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20 Aerobic metabolism in living organisms can lead to
generation of reactive oxygen species (ROS), which include
hydroxyl radicals, superoxide anion, hydrogen peroxide and
nitric oxide. Production of ROS can be due to various
enzymatic and non-enzymatic processes. In aerobic organisms,
25 ROS are formed from the partial reduction of molecular oxygen
to water during oxidative metabolism. Bacterial cells produce
endogenous hydrogen peroxide from the dismutation of superoxide -
or hydroxyl radical as a product of the respiratory chain when
oxygen is used as the terminal electron acceptor. Enteric
30 bacteria (e.g. Salmonella typhimurium and E. coli) encounter
toxic levels of hydrogen peroxide produced by macrophages
B during engulfment.

Under normal conditions, ROS way play an important
35 role in different biological processes. However, when ROS are
excessively produced under certain unusual conditions, they can
cause oxidative damage to DNA, proteins and lipids.

ROS have been implicated in the pathogenesis of many
40 different disease situations as well as harmful conditions.
These include aging, AIDS, atherosclerosis, cancer, cataracts,
congestive heart failure, diabetes, inflammatory disorders,
rheumatoid arthritis, and neuro-degenerative diseases such as
Alzheimer's, Parkinson's, multiple sclerosis, and Down's

45 syndrome, in addition to exposure to pollutants and ionizing
irradiation.

Living organisms have developec different ways of
coping with the RUS. The capacity of enzymatic or non-
50 enzymatic antioxidants to quench the ROS can help cells to
defend against thn oxidative stress. Therefore, antioxidants
have been linked to and used for disease prevention.
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oxidative damage caused by ROS. Standardized assays to
assess antioxidant activities and distinguish different
antioxidants are useful. Such assay methods are useful to
properly assess and label antioxidant products. Such assays

30 are also useful for wmeasuring activities of antioxidants for
use as food supplements, natural products and drugs.

Farr (US patents 5,585,252, 5,811,231 and
5,589,337) have described use of stress promoters fused to gj
35 reporter genes to determine toxicity. :

Catalase is a protein antioxidant. Catalases
catalyze the dismutation of hydrogen peroxide to water and
oxygen. The prlmary role for catalases is to protect the cells
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30 gene. The nucleic acid isolated by such a procedure likely

encodes a protein able to remove the ROS.

3 In one embodiment, the different nucleic acids all
, encode proteins able to remove ROS. By selecting for cells
35 with the greatest degree of reduction in the level of
reporter protein, the most efficient ROS remover may be
. identified.

The method of the invention does not require that

40 the cell be exposed to an external source of ROS. Rather,
the ROS which induces the ROS-inducible promoter may be
intracellular. In one embodiment, the intracellular level
of the ROS may be elevated by methods known in the art. The
intracellular level of ROS such as H;0, may also be induced

45. by acid pH, especially in bacteria such as A. tumefaciens.
In another embodiment, the intracellular level of the ROS
may be made constitutively elevated by using a cell which
has been genetically modified.

50 . Cells containing such genetic modifications are
known in the art and may have, for example, todified genes
of the respiratory chain so that the redox balance of the
cell is disturbed. Other genetic modifications may involve
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catalase; human manganese superoxide dismutase (MnSOD); rat
glutathione S-transferase (GST); human interstitial

30 collagenase (MMP-1); human glutathione peroxidase -(GPX2);
fish metallothionein (MT); and rat multidrug resistance type
1 (mdrl).

In another embodiment, the ROS is H;0,. Where it is -
35 desirable to identify or select for H,0,-removing compounds, ‘g)
an H,0,-inducible promoter is used. Such a promoter may be
from the following genes: AhpCF, Bcp, Dps, gor, KatA,
KatB/AnkB, KatG, TrxB, human MAP kinase phosphatase 1 (MKP-
1) genes; mammalian hic-5 genes, and the isc operon.
40
In another embodiment, the cell used in the
methods described above is a bacterial cell. It is
understood that if a bacterial cell is used, the ROS-
responsive promoter must function as such in bacteria and
45 the reporter gene must encode a protein functional in
bacteria. Likewise, if a plant cell, a yeast cell, or a
mammalian cell is used, the ROS-responsive prowoter and the
reporter protein must be functional in the particular chosen
cell type.
S0
The present invention also relates‘to diagnostic
kits for determining the ability of a gene product to remove
an ROS. Such a kit generally comprises: a) a cell which
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may be from a gene such as AhpCF, Bcp, Dps, gor, Kata,

KatB/AnkB, KatG, TrxB, human MAP kinase phosphatase 1 (MKP-
1) genes; mammalian hic-5 genes, the bacterial isc operon;
Escherichia coli zwf, fpr, fumC, micF, nfo, so0i28, and sodA
genes; Azotobacter vinelandii spr gene; Xanthomonas oryzae

30 pv oryzae katX gene; rat and human haem oxygenase-1 (HO-1) ;
Yeast 2-deoxyglucose-6-phophate phosphatase (DOG2);
catalase; human manganese superoxide dismutase (MnsSoOD) ; rat

SN glutathione S-transferase (GST); human interstitial

i collagenase (MMP-1); human glutathione peroxidase (GPX2);

35 fish metallothloneln (MT) ; and rat wmultidrug resistance type
1 (mdril).

In one embodiment, the kit is used to determine
the ability of a certain compound to remove H,0,.

40 Preferably, the kit provides an H;0,-inducible promoter from
a gene such as AhpCF, Bcp, Dps, gor, KatA, KatB/AnkB, KatG,
TrxB, human MAP kinase phosphatase 1 (MKP-1) genes;
mammalian hic-5 genes, and the isc operon.

45 In another embodiment the cell provided by the kit
is a bacterial cell and the reporter gene encodes a protein
functional in bacteria. 1In a preferred embodiment, the
bacterial cell is Agrobacterium tumefaciens.

50 In preferred embodiments of the method or kit of
the invention, the ROS-inducible promoter is“from the Kata
gene of Agrobacterium tumefaciens.
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Fig. 3. The katA-gfp expression in different growth media.

25 Agrobacterium tumefaciens strains A348 and AG6 were grown at
28 °C for 24 hr on agar plates of MG/L, aB, IB (pH S5.5), and
IB (pH 7.0) and fresh Kalanchoe leaf tissue and stem tissue
sections. The cells were harvested and then resuspended in
dH,0. The fluorescence of each cell suspension was measured

30 by Luminescence Spectrometer LSS50B (Perkin Elwer) as
described in the Materials and Methods using A348 as the
blank.

Fig. 4. Comparison of katA-gfp expression in different i)
35 genetic backgrounds. Agrobacterium tumefaciens strains

A348, AG6, AG6 (pSW172), AG6(pXQ9), AG613, CGI1l and

CGI1(pXQ9) were grown at 28 °C for 24 hr on agar plates of IB

(pH 5.5). The cells were harvested and then resuspended in

dH;0. The fluorescence of each cell suspension was measured
40 by Luminescence Spectrometer LSS0B (Perkin Elmer) as

described in the Materials and Methods using A348 as the
blank.

Fig. 5. Schematic presentation of the wild-type and mutated
45 katA genes. The lines represent the DNA sequences; the
boxes represent the KatA open reading frames (ORFs). The
vertical lines indicate the restriction sites or amino acid
positions. The diamond indicates the mini-TnS transposon
insertion position. The key restriction endonuclease sites
50 and primers used are indicated. The DNA seqiences under the
triangles axe the ORF sequences concerned for the site-
directed wmutagenesis. -~ represents a deletion of the G of
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(Perkin Elnmer) as described in the Materials and Methods using ﬁ?é as t he
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genes. ‘The lines represent the DNA Zequences; the boxes represent the KatA
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“and di | gbge=06 03 A CRRC 1N ifHor05000pA0F0 c311Thaspeklss ohOWe2R0 | of cell
sus pen%@ﬁ&ey@é@ b a;réf&&tﬁd;d%\u%ntawd lt%h' @na@a 48 lttme'iz@%ﬂmm the
Laem’dl er du%l_#o é‘ ssa |l e was 20
elrm%g or ese ores he pro ?‘ﬁ w; §t ¥Ped onto
Vi X z ﬁl s) PR, r‘?ﬁ"ﬁo&’ ®The purified
(H s) 6- Rﬁ?‘AS “{"}?z’ ega" . vBeraddizsd the GFP
prot ei n kf‘) ¥ t&na&PPﬁg}' kairhegPBrFGéFGn( Aﬁ}b‘ﬁ%‘ér‘ﬁﬁn‘{%f%i ens
st rai nsth848ont¥ehe 10, AG (lane 2), AG (pSWL72) (lane 3) , _ AG6 (pXQR3)
(lane 4), AGB(pXQR6) (lane 5), AG(pXQR7) (lane 6), AG(pXXBO) (lane 7),
AGG?EXQE&S! (7 an@%}ecm@(p)@ﬁ)e QEhera3giy) expressSOMpX2he(| ane 10) were
grown okatArghr fusizgh C dlyradqtieatigan thire folilesiswetaraiansyv asuéd and t hen
resuspertiade 1), AG6 (lane 2), AG6(pSW172) (lane 3), AG6 (pXQ23)
(lane 4), AG6 (pXQ26) (lane 5), AG6(pXQ27) (lane 6),
AG6 (pXQ30) (lane 7), AG6(pXQ31l) (lane 8), AG6(pXQ1ll) (lane
30 9), and AG6(pXQ22) (lane 10) were grown overnight at 28 °C on
IB plates. The cells were harvested and then resuspended
N in dH,0. One portion of each cell suspension was used to
measure the fluorescence by Luminescence Spectrometer LSS0B
(Perkin Elwer) as described in the Materials and Methods
35 wusging A348 as the blank (upper panel). Another portion of
each cell suspension was diluted to a concentration of

ODgge=0.3. The cells from 500 pul of cell suspensions were
harvested by centrifugation and resuspended in the Laemmli

(1970) sample buffer. An aliquot of 2 pl of each sample was

40 electrophoresed on SDS/15% PAGE gels. The proteins were
transferred onto Immobilon-P membrane; the GFP was
visualized by the GFP antibody (lower panel).

Fig. 8. MAssays for catalase activity bands. Agrobacterium
45 tumefaciens strains A348 (lane 1), AG6 (lane 2), AG6 (pXQ23)
(lane 3), AG6(pXQ26) (lane 4), AG6(pXQ27) (lane S),
AG6 (pXQ11l) (lane 6), and AG6 (pXQ22) (lane 7) were grown
overnight at 28 °C in MG/L liquid medium. Samples of crude
cell extracts were prepared and electrophoresed on 7.5%
50 nondenaturing gel as described previously (Xu and Pan,
2000) . Catalase isozymes were visualized by activity



in dH20. One portion of each cell suspension was used to neasure the
fluorescence by Lum nescence Spectroneter LS50B (Perkin Elner) as
described in the Materials and Methods 35 using A348 as the Phanist bOGPET
panel ). Another portion of each cell suspension was diluted to a
concentwatg2@39i OD600=0. 3. The cells from 500 | of celllcﬁ 8,5} |80ns werer
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were incubated overnight at 28°C. The bacterial fluorescence
under UV light was photographed (upper panel). The
fluorescence intensity was measured (lower panel) as
25 described in the Materials and Methods.

