing 0.4% glucose and 5 niV
CaCl[err] and incubated for 30 minutes at 30[err]C. | next added 0.1 m 10

of Pl phage (approx. 5 x 1@ﬁértbpp?éﬁ€1%aéoséﬁﬂeﬁuéaub? mndoconinnued

I ncubation for 2- 4 hour s, unt | ysis was aﬁ?i sg b % dded 0.1
m of chl orof or nftv@ texgﬂ—ﬁgi—&é—gieonag anBPce {328

cel lul ar debrls dIbelesprenefawhlma51stheréxnt1Aberppfatéd hyth an

addit1 onal 0. 1l opbraRb8rOf 8" fhpl1bBANCRES LA FECa0ERRAMNGLREY O the

reci pi ent stral 0 ear statlonaa%p
centrifuged tHhe §@n$§ruﬁ§eﬂe§§§§§n§b§ PﬁBnFPﬁh219“ﬁ1dGP°5 @adn and 10 nM

NUSCIFrr] 20 | ghemprexed EaitntxoanahehéeEbliu&aﬁaspeamurbh ngher 18
W thonly 100 {2&%&%&9&9 SaRGo6Rs37 EaRk T BRR g2 10BmRerr Tl of P
| ysate as controCACCGGCGEﬂACGcaBEGEA-BHe$sEQumBsND@24éxacTr9nSﬁonmantss at
30[err]C containing the desired fusion are identified by
‘10 inducibility of B-galactosidase expression in the
presence of a DNA intercalating agent, such as acridine
orange or ethidium bromide.

XIV. clpB

I constructed a clpB-lacZ fusion from a
15 plasmid containing the élpB gene using the Mu dX
insertion method described in Example 1, part II.
Transductants were screened for induction of
B~galactosidase expression in the presence of
puromycin, a compound known to produce truncated
20 proteins.
The clpB gene has recently been sequenced [C.
L. Squires et al., J. Bacteriol., 173, pp. 4254-62
(1991), the disclosure of which is herein incorporated
by reference]. Alternatively, a clpB-lacZ fusion can
25 be constructed using the PCR technique described in
Example 2, part II and the following primers: 5/-
GATCCGGTACGCGTGATTT-3’ [SEQ ID NO:25] and 5/~
CCAGACGCATAACTCCTCCC-3’ [SEQ ID NO:26]. Those
transformants that can be induced to express
30 B-galactosidase upon exposure to canavanine, puromycin
or heat contain a clpB-lacZ fusion.



25 without shaking. | thef™added 0.1 m of 1 MNa citrate to each tube and
centri,fuged to pellet the cells. If the stress pronoter is induced by a
particul ar ;conpound, the cells were resuspended in 50 [err]| of LB and

pl at'‘éd onto LB + anpicillin (70 [err]Jg/m) + X-gal 30 (40 [err]g/m) + the
conmpound. Those col oni es which were blue after overnight growh at
.30[err] C contained the stress pronoter-lacZ gusion. If the stress pronoter.
is repressed by a particul ar conpound, the 28I Ts were resuspended in 50
[err]]l of LB and plated onto LB + 35 anpicillin (70 [err]g/nt) + X-gal (40
[err]g/m ). Blue -x¥4 - pp@RONi €s were selected and replica plated onto
the sane nedia or the sanme™} a plus the repressing conpound. Col oni es

which were lighter blue or onai marRNghe Ga3TRREREiBHeAl By WIJRBLE! @tcanl gi ned
the desired fusion. 5 oxi.n- 1 nduci bl e

. E 5
B- Gal act osi dase ﬁs&&?@ﬁﬁzégé&'tﬁalvappatﬂ8ﬁ§'&9-?ﬁggéiﬁet €5 A SESOFEEEr i ne
changes i n stressfpwhicheis| heredn| dncorpgaiaietiobydxeferepcessi dn i nduced

by various cogpo : - I 1S ARG SahaReds N ismal
test tubes. Egpcgpggﬁgé?(gyehg$?%§iﬁ%&agfgfﬁéég%gﬁgﬁgﬁgr- acZ ge%g'fﬁ?ion,
were grown separ Brel Rogsdr dpderakiory -shaki ng in either LB supplenented with

70 [err]g/nl ampicillin or AMdePRSURRIZE TRIFIOH Wsl AlEernatively 15
ampicillin (180 rgonlgk:?:'rurc]t:oe’d %%irgg lt?!Xe '¥%RS ?:letc%n(i%ggé '&%scribed in
: Example 2, part II and the following primers: 5’/-

10 CGCTTGACTCCGTACATGAG-3’ [SEQ ID NO:27] and 5/-
TGGATAGCGTAACCTTACTT-3’ [SEQ ID NO:28]. Those
transformants that express B-galactosidase upon
exposure to methyl mercury contain the desired fusion.

XVI. fepB-entC

15 I constructed a fepB-entC-lacZ fusion by Mu
dX insertion into a plasmid-encoded fepB-entchgene. I
measured induction by treating the resulting
transformants with the metal chelator, EGTA.

Alternatively, a fepB-entC-lacZ fusion can be

20 constructed using the PCR technique described in
Example 2, part II and the following primers: 5/-
CCACAAGATGCAACCCCGAG-3’ [SEQ ID NO:29] and 5/~
GACGTATCCATATCATCCTCC-3f (SEQ ID ﬁ0:30], based on the
reported nucleotide sequence of the fepB gene [M. F.

25 Elkins et al., J. Bacteriol.; 171, pp. 5443-51 (1989)].
Transformants are screened for the presence of the
desired fusion as described in T. J. Brickman et al.,
J. Mol. Biol., 212, pp. 669-82 (1990), the disclosure
of which is herein incorporated bj reference. '

30 XVII. cyo

I received a cyo-lacZ fusion from Dr. C.C.
Lin in Dr. Iuchi’s laboratory at Harvard Medical
School.



salts = 60 g Na[err]HPOerT], 30 g KH err]PJerr], 57g:Nad, 10 g
NH4CI/I|teF) 2 m 40@6glucose 0.4 M 1IMMSJerr], 20 [err]1 1M
ChCl[e(r]) at 30Terr]C. The next norning, one drop of each overni ght
cultiure was diluted into a series of tubes, 20 each containing 1 nm of
fresh nedia. This allowed ne to test a range of concentrations of the
conpound on each host. The cells were then wn at 30[err]C until they
reached an optical density at 600 nn1(CIIer?% of 0.1 - 0.2. 25

At this point, one tube of each stress pronoter-containing host was placed

on ice and used to neasure r toe t t
04 ea%laei deqidte (OF tife ASiH) tdper o Wd®

conpound. The ot her tubes

Stress pronnter-contal i'ng host e

split into two, vRWMLEFRehdY FedbinagRpa (RS Rl r%m#?a@-ﬂe—ééﬂh V%g'(l
Lelr][] M- 1 nmM ingd0- ipig%-um e(lﬁlé@) M%lﬁe;\@i&d:]:ﬁ\yrelseﬂ)wmhnhtm lodein

al f receiving no, conpoun t ubes ich rgecejive C d a
both a control fot® ‘E?r%%‘f?té%‘{%‘f Jf?ﬁerencenS fn dJU%gz Oﬁi’%’:‘é grov%/% and
as a bﬁsellne %Eauamstmnwted U=ing - gbéabﬁbstebhmnqn$w¢§§¢t#bedTmncuItures
wer e then i ncubat A &S nl

: ﬁ%ure ﬁé’ié'ffaénév‘&goif”éfl&h [SFinérsA &

al i quot of each t hen renoved err] _neasurenent.

(1f the O err] TEGACGRTEEAFCEECTERR-ANh BEEUrER NPt lrﬁgd SWluted the
0.5 m aliquot V\Amfﬁl'GMA&moiﬂrp@tncmtmesmpdi arhe eresal t iwg

sanple at CIXerr]l g fusion is identified by incubating the
10 transformants under anaerobic conditions and selecting
those transformants that exhibit repressed
B-galactosidase expression.

XVIII. gsh

I constructed a gsh-lacZz fusion by Mu dX
15 insertion into a plasmid carrying the gsh gene. This
technique is described in Example 1, part II. I
selected for clones which expressed B-galactosidase in
the presence of NEM.
The gsh gene has been cloned and sequenced
20 [H. Gushima et al., Nucleic Acids Res., 12, pp. 9299-
307 (1985), the disclosure of which is herein
incorporated by reference]. Therefore, a gsh-lacZ
fusion can be made using the PCR technique described in
- Example 2, part II.and the following primers: 5'-
25 AAGCTTCAGCAGTGGCAGAA~3’ [SEQ ID NO:33] and 5/~
GTATAAACCGCCTTCCGGGCC-3’ (SEQ ID NO: 34]. Transformants
are screened with N-ethylmaleimide.

XIX. mutT

A mutT-lacZ fusion was created using the Mu
30 dX insertion technique into a plasmid-encoded version
of the mutT gene as described in Example 1, part II.
Transformants are screened for B-galactosidase
expression after exposure to X-ray irradiation.



myltiplied the reading tifes two.) | then took 200 [err]l 10 from each
culture and pipetted it into 800 [err]l of Z buffer (16.1g
hmemHPqu][HHHMH]QEi%?@WHHPqu}HMH]Q(lBgKQ,

469 MpgSq err]-[err]Herr]0, 2.7 m [err]-nercaptoethanol/liter, pH 7.0).
To this | added 2 drops of toluene and vortexed the cultures for 10 .
seconds. | then added additional Z 15 bgf%gr to 2 mM final volune. The
t ol uene/ Z- buffered sanpl e was then incubat ina 37[err]C water bath for
40 m nutes. The sanple is then pl aced in a heating bl ock, which had been

heated to 28 C f | ct
P Saded 200 [ert] 1 of o- 3B ro%ﬁ‘en oFs ShE e Gt Waﬂf”%’?’#a‘ism% o
buffer), while R¥eM- ndkdyama iﬂﬂhegﬁaauﬁgaﬁgq 06\\h @R -aFy 16

particul ar sarrpl(tightﬂyq tu@ﬂadsbmlghr)éeldfowmbnaci@ed;&e&nmin%rporatea
Na[err] CJ err] the reagtion, Wﬁ % i%gppln the reaction in
t he correspondi FFEPch s d an@ﬁ 5 1A% el apsed from
ONPG additi oB talNa[mat]l&Qler Conadahiuicited uﬁmgsamel PCR¢echaigwet rol were

then read in a %@%%?1%@&?\"%?&\,\‘;)‘1% ?D[ %Irr]t gg %re] foﬁ’.’l‘oﬁn@f activity

were cal cul ated using the ni ts act|V|ty 1, 000 x

[err] 420- (1. 75) PEA@EXES55) "CTRCALT| qggnghﬂAﬂﬁ? BSES TP W3S In adne | s

the tinme el apseé'mmmmﬁcmw-@ppl[rﬂq o mczta]qn with

glg‘[sg_;r ]( ICnQ: tEII:];] aﬂ%'\%ns %neaipbtsc%c}n aelngi?igv%huen%elssiz:[e COl’lS l{SEd in the

10 screened for B-galactosidase expression after exposure
to X-ray irradiation. '

XX. unc

I constructed an unc-lac fusion by Mu dX
insertion into a plasmid containing a cloned unc gene.
15 Transformants were screened for B-galactosidase
expression in the presence of 2,4-dinitrophenol.
A partial sequence of the unc operon was .
- published by H. Kanazawa et al., Biochem. Biophys. Res.
Commun., 103, pp. 604-12 (1981), the disclosure of
20 which is herein incorporated by reference. Thus, an
unc-lacz fusion can be constructed using the PCR
technique described in Example 2, part II and the
following primers:
57 -AAAGCAAATAAATTTAATTTTT-3/ [SEQ ID NO:37] and 5’'-
25 GGCCACCCGGCCTTTCGCTG-3’ [SEQ ID NO:38]. Transformants
are screened for inducibility of B-galactosidase
expression in the presence of 2,4-dinitrophenol.

XXI. xdc

I obtained a strain containing an rdc-lac2
30 fusion from Dr. G. T. Javor. The fusion was made using
the random Mu dX insertion technique described in
Example 1, part IIIA. Transfectants were screened for
the presence of the fusion by incubating on X-gal



case, Q.2 nm); ODerr] and~O)err] are the differencés.in those QD val ues
bet ween the toxin sanples and the control sanples; and ODerr] is the
readi ng obtained fromthe toxin-treated culture after incubation. 5

The Second type of assay is performed in 96 well microtiter plates. In this
assay, the appropriate E. coli hosts were grown separately overnight at
30[err]Cin either MB+G nediumor LB nedium_Jln either case, the nedi um was
suppl emented with 70 [err]g/m anpicillirL°J§? The next day the cells were
diluted 20-fold into fresh nediumand grown at 30[err]C until reaching an

Qo err] of 0.2 Didved ool BrbdEed %t bilboRlobaG]. a1 HELLs ol 10

rows of wells in"a steri ! rter ! e row was use
measure the ef fedeXs klwe 15n such apmesry eentained gthedesixede
expression. The midesn) oW was used to neasure the effect of the test

conpound on cell growth. | heq@gade a 10-fpold dilution Eeries of the
conpound to be tested in cutRRrEAREIRCH FURRPR VAP $ranstenyed ffrom the
dilution to the csdlsce nstedins Rot$SFOugding i theakh transduceids (i.e., wel
2 received full- S8 o) | ved 1. L | ut 1.on. of
conpound, wel | 4Sttfée.ce| v%‘d& 1@%#%??%\?#%@55%‘%?2% gh)%ﬁ%p%feﬂlés&{nggﬁg’ﬂgl of
each row recei vedtists [Bu8ion grascapned $894. 25 An OD[err] neasurenent of

all wells was then taken topas&mplé S0'SPIYs AL MPEEi tddlwiRWhinde due to
the test conpoun The cel]ls we i ncubated for_90 mnutes at 30[err]C

e. 1l hen
with moderate shd¥MSRACH (BYPS CUBbEITQ rCoLiretenr | 1230L RarklaWRs al |
wel | s was takEh Fwvenue, Rockviileh|Maxylamd; 108$2ron LTwmie 126 SO amsamdided

to was assigned accession number 55335.

XXII. lon

The sequence of the lon gene and the location

of the promoter has been described by T. A. Phillips

15 et al., J. Bacteriol., 159, pp. 283-87 (1984), the
disclosure of which is herein incorporated by
reference. A lon-lacZ fusion is constructed using the
PCR technique described in Example 2, part II and the
following primers: '

20 5’-TCTCGGCGTTGAATGTGGG-3’ [SEQ ID NO:39] and
57 ~CGACGTCTTCCATGGACGGC-3’/ [SEQ ID NO:40].
Transformants are screened for inducibility of

B-galactosidase expression in the presence of
puromycin.

25 XXIII. leu-500

The sequence of the leu-500 gene, which
contains a single point mutation in the promoter, has
been described by R. M. Gemmill et al., J. Bacteriol.,
158, pp. 948-53 (1984), the disclosure of which is

30 herein incorporated by reference. A leu-500-lacZ
fusion is constructed using the PCR technique described
in Example 2, part II and the following primers: 5/-
GTCAACAAAATGCAATGGCG-3’ [SEQ ID NO:41] and



each well in the first row. | then added 100 [err]l| "of Z buffer to each of
the wells-in the first row and incubated an additional 20 m nutes at
30[ery]C,} then added 40 [err]l of ONPG (4 ng/m in Z 35 buffer) to each
welf" in the first row, continued - 47 - incubation at 30[err]C and began
timng the reaction. This allowed the cells in the second row to continue
growm h and thus ascertain the effect of the test conpound on cell growth
over a longer period of tinme. Wien a 5 yélﬁawfcolor devel oped in any of the:
wel l's receiving ONPG the reaction is stopped in all wells in the first row

by the additionQf_ greo| gLt me was
careful ly not ed.quhe é#@ﬁé?g%%ﬁ?ﬂ%& 3f %ﬁﬁ%ﬁgcﬁ'ﬁ‘a@ﬁe first row
was read and. t hErgmeforgranta jane screenass fioxd imduaidifldtivuiof set forth

above. The cell gigaldetouiGuid aMrdisicl liovtthd prifsendedlofihaaddibdienal
90 mnutes after the initial 90 minute incubation. An [err]600 neasurenent

was taken every 253 iuEIMET 5" or cell growth. 15 The same
two assays were utilized when repression-of stress pronoter-controlled
[err]-gal act &si dase &¥IVbsaieho was bei ng assayed. The only difference was
t hat yell ow col or devel oped in the control sanples before the

conmpound- cont ai ni ng sanpl &he =equence [of \the getopiganeghas qeaentin ke

control well, tllﬁer,{quﬂdm;eidﬁ h@otm tmn@ﬁg@laqudw
. Database, accession # M89992, the disclosure of which
is herein incorporated by reference. A meto-lac2
10 fusion is constructed using the PCR technique described
in Example 2, part II and the foliowing primers: 5/~
AAGCTTACACAGCATAACTG-3’ [SEQ ID NO:43]) and 5'-
CCAGGCAGGGCATCGGCGGGGG-3’ [SEQ ID NO:44).
Transformants are screened for inducibility of
15 B-galactosidase expression in the presence of
N-ethylmaleimide.

. E PLE 7

Assay Of Known Carcinogens
Using Various Stress Promoters

20 We assayed a number of different chemicals
for their ability to induce the expression of various
stress promoter-lacZz fusions described above. The
chemicals used for these assays were methyl mercury (O
- 1uM), 4-nitroquinoline oxide ("™4-NQO") (0 - 100

25 picomolar),'MMS (0 - 40 nM), paraquat (0 - 50 uM),
plumbagin (0 - 160 pM), mitomycin (5 ug/ml), 2,2’-
dipyridyl (0 - 160 uM), H)0, (0 - 1600 uM) and NaCl for
osmotic stress (0 - 0.8 M). We also subjected certain
stress promoter-lacZ fusions to variations in pH and

30 growth temperature.