DETAILED DESCRIPTION Of THE EMBODIMENTS

To determine whether a compound is able to remove
30 an ROS, an ROS-inducible prowmoter (RIP) is fused to a
reporter gene to drive its expression. The reporter gene is
s heterologous to the promoter to which it is operably linked.
g The RIP-reporter construct is then stably transformed into L
the cell. To test whether a certain compound is an ROS- iu)
35 remover, the cell is exposed to the test compound.
Preferably, the cell is exposed to the test compound
intracellularly. If necessary, the intracellular level of
the ROS is induced, and the ROS-inducible expression level
of the reporter gene in the cell is measured. A reduction
40 in the reporter protein level when the cell is exposed to
the compound would indicate that the compound is able to
remove the ROS.

The test compouhd may also be.provided by being
45 expressed in a neighbouring cell, rather than being
expressed from the cell containing the RIP.

As used herein, the terms “reactive oxygen
species“ (ROS) and “oxidants” ave used interchangeably, and
50 include hydroxyl radicals, superoxide anion,‘hydrogen
peroxide and nitric oxide.



or E. coli DHSa was al so spotted on IB plates. The plates were incubated
overni ght at 28C. The bacterial fluorescence under WV |ight was

phot ographed (upper panel). The fluorescence intensity was 41§ £ eghq | ower
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the natural coding sequence of the gene from which the

promoter is derived.

30 The term “vector" refers to a nucleic acid
sequence that is capable of propagating in particular host
cells and can accommodate inserts of foreign nucleic acid.

N Typically, vectors can be manipulated in vitro to insert

: foreign nucleic acids and the vectors can be introduced into

35 host cells such that the inserted nucleic acid is
transiently or stably present in the host cells.

The term "expression vector" refers to a vector
designed to express inserted nucleic acid sequences. Such
40 vectors may contain a powerful promoter located upstream of
the insertion site.

The term "expression" in the context of nucleic
acids refers to transcription and/or translation of nucleic
45 acids into mRNA and/or protein products.

The term “expression library" refers to a library
of nucleic acid fragments contained as inserts in an
expression vector.

50
" The term "stable transformation® r®fers to the
continued presence of a nucleic acid seguence in a host cell
?or a period of time that is at least as long as that



tested as a ROS-renoving conpound provided that the gene 20 encoding the
functional poI ypepti de has been knocked out fromthe cell. The term
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An ROS-inducible promoter is one which, in
30 response to the presence of the ROS inside the cell,
expression from the promoter is increased. Numerous ROS-
inducible promoters are known in the art. They include:

o AhpCF, Bcp, Dps, gor, KatA, KatB/AnkB, KatG, TrxB, human MAP
e kinase phosphatase 1 (MKP-1) genes; mammalian hic-5 genes, ,fa
35 the isc operon; Escherichia coli zwf, fpr, fumC, micF, nfo, s

and sodA genes; Azotobacter vinelandii spr gene; Xanthomonas
oryzae pv oryzae katX gene; rat and human haem oxygenase-1
(HO-1) ; yeast 2-deoxyglucose-6-phophate phosphatase (DOG2);
catalase; human manganese superoxide dismutase (MnSOD); rat
40 glutathione S-transferase (GST); human interstitial
collagenase (MMP-1); human glutathione peroxidase (GPX2);

fish metallothionein (MT); and rat multidrug resistance type
1 (mdrl).

45 It is expected that most of the promoters above
would be functional to some degree in a heterologous cell
type. However, it is preferred that promoters naturally
found in bacteria would be used in bacteria, and yeast
promoter in yeast cells, and mammalian promoters in

50 mammalizn cells, according to the methods of the invention.

In a preferred embodiment, the ROS is H,0,, and the
H20;-inducible promoter is from a gene such ‘as AhpCF, Bcp,



cases, however, replication and/or segregation are irrelevant; expression
of vector or insert DNA is the objective. Typical bacterial host cells
include E. coli, B. 20 subtilis and A tunefaciens; fungal hpgfgaebdes
include S. cerevisiae and S. ponbe; plant cells i ncl ude those |solated
from A WOHR06¥3%, and Z. maize; insect host cells inclugerddeessssol at ed
fromD. nel anogaster, A aegypti, atld S. frugi perda; and mammlian cells
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11 -inducifyl e pronoter is from %ene such as AhpCF, Bc e 5 August 2005
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human MAP Ki ggpeﬁl?&ﬁlﬁéﬁaéé‘dﬂ‘ Qf)ldgéﬁéélkrﬂnhudrepehomdagenes and
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Thus, the e*})f%%@qmm@m sarisiunded kyhbyrdsopelrakitberedpethge gene i s
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the 10 host cell. Preferably, the reporter is expressed at a low level in
the absence Bictie®ides; firagiltikealbryal haaibpki¥x98e reductase

subunit C (ahpC) and alkyl hydroperoxide reductase

subunit F (ahpF) genes, ACCESSION AF129406.

30 .

Salmonella typhimurium alkyl hydroperoxide reductase
(ahpC) and (ahpF) genes, ACCESSION J05478.

,_-‘._,"'..‘

Mycobacterium avium alkyl hydroperoxidase C (ahpC)
35 gene, ACCESSION U18263.

Mycobacterlum tuberculosis alkyl hydroperoxidase C
(ahpC) gene, ACCESSION U18264.

40 Mycobacterium smegmatis alkyl hydroperoxide reductase C
(ahpC) gene, ACCESSION U43719.

Mycobacterium intracellulare alkyl hydroperoxldase C
(ahpC), ACCESSION U71061.

45.
Staphylococcus aureus alkyl hydroperoxide reductase

subunit C(aphC) and subunit F (aphF) genes, ACCESSION
U92441 X85029.

50 Escherichia coli bacterioferritin comigratory protein
(bcp) , ACCESSION M63654 M37689.



the pronoter should be I ow so that induction by ROS is readily detectable.
15 A partial listing of the genes, their organismof origin, and Genbank
accession nunbers are provided below. A brief description of A580%2605 ¢ hese
genes 2\88 %{3%3% ence publications are also provided: 20 Streptococcus nutans
ahpC an i éfenes for al kyl hydroperoxi dase and NADHPEXiISEag/edoas ky | .
hydr oper oxi dase reductase, ACCESSI'®N AB010712. Mycobact eri um mari num

al kyl hydr opésetieds aheidi ciodsie DNAS Hiakiifly gaee ifCEpaS! (hAFQR4RE1.

Bact er oi des Aagdios alrkyloosodr oper oxi de reductase subunit™ C (‘ahpC) and

al kyl hydroperoxi de reductase subunit F (ahpF) genes, ACCESSI ON AF129406.

30 Sal monel lmadualdiury e - apRiaxde iadualineq (AhnQ, and (ahph
roxi da

genes, ACCESPONaH247 dcdBEsakaC hghigdsavi um al ky se C (ahpQ)
35 gene, ACCESSI ON U18263. Mycobacterium tubercul osis al kyl hydroperoxi dase

R e S

intracel | ul y ro><| ase ACCESSI ON U71061. 45
St alqpyl 0COC( r eus aI k hydr p I‘OXI e reductase subunit C(aphC) and
subunit F ( ggm i‘%’l‘@?@?@e seduatiaae dldiogr)col |
bacter|ofer E&S&Pa'r%zﬁﬁatzel n (bcp) " ACCESSI ON Mp3654 MB7689. 5

August 2005 ' V\D 02/ 063032 PCT/ SG02/ 00018 12 Escherichia coli DNA binding
protein Dps {-@93) gore gensCcensoddngARlagesdioBec reduictesd,r agi | i s
non--speci f i AINKSTONIi ndl13Adilsi n S Dps (dps), ACCESSI ON AF206033.
Syddéchococcus sp. nutrient-stress induced DNA binding protein (dpsA). gene,
ACCESS| ON UPA7 G2rulfi nBiswe ploac geties foiegTopaihiong weakdtitane r@euct ase (gor)
-.gene, ACCESSI.@N4.2§§7AcOESSTON ®Gu208ne encoding gl utathione reduct ase,

- ACCESSI ON ML3141. 15 20 P. aerugi nosa gor gene for gl utathione reduct ase_.f__

(EC 1.6. 4. Agroaeee? it éthciens catalase (KatA), SEQ ID NO:1.
20

Vibrio fischeri catalase (katA) gene, ACCESSION
AF011784.

Pseudomonas aeruginosa catalase isozyme A (katA) gene,
25 -ACCESSION AF04702S5.

Actinobacillus actinomycetemcomitans catalase (katn)
gene, ACCESSION AF162654.

30 Legionella pneumophila catalase-peroxidase (katA) gene,
ACCESSION AF276752.

A Staphylococcus aureus catalase gene, strain ATCC12600.
e : ACCESSION AJ000472.
35

s
al

Lactobacillus sake catalase (katA) gene, ACCESSION .
M8401S5. '

Rhizobium me1110t1 catalase (kataA) gene, ACCESSION
40 U59271.

Pseudomonas fluorescens plasmid pAM10.6 catalase
isozyme (katA) ACCESSION U72068.

45, H.pylori katA gene, ACCESSION 270679

B.subtilis 25 kb genomic DNA segment (from sspE to
katA), ACCESSION 282044.

50 Pseudomonas aeruginosa paraquat inducible catalase
isozyme B (katB), ankyrin -(ankB), ACCESSION U89384.



Agrobacterium tunmefaci ens catal ase (KatA), SSQID NO'1. Vibrio fischeri
catal ase (katA) gene, ACCESSI ON AF011784. Pseudonbnas aerugi nosa cat al ase
i sozyme A (katA) gene, 25 ACCESSI ON AF047025. Actinobacill usaygust 2005
actinomycet enctom tans catal ase (katA) gene, ACCESSI ON AF1626547 30

Legi oner%Pé’Z’ﬁf@Mmphl | a catal ase- peroxi dase (katA) gene, PCRECESGI0R
AF276752. Staphyl ococcus aureus cat®l ase gene, strain ATCC12600. ACCESSI ON

AJ000472. 3dacitefiad | dise it At @98 & MB401S.
Rhi zobi um meladmdd ropatt 3sa dkat A) gene, C%tlzgg)é”%eé;1 &% g\lel-r%e'udormnas

fluorescens plasm d pAMLO. 6 cat al ase |sozyrre (kat A) ACCESSI ON U72068. 45,

t A bt| |s 25 kb g nom. c DNA segnent
|(_|f Pgﬁlﬂo;;pl&aﬁmﬁ% a5 %f SI§s¢§’u JSrones Hosa par aquat
-induci bl e cat al ase |sozyrre ?t ) 8a2§yrlcg I(aBkB% ACCE??LnOt\IUlSJ89384 5

- 2 P 2 00 ul obacter cr
Qgggfgsgogg %2%3%%303 Q COREATI PG, ICbact eri um
snmegmati s cdt Xll (kat G 5 gene, ACCESSI ON AF196484.
Synechococcus PCC6301 cat al ase- per oxi dase gene, ACCESSI ON AF197161. 10
Mycbbact er i &9 iy lepras HNs £ope catiadase - peAceigslsa) D89336. 15
E.coli katG HBoN8RP3®at al ase HP1, ACCESSION M21516. Sal nonel | a

t yphi muri um Kat- G gene for- hydroperoxi dase 1. ACCESSI ON X53001.

M t uber cul ofi 4t Bagéh@ener enwicalinee cata@uisdatPl, ACCAGEEOR ON X68081
S42739. 25 MAGdies kat G gene. ACCESSI ON X83277. M snegnmatis kat G gene.
ACCESBSI ON X98718. M fortuitumkatd gene. ACCESSI ON YO7865. M fortuitum

kat G| gene.SAGERBIIGN tYRIRGRr it KaE0RAGeRll HBrS HATBDTok11i3Ledoxi n
~heductase (trxBCCESSTON X53001.

»
M.tuberculosis katG gene for catalase-peroxidase.
20 ACCESSION X68081 S42739.

M.bovis katG gene. ACCESSION X83277.

M.smegmatis katG gene. ACCESSION X98718.

25
M.fortuitum katGI gene. ACCESSION Y07865.
M.fortuitum katGII gene. ACCESSION Y07866.
30 Mycobacterium smegmatis thioredoxin reductase (trxB)
and thioredoxin (trxA) genes, ACCESSION AF023161.
- Streptomyces coelicolor sigT, trxB and trxA genes,
' X ACCESSION AJ007313.
35
Clostridium litorale thioredoxin reductase (trxB), and
thioredoxin (trxa) genes, ACCESSION U24268.
Mycoplasma pneumoniae thioredoxin reductase K04 _orf31s
40 (trxB) gene, ACCESSION US1988.

The sodA gene encodes superoxide dismutase and is
strongly induced when cells are exposed to chemicals
that produce superoxide radicals in the cell, such as
4S. paraquat, plumbagin, menadione, streptonigrin,
wethylene blue and phenazine methyl sulfate. SodA gene
induction depends upon an increase in steady state
superoxide concentration, not necessarily upon cellular
damage caused by superoxides.
S0
The s0i28 gene encodes a pyruvate:flavoloxin
oxidoreductase. This gene is induced by superoxide-
pProducing reagents only. Specifically, the soi2s gene



and thioredoxin (trxA) genes, ACCESSI ON AF023161. Streptomyces coelicol or
sigT, trxB and trxA genes, ACCESSI ON AJ007313. 35 Clostridiun1litorale

t hi oredoxin reductase (trxB), and thioredoxin (trxA) genesﬁlgggg

U24268. Mycopl asma pneunoni ae t hi oredoxi n reductase K04 _orf315 ™40 (tpr)
gene, ACCH385MB2 U51988. The sodA gene encodes superoxi dedisgmbasg and is ~
strongly induced when cells are expwsed to chem cals that produce

super oxi de rgglggéé é& wﬁgnCEY% % yff aéhfél £ @Qfﬁin%pégﬁﬁa?n§u|fate

menadi one, e

SodA gene in% %IOH e%dseﬁﬁ 1#%?%%@% $ﬁ gféﬁay state superoxide
concentratiog nog necessarll on ceII ar danage caused by superoxi des.
50 The soi 28" g&na"Bngod éh& HOXFR PekPULFEdAREase. This gene
i s induced bYTIAPLFORY EOP%F ?ﬁg Ry eFeeasnrys apdcEhpesl fyroedhe soi 28
gene or 5 Aubjsh QBB%X19EFB?WO%@OBﬁoﬁﬁﬂ?%m%Q¢O§ﬁ BY1acifds.i nduced when t o,
smal |, thiol-containing proteins, flavodoxin and ferredoxin, becone

oxi di zed. The&oahp géﬂes@slﬁnﬁﬁé@@n@yt%yﬂmmgéﬂxpécaxﬁﬂe &ndOGaoeganlc

hydr oper oxi dad . . 6&9B88kkeogenous and those formed upon peroxidation of
proleins and fatty acids. soil7 and soi 19 respond to superoxides (T. Kogona
et al., (1986f gncodészgluessedeshydrsgsease hyddogsnanguaad bg i nduced by
super oxi de- psagegbrede oppedndsngndompdiinds Oxhdeni CEieeskeas et al . (1990)).
15 m cF encogdegeanbbsgnee RNA(i99s)phuts off translation of the porin
gene, onpF and is induced by superOX|des [C?eenberg et al . (1990)]. The nfo

gengcencodes r S y redox
act?ge agentmﬁc Esgéépaﬁﬂi¥§§zéP ng I P08y tﬁﬁrﬁ hﬁg §§§R§ . if the
- Nucl eoti de S§ 9 EE ggf e geners kRdwh

e usea 90 pf

se chain
“feaction nay u5|ons with the pronDter Speci fical |-

prinmers are esi zed whic are conplenentar to the 5 and 3' ends Qf
3BFop de

the ROS- ind p?ﬁﬂﬁt%?cﬁ ?l% DRA F%%abﬁnﬁxzyﬁ?b?Pﬁliés t hose primers

to 88naturedSPF8F§P°E%$YuhB hced E@@%%eaﬁﬁhﬂﬁt?Bﬂ&tﬁndSB@hféﬁns PCR In
thi s manner, paraquat and menadlone (Farr et al. (1991)]

If the nucleotide sequence of the ROS-inducible
gene is known, polymerase chain reaction may be used to
25 produce fusions with the promoter. Specifically, primers
are synthesized which are complementary to the S*' and 3
ends of the ROS- inducible promoter portion of the gene,
hybridizes those primers to denatured, total DNA under
appropriate conditions and performs PCR. In this manner,
30 clonable quantities of any sequenced prowmoter may be
obtained. Once the promoter DNA has been obtained, it is
ligated to a DNA encoding the reporter gene in an
B appropriate vector, such as pRS41S for E. coli, which
: contains a multiple cloning site just upstream from the lacz .
35 gene. Numerous vectors for expressing reporter genes are éw)
known in the art or are commercially available. The wethods
‘are well-known in the art.

A reporter gene as used in the present invention

40 essentially encodes any gene product that can be expressed
in the cell of interest and is assayable and detectable.
The reporter gene must be sufficiently characterized such
that it can be operably linked to the promoter. Reporter
genes used in the art include the LacZ gene from E. coli

4S5 (Shapiro S. K., Chou J., et al., Gene Nov.; 25: 71-82
(1983)), the CAT gene frowm bacteria (Thiel G., Petersohn D.,
and Schoch S., Gene Feb. 12; 168: 173-176 (1996)), the
luciferase gene from firefly (Gould S. J., and Subramani S.,
1988), the GFP gene from jellyfish (Chalfie M. and Prashner

S0 D. C., U.S. Pat. No. 5,491,084), galactose kinase (encoded
by the galK gene), and beta-glucosidase (encdded by the gqus
gene) . These have been primarily used to monitor expression
of genes in the cytoplasm. To monitor expression at the



30 clonable quantities of any sequenced pronoter nmay be obtained. Once the
pronoter DNA has been obtained, it is ligated to a DNA encodi ng the
reporter gene in an appropriate vector, such as pRS415 for sﬁex%gdgléoosvmi ch
contains a multiple cloning site just upstreamfromthe | acZ 35 gene.

Numrer ousoweed3oss for expressing reporter genes are Kknopgrkfoedidegigdrt or are
commercially avail able. The rret hodss are vveI | -known in the art. A reporter

or oducte siet%éfagi prei%% Qtlh 3? BE R ol BRSPLLaconyanl 6 and
det ect TR @2&.‘ |e91 éﬁ’t H&r‘aé‘ﬁérfé(cttéﬁl zed such

that it C§H 5% %Flﬁ d to ﬁﬁ Grotler. eRepdrt 8°95¢enes used in the
art |nclude t he LacZ gene fromE. coli 45 (Shapiro S. K, Chou J., et al.,
Gene® Nov. ; 25: 7?%2*@?@83)@@%%?%@@@@#@@@ ercaeinsi el G |
. PetersofthD' GERd agchddie Sellaswafpgle reporte®s are- prefer9ed) fort he
| uci f erege lg‘erﬁl@lflrt@mlfnq émvyneemﬂldss hecaused tBelyr antniasS*yvit4988), the
GFP gerdydsom [Ridiyf iedpredsdion ead benevRlasivedr ih0 1DviGg, clllds,Pat. No.
5, 491, 088 tlgalcadiles edn es erefcovended invpcthéogalksiibgeg@pentand
bet B0 gl awadiyitiase (Weddelyesy, tHoaveyies, @arehotThpeci®ieadaen primarily used
t 0 nonirefuive 48sitte mitigeResf thichpreseap! a&%n’t'(ioﬁomﬂzoiseéﬂ%%ss' on at
the 5 Angistusiiall OA0P I8P IREHrBIRHER0 L& pla 58 b - Sk §g | abel ed
ant | bo%dﬂlﬁfl@d‘%ﬁl‘al@%rﬁﬁultlﬁWlfgfilc%e'ﬁ% keits. OTnyDE0) MY “be used to
quant i f 1 dd¥esd&aue! réyorrtnéi%r t(%rr Ljé rl:ersE'E ats ¢ 13;’8 £ 1995). 5 O
t hege rdﬁ¥€ééif* l{ﬂgl §pgﬂ_ 'd&%o r%) ar aﬁg cell surface
reporters, €g€} gnlln nnn|t gbé%hﬁ €§FF§ ¥cause they
et as ¢yl ortd' es el r reSS| r&ﬁ é’& SRRy PRg3cel | s,
“and the c%‘TI t?é |arﬁ &c e?ﬁﬁ?&&uéﬁ'Flfé‘t&ﬁaF?Hs Vi t al
- ~dyes, & ot speC|f|caIIy requi red by the nethods of the present
invent-lon It |s also very useful to enploy reporters whose
expt®ssi on- can b&FRyddntd mesdperysifdiay famnd 1y of maghreddyi peeiryinghus,
f I uor esEBinrasgaNt é?@t(@m&.ep&qsa §luexescencee ikapetiedrifydinechey or
i ndi r ecg¥geminag ot |Qfortdgharectanm.e §Rdtihalsl peepr deeelepedThis trait
per m t sexfieyis ivalgudlputusc eeeri nppotexr ahidowesertdr migahtNEostigh as a
f | uor escnde gototwsitrehaed IbeesvrdharadEAGSred? @ hGEPhiavea aegkeg of a fanmily
of At uspedtyrai miropens idd UoHsteNlevlel JIfNEFPWaRpeekiyonengoace is
pri mar i byen robtEinad 681 deQisP T adigilkRe FIRACKedd: EoPhnlaanbegh;developed
ext ensi ¥8ly FdBusise A HurgRAd ezrep’a}@e%eveﬁh%emék@%s%‘iws inOtnkhe protein
have be@ﬁt&ﬁ@&ﬁtﬂdw uﬁé@uﬁ@i’%&ﬁr&(ilvely using a flow sorter

instrument such as a FACS.