These results provide important insight into

the types of compounds that induce various stress
promoters. For example, Figure 1 demonstrates that



contalnkng sanples was stopped sinultaneously. Both the units of

[erf]-gal actosi dase activity and the culture [err] 600 is plotted agai nst
t he dose of 25 conpound for each dosage tested. Such plots allowed nme to

det efmi né' the LD50 of a compound. These plots may also suggest that the
test conmpound is toxic (via a decrease in OD600 with increasing

concentrations of conpound),

promoter (no induction/suppression of [erT]®YyaTactosi dase expression).
48 - EXAVMPLE 6 Construction of Specific Stress Pronoter-lacZ Fusions |.
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replication damage (induction of the sfiA and dinD

promoters), specifically via DNA strand breaks (dinD

promoter), not DNA alkylation (adaA promoter). The
minor, but dose-dependent induction of the nfo promoter
suggests that the DNA damage caused by 4-NQO is oxygen-
dependent.

MMS apparently causes DNA damage by
alkylating DNA (induction of the adaA promoter), not
via stand breaks (dinD promoter). The alkylation
caused by MMS is not oxygen-dependent (nfo promoter).
These results are depicted in Figure 3.

Both paraquat (see Table below) and plumbagin

(see Figure 4) cause induction of the so0i28 promoter.
In additidn, paraquat also induced the nfo promoter,
indicating that the compound causes oxygen-dependent
DNA damage. Paraquat had a negligible effect in
ihducing the anaerobiosis- and transition metal-

" sensitive ndh promoter. The results with both paraguat

and plumbagin are particularly relevant because neither
compound produces a positive response in the widely
employed Ames Assay.



fu5|on .can be constructed\u5|ng the PCR techni que described in Exanple 2,
part . and the following prinmers: 5'-ACGAAAAGTACGGCATTGAT-3[err] [SEQ ID
NO 1], anq 20 5[err] -CGCTCATATTCATCTCCAGTA-3[err] [SEQ ID NO 2].

Tr anisf ormant s containing the desired fusion are identified by |ndUC|b|I|ty
of [err]-gal actosi dase expression in the presence of either paraquat or

nmetal chelators. 25 1. soi28 The soi 28-1acZ fusion was constructed
usi ng the random Mu dX phage chronpbsonal= i@&ertion techni que descri bed
above in Exanple 1, part Il11. The construction i's described in T. Kogonma et

al., Proc. 30 Natl. Acad. Sci. USA, 85, 88 4799 803 (1988), the disclosure
of which is herein incorporated by refe? L€ 1Transductants were screened
for the ability - 491ndthetesnr ogssbregskapionotagecoheprolihddaced by
paraquat, as describediB+GEldenpsmﬂa§eeﬂxpreaqxan BY tRereatuate| y, a

soi 28-1acZ fusion can be mage Hsid e PCR Jec ribed in Exanple
2, 5 part Il and the fol FOWT D%‘e %%q—&i&

GCTATGTGTGT@ATGTGAGC—S[err] [SEQ,I D NG 3]4élﬁd 5[63’7’& - 2952
TGATGACAGATGICGCCCCA- 3[ err] [ SEQgl D NO 4]ggdlesi refyd usigygp are detected by
inducibility of [err]-gal actosi dase expression in the presence of paraquat.

10 - KﬁtF: Induction of the various promoters is measured by
B~galactosidase activity and expressed in units, as
10 described in_Example S.

For the mitomycin assay, I only employed one
concentration of the compound, but varied the time of
exposure from 0 - 55 minutes. The results, depicted in
the table below, demonstrate that after 55 minutes of

15 exposure to mitomycin, the dinD promoter is induced by
approximately 4-fold. This indicated that mitomycin
caused DNA strand breaks.

TABLE 2
Effect Of Mitomycin C on dinD
20 Controlled B-Galactosidase Expression
Time of
Exposure
(Min) dinD
0 321
25 15 350
25 1036
35 811
55 1204

As expected, increased osmotic pressure

30 (increased NaCl concentration) induces the proU
promoter, but does not result in superoxide formation
(no induction of sodA or so0il7) (Figure 5). In
contrast, 2,2’-dipyridyl causes supéroxide formation
(sodA induction), as well as chelating metals (fepB

35 induction). 2,2’-dipyridyl has no effect on DNA
replication (sfiA promoter). This is depicted in
Figure 6.



The katFE gene is describetby P. C. Loewen et al., J™ Bacteriol., 162, pp.
66167 (1985) the di sclosure of which is herein |ncorporated by reference.
The katF gene encodes a hydrogen peroxide- 15 inducible catal ase activity.
A kat'F-1aczZ fusion was constructed by Mi dX insertion into a cloned katF
gene on a plasmd, as described in Exanple 1, part Il. A katF-lacZ fusion
is alternatively constructed using the PCR technlque described in 20
Exanpl e 2, part Il and the prinmers: 5[erT]%3CAGGTGCGTTGTAGTGAGIT-3[err]
[SEQ ID NGO 5] and 5[err]- CAATAAACGAGATAACTCTCC-3[err] [SEQ ID NG 6]. The

construct is tested for ingucibiljt al ogi.da X ' b
phenolic acid or another mgSKSSthﬁ%cﬁgg gcﬁé 85 ﬁiﬁﬁa?hnggoéagéggékggisy
described in P. fesponded &b heat 3hoBigt & iocupatedr ghosa kasts| asz f usi on

can be construct ggopsi EQsR:QEdF’gF ESGE“XA&TC’&S%' heAutBs30 BramReguitspart
Il and the follown TAATTAAGATCAATTTG 3[err]. [SEQ I D

NO. 7] and 5[err]of PGSEedSPGQPY [ demopptrets) a ?rgﬁé or mant s
- 50 - contaisi nﬂnabetdew bgdthesirpdpapeomdeeti hifedrbgoi mdnatiesn ofthe

E.E 9 ta lh 2(: ;ﬁ; | g 2?] g Idgctrggs ' ?.?le I}%gu(c):ft 1|6|%0 %bs\e/rve%h gfIQ% 8 loo Qhﬁg 5%” glﬁﬁ%ggn cin g

was attributed to increased cell death, not a reversal
of induction.

TABLE 3

10 | . Effect of Increased Culture
Temperature On rpoD Promoter
Controlled Expression Of S8-Galactosidase

Time of
Exposure
15 (min) rpoD
0 1923
2 3362
5 3798
. 10 4471
20 20 6107
' 30 5561

Finally, I assayed the effect of incubating
hosts harboring different stress promoter-lacZ fusions
in media having pH ranging from 5 - 8. The results,

25 which are depicted in Figure 7, demonstrate that the
sfiA and so0il7 promoters were not induced at any of the
different pH. The aniG promoter showed maximal
induction at pH 6.0 and a linear decrease in induction
at both higher and lower pH.

30 EXAMPLE 8
Identification Of Antitoxins
After an unknown compound is found to be a
toxin on the basis of its induction or suppression of
stress promoter controlled B-galactosidase expression,



5.was .described by G Sterz et al., J. Bacteriol., I71, pp. 2049-55 (1989);
and by L. A Tartaglia et al., J. Mol. Biol., 210, pp. 709-19 (1989), the
di sc| esures of which is herein incorporated by reference. An ahp- lacZ
fusion can be constructed using the PCR technique 10 described in Exanple
2, part Il and the following prinmers: 5[err]-ATCGEGTTGITAGITAACGC- 3[ err ]
[SEQ ID NO 9] and 5[err]-CTATACTTCCTCCGIGITTTCG 3[err] (SEQ I D NO 10].
Desired fusions are detected by inducibilti &} of [err]-gal act osi dase
expression in the presence of cunene hydroperoxide or 15 tert-butyl

hydr oper oxi de. en _an ahp-lacZ fusiogn is.enployed i.n the methods and kits

of this invention® SRS FFFTH %&ed “39813125%%9 i%Ma\M |d type E.

coli and a nut apotentdial entiBtooddn. whi ch cannot synt hesize or 20 degrade

fatty acids (fabB fadE siyraipnalhe S PR AR 10 Al O
ses lipidp

i dentify a conmpound that cau roxi dati on. Peroxidation-sensitive,

mamal i an cel | - SFPTessd oy Ofy Brgadactogddage [imbath @ hast dgrhoriedei c
aci d, can besi naedigm-1alc® iddnstruttciatid d host haidoingeh kate-laicz by

Phe mitant stratHEE i hdced s AIpsadeel Aty el COmEpRte By SaN8iBsind.
but a wil d-type theapsioduediton ofhdydrdgen pepoxide r{katss tinduatisin)3dncause
L PEr s oL e et WA ol S e 43 e AR 0, 12
in Exanpl e 3. breaks (dinD induction). Ascorbic acid is known to
10 reduce the number of hydrogen peroxide induced DNA
strand breaks, and therefore is a potential antitoxin
to this unknown compound.
Hosts containing the katG-lacZ and hosts
containing the dinD-lacZ are each plated into 8 wells
15 in a 96 well microtiter dish. Each well is incubated
with a different dilution of ascorbic acid for 30
minutes at 30°C. The first well is a control and
receives no ascorbic acid. Each well is then exposed
to the concentration of unknown compound previously
20 determined to be optimum for maximum B-galactosidase
induction. The assay is then carried out as described
in Example 5. If the hosts in the ascorbic acid-
treated wells express lower levels of B-galactosidase
than in the control well, it is considered to be an
25 antitoxin.
EXAMPLE 9
Improved Toxin-Inducible B-Galactosidase Assay
. Two 96 well microtiter plates were used for
each compound to be assayed. One plate contained
30 strains harboring fusions to "strong" promoters: gyra,
katG, micF, topA, ada, cyd (amp?), hag (amp®) and zwf
(amp®) . The other plate contained strains harboring
fusions to "weak" promoters (any drug resistance of the
strain is indicated in parentheses): groE, clpB, katF,



- 51 -, VI. nfo The nfo gene encodes a DNA repair enzyfre that is specific
for’ OX|dat|ve damage that -shatters the imdazole ring of nucleic acids. It

i s induced;by 5 redox acti.ve agents, such as those that cause superoxide
radi'cal fornatlon The nfo gene was described by R Cunni nghamet al.,

Proc. Natl. Acad. Sci. USA, 82, pp. 474-78 (1985), the disclosure of which
is herein incorporated by reference. The nfo- 10 | acZ construct was created
as described in S. Saporito et al., J. Bact®ériol., 170, pp. 5141-45 (1988),
t he di scl osure of mhich is'herein incorporated by reference. | obtained

this construct fro h n nfo-lacZz
fusi on can be c&? 'U(,st e‘?sus Mo ﬁ HP&% ?aﬁlﬁ%ﬁ 'qlﬁmcﬁesgﬁxbéda]"% BfSml e 2,
part |l and the (kanfpwi ng prlners 5[err]- CATCECATAAACCACTACAT 3[err] [SEQ

I D NO 11] and 5[err]-GITA %(E[(I;(;(gilﬁ Qel %tugljhz; we Fu5| ons
y of errj-

are screened for inducibill ase EXPressi o Sn the
presence of par SReMN sanarasﬁﬁim e'lssulorla&)fbrm?él mtﬁm;-ﬂ$ thehi bited by

| ack of oxygen Qﬂﬂ&ﬁﬂéﬁ&%ﬂﬁlﬁ&ﬁt&%’f feeEy (Y65 pfenigfildan i@f sdh
“induction is |nd|cated ecrease iI,n as;ﬁyable ﬁroduct expressi on.
Qg sy

The sdh-1acz fuSFor? ) evsmidght &F 3’6 H&hsﬂﬁ°5ene cont ai ned
on a plasmd aeration. I then placed 250 ul of a 1:117 dilution of

each culture in wells 2-11 of separate rowvs. Well'l of
each row contained 225 ul of LB + antibiotic. Well 12

'10 of each row contained 25 ul of the undiluted overnight
culture and 300 ul of LB + antibiotic. I then
"incubated the plates at 37°C for 2 hours with good
aeration. After 2 hours, I measured and recorded the
ODgog of the cultures.

15 The chemical to be tested was dissolved in a
minimal volume of solvent (preferably water). Each
chemical was tested over a range of 5-fold dilutions.

I added 25 il of the appropriate dilution to a given
well in each row (i.e., well 2 in each row received 25

20 ul of undiluted chemical, well 3 in each row received
25 pl of a 1:5 dilution, well 4 in each row received 25
41l of a 1:25 dilution, and so on). Well 1 in each row
received 25 ul of sterile water. After adding the
chemical to be tested I measured the ODggo of the wells

25 -again. I then incubated the plates for 37°C for 2 hours
with good aeration.

Following incubation with the chemical, I
measured and recorded the ODgy of each well. This ODgqyg
reading was used when calculating B-galactosidase

30 activity. I then pipetted 200 pl of the cells from
each well into a corresponding well of a chloroform-
resistant polypropylene 96 well microtiter plate. I
then added 50 pl of chloroform to each well in a fume
hood and mixed by pipetting up and down. The plates

35 were then left at room temperature for 15 minutes to



prow ded by Dr. John Guesty University of Sheffield, “England, as described
I n Exanple 1, part Il. 30 Transformants were assayed by incubation under
anaer qbi c, conditions. The sequence of sdh has been published [S. S. Ner et
al .,” Bi ochenmistry, 22, pp. 5243-48 (1983), the disclosure of which is

her ei n I ncor por at ed by - 52 - reference]. An sdh-lacZ fusion can be
constructed using the PCR technique described in Exanple 2, part Il and the
foll owing primers: 5[err]- GAATTCGACCGCCATTESC: 3[err] [SEQ I D NO 13] and

5[ err] - AAGTCGGTATTTCACCTAAG 3[err] [SEQ ID 5 NG 14]. Transformants are

df th
expr besi on undert O CoblE f R PR el BT lEABNOEHGL |
from G aham Wl ke af Zrnffele and s40 usl oof RNRRsselweionn S, Kenyon et
al ., Nature, 289, pp. 808-gt; {dIGd : cdifs Wisrd Oﬁé'hﬁ‘eéﬁz.m ein

incorporated by reference. This construct was made by the sarre dX
i nsertion procedt?® KkRf i HRniterand 40 w1 Rf (ONFG | (4mglphdnts 15
containing the fwfm)/vej:;em dedich foLdwdY1SXPrESSOPNEWd 9&rwélpal act osi dase

010 P esence ol Mstal (RIGIAI AIRLECE TUE lab RSN
strain conta|n|ngpt#&;Qﬁrﬂhe permeablllzed cells (taklng care not to
: remove any chloroform) from each well into the
corresponding well in the reaction plates and mixed by
10 pipetting up and down. When all the wells were filled,
the platé.was placed into a Ceres 900 microplate reader
(Biotek, Burlington, VT) and analyzed by measuring the
OD4yp every minute for 30 minutes. Well 1 in each row
served as the blank. At the end of 30 minutes, the
15 ODg5g of each well was recorded for use in activity
calculation. The OD4, versus time for each well was
then plotted and the slope of the linear portion of the
resulting curve was calculated. The B-galactosidase
activity was calculated by the following formula:
20 _ [ty-t,] x (slope) + C; = ODss

(ty) x (ODggg) X (vol)

where t, was the lag time between the addition of the
cells to the ONPG and the time at which the plate was

25 placed into the plate reader; t, was the total time
between the addition of the cells to the ONPG and the
end of the minute read; C; was the initial 0Dgy reading
from the plate reader; and "vol" was the volume of
cells (40 pl) divided by the total volume in the

30 reaction well (210 ul). The activity was then compared
to the B-galactosidase activity of each strain
incubated in the absence of chemical to give a "fold
induction" wvalue.

The results were then plotted on a three-
35 dimensional histogram which showed the fold induction



20 lacZ fusion is nanmed SF923. A sanple of SF923 was deposited with the -
Anerican Type Culture Coll-ection, 12301 Parklawn Drive, Rockville, Maryland
208520, on,June 26, 1992 and has been given accession nunber 55336. 25

| X. rpoD’l obtained an rpoD-lacZ fusion from another source who created it
using the Mu dX chronbsomal insertion technique described in Exanple 1,

part 111. I noved the rpoD-lacZ fusion into E. coli strain SF1 by 30 P1
transduction as described in Exanple 3. ATtR natively, an rpoD-lacZ fusion
can be constructed using the PCR techni que described in Exanple 2, part 11

and the follow n r S, rl- - .53, - 3[err]
[SEQ ID NO 15] a 5tg§t;‘] ‘?t%'%‘m&%’iﬁééﬁﬁéir;gr F&-R(rggEQﬁ% ﬁg 16] .
Desired fusions chemiicadet eBxapplesr pfganght bishageamgprESsFRAWR1Rhe

presence of ethappluyres 9-12.% hag The hag-lacZ fusion was constructed
by a Mu dX into a plasm d containing a cloned hag gene, as described in
Exanple 1, part Il. Transformants were d,for repression of
B—galactosidaée expression 10

hag gene i s knowcon@txaoteany

XXV. micF
I constructed a micF-lacZ fusion using the
PCR technique described in Example 2, part II and the
10 following primers: 5/-ATATGAATTCGTCGGCAAGTCCATTCTCC
CC-3’ [SEQ ID NO:45]; and 5’/-ATATGGATCCGCGGGAGTTAT
TCTAGTTGCC-3’ [SEQ ID NO:46].
Transformants were screened for inducibility
of B~galactosidase expression in the presence of
15 ethanol.