30
The diagnostic kits and methods of this invention

rely on the induction of specific ROS-inducible prowmoters to

A alter expression of the reporter gene. This change in
_ expression level is measured both qualitatively and
35 quantitatively. 1In order to be useful in those kits and
methods, the particular stress promoter must be operably
linked to the gene which encodes the reporter product.

The term "operable linkage* refers to the

40 positioning of the promoter relative to the gene encoding
the reporter product such that transcription of the gene is
regulated by the promoter. Such positioning is well known
in the art and involves positioning the promoter upstream
(5') of the gene so that transcription is not impeded by

45 extraneous termination signals and where the spacing between
the promoter initiation site and the regulatory sequences of
the promoter are optimal for transcription.

Also within the scope of this invention are
50 constructs wherein the reporter product is in fusion with
the N-terminal portion of the native gene prdduct, i.e. the
gene product of the promoter to which the reporter is fused.
It is important that the portion of native yene product



25 spectral properties. H gh levels of GFP expression. have been obtai ned
in cells ranging fromyeast to hunman cells. It 1is a robust, all-purpose
reporter, whose expression in the cytoplasmcan be neasured guant2desti vely
using a flow sorter instrument such as a FACS. 30 The diagnostic kits and
met hod¥ YA i nvention rely on the induction of speRGHSE2RABSI nduci bl &
promoters to alter expression of fhe reporter gene. This change in

eXpressugéal@aethésré@@]?e@@dd@@éhn&@aéééﬁﬁvaw c§§o @fteﬁ atively. In

order §Q1peds EHlnégl‘t,gOégné( ‘it?'s odiide et hods, e particular stress
pronot er nust ge operab y~ linked to the gene V\:hl ch encodes the reporter
roduct. The terq e fi fers to the 40 positioning of the
Brogmt eégié e (Iglggétene gﬁ%‘gllng 'f‘lram %?tee’fpf) %ﬁu‘é‘f sucﬁ t hat
transcri 'E ¥ ﬁ 2urated o rotet 1 &UEE posi ti oni ng
is welT Err‘l 3 a‘l‘ﬁ f%‘ﬁ '8‘6‘?9%’50 oi?t‘?‘&ﬁ’n]g“{‘h%e‘ﬁ BYotR¢ upstream .
(5') of tf‘ﬁbn Bnd °t?’é‘?\‘§‘é‘?‘?p‘fli‘%nf‘r‘%c%b‘?“‘?‘hé%%‘ar‘b‘ifr@ xt%aneous

t er mi nAP7BH 18 nﬁ?ss\é‘?l'a SREFe the SPRRTYET bbRwkkd URFEARFEMOERRE initiation

site aftRtfe Wéﬁﬁlﬁf%??r%‘éhﬂ el gfraimeupednsheuldriee opefest ivor
trifscinpgenas whigherdegenenskyopenere tROS inveatéblubael 0 constructs
wher ei fuchegenesr inclpdedihose sencoding oravaldse | heupetexidaal portion of
the nadissugase, pabkylthydrepetdeidgsns piddyliatathidge Proamieisd 0 which
the rePortexaipléysellere)anisd;FRaduaiblehprobeepoiki GRedf patiye gene
pr oducpreférAeduehalOfhe MMASTERERBH 32atthTld SE024009 Iife %oék@@%d@ the
repsrter deescsat ihetRéNcébs T4BCthan e tde114 Uldsd 698t aRAti Ve gene

pr oduclect88s600:68281 t PaES i@k S i) %ﬁ&%@ﬁo&@i 5 particul ar

- RIP-reporter construct and thus useful in“the ¥id kits of this }
finvention is onl gyl Lefc ¥eis uSEERH nu§ é\p |, (g p‘_:rl ce the.
functi ppal 15988%8{: %%Bm?é cé?fbi +tg ?%gg es lotﬁ Stinitse

¥ be defect
l{BEpﬁnéengs ot W%E%i ﬁnt(_‘)‘iﬁ(gre *@%‘?’h r‘é‘é 'f‘l‘{ﬁ%r"i‘ %egeﬁegc Ve
I ncl ud

rofokRee 88??@ CLYRE %‘é turp rokl et ion sMTCGe, R%ﬂ”k‘y’rller
hydrop Yo rdase, and gl utathi one reductase. For exanple, where an
H202-1i nduci bl e pronoter is used, it is preferred that. the endogenous
cat al ase genes b&hrnwekbed camd 16ibs ofit thedinventionatéby son that the cel | s
| 088 ofehagbabliecreduetienpiniRYS t bndueiiil € onepdPORr cadogenaimi \to
Eukar ybest whektbeusaf abmpound ei setcapaltsl @ndf ki¢wowving tha@s i nvetis on i ncl ude
cell | regeieesabhashebeflevebrofrargporter expression be
sufficiently high in the absence of an ROS-removing
compound, so that a reduction is detectable. In some
30 embodiments, the method involves elevating the intracellular
level of the ROS. Methods used to elevate the concentration
of various intracellular ROS are known.

In bacteria, intracellular levels of H,0, may be :
35 elevated by using glucose/glucose oxidase (GOX) or reduced ;¥3
glutathione (GSH). as H;0,-generating systems (Saliim et al.
2001) . In Agrobacterium, intracellular levels of H,0, may be
elevated by acid conditions. In mammalian cells and in
yeast, depletion of intracellular glutathione raises
40 intracellular ROS. In at least mammalian cells, glutathione
- may be depleted by application of buthionine sulfoximine.
Insuline stimulation also generates a burst of intracellular
H;0; in insulin-sensitive hepatoma and adipose cells (Mahadev
et al. 2001). In Arabidopsis, application of dexamethasone
45. activates MAP kinases and results in the generation of H,0,
(Ren et al. 2002).

In other embodiments, the method involves using
cells where the cells have been genetically modified so that
50 there is an elevated intracellular level of an ROS. 1In
bacteria, E. coli strains where modulation of expression of
superoxide dismutase results in mcdulation of intracellular
sgperoxide (Gort and Imlay, 1998). In yeast, expression of



20 tissue, as well as those cell lines and cultures available fromthe

Anerican Type Culture Collection (ATCC, Rockville, M.). The nethod and

kits of the invention rely on a 25 detectable reduction in ROBu b RedigdP! e

reporte‘;vo%}&:%?i on to test whether a conpound is capable of renpving RCS.

This requires that the |evel of reporter expression bePCEEGAHWOEt |y high

in the absence of an RGS-renoving onpound, so that a reduction is

det ect abyteochroms e Bk sl reperoxilie Mk sl eV ehetlGeHat HRget he

i ntracehdyllse mddwkdted. t i AGBrdfathads ¢ead o @pakewleiihe QP%EM ration

of var il ipdddcald W aia M AR e i N RACLEN A7 N Cer;%% | evel's
or

of H202.amy he s@% o evatedd by, UC.O LU 94 dasé
redusedy @ L at hsi one (GSH). as H%g%ec%eﬂr&%t ?%&éygggﬁsqésgﬁi |arln' et al.

2001). In Agrobacterium intracellular |evels of H202 may be elevated by

~acid conditions. ' | | din east, depl etion of
i ntraceldql &If&mtﬁgmr%f%%s%?% o?c‘i;m Eel PO ?S%Eelsﬁlaﬂ E@Esf‘
marmal iftﬁfﬁlf -191":{’;6‘ rs}%qone ymasy e “depPet eyt rsteehtalano e sut hi oni ne
© sul fexi m ne. # e St HITPASGH R SOVGERNCEA whighpgxpressesnar acel | ul ar
oo | PRI 1A 02T FRURVAE L oHRCTRRRGRN P coided X Nemelahicht al
2001) . FHHE dbISROTEE 19 oled comkamdt REs eReH4G; - iavtucidles MAP
ki nasePEMPYSuIFuch R Hhqydhetameasinafiens] s62aiRAG6t Rcodd662pn | n ot her
enbodi it Sntrareailagd HaAy ohape beisimdpcarkl | fomieacetlee e ldxpdadwg been
genet i celte ek fiedaw pHhaeditnt.heMhe dexelebévabpdrtels peetbihar | evel of
an FOS.ag nindmaterd Qyy Ehe dlavedt ofi Eludieseentduliat the ebpg¥pepssion of
‘super OXGER, diamd dse rehiddd in thed WedllisOBxBebBihgCahl HL@y- sSuper oxi de
~.(Cort arsmdwimy, cdi@fifind | reompRatied 6PEBSEBALEH1eca1 MUIYR! w§99»3. WO
- 02/ 063037 Régmipsatd GO HbseqtCyt ochr one per oxi dase, superoxi de di snutase or
‘the GSH1 gene nmy be nodulated. In fibroblasts, cells that stably express

S B S T e

‘ céode -
mbodi nggi ; foPIPre 1 BpPPFEYLER H202
\i/oulodI m@%&%di %ﬁ%tﬁl og\)ﬁ?n%g hll%gg.ggﬁﬁgengé&i BﬁecBﬁg‘g?‘*ﬁ%@ V\ﬁi ch

expressgs potentia A r 950 APPSHLLEH. apndgscriked| |ine
whi coné%'l ns & reporter s sufeatadairgofibferantppacliaieci bl e
pr ofidt FS e FUD 137 thoss, i dfs asCPPnlibBaryy odycihoa of

i nt r acet IRESFY S dUH@iceacitdsr haxanbeen' wytagpnized, ahe cells to
IOMkai?ﬁﬁﬁlﬁﬁ trrang i tdye p@@dﬁpeerngennpleic acids encode
proteins which are potentially able to remove the ROS. Any
reduction in the ROS-inducible expression of the reporter
30 gene is measured, as described above, when the nucleic acids
are expressed. The cells with reduced ROS-inducible
expression of the reporter gene are then selected and the
nucleic acid used to transform the cell is isolated. This

'fu nucleic acid would likely encode an ROS-removing protein.
35

The term “library* refers to a collection of
nucleic acid fragments that may individually range in size
from about a few base pairs to about a million base pairs.
These fragments are contained as inserts in vectors capable

40 of propagating in certain host cells such as bacterial,
fungal, plant, insect, or mammalian cells.

The term “plurality of nucleic acids®" refers to a

set of nucleic acid molecules from any source. For example,

45. a plurality of nucleic acids may comprise total genomic DNA,
genomic DNA from one or more chromosomes, cDNA that has been
reverse-transcribed from total cellular RNA or from
messenger RNA (mRNA), total cellular RNA, mRNA, or a set of
nucleic acid molecules synthesized in vitro either

50 individually, or using combinatorial methods. Plurality of
nucleic acids is understood to include, e.g. ‘an expression
library.