XXVI. ada
I constructed an improved ada-lacZ fusion as
follows. I synthesized the following two
oligonucleotides which represented portions of the top

20 and bottom strand of the ada promoter: 5/-TATAGAATTCC
CTTGTCAGCGAAAAAAATTAAAGCGCAAGATTGTTGGTTTTTGCGTGATGGTGAC
CGGGCAGCCTAAAGGCTATCC-3/ [SEQ ID NO:47]; and 5/-ATATG
GATCCAATCAGCTCCCTGGTTAAGGATAGCCTTTAGGCTGCCCGGTCACCATCAC
GC-3’ [SEQ ID NO:48].

25 The two oligonucleotides had 30 base pairs of
homologous overlap. I annealed the oligonucleotides
and then incubated with Klenow fragment to complete
synthesis of the double stranded promoter. I then

- digested the double stranded promoter with EcoRI and

30 BamHI. The digested promoter was then cloned into
EcoRI/BamHI digested pRS415. Positive transformants
were isolated by blue color following growth in the
presence of MMS and X-gal.



(1987) t he drsclosure of *whi ch is herein incorporated by reference] Thus,
a hagrlacZ fusion may be 15 constructed using the PCR techni que descri bed
in Exanple:2, part Il and the following primers: 5[err]-
GACGGCGATTGAGCCGACGG—B[err] (SEQ ID NG 17] and 5[err]-
TTAGTACCGGTAGIGGCCTG 3[err] [SEQ ID NG 18]. Transformants are tested for
the presence of the desired fusion by 20 decreased expression of '
[err]-gal actosi dase in the presence of conﬁ%unds t hat di srupt nmenbrane
integrity, such as CCCP. XI. ada W constructed an ada-|acZ fusion using
the 25 Mu dX insertrggvggchnrq described in Exanple 1, part Il, into a

pl asm d containing t a gen That pl asm d was obtai ned fromDr. Leona
Samson at Harvard UnrversIt9btilaﬁ§fecsanaénwefeEsegeiieeoohaihénbasis of

i nduction of [eggh= ﬂébﬁckﬁéhgﬁs?nEéBESEEHOEntB the %Qctaiea@nce of MKS. The
nucl eoti de sequence of the ada gene™h been published [Y. Nakabeppu et

al., J. Biol. cfBrPmosgpe.,, 72g1-88 (1985) the disclosure of which is

- 54 - hereia incorporatemhhynneﬂebeﬁde]seﬁbeheé0be the egd- pramdétepnst r uct

can be created e e.PCR t scr . le 2, part
Il and the follg§n QB%8¥£28 LQ Cﬁ F% EC#$C5$ Sk =T [SEQ | D
NO 19] and 263, pp. 13138- 143 (1988), the dlsclosure of which is

herein incorporated by reference. Thus, a cyd-lacZ
fusion can be constructed using the PCR technique
10 described in Example 2, part II and the following
primers: 5/-CGCCGAATTCGCGGCGTAATATATACGTCCCATC-3’ ([SEQ
ID NO:49]; and 5/ ~CGCGGGATCCCATGACTCCTTGCTCATCGCATGAAG
ACTCCG-3/ [SEQ ID NO:50]. | o
Transformants are screened for inducibility
15 of B-galactosidase expression by incubation of the
strain under anaerobic conditions.

XXVIII. zZwft
I obtained a strain of E. coli containing a
zwf~-lacZ fusion integrated into the bacterial
20 chromosome.

A zwf-lacZ fusion can be constructed using
the PCR technique described in Example 2, part II and
the following primers: 5/-CGCCGAATTCTGCCGCAGTTTGCGC
GCTTTTCCCG-3’ [SEQ ID NO:51]; and 5-GCGCGGATCCGT

25 CATTCTCCTTAAGTTAACTAACCCGG-3’ [SEQ ID NO:52]}.

Transformants are screened for inducibility
of f-galactosidase expression by incubation of strains
in the presence of superoxide-producing compounds, such
as paraquat, or in the presence of nitric oxide.

30 XXIX. dgroE
I obtained a strain of E. coli containing a
groE-lacZ fusion integrated into the bacterial
chromosome.




5[err] - CAGCGTTTCGTCAGCTTTGC-3[err] [SEQ I D NO 20]. Transformants are tested
for the presence of the desired fusion by inducibility of

[errL-gaLaclosidase expression in the presence of MVB. 10° X1, gyr A
gyr-lacZ fusion was constructed using the Mu dX insertion nethod into a
pl asm d containing the gyr gene as described in Exanple 1, part Il. The

resulting transfectants are screened for induction of 15 B-gal actosi dase
expression in the presence of nalidixic aci® The sequence of the gyrA gene
was described by H Yoshida et al., MI. Gen. Genet., 211, pp. 1-7 (1988),

t he disclosure of which is M galafe) e by g A
gyr-lacZ fusion can be coﬁ%t y%%e%éﬁgiﬁagiﬁ% g%ﬁ??%cﬁﬂﬁﬁﬁgﬁggéérPﬁed I n
Exanpl e 2, part $irshcynehesizing ngherfeadblawing two oligonucleotides

5[ err] - CTACGT TAMKIIGH Atépiésantéd | pbSELDAS 6 Siié and bottom strand

The desi red fusioh DAe FEOF RECRPERT bys! raseeaih PIoARPRCER TR ErEREEE] Gace
expressi on i nb t HEI'PCCCETLECAAGEGECEAXECCRCATICCCLCATTTCDPTEGTCACCAGEC MU dX
-chr onosonal | NSegddOfr t |g#g%€g$§ ngg%'?LE?@%@&EQ%%FﬁgﬁrGé**AC&O create

a 30 library fromwhich*to s op’lac ary 1S screened
for induction of T¢EFFICEEEGETESTEASCAGABRRATGERCATCGAGGCPTECEREeTBFAacr i di ne
orange to isol atxce+dnegse@ntpi No g4 § he desired fusion.

The two oligonucleotides are annealed to one
10 another and then incubated with Klenow fragment to
complete synthesis of the double stranded promoter.
The double stranded promoter is then digested with
EcoRI and BamHI. The digested promoter is then cloned
into EcoRI/BamHI digested pRS415. Positive
15 transformants are grown in the presence of X-Gal and
identified by a blue color following an increase in
growth temperature of the cultures from 37°C to 42°C for
30 minutes. '

XXX. anic

20 I obtained the E. coli stain JF1295
(aniG1072::Mu 4J) from Dr. John Foster and Dr. Kevin
Karem of the University of South Alabama College of
Medicine. This strain contains a single copy of an
'anig4lacz.fusion in the bacterial chromosome. The

25 construction of this strain is described in 2. Aliabadi
et al., J. Bacteriol., 170, pp. 842-51 (1988), the
disclosure of which is herein incorporated by
reference.

EXAMPLE 11

30 Method For Integrating Single Copy Of Promoter-lac2
Fusion Into Bacterial Chromosome

In order to compare induction of the various
promoters to one another it is necessary to standardize
the copy number of each promoter fusion construct.



.55 -. The top gene was seguenced by T.-D. Dinh et al, J. Ml. Biol., 191,
pp 321 31 (1986), the disclosure of which is herein |ncorporatgd by
reference, /A top-lacZ fusion is alternatively 5 constructed using the PCR
techni que described in Exanple 2, part Il and the follow ng priners:
5[err]- GCATCAACCGCAGGTITGCGC-3[err] [SEQ ID NO 23] and 5[err]-
CACCGGCGTCACGCAGCGTA-3[err] [SEQ I D NG 24] .,4Iransfornmants containing the
desired fusion are identified by 10 |ndu0|b|I|ty of [err]-gal act osi dase
expression in the presence of a DNA intercal ati ng agent, such as acridine

orange or et hi dirHid e Qﬂ:hfﬂ\)éd Q&;D%éu@r@tfé&‘aﬂh?arﬁi PR g H&i%é’“ from

a 15 plasmd cont aini,n e using the dX 1 nsertiaon
described in Exarfhli® % qﬁ b |sn%elgenm§f S stlbferfé‘sslcﬂ‘be‘r{ﬂif’ fdt® i nducti on
of [err]-galactdanteniakpﬂnxmmmbméLthe presence of puronyC|n a conpound

known to produce truncated, 2 ot ently been
sequenced [C. L. Squires % %'&qu{@qerlol %%{be 7t 62 (1991),
the disclosurfe FFORALST1lagl fusiomen porekasnis was egmm]l.n 5 ml of
Al ternatively, qacdm%lw&ﬁua@ wAN &j&&wstd%eﬂz é\? F’CR

ectn!que descr (Bt Lk SO S 2 Pl a1 100 A B
CCAGACECATAACTCGWCCCH&F&&rthhSEéﬂﬂl Heachkd Eheaﬁcentratlon of 5 x
108/ml. The cells were then centrifuged and the cell
10 pellet was resuspended in 5§ ml of 10 mM MgSO4 and
incubated at 37°C for 1 hour with shaking.
I then added 100 pl of a dilution series of
ARS88 [R. W. Simons et al., Gene, 53, pp. 85-96 (1987)]
in SM buffer to 200 ul cells. The mixtures were
15 incubated at 37°C for 15 - 20 minutes with shaking. The
entire 300 ul was then added to 3 ml of top agar [1%
(w/v) tryptone, 0.1% (w/v) yeast extract, 0.2% (w/v)
maltose, 0.25 % (w/v) NaCl and 0.65% (w/v) agar] held
at 45° and the mixture poured onto lambda agar plates
20 [1% (w/v) tryptone, 1% (w/v) agar and 0.25% (w/V)
NaCl]. The plates were incubated at 37°C until visible
plaques formed. The plate containing almost confluent
plaques was used for the next step.
I next added 5 ml of SM buffer to the plate
25 and carefully scraped off that solution together with
the top agar into a glaés tube. To this I added 1 ml
chloroform and vortexed for 10 seconds. I then
centrifuged the mixture, removed the upper phase of the
supernatant, added 0.5 ml chloroform to the removed
30 supernatant and stored at 4°C. The final phage lysate
contained between 109 and 100 phage/ml. The frequency
of recombinant phage containing the stress promoter
fusion is about 1 in 104 phage.

I next performed steps to integrate a single
35 copy of the stress promoter fusion into the bacterial



transfornants that can b€&>induced to express 30 [err[-gal act osi dase upon
exposure to canavani ne, puromycin or heat contain a clpB-lacZ fusion. -

56 - XV. ,nerR The nmerR gene is described by W Ross et a

J.

Bacteriol .,

171, pp. ' 4009- 18 (1989), the disclosure of which is herern i ncor porated by
reference | 5 obtained the nerR-lacZ fusion fromDr. Ann Summers, in Dr.

Ross' | aboratory. A nerR-lacZ fusion is glsﬁrnatively constructed using the
PCR techni que described in Exanple 2, part

| "and the fol |l owing priners:

5[err]- 10 CCGCTTGACTCCGTACATGAG 3[err] [SEQ ID NO 27] and 5[err]-
TCGATAGCGTAACCT ¢ bhiodldild.] TS5k s¥e %&usﬂi%% tn{la&%fnﬂ{d@mr%&h%

express [err]- galactosrdase upon exgosure t@yl nercury contain the

desired fusi on.
fusion by Mu dX

30F. toed B‘%ﬂ?ﬁ“ﬁ%at

EGTA. Alternati \?'(QI BaBﬁt enchpateds pky 3¢ ‘Fl %%r2b ok Wit ed usi ng
the PCR techy qléﬁa‘iﬁ% bad tWerEadaEE 150 RA lof la AIdutidN Fdrils®f

primers: 5[err]
GACGTATCCATATCATEET

10

15

20

25

30

F%CAAI‘:‘@I G’%%(rﬁrl] 1%lagg&lDNO‘_‘]‘FéQ‘l] anqrh%[err]

mixtures were incubated at 37°C for 15 - 20 minutes with
shaking. The entire 300 ul was then added to 3 ml of
top agar held at 45°C and containing 400 ug/ml of X-Gal.
The mixture was then poured onto lambda agar plates and
the plates were incubated at 37°C until visible plaques
form. Blue plaques were picked by punching the agar
with the back end of a sterile pipette and placing the
agar plug into 200 ul of SM buffer and 50 ul of
chloroform. The mixture was then vortexed until the
agar clump was broken up. I then centrifuged the tube,
removed the supernatant to a tube containing 50 pl of
chloroform and stored it at 4°C. The picked plaques
were repurified once and then a stock made from a plate
containing almost confluent plaques.

In order to create a bacterial strain
containing astress promoter fusion integrated into the
bacterial chromosome, the above plague stock was used
to infect SF1 cells, as described above. Bacterial
colonies present in the center of blue plaques were
picked with a sterile pasteur pipette and placed in 0.5
ml LB, After incubation at 37°C for 4-5 hours, the
culture was streaked out onto LB/X-Gal plates and
incubated at 37°C overnight. 1Isolated blue colonies
were picked and then checked for the presence of the
particular stress promoter by incubation in the
presence of a known inducer. Bacterial lysates were
then analyzed for B-galactosidase activity. Colonies
which demonstrated inducible B-galactosidase activity

on of 5 x| 190@?}{&'{% a ¥eteRNt C 1 acz

de?x%iﬁtf'xﬂéd e 6135 Hnd @%ﬂl‘ﬁéﬁdﬂ@t@i&pﬂﬁ@ mll g¥easured
I nducti on by treat the resyl ting transformap h the net chel at or,



reported nucl eotide sequerice of the fepB gene [M F.~35 Elkins et al., J.
Bacteriol.: 171, pp. 5443-51 (1989)]. Transformants are screened for the

presgnce of,; the ‘desired fusion as described in T. J. Brickman et al., J.
Mol . Biol., 212, pp. 669-82 (1990), the disclosure of which is hereln _
I ncorporated by reference. 30 XVIl. cyo | received a cyo-lacZ fusion

fromDr. C.C Linin D. luchi[err]s |aboratory at Harvard Medi cal School
- 57 - A partial sequence of the cyo oper6n7%a§ published by J. M nagawa et
al., J. Biol. Chem, 265, pp. 11198-203 (1990), the disclosure of which is

herei n i ncor por fer o] f 4s] a ted
using the PCE tZ%ﬁgtgﬁgégegcg?ﬁéﬁefgoﬁiaﬁ%?g§ H%%??eﬁlggggsghé9€§§#§§ﬁn
prinmers: 5[err]-T9SEROGATGGACGCGCTGGA- 3[ err] [SEQ | D NO 31] and 5[err]-
CAATTGGTATAACCAATGIG 3[err] [SEQ ID NG 32]. The resulting lacZ fusion is
i dentified by incubating the 10 transformants under anaerobi ¢ conditions
and sel ecting those transfornants thaI ¥§#¥¥k§—¥%pressed B- gal act osi dase

expr essi on. 3 W i 3d nlay Phie féXreéd Kit

insertion intg a plasn1d Cfrﬁgéggtﬁgemgég EFQfer;Q&SsEECQ?'EPSmbéegescr'bed
in Exanple 1, part |1.

fusions and the B-galactosidase assay, both described
in Example 11, to generate an induction profile for
MMS, HgCl, 4-NQO and paraquat.
Figure 9 demonstrates that MMS specifically
10 induces the ada promoter and, to a much lesser degree,
the dinD promoter at concentration of 470 uM to 1880
#M. This confirms the known mechanism of action of MMS
which causes DNA damage primarily by alkylating DNA
(ada induction). The minor induction of dinD may be

15 the result of fortuitous DNA strand breaks.

Figure 10 demonstrates that mercuric chloride
specifically induces the merR promoter, which is known
to respond to inorganic mercury compounds. .

Figure 11 demonstrates that 4-NQO causes

20 induction of the dinD promoter and, to a lesser extent,
the soi28, nfo and micF promoters. This is consistent
with the mode of action of 4-NQO which causes DNA
damage via oxidative strand breaks, as well as
disrupting the redox balance of the cell.

25 Figure 12 demonstrates the specific induction
of the s0i28 and micF promoters and, to a lesser
extent, the nfo promoter by paraquat. Paraquat is
known to cause superoxide radical formation which, in
turn, induces redox stress promoters so0i28 and micF.

30 The nfo promoter is induced by oxidative DNA damage,
which may be caused by high superoxide radical
concentration within the cell. The apparent inhibition
of the merR and dinD promoters cannot yet be explained.




sel ected for clones whicliexpressed [err]-gal actosi dase in the presence of
NEM The dgsh gene has been cl oned and sequenced 20 [H Gushima et al.,

Nucl ei.c Aciids Res., 12, pp. 9299- 307 (1985), the disclosure of which is
herein incorporated by reference]. Therefore, a gsh-lacZ fusion can be nade
usi ng the PCR techni que described in Exanple 2, part Il and the foll ow ng
primers: 5[err]- 25 AAGCTTCAGCAGTGGCAGAA—_3[7 rr] [SEQ ID NG 33] and 5[err]-
GTATAAACCGCCTTCCGEECC- 3[ err] [SEQ I D NG 34]°.7 Transfornmants are screened
with Nethylmaleimde. XIX. nutT A nutT-lacZ fusion was created using the

Mu 30 dX insertion technigye éd&ﬁfbrpli?éfﬁ]r% G PN LTidfife mut T
[ Transtornants ]

gene as described in Exanple 1, part, | are screermed for
[err]-gal act osi JWaWer Rfe Qther ghenicaks Haxe iscreensd jagainsk the - 58
- The Gzquencgotﬁrémmlgm(l 87é)¢1a5sﬁw}3|ahﬁilﬂﬂ| Jahé‘ﬂsft%mj?@?é&eh{?ia; Mol .

n. net ., . e di 0sS of whi .S herein
i ncor porated by a&?’gorre%%.s’ﬂﬁ%s% dao‘fﬁﬁsr-qégtf? tﬁ‘felc}ri’"f’s"%c‘%ﬁﬁmli vely
constructed $si mfndas peRNokgrs i ak o ihaghlactosiddse 2, gwi28,/| and the
follow n ri merEingp _ - rr E _ ]
5[err] A‘?’ARGACG@%‘A%A&F%I'CG 3|'er$i T gé% i'D’ﬁ%.e'S lﬂals‘r aq?lésﬁdrN%%'s Ot ai ni ng
t he desired con®ySkyt 2Wfy 9roE, KatF and aniG. 'The results of these

assays are presented below in Table 4.

TABLE 4

10 Effect of Various Compounds
on the Stress Promoter Controlled
Expression of B-Galactosidase

Agent High Induced | Folad Concen-
Conc. Pro- Induc- | tration
moter tion
Paraquat 8 mg/ml . micF '] 6.6 8 mg/ml
15 Paraquat zwf 3 8 mg/ml
Paraquat g80i28 12 8 mg/ml
Paraquat nfo 3.4 8 mg/ml
Carbon 15 mg/ml clpB 2 15 mg/ml
Tetrachloride
20 Carbon so0i28 1.6 1 mg/ml
Tetrachloride
Trichloroethane 15 mg/ml clpB 2 15 mg/ml
Trichloroethane s80i28 1.4 2 mg/ml
Sodium Azide 1 mg/ml clpB 2 40 ug/ml
25 Ethyl Methane- 1 mg/ml
"l sulfonate
Methyl Methane- 5 mg/ml ada 48 200 ug/ml.
sulfonate :
Methyl Methane- dinD 5 200 ug/ml
30 sulfonate -
Chloroform 1% in 2% clpB 4.5 | 0.5% in 1%
EtOH EtOH
Chloroform s0i28 2 0.5% in 1%
i EtOH
II Methanol 15% (v/v)
Ethanol 108 (v/v) s80i28 1.7 6% (v/v)




10 screened for B-gal act 6Si dase expression after exposure to X-ray
irradiation. XX, unc | constructed an unc-lac fusion by Mi dX insertion
into,a plasm d containing a cloned unc gene. 15 Transformants were screened
for [err] gal act osi dase expression in the presence of 2,4-dinitrophenol. A
partial sequence of the unc operon was published by H Kanazawa et al.,

Bi ochem Biophys. Res. Commun., 103, pp. 6?3 12 (1981), the disclosure of
20 which is herein |ncorporated by referen “Thus, an unc-lacz fusion can
be constructed u3|ng t he PCR technlque descrlbed in Exanple 2, part Il and

the foll ow ng pr =St 37]
and 5[err]- 25 ( OFAE| . |Teanrehor nang s
are screened for eostRAYLPA t he
presence of 2, 4-jg-A-+ophenrs v 29408 BxPai-contaaing an
rdc-laczZ 30 fusi mtrianom D. G T. hitFd on Wass madesugiviie) t he
random Mu dX in | {,“'{y}_ t echni que nplie, L palr6 dak! f‘f{"t’
Transfectants screened for t % t he [fusion Joy I ncu | g on
X- gal - 59 - oglycerjol ._ Collo wer e
blue in such an ctpp’ 1-5 Big8 (v/v)
1-propanol 20% (v/v) groE 1.5 4% (v/v)
l-propanol ' clpB 5.6 4% (v/v)
1l-propanol micF 4 4% (v/v)
Methapyrilene HCl 10 mg/ml micF 1.5 2 mg/ml “
Methapyrilene HCl " | topa 1.5 2 mg/ml
Methapyrilene HCl zwf 2.7 2 mg/ml
10 Methapyrilene HCl roE 1.7 2 mg/ml II
Methapyrilene HCLl ' clpB 3 0.4 mg/ml
Methapyrilene HCl aniG 2.3 0.4 mg/ml
N,N Dimethyl 10% micF 3.3
_ formamide
15 N,N Dimethyl zwf 1.5 0.80%
fomamide )
N,N Dimethyl . o clpB 2.5
formam:.de : ,
Mercury orange gyra 2 - 31} 40 ng/ml
20 l Nalidixic acid 5 mg/ml gyrA 2.5 0.32 ug/ml
Nalidixic acid katG 3.2 0 32 ug/ml “
Nalidixic acid micF 3.4 200 ug/ml
Nalidixic acid dinD 5.4 8 ug/ml
' II p-chloroaniline 1 mg/ml - micPF 2 0.5 mg/ml
25 ILp—chloroaniline clpB 3 1 mg/ml II
Dinitrofluoro 5 mg/ml micF 3.2 0.32 mg/ml
benzene
Dinitrofluoro clpB 2 0.32 mg/ml
benzene : ’ ’
30 Lcad nitrate 2 mg/ml n
Cadmium chloride 10 ug/ml
Cadmium sulfate 250 ug/ml
Zinc chloride 800 ug/ml
Mercuric chloride 7 ug/ml merR 27 2 ng/ml ll




fusion. The rdc-lacZ fuston was transferred fromthe™% source strain to SF1
usi ng- t he *P1 transduction techni que described in Exanple 4. A strain
contalnlng thi s’ fusion was nanmed SF924. A sanple of SF924 was deposited

wi th' the Anerican Type Culture Collection, 12301 Parklawn 10 Avenue,
Rockvill e, Maryland, 20852 on June 26, 1992 and was assi gned accession
nunmber 55335. XXIl. | on The sequence of the_ | on gene and the |ocation of

t he pronoter has been described by T. A~ Pﬁ?ITlps 15 et al., J. Bacteriol.
159, pp. 283-87 (1984), the dlsclosure of mhlch I's herein |ncorporated by
reference. Alo . Q

described i n Exdneate2, part I anq, he foI I cmdagedprlmas
5[err]-TCTCGGC TGIGGG 3[ err] & | D NO¥®} and Induc- | tration
5[ err] - CGACGTCT & GACGOC-3[ e Q1D (t4e8f odnant s are
screened for I nquei f$10Si|daps exgrarzsi on i
of puronycin. 23% XX eu- ne sg¢quence qf, the
whi ch contai ns §-S55RB¥Ein.G; AR Pt HEAE orpited —had
by R M Gemmi | | witoaycin & Bactediol .. 158) qimp 944-%3 (14
di scl osure of €l 2BeRSEET N i R9JLAL gd by reflerence.
e . L.
fusion is const (o regimmﬂnrfé;r+¥¥tf1£§ZW1nErdeab|lbeu T
Il and the fB8l| quiet@sgiymaraenateoir3ad ug/ml
Lead acetate 5 mg/ml
Hydrogen peroxide 30% katG 2
Hydrogen peroxide dinD 3 0.003%
Puromycin 5 mg/ml clpB 1.5 20ug/ml
10 Nitoquinoline oxide | 3.5 mg/ml | micPF 2.4 30 ug/ml
Nitoquinoline oxide 80i28 2.6 2.6 pg/ml
“ Nitogquinoline oxide dinD 7.5 10 ug/ml
“ Dithiothreitol 5 mg/ml gyrA 2 0.5 mg/ml
ll Tert-butyl 10 mM in micF. 2.6 2 mM
15 hydroquinone DMSO
Tert-butyl clpB 2.8 2 mM
hydroquinone
Formaldehyde 40 ug/ml
DMSO 25% (v/v) clpB 2 25% (v/v)
20 “ DMSO . dinD . 2.2 25% (v/v)
DMSO topA 1.7 25% (v/v)
DMSO ' nfo 1.6 25% (v/v)

In the preceding table, "Agent" is the

compound added to the bacterial cultures harboring the

25 various stress promoter fusions; "High Conc." is the
highest concentration of agent tested against those
cultures; "Induced Promoter" is the stress promoter
that was induced by a particular agent; "Fold
Induction" is the level of stress-promoter controlled

30 B-galactosidase expression in the presence of agent (at
the concentration indicated in the "Concentration"
column) compared to B-galactosidase expression in the
absence of agent.



GFCAACAAAATGCAATGGECG- 3[ err] [SEQ | D NO 41] and - 60 -
5[err}-GCGITATGCTTTTAGTGECACTGG 3[err] [SEQ I D NO 42]. Transformants are
screened.for inducibility of [err]-gal actosi dase expression in the presence
of nalidixic acid or counernycin. 5 XXI'V. neto The sequence of the
met o gene has recently be been reported by M Rahman et al., GenBank/EMBL
Dat abase, accession # MB9992, the disclosurge of which is herein

i ncorporated by reference. A neto-lacz 10 fif%ion is constructed usi ng the
PCR t echni que described in Exanple 2, part Il and the follow ng priners:

5[err]- AAGCTTACACAGCATAA r -
CCAGGCAGGGCATCGGCGEEGG 3] gﬁ ﬁ“{ &{?@%’ﬁ]wan‘% fa‘gf?errsgén’?{sé‘%r% RSt e d
for inducibilitybfemBpdingnts Q| inyentionn it isapparent dhut
El-et hyl mal gi)m’ demy E)&g\ﬂ\}i\-éansoﬁs mdgn ng;wrbnb &aéﬁ}dém 2 £Nco lﬂfq%d@r?a&&f Stress

ronot ers . assayed a, hunber. of different chemcals for
their ability tCHIRARRENER @ap‘%i'és‘é?loﬂ”cﬁ the i HAINQSTHL Kt iRKeT acz
fusi ons descri beresdrs and prahwtis D8 thsesl foventhicse. aMeerefwmre, Nt hyl
mercury (0 - 1 At S P! 4 i v 4 ' - .
pi conol ar), Mvsqf%jmgl%darl%xté par aéaaa%ﬂh(qb%%%‘{cééer Wém(_é) m‘;eqa:i%% 18

to be defined by the claims appended hereto rather than

the specific embodiments which have been presented

hereinbefore by way of example.




plupbagiin (0 - 160 [err] M mtomycin (5 [err]g/m), 2,2[err]- dipyridyl (O
- 160 [erri{M, Herr]O[err] (0 - 1600 [err]M and NaC for osnobtic stress
(0 -,,0.8.M. W also subjected certain stress pronoter-lacZ fusions to
variations in pH and 30 gromh tenperature. These results provide inportant
Insight into the types of conpounds that induce various stress pronoters.
For exanple, Figure 1 denobnstrates that - 61 - mercury specifically

i nduces the nmerR pronoter, but not the sfT A Br-sodA pronoter. Thus, it can
be concluded that nercury has no effect on DNA replication (a stress that

I nduces the sfi A pronoter) and does 5 formation of
superoxi des (a stress that induces sgﬁ%yséﬁﬁgﬁ?gﬁb denonstrates that 4-NQO
causes DNA replication damage (induction of the sfi A and di nD pronoters),
specifically vi{ia Giteratradriti@eks (di nD pronoter), not DNA al kyl ation
(adaA pronoter). The 10 m nor, but dose-dependent induction of the nfo
pronot er suggests {ianrrircaPhNAadansigees adicept Wg)4- NQO | S oxygen- dependent.
MKS appar ent |y causes()NANAgEyeRpedident] land cRelhoweDNA Karvrdud tCodbegaf. t he adaA
pronoter), not 15 viB)st SFREEDF cldsMuhtnBupronsiirery . UnIversdkik\Hlateon caused
by MMB is not oxygen-dependent Fawrgh#loapt¥sufh These results are depicted

' ' ) IS cGambxipfge pel d pl unbagi
in Figure 3. Both par(%ﬁuasrgﬁ Ma”achusegtgw) and pl unbagi n
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(see Figure 4) cause induction of the soi28 pronmoter7?™ 20 In, add| tion,
paraquat al so induced the nfo pronoter, indicati ng that the conmpound causes
oxygen- dependerit DNA danmage. Paraquat had a negligible effect in inducing

t he 'anaerobi osi s- and transition metal - sensitive ndh pronoter. The results
wi th both paraquat 25 and plunbagin are particularly rel evant because
nei t her conpound produces a positive response in the wdely enpl oyed Anes
Assay. - 62 - TABLE 1 Induction O Stre$8 Pronoter-Controlled

B- Gal act osi dase Expressi on By Paraquat Paraguat ([err]M ndh soi 28 nfo 5
0 464 670  _2952 %370 8100 I nduction of the
various pronoters is HEASWHGWTE g%ﬁ'&f?t‘dsg? ase activity and expressed in

units, as 10 dﬁﬁg_ tq\qqogﬁié gu&ﬁgi?.he m tonycin assay, | only
cen C i)

enployed one co but varied the tinme of exposure

;
fromO - 55 m nutes. ?‘lg ARSI Ybkorrof SRIMBER! azMadge table bel ow, denonstrate
that after 55 mnutes ( ? REFERENGE) DO T ﬁuﬁggkg)w@x_tlhexﬂl nD pronoter is
i nduced by appr oxi rratel y 4-fold.- This indicated that mtonycin caused DNA
strand breaks. TABRkE TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: (212) 596-9000

(B) TELEFAX: (212) 596~9090

(C) TELEX: 14~8367

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTIbN: SEQ ID NO:1:
ACGAAARAGTA CGGCATTGAT . 20
(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
GCTCATATTC ATCTCCAGTA ' 20
{(2) INFORMATION FOR SEQ ID NO:3:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
-{D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:3:
GCTATGTGTG TGATGTGAGC 20

(2) INFORMATION FOR SEQ ID NO:4:



Effectt & Mtonycin C on-dinD 20 . Control ted [err]-Cal act osi dase
EXpI’e-SSI on Tinme of Exposure (M n) dinD O 321 25

15 ,350 25 ° 1036 35 811 55 1204 As expected, increased osnotic
pressure 30 (increased NaC concentration) induces the proU pronoter, but
does not result in superoxide formation (no induction of sodA or soil7)
(Figure 5). In contrast, 2,2[err]-dipyridyl causes superoxide formation
(sodA induction), as wel | as chel ati ng netédPs=(fepB 35 induction).
2,2[err]-dipyridyl has no effect on DNA replication (sfiA pronoter). This

I's depicted in Fi gure 6. - 63 - To see how hosts harboring the rpoD -

pr onot er responde Tlls fsq'%' ated those hosts at 43[err]C

i nstead of 30[err %s e results of this assay, depicted
bel ow, dermnstrate a S?{ﬁlg ndc at g of the rpoD pronoter after 20

m nutes. The decreas c giyed after 30 and 50 m nutes was

attributed to mcreasqg)oﬁp&,&gat hiné;(gt a rever sal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
TGATGACAGA TGTCGCCCCA 20
(2) INFORMATION FOR SEQ ID NO:5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
CAGGTGCGTT GTAGTGAGTT . 20
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
CAATAAACGA GATAACTCTC C ) 21
(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
AAGCTTAATT AAGATCAATT TG 22

{2) INFORMATION FOR SEQ ID NO:8:



of induction. TABLE 3 107 Ef fect of Increased Culture
Tenperature On rpoD Pronoter Control |l ed Expression of [err]-Gal act osi dase
Ti ng of Exposure 15 (min) rpoD 0 1923 2

3362 5 3798 10 4471 20 20 6107 30
5561 Finally, | assayed the effect of incubating hosts harboring different
stress pronoter-lacZ fusions in nedia haV|n9 pH ranging from5 - 8. The
results, 25 which are depicted in F|gure dénonstrate that the sfi A and
soi| 7 pronmoters were not induced at any of the different pH The ani G
pronoter showed UGSHA .0 and a linear decrease in

i nduction at both E bﬁm \Q,%'ffﬁéﬁg&:ﬁ EXAMPLE
8 ldentification O A%b tﬁ)ﬁgpsm@fl_ggg agfla unknown conpound is found to be a
toxin on the basis of (e} SSTRANBEDNESS: REngledPr €ssi on of stress pr onot er
control |l ed [err]-gal agbpstopeseseX piea®i On,

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GCCGCAGAAA GCGGTTCGCC 20
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
ATCGGGTTGT TAGTTAACGC . 20
(2) INFORMATION FOR SEQ ID NO:10:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
CTATACTTCC TCCGTGTTTT CG - 22
(2) INFORMATION FOR SEQ ID NO:1ll:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPB: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

CATCGCATAA ACCACTACAT 20



-.64 - the sane process ¢an be utilized to identify a potential antitoxin. .
An ‘unknown corpound i s denonstrated to i nduce expression of
[err];galactosi'dase in both a host harboring 5 a dinD-lacZ construct and a
host harbering a katGlacZ construct. This indicates that the conpound is
causi ng the production of hydrogen peroxide (katG induction) in
sufficiently high concentrations to cause DNA strand breaks (dinD

i nduction). Ascorbic acid is known to 10"r8YuTe the nunber of hydr ogen

per oxi de i nduced DNA strand breaks, and therefore is a potential antitoxin

to this unknogg)' CIRW@W I;lgﬁt&ﬁggt@zgjng the kat G lacZ and hosts
din ac

containing th are each platéd into 8 wells 15 in a 96 well
mcrotiter dish. E@g%ﬁﬂﬁﬁﬁcﬂ cHAlACYRRidcgy th a different dilution of
ascorbic acid for 30 apuigNeral 280b&dd beirsihe first well is a control and
recei ves no ascorbi c gq@hdrypeacikucagié dc3at hen exposed to the concentration
of unknown conpound preeyiserahpEsNREsseteangleried to be opti mum for maxi num
[err]-gal act osi dase i noycroronocY:heisemgay i s then carried out as descri bed
in Exanple 5. If the hosts in the ascorbic acid- treated wells express

| ower | evels of [(sit)]|SEQHENGER DESGRIZBIQNIaAEQ IDtFRs18entrol well, it is
considered to be an 25 antitoxin. EXAMPLE 9 | nproved Toxin-Induci bl e