15 as indicated by the | evel of fluorescence if the reporter is G-P, would
be reduced in the cells expressing an H202- renovi ng conpound, conpared to
the control cells in which the conpound is absent. 20 An aspggyspbodshe
inventigvrbéﬂ é3 s to a nmethod for selecting a nucleic acid which encodes a
prot ei n poten Iy able to renove an ROS. In this net hRu/sceldesisar e
Jprovided which contain the Rl P-rep8ter gene construct as described
above. Expressi onThectelkmsCOBtagAt M0akk f § S{ 015 [ i ds, such as
those fauhll 56roeeDNAFLibEES Mhz?)in@:&léityﬁ)fgé%& ;fg?ﬁge%ﬁ‘ﬁéi% aci ds
have beg¢srmstngening8ds 8k€1iyREdehPsd| Ff§¥ﬂ9 %qu)}%. FRESRCAuc! ei ¢
aci ds epeQds: PEroLARLNSMsC géehpgrt‘e tL_éarlls.tajale. o ¥ MAVELEREAROS.  Any
redust i eRei Bul RepBOR1 LAGYS ?eﬁgﬁ)s essrlug[}%)({) .l)_ftgﬁémr%zjeb‘?‘?e?e%@t’g\é%ems
measur egde ASLAdEEEL! ag ve, When t g hutY ef U G driglxdresbed. The
cells w B i AARET B LN xR G 1 draverd e pbntensi h
&Psgfgﬁcﬁ 1RO LN c#ge e S ; portersene are then
selectg% and the —nuctéFc 8c UREHE (RPRGLHHBr-m the cel | is isolated. This
nucl ei ¢ acid would likely encode an ROS-renoving protein. 35 The term
“1ippary- ief ers, 1 peatesn eE]r?YbnS%‘fte{h'Uclr%ﬁQ:r&adiqj & megrteimies theed may .
i ndiVi d%g?’ gz?ﬁn t9ht, emigsien oimtanaity firom bedd pair otlgembout a mllion
base paPPiSCtinRdd Feparetes thesewrlimart abjentar tacddrdian M capabl e
40 of pPRFAPAEERG Fuckensal ighosemigetion simtferasityact erial, fungal, plant,
i nsect, or manmalian cells. The term"plurality of nucleic acids" refers to
a set of nucl ei cIawdenuhbcdli-:&auf,rCﬁﬁeaﬁc}ét&w&%.ingorc;@(a&gﬂae, 45, a
pl utSl | T9poEtemcprdte i) ﬁormwdﬁmdﬁx@m&%?@l‘%}% s GGNQM ¢ DNA
_from ontoblowsr e The msomucmr;xk&\{odas_dg@e@xpr \ée%risoe-r% r ans &9 bed from
dotal cebhatAicRNAs 01néf6ﬂiﬁcé@%ﬂ!lﬂ@h£’j§\cfé€ﬁ o1 %%ﬁgf 55'\“\1 TRNA,
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i nt si‘fzf‘t S HRrerRIeRs &R @t Heviedisk spopdibat tonthe cells
before introduction of the library inserts.; and, cells that
express reduced levels of GFP. The inserts encoding ROS-
removers from such “dim" cells are isolated and either used
to determine their DNA sequences, or reintroduced into the

30 GFP?containing host cells for another cycle of selection and
enrichment.

o o ) Qne can envision a ﬁlow sorter profile diagram of
- Che se.ectlon procedure described above. The fluorescence 2
35 intensity of a population of host cells containing the E;)

l?brary inserts prior to selection would have a normal
distribution. This presorted population is used to select
cells on the left tail of the distribution. The dim cells
on the left of the distribution are selected and inserts

40 from these cells are reintroduced into the original host
cells. The fluorescence intensity distribution that ensues
from cells transformed with such a sub-library of sequences

‘rzould t‘>ecome skewed to the left (i.e., the mean fluorescence
intensity decreases). '
45.

The present invention may use a flow sorter such
as a FACS or equivalent device to screen through large
numbers of host cells containing expression library inserts
encoding potential ROS-removing proteins, to identify those

50 that can remove ROS; namely, cells that have reduced ievels
of reporter molecule expression. Host cells ‘which have an
elevated level of ROS and which have the reporter (e.g
GFP) present under control of the ROS-inducible promo;eé'



The term "flow sorter” refers to a machine that 10 analyzes |ight em ssion
intensity fromcells or other objects and separates these cells or objects
according to parameters such as |light em ssion intensity. IsnaQARt 2005
enbodi ”ﬁfﬁtozmw)‘?z met hod using GFP as a 15 reporter protein, to select for
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di stri ep¥irhed £orltduised that icaneet vedlctiorepbes8rcekhbsealfohci Nt r oduced
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or equival ent device to screen fhrough large nunbers of host cells

cont ai ni ng expr ess |J M s r ncodi n ot enti al ROS-renpving

pr ot ei -,ﬁ@f&géﬁﬁﬁfj’u%%gg g;%%}%‘éﬂﬁgge iggﬁgﬁ?’ngnﬁf‘??g%’éﬂélthat have
reducedy Ielfsut.o reporer mole eegxgt‘és_ YRrefpeRCe el NEeRFI €Y have an
el eyat ed T eve olfmh@ﬁ&?ﬁ WS Ray ECPRECFEREPRER IR ENG. hosgrpyl b esent
undat  cHats o‘]‘p“kﬁe‘{qﬁm &8 Pegtic FeLLspharBrELngsth emriohed RUS 02/ 063032

PCT/ smﬁ%‘bgftﬂ FaRGlibrRzye 1nsesksr | Puefesphlyi gbhe ewpdcedureport er
should be repeated until a minimal overlap is observed

between these two fluorescence intensity distributions.
Ultimately, the process of FACS sorting and cycling should

30 result in a population of nucleic acids encoding ROS-
removers that inhibit expression of the reporter. These can
be isolated and studied individually by molecular cloning
and DNA sequence analysis.

e

35 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 to be construed as
limiting this invention in any manner.
40

EXAMPLE 1: Materials, Techniques and Assay Conditions

Strains, plasmids, and growth conditions: The strains and

45. plasmids used in this study are listed and described in Table
1. Agrobacterium tumefaciens strains were grown in MG/L, IB or
AB medium (Cangelosi et al., 1991) at 28°C, supplemented with
100 pg/ml kanamycin, S pg/ml tetracycline, or 100 g /ml
carbenicillin as required. Escherichia coli strains were grown

50 on Luria-Bertani (LB) medium (Sambrook et al., 1989) at 37 °C,
supplemented with $0 pg/ml kanamycin, 10 pg/ml tetracycline, or
50 pg/ml ampicillin as required. Mini-Tns transposon



expression. Wien the expression library inserts are expressed in these
cells, the large majority of cells that are analyzed by FACS are expected
to have retained this high 5 level. However, a small nunber yRy.eXBHE &
reduced expression, detected on the FACS as cells that fall on the di mrer
si de of WMOhe/063032 f | uorescence distribution. These dim aalscRANIRE g
collected and grown in isolation of2d¢ he others. Such a procedure results
in enri@ligBgenés DA bHEAST Bluhé AGc16nH PR Ok £F &&é'éaEP.{e € b at
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ei
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Condi ti pagfest 5@,5951“%?3@6@ mﬁ (gg Efal ns and 45,
Ao obaciarl g {ﬂet@éﬁé uee a*‘-&l“ﬁre rom 3 4 8 et ur
(Can?gel ?gflgglﬁhs d % %?&b %cg rﬁeecf‘vﬁ?rf‘fc to’cf"b”‘g/m Th&nanycin, 5
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at 37 C;:hesapprecmemndbuffén:,SOaxgﬂ 20 henasly ciach dilged dadraayaldsne, or
50 gg/ meleaprophdiesad orquisethatdve -goly d¢ /IS fels. The

resolving gel buffer was prepared at pH 8.1 instead of pH
30 8.9. Electrophoresis was performed at 150 V for 3 hours.

Catalase isozymes were visualised by an activity staining

procedure according to Clare et al. (1984).

Protein analysis: SDS/PAGE was conducted in 10% or 15% ,)
35 polyacrylamide gels to analyze the KatA or GFP expression,

respectively. = The proteins were transferred onto Immobilon-

P membranes (Millipore). The KatA or GFP proteins were

visualized with the enhanced chemiluminescence (ECL) western

blot detection system according to the recommendations of
40 the manufacturer (Amersham).

Table 1. Bacterial strains and plasmids used in this study

Strain/plasmid Relevant characteristics* Source/
Reference
Strains
Agrobacterium

tumefaciens



5 August 2005 WD 02/ 063032 PCT/ SG02/ 00018 20 nutagenesis of A. tumefaciens
strain A348 was carried out by pAX08 as described (Suarez et al., 1997).
Sout hern anal ysis: Total DNA was extracted as described 5 %ﬁﬂé&%‘?d}%

. (Charles and Nester, 1993) fromthe A tunmefaciens nmutant AGS.

Appr oxi W@ ®f0§30824 of total DNA was digested with O al orrOWsgo2aemst hen

el ectrophoresed on a 0.9a agarose ¥el. The DNA fragnents were then
transferred onto .nylon nenbrane Zeta-Probe GI (Bio-Rad) using a transfer
10 appar at w348 Posi Bl Wild(tfjicl Al RGEMLINC)BRohagpéyd PAGI08 Washodi@he! | ed as

t he probe by randomprimng with the enhanced chem | um neggense kit

(Arer shan) AGBhe | abeDkiivagye oftylagiithvisiall kd@ waddlscapied sy thelet ection were

conduct ed accordi ng GFpP-tigged s IhBeedngpRon at Bs 6@t al ase | sozyEBwagsay: A

t umef aci ens strai ns A34Breat@om thAGGIt(cPadQR 3 kat A AR" (GER6) , AG (pXQR7) ,

- AGB (pXQ 1) , and AGH pXQ@22) were grown overnight at 28 Cin MJL liquid
medi um t o AGHIDD600. AGGeomtaihing pXOI Rinkspravdinte theby 20 centrifugati on at 4000
rpmfor 10 min at 4 Ehromdbsome €dntainfiepd sirighe sftheahegpand rmagyeagnded in 5
-m extraction buffekatsmmg@gusﬁbnﬁzwmsphate and 0_.4 nM EDTA (pH
7.8.). The cells were sonicated for 30 sec for 6 tines on ice with a 2-mn
cool i ng onGGEe bet weBeriwtin afalS8dn&hich dopB vahs dizaipteddglitiel s was renoved by
centrifugation at 1108Ptqeged mini-TAS tratisposai; K, Ghiife cel | - f I dRisSMARr nat ant was
diluted 2x with the extraction buffer, and 20 | of each diluted extract
was -el ecEsabphidweesed on 7.5% native pol yacryl am de gels. The resolving gel
buf fer waeliprepared at pH 8.1 instead of pH 30 8.9. El ectrophoresis was
performed &H5350 V f oupE3AIcUB8ZAM BhhlRIEAN dnd0 gyrAki réfdr € ViBadkdased by an
Jsactivity staining procedure according to Clare et al. (19%G4archPr ot ein
~anal ysis: SDS/ PAGE was. conducted in 10% or 15% 35 pol yad.abyh@Htsle gels to
“-anal yze the Kat A or GFP expression, respectively. The proteins were )
transferreMta9fo | mmBoi-820ehi-1 BxdReTourtlae endA¥irkddspor e) . The Hahfer@r, GFP
proteins were visualized with the enhanced chem | um nescenpg6( ECL) western
bl ot detection system according to the recommendati ons of 40 the

manuf act MlasmidsAner shan). Table 1. Bacterial strains and plasnids used in
this study Strain/plasm d Rel evant characteristics* Source/ Reference

Strains AgTéb¥ct er i Ghoningivedtors CalBt o5V Alagaisp® 2005 Us
_ . Biochemical
pSW172 Broad-host-range IncP plasmid containing Py, and Chen and
downstream polylinker sequence, Tc® Winans, 1991
pXQ6 pBluescript I KS(-) containing a 6-kb Clal DNA -

fragment containing the sequences downstream of This study
the mini-TnS insertion at the kat4 gene.