[err] - Gal act oSTTREFECOE FGYCCRAES®6 wel | microtiter plates were used forPeach

conpound to be_assayed. One plate contained
(2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
' (A) LENGTH: 20 base pairs
(B) . TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
GAATTCGACC GCCATTGCGC 20
(2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
AAGTCGGTAT TTCACCTAAG ' ' 20
(2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
AAGCTTGCAT TGAACTTGTG 20

(2) INFORMATION FOR SEQ ID NO:16:



30. strai.ns harboring fusions to "strong" pronoters: gyrA katG mcF, topA
ada, cyd (anp[err]), hag (anp[err]) and zwf (anp[err]). The other plate
contgi.ned,.strains harboring fusions to "weak" prompters (any drug
resistance of the strain is indicated in parentheses): groE, clpB, katF,

- 65 - merR, soi28 (anp[err]), dinD (anp[err]), aniG (kan[err]) and nfo
(kan[err]) Cultures of each of the above strains were grown separately in 1
m LB broth containing the 5 appropriate'aﬁ?iﬁiotic i f necessary (100
[err]g ampicillin or 50 [err]g kananycin) overnight at 37[err]C wth good
aeration. | then placed 250 [err]1 of a 1:117 dilution of each culture-in
well's 2-11 of sepa(ri?tgg veNeE cuX@idreRr&frcgach row contained 225 [err]1 of LB
+ antibiotic. Well 12 LENGTRACIh baye GRRESI ned 25 [err]1 of the undiluted
overni ght culture and Opgrd: hdex@ficld3ia antibiotic. | then incubated the
plates at 37[err] C for(c} brrandepwess: adi@eration. After 2 hours, |
measured and recorded ¢oheréidrecy] 1aheddhe cul tures. 15 The

chemi cal to be tested was dissolved in a mninmal volune of sol vent
(preferably wat er{xi) BROVENCR: PESCRIPRION:t SBQ clfh Boci6:a r ange of 5-fold _
dilutions. | added .25 [err]1 of the appropriate dilution to a given well in,
each row (i .eSTTIRICECS TGRT Crow received 25 20 [err]1 of undil ute®

chemcal, well _3 in each row received 25 [err]1 of a 1:5 dilution, well 4
in each row r b EGRMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
GACGGCGATT GAGCCGACGG 20
(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
TTAGTACCGG TAGTGGCCTG : 20
(2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
AAGCTTCCTT GTCAGCGAAA 20

(2) INFORMATION FOR SEQ ID NO:20:



[err]1:0f a 1:25 dilution;and so on). Wll 1 in eactirow received 25
[err]1 of sterile water. After adding the chemical to be tested | neasured
the QO ert]. of the wells 25 again. | then incubated the plates for
37[err]C for 2 hours with good aeration. Follow ng incubation with the
chem cal, | neasured and recorded the ODerr] of each well. This O)err]
readi ng was used when cal cul ati ng B-gal act osi dase 30 activity. | then

pi petted 200 [err]1 of the cells fromeach &BIT into a corresponding well
of a chloroform resistant polypropylene. 96 well mcrotiter plate. | then

apldéd 50 [err]1 Of(ﬁhkﬁgtﬁi’u%”&fnﬂx s¥Rld, in a fume hood and m xed by
pipetting up and down. (ANQeREM:C90 1Rse ,_Fst hen left at roomtenperature
for 15 mnutes to - (8P TypRd nQWidiRea S to perneabilize. Wll 1

received 210 [err]| of (&) zehhdepaksk:40idqer ]| of ONPG sol ution. Wile the
cell's were perneabilizimg torgudeyl /(knkger || of Z buffer and 40 [err]l of
ONPG (4 mg/m in Z 5 buffer) into each of wells 2-13 of two 96 well

m crotiter plates(¥i)y SEQUENCR QHSERERTIPN: ISEphEINpipmt ted 40 [err]| of the
perneabilized cells (taking care not to renove any chloroforn) from each
wel | into the ASFFERISENTRASGTIRGC in the reaction plates and m xed by 3d

pi petting up and down. When all the wells were filled, the plate was pl aced

into a Ceres 930 FFORYATION-FOR: §BQ,ID MPwRlek, Burlington, VT) and anal yzed by

nmeasuring the
g (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
CTACGTTATG GTTTACCGGC ’ ! 20
(2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
AAGTACGCGA CGGTGTACCG 20
(2) INFORMATION FOR SEQ ID NO:23:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GCATCAACCG CAGGTTGCGC ' 20
{2) INFORMATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERISTICS:



[err]420 every minute fof~30 minutes. Well 1 in each'.row served as the

bl ank.. At* the end of 30 mnutes, the 15 [err] 550 of each well was recorded
for uSe inactivity calculation. The [err]420 versus time for each well was
then plotted and the slope of the linear portion of the resulting curve was
cal cul ated. The [err]- galact05|dase activity was cal cul ated by the
follow ng formula: 20 [t[err]- t%frr]] X (slope) + (Jerr]-
[err]550 (t[err]) x ([err]600) X (vo 1) Whefe t[err] was the lag tine
between the addition of the cells to the ONPG and the tinme at which the
plate was 25 placed in pﬂﬁg.ﬂpJ 3bCpdeRdPipeg tlerr] was the total tine

bet ween the addition t t4¥REC Gldcteid able ONPG and the end of the m nute
read; Clerr] was the |a tdrhndEdNES S @1 h ing fromthe plate reader; and
"vol " was the vol une Qﬁ)qﬁﬂnbééolbeh&] ) divided by the total volune in
the 30 reaction well (210 [err]l). The activity was then conpared to the
[err]-gal act osi dase) SEQUENCEyDESCRSRTIONSt SEQ MDiNoz@Bated i n t he absence of
chem cal to give a "fold induction” value. The results were then plotted on
a three- 35 JFAASRSPARFRCEFASCOTH am whi ch showed the fold induction 20 67 -
for each stress pronoter at each concentration of chem cal. Exanples of
such hi st ogr afd) AFECRAIIPN FRREFEQ, IRNO329D 5

EXAMPLE 10
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 19 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
GATCCGGTAC GCGTGATTT 19
(2) INFORMATION FOR SEQ ID NO:26:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID ﬁO:26=
CCAGACGCAT AACTCCTCCC 20
{2) INFORMATION FOR SEQ ID NO:27:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: ‘
CGCTTGACTC CGTACATGAG 20
(2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs



Construction O Additiondl” Stress Pronoter-lacZ Fusions XXV. m cF
constructed a m ck-1acZ fusion using the PCR technique described in Exanple
2, part Il ;and the 10 followi ng priners:

5[err] ATATGAATTCGTCEECAAGTCCATTCTCC CC-3[err] [SEQ ID hK)45] and

5[ err] - ATATGGATCCGCGGCGAGITAT TCTAGITGCC- 3[err] [SEQ I D NG 46] .

Transformants were screened for inducibility of B-gal actosi dase expression
in the presence of 15 ethanol. XXVI. ~ad® " constructed an i mproved
ada-lacZ fusion as follows. | synthesized the follow ng two

ol i gonucl eoti des whi ch d,epggse ,gg%tg ons of the top 20 and bottom
strand of the ada pronp;t €ETRAND E éfé TTCC

CTTGTCAGCGAAAAAAATT. I TTTGCGTGATGGTGAC
CGGGCAGCCTAAAGGCTATCC- 3[ err] [SEQ ID hK)47] and 5' - ATATG
GATCCAATCAGCTCCCT(E] ToBe#dH GEEIRTPAGHGT GRS GOCREAGCATCAC GC-3[err] [SEQ I D
NG 48] . 25 _ The two ol igonucl eotides had 30 base pairs of

honol ogous ov&GEARRGCET PMCETHAASATt he ol i gonucl eotides and then incubated with
Kl enow fragnent to conplete synthesis of the double stranded pronoter.

t hen di gest ed (RheINTORMATION t FQRNERRQI IPr¥Pa2Per with EcoRl and 30 BanHl . The

di gested pronoter was then cloned i nt.o XcoRl/BanH di gest ed pRS415.

Posi tive transf or rfdht SEQRENCE CHARAGTERISRICBE ue col or fol | owing growth in the

. 0 ¢ n XG%§%| LENGTH: 20 base pairs
presence of MVS and TYPE: nucleic acid

{(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID N6:29=
CCACAAGATG CAACCCCGAG 20
{2) INFORMATION FOR SEQ ID NO:30:
(;) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
GACGTATCCA TATCATCCTC C 21
(2) INFORMATION FOR SEQ ID NO:31:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:
TTGACGATGG ACGCGCTGGA 20
{2) INFORMATION FOR SEQ ID NO:32:
(i) SEQUENCE CHARACTERISTICS:

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



-.68 -+ XXVII. cyd | obtained a strain of E. coli "¢ontaining a cyd-lacZ
fusion integrated into the bacterial chronpbsone. 5 - The

nucl egt i de; sequence of the cyd pronpter was reported by G N Geen et al.,
J. Biol. Chem, 263, pp. 13138-143 (1988), the disclosure of which is
herein incorporated by reference. Thus, a cyd-lacZ fusion can be
constructed using the PCR technique 10 described in Exanple 2, part Il and
waoHomnngnms:SHNH-dIﬂ%MTdﬁ&f@AMAUWNImIOWGSHWH
[SEQ I D NO 49]; and 5[ err] - CCCGGGATCCCATGACTCCTTGCTCATCGCATGAAG

ACTCCG- 3[err] [SEQ I D NO sxidhn fqn s are screened for inducibility
15 of [err]-gal actosi %K;uﬁ%dzﬁggfghgﬁgggﬂcubation of the strain under
anaer obi c conditions. L1l zwf | obtained a strain of E. col

contai ni ng a zwl -(kaf Zebuiicenpestre grronedsegtp ndigz2bacterial 20 chronosone.
‘A zwf -l acZ fusion can be constructed using the PCR techni que described in
Exanpl e 2, pacaarrteraTdasdmaafretd ow ng pri ners: - 20

5[ err] - CGCCGAATTCTGCCGCAGITTGCGEC CCTTTTCCCG 3[err] [SEQ I D NO 51]; and

5- GCGCGGATCCH2 R INFERMATTONCEDH SSRGT YRACFANCCCGG 3[err] [SEQ I D NO 52].
Transformants are screened for inducibility of [err]-gal actosi dase

expr essi on by i ncébhtSEQUENGE CHARRCEERISFI€$re presence of superoxi de- produci ng
Corrpounds, such (A) LENGTH: 20 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
ARGCTTCAGC AGTGGCAGAA 20
{2) INFORMATION FbR SEQ ID NO:34:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
GTATAAACCG CCTTCCGGGC C 21
(2) INFORMATION FOR SEQ ID NO:35:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
CTGCACTGGC GGCGCAAACC 20
{2) INFORMATION FOR SEQ ID NO:36:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs

{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single



as paraquat, or in the presence of nitric oxide. 30 XXI X. gr oE

obtai‘ned & strain of E. coli containing a groE-lacZ fusion integrated into

t he bacterjial chronosone. - 69 - A groE-lacZ fusion can be constructed

by first synthesizing the followi ng two oligonucl eotides which represented

portions of the top and bottom strand of the groE pronoter:

5[ err] - CGCCGAATTCATCAGAATTTTTTTTCIT 5

TTTCCCCCTTGAAGGGRCGAAGCCT CATCCCCATTTCTCTEETCATCAGCC GGG 3[err] [ SEQ I D

NO 53]; and 5[ err] - GCGCGGATCCCGGAGCTTACG

TGETTTCCCGECTGETGACCA?% é%?;?ﬁﬁ%ﬁQﬁETTCECCCCTTCA AGG 3[err] (SEQ ID
ucleotides

NG 54]. The two oligo are anneal ed to one 10 another and then

i ncubated with Kl enowsbsm@BBilschpraoRP! figersWat Bgsi s of the doubl e stranded
pronoter. The doubl'e stranded pronpoter is then digested with EcoRl and
BanH . The ditg@siedtepésdmeberfcd S then cloned into EcoRI/BanH di gest gal
pRS415. Positive 15 transformants are grown in the presence of X-Gal and
identified by(s bkrorMavion rémIsEQUWIM@oOasT: ncrease in growth tenperature of

the cultures from37[err]Cto 42[err]C for 30 m nutes. XXX ani G 20
| obtained the E. (X£)0ISEQUENGENCHARACTERISAIFSEL072: : Mu dJ) from Dr. John Foster
and Dr. Kevin (A) LENGTH: 22 base pairs

(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
ARAGCRAAATA AATTTAATTT TT ' 22
{2) INFORMATION FOR SEQ ID NO:38:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
GGCCACCCGG CCTTTCGCTG 20
(2) INFORMATION FOR SEQ ID NO:39:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:
TCTCGGCGTT GAATGTGGG 19
(2) INFORMATION FOR SEQ ID NO:40:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid

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



Kar em of- the University of~South Al abama Col | ege of Wedicine. This strain
contai'ns a single copy of -an anig-lacZ fusion in the bacterial chronpsone.
The 2% conrstruction of this strain is described in Z Aliabadi et al., J.
Bacteriol., 170, '‘pp. 842-51 (1988), the disclosure of which is herein

i ncor porated by reference. EXAMPLE 11 30 Met hod For Integrating Single
Copy O Pronoter-lacZ Fusion Into Bacterial_ Chronosone In order to conpare
i nduction of the various pronoters to on€ d&bther it is necessary to
standardi ze the copy nunber of each pronoter fusion construct. - 70 -
Thi s was achi evedify Sfdudic® JERERTBYIBR seb P8, ff1age to integrate a single
copy of the fusion into the bacterial chronosone. E. coli strain SF1
carrying a strosacetoTRt dAYceicdeacZ fusion on a plasmd was grown in 5 ,m of
| anbda broth (1% (wv) tryptone, 0.1% (w v) yeast extract, 0.2% (w v)

mal t ose and 0.(2% IRFORMA)IONGFIR) spd IB/Nes41:C until the cells reached a
concentration of 5 x 10[err]/m . The cells were then centrifuged and the
cell 10 pellet waslincSEQUENCR CHARMCIBRE$TION: 10 "M MgS{ err] and i ncubated at
37[err]C for 1 hour wi ¥ 5BENGEHAQ20 pasdmaizelded 100 [err]| of a dilution

series of [err] RS88 [ RIBMIYEf:rppaleir agid Gene, 53, pp. 85-96 (1987)]
(C) STRANDEDNESS: single :
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:
GTCAACAAAA TGCAATGGCG ' 20
(2) INFORMATION FOR SEQ ID NO:42:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:
GCGTTATGCT TTTAGTGGCA CTGG ' | 24
(2) INFORMATION FOR SEQ ID NO:43:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
AAGCTTACAC AGCATAACTG 20
(2) INFORMATION FOR SEQ ID NO:44:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear



in SMbuffer to 200 [err]T cells. The m xtures were 15 incubated at
37[err]C for 15 - 20 mnutes with shaking. The entire 300 [err]l was then
added.to, 3 m of top agar [1% (W v) tryptone, 0.1% (wv) yeast extract,
0.2% (W v) maltose, 0.25 % (wv) NaCd and 0.65% (w'v) agar] held at
45[err]C and the m xture poured onto | anbda agar plates 20 [1% (w V)
tryptone, 1% (wv) agar and 0.25% (w v) NaCl]. The plates were incubated at
37[err]C until visible plagues formed. The®pl ate contai ni ng al nost
confluent plaques was used for the next step. | next added 5 ml of SM

buffer to the pl q&g,%@%gg%&yoﬁcggﬂ% b faathat sol ution together
with the top agar 1nto a glass tube. To this | added 1 m chl oroform and
vortexed for tEacseaséd carteddeed qentri fuged the m xture, renoved the agpper
phase of the supernatant, added 0.5 m chloroformto the renoved 30

super nat ant and) sinvorMhTION Momr sSBG_ID Tde 46k nal phage | ysate contai ned between
10[err] and 10[err] phage/m . The frequency of reconbi nant phage contai ni ng
t he stress pronot di)fSRQUENCE SHARASTERISTIASAO[ err] phage. | next perforned
steps to integrate a sgFRNGIE: cPphaws prkes stress pronoter fusion into the
bacteri al - 71 - cmadnB%eP“qlegFa?iSFl cells in 5 m lanbda broth at
37[err] C to a concent r{&)i STRRYPERNESS) ;gingd®| s/ nl. | then centrifuged the
celI's and resuspended HefPRRO8Y1*18$2%10 M MySO err] and i ncubated at

37flerr]Cfor 1 ho&ri)m@éq%mcs DESCRIPTION: SEQ ID NO:45:

ATATGAATTC GTCGGCAAGT CCATTCTCCC C 31
{2) INFORMATION FOR SEQ ID NO:46:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:46:
ATATGGATCC GCGGGAGTTA TTCTAGTTGC C 31
(2) INFORMATION FOR SEQ ID NO:47:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 87 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:

TATAGAATTC CCTTGTCAGC GAAAAAAATT AAAGCGCAAG ATTGTTGGTT TTTGCGTGAT 60
GGTGACCGGG CAGCCTAAAG GCTATCC 87

(2) INFORMATION FOR SEQ ID NO:48:

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



5.shaking. | then added 100 [err]| of a dilution series of the [err]RS88
stock+=in SM buffer to 200 [err]| cells. The m xtures were incubated at
37[err]C for 15 - 20 minutes with shaking. The entire 300 [err]l was then
added to 3 mM of top agar held at 45 err]C and containing 400 [err]g/m of
X-Gl. 10 The m xture was then poured onto | anbda agar plates and the

pl ates were incubated at 37[err]C until visible plagues form Bl ue plaques
were picked by punching the agar with the BK end of a sterile pipette and
pl acing the agar plug into 200 [err]l of SMbuffer and 50 [err]l of 15
chloroform The m Xxtur t xed until the agar clunp was broken
up. | then centri fﬁdeﬁ&‘#@%ﬁ%,@#’%ﬁégéﬁ?hg snjﬁb%aér]‘nat ant to a tube

contai ning 50 Jahtddnc@f Qéﬁcoéiﬁﬁ}ﬂa&é Q&ﬁ%&&g@%ﬁ&b&-r&é&ﬁekﬁﬂ

pl aques were rgpurified once and then a stock made froma plate 20 42
cont ai ni ng al nost confluent plaques. In order to create a bacterial strain
cont ai ni ng ast (29S sngORAAPICR FORISEQNID Nbegp:at ed into the bacteri al
chronmosone, the above plaque stock was used to infect SF1 cells, as

descri bed above. Bgiot 6EQUENCECHABACTERISTIFS3Sent in the center of Dblue

pl agues were picked w (&) &ENETH: Bé hametmpairspi pette and placed in 0.5 nl LB.
After incubation at 37f®Y(TEEEf auclei® hRoid s, the culture was streaked out
onto LB/ X-Gal plates af@) iSTRAMPPDEESStt s&dler r ] C overni ght. |sol ated bl ue

col oni es 30 were pi ckedPhTIPPIRGY: cH®RED for the presence of the particular
stress pronoter by jncubation in theogresence of a known inducer. Bacteri al

| ysates were then ﬁﬁaﬁﬁ?‘ﬁf@o’?nﬁcﬁfﬂx [ e i B%i“.(?étg%’ activity. Col oni es which
demonstrated |aducliheg b&ddchr ! AFARILHES TaBEt! Vi LY 34

(2) INFORMATION FOR SEQ ID NO:50:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:50:
CGCGGGATCC CATGACTCCT TGCTCATCGC ATGAAGACTC CG 42
(2) INFORMATION FOR SEQ ID NO:51:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:51:
CGCCGAATTC TGCCGCAGTT TGCGCGCTTT TCCCG 34
{(2) INFORMATION FOR SEQ ID NO:52:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B) TYPE: nucleic acid

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



- %2 - -contained a singletopy of the desired stresspromoter fusion.
EXAMPLE 12 Additional Assays O Known Toxins Using Preferred Kit. 5

| used-the.nost preferred set of pronoter fusions and the B-gal act osi dase
assay, both described in Exanple 11, to generate an induction profile for
MVS, Hgd , 4-NQO and paraquat. Figure 9 denonstrates that MVS specifically
10 i nduces the ada pronoter and, to a much | esser degree, the di nD pronoter
at concentration of 470 [err]Mto 1880 [e€r r%JM'Thi s confirms the known
mechani sm of action of MVS which causes DNA damage primarily by al kyl ating

DNA (ada i nductiopy;, IE?"%EO‘{EE&’H%B%%&?C Hhdbssey be 15 the result of

fortuitous DNA strand eaks. Figure nonstrates that nmercuric chloride

speci fically ididbéderceherdiRettde’ SRliceraac\Rhsdbcdcs known to respond to ;g

i Nor gani c. Mer (@) y INFORRATIONS FOR- IS8 B hd:gnonstrates that 4- NQO causes 20

i nduction of the dinD pronoter and, to a | esser extent, the soi 28, nfo and
m cF pronoters. Th{iy sEBQuENGEicHARARCTERISTIdske node of action of 4-NQO which
causes DNA danmge via (X GBNGTH3 82 ritmeed gmwieaks, as well as disrupting the
redox bal ance of the céB) TYPE: nucleic acid Figure 12 denobnstrates the

specific induction of {®k STRANDEDNERS:nBEler onnters and, to a | esser
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:53:

CGCCGAATTC ATCAGAATTT TTTTTCTTTT TCCCCCTTGA AGGGGCGAAG CCTCATCCCC 60
ATTTCTCTGG TCACCAGCCG GG 82

(2) INFORMATION FOR SEQ ID NO:54:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 75 base pairs -
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:54:

GCGCGGATCC CGGAGCTTAC GTGGTTTCCC GGCTGGTGAC CAGAGAAATG GGGATGAGGC 60
TTCGCCCCTT CAAGG 75



o

extent ‘tﬂsiigﬂg-Po;DEe&gﬁieer 'Bmmqum'gmmomme_ Cause SuperoxXi e
radi cal [fr@¢renad dueBerwhi Ch, FRRRITOKA, CIRduces rldox stress pronoters soi 28 and
m ck. 80,The nfo pronoter Ts induced by oxidative DNA danage, which may be

caused by hi gh superoxide radical concentration within the cell. The
apparent inhibition of the nmerR and dinD pronoters cannot yet be expl ai ned.

were soreened agal nifPETIORF RN nols PEISIR W cROc gy ' ©
bacteria harboring single copies of th&é@%u%gl%%ignbact erial 5 stress

pronoters fused to [err]-gal act osi dase: D, hag, ada, gyr, katG
nfo, clpB, nerR top, cyd, mcF, zwf, groE katF and aniG The results of

t hese as - _ -l AB 415

Ef fect ofAVAriIHifEcEsouiRysiti traicgpeise niinsthiginhe €5PRIPYI | ed Expression of
[err]-Ga §da ent line § L - Fold

Concen- [@n - uc- tration ik Ly 2 i

oncen, &7 %I%\N":TIFICAPI"I%N OF Dhl[g ol 'S %:ﬁxgrtdepos & be@ RenkiBda A billiditional sheet [
zwWf WWame of deposi@ryigstintionPar aquat soi 28 12 8

/' M Paf aquat nf.o 3 8 nog/
&l 9 American Type Culture Collection o

Address of depositary institution (including po.étal code and country)

12301 Parklawn Drive
Rockville, Maryland 20852
United States of America

Date of deposit . Accession Number
26 June 1992 (26.06.92) 55335

—_——]

C. ADDITIONAL INDICATIONS (lcave blank if not applicable) ~ This information is continued on an additional sheet x]

In respect of the designation of the EPO, samples of the de-
posited microorganisms will be made available until the publication
of the mention of the grant of the European patent or until the
date on which the application is refused or withdrawn or is deemed
to be withdrawn, as provided in Rule 28(3) of the Implementing Reg-
ulations under the EPC only by the issue of a sample to an expert
nominated by the requester (Rule 28(4) EPC).

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

EPO

E. SEPARATE FURNISHING OF INDICATIONS (lcave blank if not applicable)

The indications listed below will be submilted to the Internatiorial Bureau later (specify the general nature of the indications e.g., “Accession
Number of Deposit”)

For receiving Office use only == For International Bureau use only — ewsm—

D This sheet was received with the international application| . D This sheet was received by the International Bureau on:

Authorized officer Authorized officer

Form PCT/RO/134 (July 1992)



Cérbon: . 15 ng/'m ¢l pB 2 15 Tig/m Tetrachl oride 20

Car bori ’ soi 28 1.6 1 mg/m Tetrachl oride

Tri chl @r oet.hane 15 nmg/m cl pB 2 15 mg/ M Trichl or oet hane
soi 28 1.4 .. 2.nmoy/nd, Sodium Azi de 1 my/m cl pB 2

40 [err]g/@ﬁ?&%canﬁgg1 118t hape- 1 my/ml sul fonate Methyl Methane-

5 mg/ m aggrence er: JURREXY FIR . sul fonate Methyl Met hane-

di nD 5 200 [err]g/ M 30 sul fonate Chl orof orm 1%in 2%
cl pB $orm 1,,:39. Ohaiad 1% Et OH Et OH Chl orof orm
soi 28 = 2 . Mlnaml% Et OH Met hanol 15% (v/v) Ethanol

10% (v/v) soi 28 1.7 6% (v/ V) - 74 - Agent Hi gh
Induced Fold  CNDICATIONS RELATINGO A DEPOS¥RSD MidmHOd rtion
Et hanol m cF 2.5 6% (v/v) Pheno

0. 4% _ gr ok 2.2 0. OggctrVvRile( Y8BisPheno

cl pB 1.5 0.08% (v/v) -

B. IDENTIFICATION OF DEPOSIT

E. ¢coli, SF924, Accession Number 55335
ont j t

In respect of the designation of Norway, until the
appllcgtlon has been laid open to public inspection by the
Norwegian Patent Office, or has been finally decided upon by
the yor?egian Patent Office without having been laid open to
public inspection, samples of the deposited microorganisms
will be made available only to an expert in the art.

~Continuation of Box D.
NORWAY



1-pr oﬁénol

HCl

20% (v/v)  groE 1.5 2% (v/iv) 5 .
! ol .o _— . ,
1.- pr opanol pplicant's or ageny's ji Nl 3 Internaugnaia i'? 3 0. /.
M CE o . |4eicrence mumbeg 00 ¢ V/ VRaR¥RbGRDYETH ene HCL™ ™18 Hy e o 1.5
ﬁ/e{rﬁl m !\/:st napyHa FemeHe— Wy L(ZJ[J/?:\ ; S o iorrg/ )
apyril ene _ z : : ny
Net hapyri | ene HC groZ 1.7 2 ng/ M Met hapyril ene

/M Met hapyri |

lpB 3 0. 4 HCl
ani G 2.3 0. Z‘lﬁb‘ﬂﬂ“ﬂﬁ@ RELATEYG TOA DEPOSIT: Mmﬁ%“%%‘ﬁ“ 3.3

2% f or mam de 15 N, N Di net hyl . zwf 1.5
0.80% f or mani de N, N Di met hyl (PCT Rule 135i5) | g 2.5 4%
formam de Mercury orange gyrA 2 -3 40 ng/m 20
Nal i di xi c = At A - S e o

Nal i di xi ¢ a%i'ﬂle indications made below reiate to theymigrggrganism rgterped to in the G_SCSQIOT err]g/m

Nal i di xi ¢ jacit}Page 32 i glines = 1g /i

Nal i di xi ¢ i - din . - ar . o

e eht oroar 8 l‘ri]);:mmcxp%ﬂﬁnu osIT gl N2 1, gFglgurlhﬂ% R'E:r%}Ldrqﬂ{u 3 on an additionai sheet [X]
p- chl or oanjNamqef depositary institution clpB 3 1 ng/m Dinitrofluoro
5 nmy/m mc . 3.2 0,32 ny/ benzene Dinitrofl uoro

cl pB 2 Emﬁ?éﬁaﬂg?‘ﬁ?ebSH}EHEessga1eEEé8nni trate .2 ng/n
cﬁldm' 931 Ch| Addkeshdt depositabinssifilidnl (idihg positbde bh2aily T AL € 250 [err]g/m Zinc
chl ori de

Qggoﬁebékﬂigbn Drive

Rockville, Maryland 20852
United States of America

Date of deposit : Accession Number
26 June 1992 (26.06.92) 55336

C. ADDITIONAL INDICATIONS (icave blank if not applicable)  This information is continued on an additional sheet [X]

In respect of the designation of the EPO, samples of the de-
posited microorganisms will be made available until the publication
of the mention of the grant of the European patent or until the
date on which the application is refused or withdrawn or is deemed
to be withdrawn, as provided in Rule 28(3) of the Implementing Reg-
ulations under the EPC only by the issue of a sample to an expert
nominated by the requester (Rule 28(4) EPC).

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

EPO

E. SEPARATE FURNISHING OF INDICATIONS (luave blank if not appiicable)

The indications listed beiow will be submutted to the Internationai Bureau later (specify the generai nature of theindications e.g., "Accession
Number of Deposis”) .

For receiving Office use only For Internauonal Bureau use only

D This sheet was received with the international application D This sheet was received by the international Bureau on:

Authorized officer Authorized officer

Form PCT/RO/134 (July 1992)




I\/Ercur"]"c chl ori de 7 [érr]g/mM merR 27 T 2 ng/m. - .75 -

“Agent : H gh - | nduced Fol d Concen- Conc. Pr o-

| nduc-, tration noter tion Mtomycin C 40 [err]g/m cl pB
3.2 710 [err]g/m Mtonycin C kat F 3 25
[err]g/ M Agpligent'< file di nD 9 25 [err]g/m
Sodi um ar sxaterence miifbér: r | BARRTSX1 CPBt assi um arsenate 300 [err] g/ n
Lead acetate 5 mg/m Fwdrogen per oxi de 30% kat G 2

0. 003% Hydr ggrOX|de di nD 3 0.003@6Puronycin
5 ng/ m %49'5 /RQ/E34  0[err]g/m 10 Ni t oqui nol i ne oxi de 5 mg/m
m cF 2.4 30 [err]g/nl N toquinoline oxide soi 28

2.6 [err]g/m Nt r]g/rﬂ
Di t hi ot hr ei t ol %%&ﬁtﬁh?s %ﬁ"" TO A "‘%Bg"gnnﬁiﬁi"?‘?gﬁﬁkﬁy

10 MM in m cF . 6 2 M1 e DMSO Tert - but yl
cl pB 2.8. 2 hydrqu|non3 ﬁﬂiﬁgﬁgghyéwgn 40 [err]g/ M DVSO
25% (v/v) clpB 2 25% (v/v) 20 DVBO

di nD 2.2 25% (v/v) DMSO t opA 1.7
25% (v/v) BVSO IDENTIFICATION OF DEPOSIT Nfo 1.6 25% (v/ V)

E:. coli, SF923, Accession Number 55336

onti ' B

In respect of the designation of Norway, until the
application has been laid open to public inspection by the
Norwegian Patent Office, or has been finally decided upon by
the Norwegian Patent Office without having been laid open to
public inspection, samples of the deposited microorganisms
will be made available only to an expert in the art.

continuation of Box D.
NORWAY



I._n"'*'t He pr eceding table, "Agent" is the conpound added"to the bacteri al

cul turés hax bharing the 25 " varjous stress pronnter fiusions. “Hi gh Conc. " js
t he hi ghes g;wﬁe'émasmﬁfm t ed agaj'mernepai©pNe-ures; "I nduced
Pr onot er " Fhe e i : )

"Fold Induction” is the level of stress-pronoter controlled 30
[err]-gal act osi dase expression in the presence of agent (at the
concentration indicated in the "Concentration” columm) conpared to
[err]-gal act osi dase eXPNDSATIONSREIETING F0cs DEPQSJTED MICROORGANISH | e |
have herei nbefore presented a nunber of enbodinents of this invention, it

i s apparent that ny basic construction c&FTHRulel3pigy ed to provi de ot her
enbodi ments which utilize the diagnostic kits, pro- 5 cesses and-products
of this ingentiaon Therefore it Wil be gppreciated that the scope of {his
i nvention ijé- tThe ibdicatie$ e beidwtelitdnd the mivraagansppeaded ihmerdetdptionat her t han t he

specific enfbodnpmats whi chdadhave been pmesenfedlOherei nbefore by way of
exanpl e. - - 0 <

ETNC 5 NFORIVAT I, OIN. et
S ) S -
TONOF BEPOSIT, ' 015, sF 1 Further deposits are identified on an additional sheet ]

Name of depositary institution

American Type Culture Collection

Address of depositary institution (including postal code and couniry)

12301 Parklawn Drive
Rockville, Maryland 20852
United States of America

Date of deposit Accession Number

26 June 1992 (26.06.92) | 55337

C. ADDITIONAL INDICATIONS (lcave blank if not appliceble)  This information is continued on an additional sheet [X

_ In respect of the designation of the EPO, samples of the de-
posited microorganisms will be made available until the publication
of the mention of the grant of the European patent or until the
date on which the application is refused or withdrawn or is deemed
to bg withdrawn, as provided in Rule 28(3) of the Implementing Reg-~
ulaylons under the EPC only by the issue of a sample to an expert
nominated by the requester (Rule 28(4) EPC).

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are nox for all designated States)

EPO

E. SEPARATE FURNISHING OF INDICATIONS (lcave blank if nd applicable)

The indications listed below wili be submitted to the international Bureau later (specify the geneval nature of theindications e.g., "Accessio.
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== _For receiving Office use only For International Bureau use only

D This sheet was received with the international application D This sheet was received by the International Bureau or

Authorized officer Authorized otficer

Form PCT/RO/134 (July 1992)




(i} APPLI CANT (Al State$™except US): (A) NAME: Prési:dent and Fel |l ows of
Harvard College. (B) STREET:. 124 Mount Auburn Street, University Pl ace,
Fourth Floor South (€ CITY: Canbridge (D) STATE: Massachusetts (E)
COUNTRY United States of Anerica (F) POSTAL CODE: 02138 (i) APPLICANT (US
nly): (ApppldvENtSserfidke B. Farr éé STREET 2852 Kal mi a Avenue, Nunber
184 (C) @eferemaa qumhey: | FBdo ( COUNTRY: United States of
Anerica (F) PCSTAL CODE: 80301 (ii) TITLE CF INVENTICN: METHODS AND
DIAGNCSTIC KIT ﬁé?igg?w NI NG TOXI CI TY UTI LI ZI NG BACTERI AL STRESS
PROVOTERS He3&: ER GENES (iii) NUMBER OF SEQUENCES: 54 (iv)
CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Fish & Neave (B) STREET: 1251 Avenue

Uon () 21P Ciéo%%ﬁ%i&& R R R e by i sk

(B) COVPUTER | BM PC conpatibl e (G@pc@PRRAE NGpIKJTEM PC- DOS/ M5- DOS

B. IDENTIFICATION OF DEPOSIT

'E. coli, SF1, Accession Number 55337

Co of Bo .