J pXQ7 pTZI9R contiinihg a 5-kb Nrul DNA fragment
o ' containing the sequences upstream of the mini-Tn5  This study
~ insertion at the katA gene.

pXQ9 pSW172 canrying a 2.8 kb Xbal-Nkel fragment
containing the wild type katd, Tc® This study
pXQll pSW172 carrying a 2.3 kb Xbal-Nhel fragment

containing a KatA with a 86 amino acid deletion at the This study
C-terminus, Tc®

pXQI3 PTZI9R carrying a 2.8 kb EcoRI fragment from pXQ9 '

containing the wild type kat4, Amp® This study
pXQt5 pPRSETA carrying a 2.17 kb Xhol-Kpal fragment

containing the full length KatA ORF fused in-frame This study

with (His)s, Amp®



WD 02/ 063032 PCT/ SE2/ 00018 21 A348 WId type, Al 36(pTi AGNC)

(oct opi ne-type) Laboratory collection AGS Derivative of A348 in which kaMA
was di srupted by the G-P-tagged mi ni-TnS transposon at 995 bpa[hise2edudy
downstream fromthe start condon of katA, KnR GrR AG13 AGS contai ning
pPXQL3 i WON3/0630821 i nto the chronosone (containing a singlrewsgyynafist he w | d”
type This study katA and kat A-gf p ?asion); KrrR Gn, Cbs CA | Derivative

of C58 in i’zh aopB d&a 84 e ged mni -TO bransposon;
Knk, G1R | st udy wuﬁ?- ﬁ} @ld %jnat O%ﬁl\/lstu hsdR recA
endA gyrAthi relA 2 searc abora orires 607 thi-1 hsdR
17 supE44 endAl recA F| nan et al. 1986 Pl asm ds pTZ19R C oni ng vector,

Col E1 ori Arrps e pﬁ{\/éh]@ ggﬁ st-range I ncP plasmd
cont ai ni nng ‘P"@gg pqlqi;nﬁs(t)r eam po‘foFéF e@gsequeqﬂgstu] R W nans,
1991 pXQ6 pBl uescrl pt KS containing a 6- kb Gal DNA fr

cont ai ni Ng,kdyey sequepleggRqu {2218 Rlorl m n| TO | nsert ion at’

the kat A gene. pXQ7 Rla R 9s A)h’p
contai ning the sequencei"%{?pstream of tﬁcgﬁm ni'- TﬁyS nsertlon a?}the kat A

gene. PXQOpRGHY 172 C&fiwk%ﬂrﬁn&ﬁs kb £2928 lea PG ok t Thi s study

contalnlngthe Wl d B Add@ ¥y rying a 2.3
kb Xbal - Nnel fragmenégg “@2,\%9 atmth a 86 am no am% tga’fetion at

the This study C—term nus pXQ 13 pTZ 19R carrying -a 2.8 kb EcoRl

fragment fpoméeXQ cgwmr;gggd cép@mh@lattdagcm& g HORR This study pXQ 15

pRSETA carryl ng a 2 rcontaining t Qe * | ength
Kat A ORF fused in-frane ThIS st udy W|th (H'S)6i AnpR r 5 August 2005 WO
02/ 063032 FRQELT! Seogg\ppﬁjl@agxmgpggygy@dg@gnwmm,gw; 4 kb Xbal - Nhel
fragment with Arg.94 rcplacodbyGln and His 98 replaced by This study . ()
Asp, Amp®, Tc*

pXQ28 PTZI9R carrying a 2.8 kb EcoRI fragment from pXQ9
containing the a katd with SerS replaced by a stop This study

codon (TGA), Amp®

pXQ29 pTZI9R carrying a 2.8 kb EcoRI fragment from pXQ9
containing the a katA with a G base pair deletion in the This study
second codon of katA ORF, Amp*®

pXQ30 pSW172 ligated with pXQ29 at Clal, containing a katA
with a G base pair deletion in the second codon of kat4 This study
ORF, Amp®, Tc® ‘

pXQ31 pSW172 ligated with pXQ28 at Clal, containing a katA

ey

with Ser5 replaced by a stop codon (TGA), Amp®, Tc® This study

Km, kanamycin; Tc, tetracycline; Amp, ampicillin; Gm, gentamycin.

Measurement of intracellular H;0; concentrations: The

S dintracellular concentrations of H,0, were measured by the
procedures previously described (Gonzalez-Flecha and Demple,
1995; 1997) with modifications.

Briefly, A. tumefaciens strains A348,  AG6 and

10 AG6 (pXQ9) were grown at 28 °C for 24 hr on agar plates of AB
or IB. The cells were harvested, washed and resuspended at
OD¢go = 1.0 in SO mM phosphate-buffer (pH 7.4). H,0,
generated within the cells passed through wmembranes and
equilibrated with the buffer. Complete equilibration of the

1S intracellular and zxtracellulare H;O; levels occurred within
10 min in the assay (Gonzdlez-Flecha and Demple, 1997).
After 20 wmin of equilibration, the cell suspensions were

centrifuged for 1 min at 6,000 rpm at 4°C.



containing a KatAwith a 50 amno acid deletion at the Ctermnus, TcR
pX@R3 pSWL72 ligated with pXQL3 at Cal, containing the wld type katA,
AMPR pXQR4 pTZI9R carrying a 2.8 kb EcoRl fragnment from pXQos Aggﬁgtgbgg ng a
katAwith H s 98 replaced by Asp, AnpR pXQ@5 pTZ19R carrying a 2. EcoRI
f ragmerVOORBEA0PXQ containing a katA with Arg 94 repl apenséya@ors and Hi s
98 replaced by Asp, Amp" pXQR6 pSW2372 ligated with pXQ@@4 at Cal,
containing a katA with Hs 98 replaced by Asp, AMPR, TcR pX@7 pSW 172
ligated with pX a ! IS Arg 94 | aced by G n
and H e%%u&%a' g@ 2 tcyoggcae"ﬁ,f% %385% ’i} %% E Car 5?% 2.8 kb

X

Thes

EcoRl gonta pI aced by a

sto qt Thi' l%‘f‘ @t}ﬂl hll'l'hl s study This

stu Stadd ?ectluéy ?(%50%@&1@#) kf"Fyl('r\{gé“é{a‘?Y “%b’ EcoR fragnent
%66’1"3? PRG*PR&"E M 1% 4n8 hergepZpdigh) perenifasene This

- from pgg@
st udy dnd”@é‘éé\ﬁlf@f eka@A. OREI7 Np FBpHEBDY pSV0a 7121 | sgpeBthvadth pXQR9 at
Cal, oastaiixedgwdthatbowplhod théageopai it ded@t ju@nahd i he/weaans. codon of

kaMA' Thite sludyom@RE cABBRay TwRs PXERAuESVM 17R & i 98L@&) Wi it at dal,
contoai @indy n@als@tréd\/\/byhLﬁﬁ&ﬁeé@@hé&eﬁpéb!téo:ﬁéeé’rcﬂg%‘a(ﬁ%}kl R TCR Thi s
st udy lﬁméﬁnamenexlscitat%aaﬁx%wﬁgtﬁ%s a‘fmb% %q. *aWC' n.
g’ﬁﬁigggm@tle%bchpwgaégbbuw He 599 %% 3y dheed,LniTacertul ar

descrl 1,1_?1 Ligates c ESaniE%BE b oh g@? U{a€%£ ‘f‘?c‘é‘%/l ons.

Bri Y, 7 umﬁ‘ aC| ens stral %%3% ﬂ@ 5‘H5 P6°R pXQ9) were grown at 28

C for 24 h on a r | ates of AB_ or |IB.. The cells, were harvested, washed
.. and reﬁ% ﬁe‘ﬁ&&i %? V%BwﬂaX 0 The5ﬁawfi‘ﬂ%s$ﬂfa%@%nf%rwlm¢7 4) . H202

‘genera n<eftd sc¥ppsd 65§§'@H“?ﬂr%ghrwalﬁsd%\$@rl@%ﬂu librated with
"-the buf P@;Clveérrﬁpét Haggani i BPA6) ofaxeePt hes g | bhe akmpl ek Redind
ext racfat@lase dzgayl Ki&l dMotegulad Wrobhés IMEG. niWSAN. t herbsEhy,
(Cewzalzez -tnedlaz iend Berplias #89€)growhtet 20 0 'Fdy 0yid i aig on, the
cel | syApeesi.onTheecelleerbrel HELdes0ed] WAEhad £ndO0LesREPAladt o€

ODggo = 1.0 in SO mM phosphate-buffer (pH 7.4). For the

strains with the wild type katA [A348, AG6(pXQ9), and

AG6 (pXQ23)1, 100 pl cell suspension of each sample was

25 incubated with 50 pul 40 puM H,0, at time intervals of 0, 30
sec, 1 min and 2 wmin.

For the strains with the katA mutants [AGs,
AG6 (pXQ11), AG6 (pXQ22), AG6 (pXQ26) and AG6 (pXQ27)1, 100 ul
30 cell suspension of each sample was incubated with 50 pul 5 uM
H,0, at time intervals.of 0, 1, 2, and up to 6 min. The
Sy amount of H;0, left after degradation by the bacterial
j) catalase was then determined by adding 50 yl Amplex Red
- reagent  N-acetyl-3, 7-dihydroxyphenoxazine at 25 pM and 0.4
35 . U/ml horse radish peroxidase provided by the kit. The
fluorometric assay was conducted by the same procedure as
described above for the measurement of intracellular H,0,.
The cell suspensions without the added H,0, were used as the

blank. Solutions of crystalline bovine catalase (Sigma)
40 were used to standardize this assay.

EXAMPLE 2: Cloning, sequencing and characterization of the
katA gene encoding catalase from Agrobacterium

45 The total DNA was extracted from AG6 which
contains a mini-Tn5 insertion at the katA gene. Southern
analysis revealed a 6-kb Clal DNA fragment containing the
sequences downstream of the mini-TnS insertion at the kata
gene and a S5-kb Nrul DNA fragment containing the sequences

50 wupstream of the insertion. Those DNA fragments were
extracted from the agarose gels and were cleaned by using
GENECLEAN II Kit (BIO 101). The Clal DNA fragment was



5 August 2005 WD 02/063032 PClI'/SG02/ 00018 23 H202 concentrations in the
supernatants were then neasured by the Anpl ex Red Hydrogen Peroxi de Assay
Kit (Ml ecular Probes Inc., USA), which contains a highly 5;§§Q§ﬁgoyﬁ.and
specific fluorogenic probe (N-acetyl 3, 7- di hydroxyphenoxazi ne) for H2Q2

and hor ¥® 2244383 per oxi dase (HRP) (Mhanty, et al, 199@cr/$ta@ebérg, 100 | -
supernatant was mxed with 100 pl & the probe at 100 p.Mand 1 U mnm  HRP.
The f1ugf ariﬁcasgéyu&@ £RBdEPL Y| gfghg Jgiafngg €8\ 248q 10n2Nd.

measur e e Bxcitation
wavel engtrﬁil bHH‘5§g§ &‘Qﬁ?he gm&glﬁ%érl\ % 90 'H %h'é assays were
run in four repli fgate SURQe con eg&i |ons mgre then cal cul ated based on
the fR2C2 égandard cgrvef geng?a?e REDUSTY IR €At AF aBEAct i ty

assay: cat GPREe AT Vi ty Fﬂu%‘é’r‘ég ‘B cPEPP 4 “‘Eeﬂ’*@?v\)e@sd%?‘éﬁﬁ‘ﬁed as
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The following is a characterization of kataA
30 encoding catalase from Agrobacterium. A. tumefaciens A348
was mutagenized with a mini-Tn$S transposon containing a
N promoter-less gene encoding a green fluorescent protein
£ (GFP) variant, which produces bright green fluorescence
under UV light. The wmini-Tn5 transposon was carried on a f“)
35 plasmid pAG408 (Suarez et al., 1997). One of the mutants E
AG6 contained the transposon insertion at a gene that was
differentially induced by pH on a minimal medium.

The leaves of Kalanchoe plants were inoculated
40 with this mutant strain AG6 and compared with the parent
strain A348. AG6 was highly attenuated in the ability to
cause tumors on plants as compared with A348. In order to
isolate the mini-Tn5 containing DNA fragments, Southern
~ analysis was conducted to estimate their sizes. A 6-kb Clal
45 DNA fragment containing the sequences downstream of the
transposon insertion site and a S-kb NruI DNA fragment
containing the sequences upstream of the insertion site were
cloned into the vectors, resulting in plasmids pXQ6 and
pXQ7, respectively. Sequence analysis of pXQ6 and pXQ7 .
50 revealed that the transposon was inserted at & gene that is
homologous to bacterial genes encoding catalases. This gene
is designated as katA.
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conducted to esti nmet anvieeitigateeshefhérkbhébal tvd Ebhbalaagneetiebuyai ni ng
the sequapers AAWishiteAN:ebm! RBe same katA gene, different amounts

of the bacterial cell extracts were loaded on the

polyacrylamide gels for the catalase activity staining. It

30 was found that the catalase activity band III disappeared

even in A348 when less amount of the cell extract was loaded

(Fig. 2B). This suggests that the catalase activity bands
SR IT and III originated from the same katA gene product. The
'jf catalase activity band III appeared only when a sufficient
' 35 amount of cell extract was loaded, suggesting that the band

III was an aggregated form of catalase activity band II.

It was important to determine whether this katA

gene encoded a protein that possessed both catalase and

40 peroxidase activities like some of the catalase genes
(Loewen, 1997). When the peroxidase activities with the
same cell extracts were stained (Gregory and Fridovich,
1974) , no peroxidase activity was found to be associated
with the catalase activity bands. Taken together, these

45 suqgest that the katA gene encodes a catalase isozyme in the
A. tumefaciens cells.

EXAMPLE 3: Determination of katA-gfp expression based on GFP

50 To study the katA gene expression in different growth
conditions, A. tumefaciens strains A348 and AXG6 were grown at
28°C for 24 hr on agar plates of MG/L, AB, IB (Cangelosi et
val., 1991), and fresh Kalanchoe leaf tissue and stem tissue
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EXAMPLE 4: Mutagenesis

The C-terminus of KatA was deleted by PCR to generate
30 pXQll and pXQ22. Site-directed mutagenesis of katA was
" performed by overlap extension PCR (Ho et al, 1989). Four
Y oligonucleotides were designed to mutate a single one amino
' acid of the KatA protein. Two residues Arg 94 and His 98 in _
the putative catalase motif are highly conserved. His 98 was 'i)
35 changed to Asp; alternatively, Arg 94 was changed to Gln and’
His 98 was changed to Asp. A 450 bp NsiI -AatlI PCR fragment
containing a single mutation at His 98 or double mutations at
both His 98 and Arg 94 was used to replace the corresponding
Nsil -Aatll fragment of pXQ1l3 containing the wild-type kata, in
40 order to generate pXQ24 or pXQ25, respectively. The presence
of the expected point mutations in Nsil-AatII fragment was
confirmed by DNA sequencing using the ABI PRISM 377 DNA
Sequencer. Similarly, A 670 bp MfeI-AatII PCR Fragment
containing an introduced stop codon at Ser S or a frameshift
45 deletion at the second codon of the katA ORF was used to
replace the corresponding Mfel-AatIl fragment of pXQ13
containing the wild-type katA, to generate pX028 and pXQ29,
respectively.

50 EXAMPLE S: . Purification of His-KatA fusion protein and
generation of antibody to KatA
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expre581on levels.

30
The intracellular concentrations of H,0, were
measured according to the technique described above in
;f Example 1 (“*Measurement of intracellular H,0,
3 concentrations*) .
: 35 .

The catalase activity in whole bacterial cells was
determined as described above in Example 1 (“Catalase
activity assay”).

40 EXAMPLE 7: Intercellular repression of katA-gfp expression

To determine whether catalase activity of one
bacterial cell could affect the katA-gfp gene expression of
~ another cell, AG6 was co-cultured with other bacteria which
45 contained catalase activity. The bacterial cells grown
overnight were suspended in IB liquid and adjusted to ODgoe =
1.0. The AG6 cell suspension was mixed with another
bacterial suspension at 1:1 ratio. An aliquot of 12 pl
bacterial suspension of a single strain or a mixture of two
50 strains was spotted onto IB plates. The plates were
incubated overnight at 28°C.
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5.5), as well as on fresh Kalanchoe leaf tissue and stem

tissue sections. As shown in Fig. 3, the fluorescence level

of the bacteria grown on IB was about 10-20 fold higher than
30 that on neutral pH media including AB and MG/L. The

fluorescence levels on Kalanchoe leaf tissue and stem tissue

sections were about 5-10 fold higher than those in the

neutral pH media. This indicates that katA might be induced

by acidic pH, as the plant tissues also have acidic pH and )
35 winimal nutrition (Li et al., 1999) ¥

) Previous experiments have demonstrated that IB
medium is representative of the growth conditions the
bacteria encounter inside plant tissues during the infection

40 process (Li et al., 1999). To confirm that acidic pH can
induce the kata expre851on, the fluorescence level on IB (pH
5.5) was compared with that on the wmedium having the same IB
ingredients but with the pH adjusted to pH 7.0 (IB pPH 7.0)".
As shown in Fig. 3, the fluorescence level on IB (pH 7.0)

45 was reduced to a level that was similar to other neutral
media, including AB and MG/L. This demonstrates that acidic
pPH can induce the katA expression.

EXAMPLE 9: Repression of katA-gfp expression by kata

50 As shown earlier, the plaswmid pXQ9 Mhich carried a
full-length katA gene could fully complement “the kata
mutation. When the fluorescence level in the complemented
strain AG6{(pXQ9) was analyzed, it was surprisingly found
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EXAMPLE 10: Requirements of the katA-gfp repression

It was of interest to determine if the repression
30 by katA occurred at the mRNA level or protein level. Site-
directed mutagenesis was conducted to generate mutants that
produced no or truncated KatA protein. The C at the
0 nucleotide position 14 within the katA open reading frame
,-r’ (ORF) was changed to G. This created a stop codon at Ser S

35 [designated as AkatA(*S)]; the resulting plasmid was named
(pXQ31) (Fig. 5; Table 1). A frameshift deletion at kata
was then created by deleting the G of the second codon in
the katA ORF [designated as AkatA(-2)]; the resulting plasmid
was named pXQ30 (Fig. S).

40

As shown in Fig. 6, the pXQ31 construct did not
generate any KatA protein. pX030 generated a trace amount
of KatA-like protein, presumably produced from an

. alternative translation site downstream from the start codon

45 or due to infrequent frame shifting of the ribosome, which
could restore the translation of the protein. These two
constructs did not repriess the katA-gfp expression as
determined by both the GFP fluorescence and western analysis
using the antibody to GFP (Fig. 7). This suggests that

50 prodauction of the KatA protein is required for the
repression,
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AGo(pXQl1) KatAA86 193.6 +25.2°
AG6(pXQ27) KatA(94R/Q)(98H/D) 184.0 + 25.1°
AG6(pXQ22) KatAAS0Q 182.7 +21.5°
AG6 KatA~ - 175.2 £20.2°
* Agrobacterium tumefactens cells were grown on IB plates and then harvested. The
20 catalase activities in whole bacterial cells were measured as described in the
Materials and Methods.

® The catalase activity of AG6(pXQ26) was significantly different from that of AG6
(P <0.05) based on Student’s t-test.
© The catalase activity of AG6(pXQ11), AG6/(pXQ27) or AG6/(pXQ22) was not
25 significantly different from that of AG6 based on Student’s t-test.

Since the truncated KatA proteins did not possess
any catalase activity detected by an isozywme staining
procedure (Fig. 8), it was important to know whiether a

30 functional catalase activity was required for this feedback
repression. The amino acid sequence of A. tumefaciens
catalase KatA was analyzed by a motif search program
(http://www.motif .genome.ad.jp). It revealed that a motif
of 12 amino acids (VGMMARVTWHAA) located from amino acid 89

35 to 100 from the start codon was qualified for a peroxidases
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point mutant proteins accumulated in the cells. As shown in

Fig. 7, these two point mutant proteins could slightly

repress the katA-gfp expression. The GFP expression was

virtually undetectable in AG6 (pXQ23) (lane 4), but it was
30 reduced in AG6(pXQ26) and AG6 (pXQ27) (lanes S and 6), as

compared with the strains expressing no or truncated protein

KatA (lanes 7, 8, 9 and 10).

It was important to determine if the mutant KathA
3S prpteins possessed any trace amount of catalase activity.
The genes encoding those mutant proteins were introduced
into AG6 that lacks katA. Then the catalase activity in
‘whole bacterial cells was measured, because this could

presumably avoid any inactivation of catalase activity due
40 to the cell break-up process.