In respect of the designation of Norway, until the
appllcatlon has been laid open to public inspection by the
Norwegian Patent Office, or has been finally decided upon by
the Norwegian Patent Office without having been laid open to
public inspection, samples of the deposxted microorganisms
will be made avallable only to an expert in the art.

NORWAY



(D SOFTWARE: PatentIn Rél'ease #1.0, Version #1.25 (Vi) CURRENT APPLI CATI ON

DATA: '(A) APPLI CATI ON NUMBER: (B) FILING DATE: (C) | CATION: (vii)
PRI OR (APPL|, CATI ON DATA: (A) APPLI CATI ON NUMBER: US 07/910 793 8- (B)
FI LI NG DATE: 06-JUL-1992 (viii) ATTORNEY/ AGENT INF

Mar ks, Andrew S. (B) REQ STRATI ON NUVMBER: 33, 259 (C)

NUMBER. Farrtox-1 Cl P (i x) TELECOVMUNI CATI | | NFORMATI O\‘I A) "TEL

(212) 596-9000 (B) TELEFAX: (212) 596-90390°¢€C) TELEX: 14-8367 (2)
| NFORVATI ON FOR SEQ I D NG 1: (i) SEQUENCE CHARACTERISTICS (A) LENGTH 20
base pairs (B) TYPE nucleic acid (C STE%%E%BNESS single (D) TOPOLOGY:
l'i near (xi) SE DESCRI PTI ON: SEQ 1D ACGAAAAGTA CGGCATTGAT
20 (2) | NFORVAT Cﬁ o8 *SEQ ID NG 2: (i) SEQUENCE CHARACTERI STI Cs:

1. A diagnostic kit for determining the

toxicity of a compound or identifying an antitoxin to a
“toxic compound, said kit comprising:

a plurality of bacterial hosts, each of
said hosts harboring a promoter which responds to
stress, said promoter being operatively linked to a
gene heterologous to said promoter and encoding an
assayable product, wherein said plurality of hosts,
in toto, comprise at least one promoter which responds
to each of: redox stress, DNA stress, protein stress,
energy stress and pH stress.

2. The diagnostic kit according to claim 1,
wherein said promoter which responds to redox stress is
selected from sodA, soi28, katgG, ahp, rdc, gsh, zwf and
micF.

3. The diagnostic kit according to claim 1,
wherein said promoter which responds to DNA stress is
selected from dinD, ada-alkA, ada, leu-500, gyr, top,
mutT or nfo.

4. The diagnostic kit according.to claim 1,
wherein said promoter which responds to protein stress

is selected from rpoD, 1lon, clpB, merR, fepB-entC, groE
or meto.

5. The diagnostic kit according to claim 1,
wherein said promoter which responds to energy stress
is selected from sdh, cyo, cyd or unc.



(A) LENGTH. 20 base pair§“(B) TYPE: nucleic acid (G~=STRANDEDNESS: single
(D) TOPOLEGGY: linear (xi) SEQUENCE DESCRI PTION: SEQ I D NO 2: GCTCATATTC

e T
| NFORVATI ON FOR SEQ I D NO'3: (i) SEQUENCE CHARACTER! Hf . 20
base pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single (D" T&POLOGY

linear (xi) SEQUENCE DESCRI PTION: SEQ I D_ 33L GCTATGIGIG TGATGTGAGC
20 (2) | NFORVATI ON FOR SEQ I D NG 4: - 797 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: 1 near (xi) 3FQUANEF dIgati Ol SRR e ATTCAGE

TGTCGCCCCA _
FOR SEQ | D NO 5¥hereig-egidcpronsterTwhish cespends tcPH skFesssdsSpairs
(B) TYPE: nucl eiselaetéd from hag, micF, aniG or katF. :

7. The diagnostic kit according to claim 1,
wherein said plurality of bacterial hosts, in toto,
comprises the promoters: soi28, dinD, hag, ada, gyr,
katG, nfo, clpB, merR, top, cyd, micF, zwf, groE, katF
and anigG.

8. The diagnostic kit according to claim 7,
further comprising at least one promoter selected from
rdc, ahp, lon, unc, fepB-entC, leu-500, cyo, sdh, rpoD,
ada-alkA, sodA, mutT, gsh or meto.

9. The diagnostic kit according to any one
of claims 1 to 8, wherein said gene encoding an
assayable product is lacZ.

10. A method for determining the toxicity of
a compound comprising the steps of:

(a) separately culturing each of a
plurality of bacterial hosts, wherein each of said
hosts harbors at least one promoter which responds to
stress, said promoter being operatively linked to a
gene heterologous to said promoter and encoding a
detectable product, and wherein said plurality of hosts
comprise, in ﬁoto, promoters which respond to each of:
redox stress, DNA stress, protein stress, energy stress
and pH stress;

| (b) incubating each of said cultures
with said compound; and




(G) STRANDEDNESS: singl € (D) TOPOLOGY: |inear (xi) .SEQUENCE DESCRI PTI ON

SEQ I D NO'5: CAGGIGCGIT GTAGTGAGIT

20 (2) |NFORVATI ON FOR SEQ ID NG 6: (i) SEQUENCE CHA
LENGTH. 21 base pairs (B) TYPE: nucleic acid (C STRANEINIE 3 e (D
TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION. SEQ | D NG 'SHIICAE-MEAIE l
GATAACTCTC C - 21 L2) "I NE Tl ON
FOR SEQ ID NO 7: (i) SEQUENCE CHARACTERISTHES (A) LENGTH 22 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (xi)

SEQUENCE DESCRI PTI ON: SEQ I D : &@Ggg' T, tan

22 (2) | NFORMAT] ON FOR SEQ I D N& 8: _E%J_s#é % QJEN?:E%FR%%%"?E& STI CS:
(A) LENGTH: 20 basea¢hewl¥wyeTypE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: |inear

11. The method according to claim 10,
wherein said promoter which responds to redox stress is
selected from sodA, katG, ahp, so0i28, rdc, gsh, micF
and zwvf.

12. The method according to claim 10,
wherein said promoter which responds to DNA stress is
selected from dinD, ada-alkA, ada, leu-500, gyr, top,
mutT or nfo.

13. The method according to claim 10,
wherein said promoter which responds to protein stress
is selected from rpoD, lon, clpB, merR, fepB-entC, meto
and groE.

14. The method according to claim 10,
wherein said promoter which responds to energy stress
is selected from sdh, cyo, cyd or unc.

15. The method according to claim 10,
wherein said promoter which responds to pH stress is
selected from hag, katF, micF or anigG.

16. The method according to claim 10,
wherein said plurality of bacterial hosts, in toto,
comprises the promoters: so0i28, dinD, hag, ada, gyr,
katG, nfo, clpB, merR, top, cyd, micF, zwf, groE, katF
and anigG.




(xi) SEQUENCE DESCRI PTI ON™ SEQ | D NO 8: GCCGCAGAAA GOGGTTOGCC
20 (2)° I'NFORMATION FOR SEQ ID NO 9: (i) SEQUENCE CHARACTERI STICS. (A '
LENGTH: 20, base pairs (B) TYPE: nucleic acid (C STRANR)WW I " )
TOPOLOGY: i near (xi) SEQUENCE DESCRIPTICN: SEQ I D NG Bﬂ "I
TAGTTAACGC ' *oe20L (2
| NFORVATI ON FOR SEQ I D NO 10: (i) SEQUENCE \RACTERI STI CS: (A) LENGTH: 22
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:
|l i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 10: CTATACTTCC TCCGIGITTT CG
22 (2) | NFORMATI ON FOR SEQ4D Nandlpe ‘““‘W 1§ CS: (A
LENGTH: 20 base“Palrs (B) TYPE: nuclelrc acid T Single (D)
TOPOLOGY: | i near ingsg el yraddtyeiokackerial osts fuTthgaTAA
ACCACTACAT comprises at least one promoter selected fréﬁ)rdc;fﬁhp,

lon, unc, fepB-entC, leu-500, cyo, sdh, rpoD, ada-alka,
sodA, mutT, gsh or meto.

18. The method according to any one of
claims 10 to 17, comprising the additional step of
incubating said compound with an S9 liver extract,
prior to step (b).

19. The method according to any one of
claims 10 to 18, wherein said gene encoding a
detectable product is lacz.

20. A method of identifying an antitoxin to
a toxic compound comprising the steps of:

(a) determining the type of stresses
caused by said toxic compound by the process-according
to any one of claims 10-19;

(b) identifying a known toxic compound
which, in the process according to any one of claims
10-19, causes similar stresses to the stresses caused
by said toxic compound; and

(c) identifying an antitoxin to said
known toxic compound.

—_——
—_—



(2) | NFORVATI ON FOR SEQ I'DNO 12: (i) SEQUENCE CHARACYERI STICS: (A) LENGTH:

20 base™airs (B) TYPE: nucleic acid (C) STRANDEDNESS: D) TOPOLOGY:
linear. (xi) SEQUENCE DESCRIPTION: SEQ ID NO 12: GITACTGCCC TGACCGECGG

20 (2) | NFORMATI ON FOR SEQ I D NG 13: (i) SEQUENCE CHARA !ﬁ’mm”“
LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRAN

TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTI QN SEQ I D NO 13! " GAATYCAACG
GCCATTGCGC 20 (2)
| NFORVATI ON FOR SEQ I D NO 14: (i) SEQJENCE CHARACTERI STI CS: (A) LENGTH: 20

base pairs (B) TYPE: nucl ac
Vinoar (Xi )(S)EQJENCE DESC%I':‘I%TI c%udmé A%%@?%A%%Y
20 (2) | NFORVATIBNG-GOmRXiqingdhes s elas SEQJENCE CHARACTERI STICS:  (A)

LENGTH. 20 base pairs (B) TYPE: (gpclgdtermining)trd FANENEStrsddyd € (D)
TOPOLOGY: i near
caused by said drug using the process according to any

one of claims 10-19; and
(b) modifying or eliminating a portion
of said drug which causes said determined stresses.

22. A modified drug produced by the method
according to claim 21.




(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 15: AAGCTTGCAT TGAACTTGIG

20 (2) | NFORMATI ON FOR SEQ I D NO 16: - 82 - (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH: 20 base pairs (B) TYPE: nucleic acid (Q
STRANDEDNESS: single (D) TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 16: GITTGCCGCC TGCTCTTCCC

20 (2) | NFORMATION FOR SEQ I D NO 17: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (xi) SEQUENCE DESCRI PTION: SEQ ID NG 17: GACGGCGATT
GAGCCGACGG 20 (2)

| NFORVATI ON FOR SEQ I D NGO 18: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 20
base pairs (B) TYPE: nucleic acid géﬁlﬁDﬁNESS: single (D) TOPOLOGY:

l'i near (xi) SEQJENCE DESCRI PTI ON: 1 1&: TTAGIACCGG TAGIGGCCTG

20
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(2) INFORVATION FOR SEQ I D NO 19: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D) TOPOLOGY:
| i neag_(xi) SEQUENCE DESCRI PTION: SEQ I D NO 19: AAGCTTCCTT GICAGCGAAA

20 (2) | NFORMATI ON FOR SEQ I D NO 20: - 83 - (i) SEQUENCE

CHARACTERI STICS: (A) LENGITH. 20 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: single (D) TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO 20: CAGCGITTCG TCAGCTTTGC

20 (2) | NFORVATI ON FOR SEQ I D NO 21: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D).
TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ I D NGO 21: CTACGITATG

GTTTACCGGEC 20 (2)
| NFORMATI ON FOR SEQ I D NO 22: (i) EE{EMECI-Z\RACTERI STI CS:
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(A) LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(xi) SEQUENCE DESCRI PTION: SEQ I D NG 22: AAGTACGCGA

(D) TOPOLOGY: i near
CGGTGLACCG, 20 (2)
| NFORMATI ON FOR SEQ I D NO 23: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 20

base pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:

i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NGO 23: GCATCAACCG CAGGTTGCGC

20 (2) | NFORMATI ON FOR SEQ I D NO 24: (i) SEQUENCE CHARACTERI STI CS: - 84
- (A) LENGTH 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ | D NO 24: CACCGGCGIC -
20 (2) | NFORMATI ON

ACGCAGCGTA

FOR SEQ I D NO 25: (i) SEQUENCE CHAI | G§: (A LENGTH. 19 base pairs
(B) TYPE: nucleic acid Wﬁ C§
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(C) STRANDEDNESS: single (D) TOPOLOGY: linear (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 25: GATCCGGTAC GCGTGATTT

19 (2) * NFORVATI ON FOR SEQ I D NO 26: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTI ON: SEQ I D NGO 26: CCAGACGCAT
AACTCCTCCC : 20 (2) | NFORMATI ON
FOR SEQ I D NO 27: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 20 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 27: CGCTTGACTC CGTACATGAG

20 (2) | NFORMATI ON FOR SEQ I D NO 28: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 20 base pairs - 85 - (B) TYPE nucleic acid (C) STRANDEDNESS:

single (D TOPOLOGY: Iinear FIG"RE 4
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(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 28: TGGATAGCGT AACCTTACTT

20 (2) | NFORMATI ON FOR SEQ I D NO-29: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
ToPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ | D NO 29: CCACAAGATG
CAACCCCGAG 20 (2)

| NFORVATI ON FOR SEQ I D NO 30: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 21
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:

i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 30: GACGTATCCA TATCATCCTC C
21 (2) | NFORMATI ON FOR SEQ I D NGO 31: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH. 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D)

TOPOLOGY: linear (xi) SEQUENCE DESﬁEI“ﬁt %Q I D NO 31: TTGACGATGG

ACGCGCTGGA 20 (2)
| NFORMATI ON FOR SEQ‘I D NO 32: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 20

base pairs (B) TYPE: nucleic acid
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- 86 - (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (xi) SEQUENCE
DESCRI PTI ON:  SEQ | D NO 32: CAATTGGTAT AACCAATGTG
20'(2) | NFORVATION FOR SEQ I D NO 33: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TTQPOLOGY: |inear (xi) SEQUENCE DESCRI PTI ON: SEQ I D NGO 33: AAGCTTCAGC -
AGTGGCAGAA . 20 (2)

| NFORVATI ON FOR SEQ I D NO 34: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 21
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D) TOPOLOGY:

| i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 34: GIATAAACCG CCTTCCGGEEC C

21 (2) | NFORVATION FOR SEQ I D NG 35: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH: 20 base pairs (B) TYPE: iBEac C) STRANDEDNESS: single (D
ToPoLoov- Tinear o (B FIGORE> 6" (O gle (D)
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(xi) SEQUENCE DESCRI PTION: SEQ I D NGO 35: CTGCACTGGC GGCGCAAACC

20 (2)' | NFORMATI ON FOR SEQ I D NO 36: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
87 - (Dy TOPOLOGY: linear (xi) SEQUENCE DESCRI PTION: SEQ | D NG 36:
ATAAGACGCG GACAGCGTCG 20
(2) INFORVATION FOR SEQ I D NO 37: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
22 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D TOPOLOGY:
i near (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 37: AAAGCAAATA AATTTAATTT TT
22 (2) | NFORMATI ON FOR SEQ I D NO 38: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D)

ol i q r 38:
'(I;g;%_%e i near (xi) SEQUENCE DEﬁﬁﬁﬂ ?EQ | D NO 38: GGCCACCCGG

20
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(2) I NFORVATI ON FOR SEQ I D NO 39: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
19 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:
| i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO: 39: TCTCGGCGIT GAATGIGGG

19 (2% | NFORMATI ON FOR SEQ | D NO 40: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 20 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near - 88 - (xi) SEQUENCE DESCRI PTI ON: . SEQ | D NO 40:.
CGACGTCTTC CATGGACGGC 20 (2)

| NFORVATI ON FOR SEQ I D NGO 41: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 20
base pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: -
| inear (xi) SEQUENCE DESCRI PTION: SEQ I D NO 41: GICAACAAAA TGCAATGGCG

20 (2) | NFORVATION FOR SEQ I D NG 4%1%“&%“05 CHARACTERI STI CS:

2
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(A) LENGTH. 24 base pairs (B) TYPE
(D) TOPOLOGY: i near

TTTAGIGECA CTGG

FOR SEQ | D NO 43:
(B) TYPE:

nucleic acid (C) STRANDEDNESS: si
(xi) SEQUENCE DESCRI PTION: SEQ I D NG 42: GCGITATGCT

single
24 (2) | NFORNVATI ON

(1) SEQUENCE CHARACTERI STICS: (A) LENGTH. 20 base pairs

nucl eic acid (C) STRANDEDNESS: single (D TOPOLOGY:

SEQUENCE DESCRI PTI ON: SEQ I D NO 43: AAGCTTACAC AGCATAACTG

20 (2) | NFORMATION FOR SEQ I D NO 44: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH: 22 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)

TOPOLOGY: | i near - 89 - (xi) SEQUENCE DESCRI RPILON: SEQ | D NO 44:

CCAGGCAGGG CATCGECGEG GG

| NFORVATI ON FOR SEQ I D NG 45

l'i near (xi)

THIS SHEET H 22 (2)
(i) SEQUENCE CHARACTERI g AS %ENLENGT H 31
base pairs (B) TYPE: nucleic acid 3
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(C) -STRANDEDNESS: single (D) TOPOLOGY: linear (xi) SEQUENCE DESCRI PTI ON:
SEQ | D NO 45: ATATGAATTC GTCGGCAAGI CCATTCTCCC C '

31 (2) INFORVATION FOR SEQ ID NGO 46: (i) SEQUENCE CHARACTERI STICS: (A)
LENGT®: 31 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTI ON: SEQ I D NGO 46: ATATGGATCC
GCGGGAGITA TTCTAGTTGC C 31 (2) | NFORVATI ON
FOR SEQ ID NO 47: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH 87 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 47: TATAGAATTC CCTTGTCAGC GAAAAAATT
AAAGCGCAAG ATTGITGGIT TTTGCGTGAT 60 GGTGACCGGG CACFGW
87 (2) | NFORVATION FOR SEQ ID NGO 48: (i) SEQUENCE CW@WHEERI}&'EI gEENTA
LENGTH: 62 base pairs (B) TYPE nuclgic acid (C >TRANI§QD@§§D single (D)
TOPOLOGY: | i near :
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- 90 - (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 48: ATATGGATCC AATCAGCTCC
CTGGTTAAGG ATAGCCTTTA GGCTGCCCGG TCACCATCAC 60 GC

62 (2) | NFORMATI ON FOR SEQ I D NO 49: (i) SEQUENCE CHARACTERI STICS: (A)
LENGEH:* 34 base pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (xi) SEQUENCE DESCRI PTION: SEQ I D NO 49: CGCCGAATTC
GCGGCGTAAT ATATACGTCC CATC

34 (2) | NFORVATI ON
FOR SEQ I D NO 50: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH 42 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (xi)
SEQUENCE DESCRI PTI ON:  SEQ I D NO 50: CGCGGGATCC CATGACTCCT TGCTCATCGC
ATGAAGACTC CG 42 (2) | NFORMATI.ON FOR SEQ I D NO 51:
SEQUENCE CHARACTERI STI CS:

(i)
(A) LENGTH: 34 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: |inear (

NCE _DESCRI PTI ON:
SEQ I D NO 51: CGCOGAATTC TGOCGCAGTTOIGCGCGCTTT JCH#S S EET HAS BEEN,
34 (2) I NFORMATION FOR SEQ I D NO 52§(|) SEQUENCE CHARERCAEEN STTCS
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(A). LENGTH 38 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D): TOPOLOGY: | i near - 91 - (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 52:
GCGCGGATCC GTCATTCTCC TTAAGTTAAC TAACCCGG 38 (2)
I NF’ORI\/A‘TJ,O\I FOR SEQ I D NO 53: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 82
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:

i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 53: CGCCGAATTC ATCAGAATTT
TTTTTCTTTT TCCCCCTTGA AGGGGOGAAG CCTCATCCCC 60 ATTTCTCTGG TCACCAGCCG GG

82 (2) | NFORVATION FOR SEQ ID NGO 54: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 75 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (xi) SEQUENCE DESCRI PTION: SEQ I D NO 54: GCGCGGATCC

CGGAGCTTAC GIGGTTTCCC GECTGGTGAC CAGAGAAATG GGGATGAGEC 60 TTCGCCCCTT CAAGG
75

THIS SHEET HAS BEEN
REPLAGED

FOLD INDUCTION

FIGURE 12

PARAQUAT (uM)

as Been Reilaced

\\Il\l\\\\ll\\ L

1\



/\

Applicant's or agent's fite : I nt er nati onal
ation Ng, reterence nunber. FARRTCMl Cl P | NDI'CATI ONS RELATI NG TO A
DEPOSI TEDCM CROORGANI SM (PCT Rul e 13bis) A. The indications made bel ow
rel ate' to the nmicroorganismreferred to in the description on page

59 © line S 4-11 B. | DENTIFI CATION OF DEPCSIT E. Col i

SF 924 urther deposits are identified on _ang.ﬁdgl tional sheet Nane of
depositary institution American Type Culture Collection Address of
depositary institution (including postal code and :icountry) 12301 Parkl awn
Drive Rockville, Maryland 20852 United Esd®msa@f Anerica Date of deposit
Accessi on Nunmber 26 June 1992 (26.06.92)

55335 C. ADDI Tl ONAL INDICwmhfﬁﬁiﬁvenhhoblpmhvidesoheennﬂécahae) Thi s

information is cégg qﬂ%g r

desi gnation of t ?B%ag]é t % oos‘# r#%’rp%%ir?g oéni

made avai | abl e (GREROUNR. p ¢m¢lmd%fam¢1eclmm%h1@kam @fathls)f the
Eur opean pgit ent mvew.{cm £ Pruvdi Dty (b Baeterfdl Modes | edasipd or

withdrawn or is d e t hdramn rovided ip Rule. ? %) t he
| npl enenting Red? rﬁi Qﬁh?f%ﬁﬁﬁ ?rRF$}ﬁ9?H§§°%ye¥¢@g¥%%L@éQﬁféF bl e to
an expert nom nataredsy prumoterctussd (tol 2 Fétd ) wikRED . entoddsS| MATED STATES

(e gnat e S ar AgeRRy (b ilugt DB &F PasE ol ol kraltndn i ani

i f not appli cablduged by exposire | tetadbftewent type ubficeklulart he

nternatiogal Bueisd Al ofnd POMdY dlendcivd AbeL4@ B &b | ndi cations

e.qg., [err]Accessi on nber, of 05|t For receiving Ofice use on
Fo? InEernLtlon n¥§ﬂ€i&?lﬁ&? géﬁ &prfge those promoter whfhh y

respond to redox stress, DNA stress, protein stress,
energy stress and pH stress. The methods and
diagnostic kits of this invention may be employed to

15 characterize and quantify the toxicity of a compound,
as well as to identify the cellular mechanism of its
toxic action. Moreover, the methods of this invention
yield information concerning the action of a compound
on a subcellular level. This information may be

20 utilized to design antitoxins to compounds found to be
toxic and in active drug design.
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This sheet was received with the international application This sheet was
received by the International Bureau on: Authorized officer

Aut hori zed officer Form PCT/ RO 1134 (July 1992) Applicant's file
reference nunber: FARRTOX1 CI P For Rﬂ LATI NG TO A
DEPGCSI TED M ROORGANI SM ( PCT Rul e. T & TTCECF DEPCSI T E.
coli, SF924, Accession Nunber 55335 Conti nuati on of Box C. I'n respect of
the desi gnhation of Norway, until the application has been |l aid open to
public inspection by the Norwegian Patent O fice, or has been finally

deci ded upon by the Norwegi an Patent Oftice w thout having been |aid open
to public inspecti‘dm sanples of the deposiTed nmicroorganisns will be nmade
avai lable only to an expert in the art. ?Tél nuatlon of Box D. NORWAY
Applicant's or agen's file | nt er nati onal
application No. reference nunber FARRTOXl CI P | NDI CATI ONS RELATI NG
TO A DEPCSI TED M CROORGANI SM (PCT Rul e 13bis) A The indications nade bel ow
relate to the mcroorganismreferred to in the description
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‘on page 52 l i nes 17-24 B. | DENTI FI CATI ON
OF DEPOSIT E.. coli, SF 923 further deposits are identified on an

addi ti onal sheet Nane of depositary institution Anerican Type Culture

Col | ection Address of depositary institution (including postal code and
country) 12301 Parklawn Drive Rockville, Mryland 20852 United States of
Anerica Date of deposit

Accessi on Nunmber 26 June 1992 (26.06.92)

55336 C. ADDI TI ONAL | NDI CATI ONS (| eave blank if not applicable) This
information is continued on an additignal sheet [err] In respect of the
desi gnation of the EPO, sanples of the de- posited m croorganisns wll be
made avail able until the publication of the nention of the grant of the
European patent or until the date on whikchGUREP@ ication is refused or
w thdrawn or is deened to be withdrawn, as provided in Rule 28(3) of the
| mpl enenti ng Reg- .ul ations under the EPC only by the issue of a sanple to
an expert nom nated by the requester (Rule 28(4) EPC). D. DESI GNATED STATES
FOR WHI CH | NDI CATI ONS ARE MADE (if the indications are not for all
designated States) EPO E. SEPARATE FURNI SHI NG OF | NDI CATI ONS (| eave bl ank
if not applicable) The indications listed below w |l be submtted to the
International Bureau |ater (specify the general nature of the indications
e.g, [err] Accession Nunber of Deposit) For receiving Ofice use only

For Internateonal Bureau use only This sheet was received with the
i nt er nat+onal gpplication Thi s sheet was received by the International
Bureau off: AutHorized officer : |
Aut hori zedredd iqcer Form PCT/ RO/ 134 (July 1992)
5
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Applicant's file reference nunber: FARRTOX1 Cl P Form PCT/.RQ 134 | NDI CATI ONS
RELATI NG TO A DUPGSI TED M CROORGAI SM (PCT Rul e 13bis) B. | DENTI FI CATI ON
OF DEPOSI T E; coli, SF923, Accession Nunber 55336 Continuation of Box C. In
respect of the designation of Norway, until the application has been laid
open to public inspection by the Norwegian Patent O fice, or has been
finally decided upon by the Norwegian Patent O fice w thout having been

| ai d open to public inspection, sanples of the deposited m croorgani snms
will be made available only to an expert in the art. Continuation of Box D.
NORVWAY Applicant's or agents file

I nternational applicatin No. referencd nunber FARRTOX1 CP

| NDI CATI ONS RELATI NG TO A DEPCSI TED M CROORGANI SM ( PCT Rul e 13bis) A The

i ndi cati ons made below relate to the mcrpdiGHREM Beferred to in the
description on page 42 line S 7-20 B.

| DENTI FI CATION OF DEPCSIT E.  coli, SF1 Furt her deposits are identified
on an additional sheeht Name of depositary institution Anerican Type
Culture Collection Address of depositary institution (including postal code
and country) 12301 Parkl awn Drive
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Rockvi |l l'e, Maryland 20852 United States of Anerica Date of dep05|t
Accessi on Nunmber 26 June 1992 (26.06.92)

55337 C. ADDI TI ONAL | NDI CATI ONS (Il eave blank if not applicable) Thi s
information is continued on an additional sheet In respect of the
designation of the EPO, sanples of the de- posited m croorganisns wll be
made avail able until the publication of the nention of the grant of the
Eur opean patent or until the date on which the application is refused or
wi thdrawn or is deened to be withdrawn, as provided in Rule 28(3) of the
| npl ementing Reg- ulations under the BPC only by the issue of a sanple to
an expert nom nated by the requester{Rule 28(4) EPC). D. DESI GNATED STATES
FOR WHI CH | NDI CATI ONS ARE MADE (if the indications are not for all

desi gnated States) EPO E. SEPARATE FURY §ub F Q] | NDI CATI ONS (| eave bl ank
if not applicable) The indications liste ow wi || be submtted to the
International Bureau |l ater (spcicfy the general nature of the indication
e. g, Accessio. DNymber of Deposit) For receiving Ofice use only

For Internationaf Bureau use only This sheet was received with the
international application This sheet was received by the International
Bureau or Authorgzed officer

Aut hori zed offieer Form PCT/ RO 134 (July 1992) Applicant's file

ref erence nunbeE @RIRTOXl Cl P Form PCT/ RO 134 | NDI CATI ONS RELATI NG TO A
DEPGCSI TED NI CROCBGANI ‘ﬁM (PCT Rule 13bis) B. | DENTI FI GATI ON OF DEPCSI T
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. E. coli SF1, Accession Nunber 55337 Continuation of Box C. In respect of
t he designation of Norway, until the application has been | aid open to
public inspection by the Norwegian Patent O fice, or has been finally
deci ded upon by the Norwegian Patent O fice w thout having been | aid open
to public inspection, sanples of the deposited m croorganisns wll be nade
available only to an expert in the art. Continuation of Box D. NORWAY -
92 - CLAIMS | claim 1. A diagnostic kit for determining the toxicity of
a conmpound or identifying an antitoxin to a toxic conpound, said kit
conprising: a plurality of bacterial hosts, each of said hosts harboring a
pronot er which responds to stress, saPd prompter being operatively I|inked
to a gene heterol ogous to said promorer and encodi ng an assayabl e product,
wherein said plurality of hosts, in toto, Dm@”ggas | east one pronoter
whi ch responds to each of: redox stress, ,Yprotein stress, energy
stress and pH stress. 2. The diagnostic kit according to claiml, wherein
said pronoter which responds to redox stress is selected from sodA, soi28,
kat G ahp, rdc, gsh, zwf and
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mcF. 3. The diagnostic kit according to claim1, wherein said pronoter
whi ch responds to DNA stress is selected fromdinD, ada-al kA, ada, |eu-500,
gyr, top,.mutT or nfo. 4. The diagnostic kit according to claim1,
wherein said pronoter which responds to protein stress is selected from
rpoD, lon, clpB, nerR fepB-entC, groE or neto. 5. The di agnostic kit
according to claiml1, wherein said pronoter which responds to energy stress

is selected fromsdh, cyo, cyd or unc. - 93 - 6. The di agnostic kit
according to claim1, wherein said pronoter which responds to pH stress is
selected fromhag, mcF, ani G or kagF. 7. The di agnostic kit according to

claim1l, wherein said plurality Qf bhacterial hosts, in toto, conprises the

pronoters: soi 28, dinD, hag, ada, gyr, kakiﬁlﬂ)ﬁ cl.pB, nmerR, top, cyd,
m cF, zwf, groE, katF and ani G 8. The ¢ Ecbit accordi ng to claim

7, further conprising at |east one pronoter selected fromrdc, ahp, Ion,
unc, fepB-entC, |eu-500, cyo, sdh, rpoD, ada-al kA, sodA, mutT, gsh or neto.
9. The di agnostic kit according to any one of clains 1 to 8, wherein said
gene encodi ng an
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L)

assayabl e product is lacZ. 10. A nethod for determ ning the toxicity of a
conpound conprising the steps of: (a) separately culturing each of a
plurality of bacterial hosts, wherein each of said hosts harbors at | east
one pronoter which responds to stress, said pronoter being operatively
linked to a gene heterologous to said pronoter and encoding a detectable
product, and wherein said plurality of hosts conprise, in toto, pronoters
whi ch respond to each of: redox stress, DNA stress, protein stress, energy
stress and pH stress; (b) incubating each of said cultures with said
conpound; and - - 94 - (C) detecting said detectable product in each
culture. 11. The nethod according to &l ai m 10, wherein said pronoter which
responds to redox stress is sel ectet—fromsodA, katG ahp, soi28, rdc, gsh

m cF and zwf. 12. The nethod according to y , erein said pronoter
whi ch responds to DNA stress is selected fﬁtﬁm 7\a,rt;a- al kA, ada, | eu-500,

gyr, top, mutT or nfo. 13. The nethod according to claim 10, wherein said
pronot er which responds to protein stress
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fs selected fromrpoD, lon, clpB, nerR fepB-entC, neto and groE. 14. The

met hod .according to claim 10, wherein said pronoter which responds to

energy stress is selected fromsdh, cyo, cyd or unc. 15. The net hod
according to claim 10, wherein said pronoter which responds to pH stress is

selected fromhag, katF, mcF or aniG 16. The nethod according to claim
10, wherein said plurality of bacterial hosts, in toto, conprises the
pronoters: soi28, dinD, hag, ada, gyr, katG nfo, clpB, nmerR, top, cyd,

m cF, zwf, groE, katF and ani G - 95 - 17. The nethod according to claim
16, wherein said plurality of bacterial hosts further conprises at |east
one pronoter selected fromrdc, ahp, Ign, unc, fepB-entC, |eu-500, cyo,

sdh, rpoD, ada-al kA, sodA, nutT, gsh—e+eto. 18. The nethod according to
any one of clainms 10 to 17, conprising my}lﬂal gal step of incubating
said conmpound with an S9 |iver extract, ep (b). 19. The met hod
according to any one of clains 10 to 18, wherein said gene encoding a

det ect abl e produgt is lacZ. 20. A nethod of identifying an antitoxin to
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atoxi c conpound conprising the steps of: (a) determning the type of
stresses caused by said toxic conpound by the process according to any one
of claims 10-19; (b) identifying a known toxic conmpound which, in the
process according to any one of clainms 10-19, causes simlar stresses to

t he stresses caused by said toxic conpound; and (c) identifying an
antitoxin to said known toxic conpound. - 96 - 21. A nethod of
decreasing the toxicity of a drug conprising the steps of: (a) determ ning
the type of stresses caused by said drug using the process according to any
one of clainms 10-19; and (b) nodifying or elimnating a portion of said

drug which causes sai d determ ned strgsses. 22. A nodi fi ed drug produced by
t he net hod according to claim?21

.15 INDUCTION

'\\— 5
~N-20

N
n
N

FIGURE ¢
—T T T T 1]

@LACEMENT SHEET

19 AUG 1994

METHYL
METHANESULFONATE (uM)




FIGURE 10

10

FOLD INDUCTION

REPLACEMENT SHEET

19 AUG 1996

MERCURIC
CHLORIDE(UM)



11

NOLDNANI 4104

11 NS4

(1w/6n)

3QIX0O ININTONINOOJLUN-¥

REPLACEMENT SHEET

19 AUG 1996




12

*‘ kv, #5 %
D

Q

£

[

-d

0

9 U

FIGURE 12

REPLACEMENT SHEET

19 AUG 1996

(i

]
MY Ad

PARAQUAT (uM)



.J"ﬂ-

10

15

20

97-

Title: Methods And Diagnostic Kits For Déetermining
Toxicity UEilizing Bacterial Stress Promorers
Fused To Reporter Genes
ABSTRACT

This invention provides methods and
diagnostic kits for determining the toxicity of a
compound. The methods and diagnostic kits of this
invention employ a plurality of bacterial hosts, each
of which harbors a DNA sequence encoding a different
stress promoter fused to a gene which encodes an
assayable product. Each of these stress promoters is
induced by exposure to a different type of cellular
stress.: The stress promoters utilized in this
invention, in toto, comprise those promoter which
respond to redox stress, DNA stress, protein stress,
energy stress and pH stress. The methods and
diagnostic kits of this invention may be employed to
characterize and quantify the toxicity of a compound,
as well as to identify the cellular mechanism of its
toxic action. Moreover, the methods 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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