As shown in Table 2, the catalase activity in the
bacteria containing the mutant protein, KatAAs86,
- KatA(94R/Q) (98H/D) or KatAAS0 was slightly higher than that
45 in AG6, but not at a statistically significant level. This
suggests that these mutant KatA proteins did not possess any
significant catalase activity. The activities in whole
cells for those bacteria were apparently due to the catalase
other than KatA, since AG6 (which lacks kata) possessed
50 catalase activity (Fig. 8 and Table 2). The‘catalase
activity in AG6 (pX026) was statistically higher than that of
AG6, suggesting that KatA(98H/D) possessed a low level of
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gfp expression at a level slightly higher than
KathA (94R/Q) (98H/D) (Fig. 7), presumably due to its low
catalase activity while KatA(94R/Q) (98H/D) did not possess
any significant catalase activity (Table 2) because both two
30 important residues at the putative active site have been
altered (Fig. 5).
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EXAMPLE 11: katA can be induced by hydrogen peroxide

B2

35 It was then important to determine how the
catalase activity repressed the katA-gfp expression. One
possibility is that catalase may reduce the intracellular
H;0; levels to repress the katA-gfp expression. To determine

. whether the expression of katA can be induced by H,0,, like

40 some of other bacterial catalases (Loewen, 1997), AG6 was

treated with low concentrations of H;O0, (30-120 pM) in liquid

MG/L wedium and the katA-gfp expression levels were then
detexrmined. -

45 As shown in Fig. 9, the katA- gfp expression levels
increased significantly in the presence of H;0,, suggesting
that the katA expression could be induced by H,0,. This
indicates that the reason that the catalase activity could
repress the katA-gfp expression is that catalase could

50 deplete the katA inducer level. This implieg that the
endogenous H;0, acts as the intracellular inducer for the
katA expression inside A. tumefaciens cells and that
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a concentrations were virtually constant for the bacteria
having the wild type katA, no mater whether they were grown

30 on AB or IB plates. These indicate that mutation at katA
enhanced the accumulation of intracellular H20; for the
bacteria grown at acidic pH. The elevated level of
intracellular H,0, caused by acidic pH in the absence of

S 35 functional katA induced the expression of katA-gfp.

Table 3. Intracellular H,0, concentrations of bacteria grown on IB and AB plates®

H20,(1M)
Strain ABGHT0) IB (pH 5.5)
A348 012003 0.13 +0.02
AG6 041£0.08 116 £0.14
AG6(pXQ9) 0.10 +0.02 0.09 +0.01

¢ Agrobacterium tumefaczens cells wete grown on AB or IB plates. The intracellular
40 H>O; concentrations were measured as described in the Materials and Methods,
based on a complete equilibration of the intracellutar and extracellular H;0; levels of
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In the present study, the fully functional

catalase gene katA repressed the katA-gfp expression at the
30 highest level; thus it has the highest capacity to scavenge

intracellular H,0, (Figs. 4, 7 and 10). Two mutant KatA

proteins truncated at the C-terminus exhibited a very low

level of accumulation in the cells and no significant

catalase activity; neither repressed the katA-gfp expression _5@
35 at any significant level (Figs. 7 and 8; Table 2). Thus, iy

they have no significant capacity to scavenge intracellular

H;0;.  Two other mutant KatA proteins, KatA(98H/D) and

KatA (94R/Q) (98H/D), could significantly repress the kata-gfp

expression at a level much lower than the wild-type KathA
40 (Fig. 7).

Incidentally, only these two mutant Kath proteins

accumulated at a very high level in the bacteria (Fig. 6).
This suggests that the sheer amount of the KatA proteins

45 present in the cells might contribute to the repression,
presumably because the mutant KatA proteins could still bind
to H,0; to reduce the availability of intracellular H,0,.
KatA(98H/D) repressed the katA-gfp expression at a level
slightly higher than KatA(94R/Q) (98H/D) (Fig. 7), presumably

50 due to its low catalase activity while KatA(94R/Q) (98H/D)
did not possess any significant catalase acttvity (Table 2).
All of these indicate that this assay technology is
extremely sensitive in determining the intracellular H,0,
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a katA gene enco 2 UGG IR XEREESE 10D PRENORGEOR WRRt 8leRe cel s
| acki nd AEh GG g %Cé%%% & s R-gmeddidiotd) ppdr Epr e9ddd
(Figs. ¥hich gongaingd the c Jff gererat(Hegoyaatnet alacapediat the C
t er ni NUPWER bi 1YW )a And Ppesipgsadeither catadmeagicsiviltyt he wmeasured
25 by the catalase activity assay. The repression of katA-gfp
expression by R. meliloti and E. coli was weaker than that of
A348 (Fig. 10), presumably because they grew slower than AG6 on
IB plate as demonstrated by the viable cell count experiment.
These suggest that H,0, generated in AG6 could pass through the
30 bacterial cell membranes and enter into the surrounding cells
that possessed the catalase activity equivalent to KatA. The
repression of katA-gfp expression could be achieved by
N catalases from other bacterial species. This indicates that
. intracellular H,0, scavengers can be applied, external and
35 adjacent to the cells under oxidative stress, in the form of
live cells or non-living systems that can receive H;0, from the
adjacent cells under oxidative stress.

absence of 10 fuagt.i onal kat A_can induce the expression of katA-gfp. Wen

Interestingly, active catalase added to the medium
40 of AG6 cells did not repress katA-gfp expression. Catalase
purchased from Sigma was added into IB plates at a final
concentration of 1 or S microgram per ml. AG6 cells
(carrying the katA-gfp fusion) were then grown on
the IB plate. The bacterial cells exhibited the same level
45 of GFP expression as the AG6 cells grown in the absence of
catalase. To ensure that the catalase in the IB medium was
still active, hydrogen peroxide was dropped onto the
catalase-containing plate. Air bubbles were instantly
visible in the catalase-containing plate; no air bubble was
50 found in the control catalase-free IB piate. This
demonstrated that the catalase in the medium‘“was
active. Therefore, it can be concluded that extracellular
catalase could not remove the intracellular” hydrogen



cells and no significant-catal ase activity; neither nutant repressed

kat A-gf p expression at any significant |level (Figs. 7 and 8; Table 2).

These indicate that the katA-gfp 20 expression |levels can rﬁfkhglfsttzb@'ﬁ'
S

intracel lular H202 scavenging capacity of the cells. If the ce are
i nt r oduWEP263432nol ecul es, large or small, that can scavowsGoziddes ’
intracel lular H202 | evels, the kat Agfp expression will be repressed.

Ther ef O_F,%r an%uri ng the kat A-gf p expression 25 can nonitor the

i ntracePrul 22 scavenging capacity of a nolecule that is introduced
into the cells. In the present study, the fully functional catal ase gene
kat A repressed the kat A-gfp expression at the 30 highest level; thus it has
t he hi ghest capacity to scavenge intracellular H2Q2 (Figs. 4, 7 and 10).
Two nmutant KatA proteins truncated at the C-term nus exhibited a very | ow
| evel of accunulation in the cells and no significant catalase activity;
nei ther repressed the kat A-gfp expression 35 at any significant |evel

(Figs. 7 and 8; Table 2). Thus, +they have no significant capacity to
scavenge intracellular H202. . Two other nutant KatA proteins, KatA .
(98H' D) and KatA(94R/ Q (98H D), could significantly repress the katA-gfp
expression at a level much lower than the wild-type KatA 40 (Fig. 7).
Incidentally, only these two nutant KatA proteins accunulated at a very
high level .in the bacteria, (Fig. 6). This suggests that the sheer anount
of the KatA proteins 45 present in the cells mght contribute to the
repression, presumably because the nmutant KatA proteins could still bind
to H202 to reduce the availability of intracellular H202. KatA(98H D)

- nepressed the kat A-gfp expression at a level slightly higher than

“Kat A(94RFQ (98H/ D) (Fig. 7), presumably 50 due to its |ow catal ase act i vig:
while Kat A(94R/ Q (98H D) did not possess any significant catal ase acti vikii
(Table 2). Al of these indicate that this assay technology is extrenely
sensitive in determning the intracellular H202 5 August 2005 WD 02/063032
PCT/ S&02/ 00018 35 scavenging capacities of different nolecul es and that
this assay can anal yze nol ecul es that can scavenge intracellular HQ
directly or indirectly. . 5 EXAMPLE 14: Repression of katA-gfp expression
by surrounding bacterial cells To investigate whether the repression of
kat A-gf p expression could occur intercellularly, AG was co-cultured 10
with the wild type stain A348 (see Exanple 7). As shown in Fig. 10, A348

i ndeed could repress the kat A-gfp expression in the surrounding AG cells,
when A348 was m xed with AGS




(upper panel). The fluorescence |evel of the A348 + AGG m xture-was
reduced about 20 fold as conpared to that of AG 15 al one (|l ower panel).
Eval uation of the viable cell count of the AG + A348 m xtu g %_[; o¥Esk t hat

- A was _50%of the total cells as expected, suggesting that tﬁ r epr essi on
in the WA9A06332vas caused intercel lularly and not si | BCTRGB20a018 he
dilution effect fromthe non-fluoredtent A348 cells. 20 This intercellular
r epr esSRERERBRORASENON was al so observed when AGG was co-cultured with R
meliloti and E. coli which contained the catal ase genes (Herouart et al,

1996;  hoRYERA, ed937) Q‘Egoﬁ?gsﬁ,?ﬁéedwé?? C@égéassﬁagkbéégyggilp@gawed 25 by
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because t 91551 !s;rq: B%%é é(% rh d%?é)ﬁ!%%%d By ¢ he
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H202 fr EhetheC. ¥dj agndt Winbhhs, usider (MIFEL iconiStdBSSd dPREESid Yy, active
cat al ase artded tamddie prEdBHHD A4 19 tAH gefkl vigicdi RohghePaeterfal/ 9f P
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pr esent eg'r 5 August. 2005 . WO 02/ 063032
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conpoun

%‘@ Tront dilify EeR@IteXonprising an
ROS- i nﬁﬁn%l Yerdithe |Hﬁ€é‘8?ttfb‘-” aFCP éﬂbﬁf‘%‘brl‘gm opdwalein t he
report e |s heterolo ous to the pronoter to which it is operably

| i nked;P? b)e’éﬁﬁﬁa’s‘ﬁg‘i fhec‘?:]gl Ite @ FewmpovhdPoienidldy yalabt ecdo 10 renove
t hel ROFemevE cHhereR@3w ianrd change in ROS-induci bl e expression of the
repor t €¢) gemRAFuring ahatgaian ROSdgetidiblieheqnraniingh ofheiei N a

r educt i vePOTLehegdR@S-imdilee il lexireas sixposid tthe tHee Eubsduidd Ot ei n

i ndi catvisexdin & heeduerpiomndin iab|ROS-A ikfud it gt n Zof AWt hod for

sel ect i neparterc| @it ain diet@tidd thattHeidbnphthii |5 3&&5 1@ renove an
ROSLs f rosmevd | thalRdy. of nucl eic acids, the method conprising: 20 a)
providing -cell s conprising an ROS-induced promoter operably linked to a

“.neporteg, gene, \A’f]@l’tﬁ‘étﬂlé&%aﬁ 1t l:u%enae haeltceroé oust t he prormter

to wh

vgctolrcl'l;)rd)ttéeiI§ Wﬁq%& p"% r%drtﬁof nucgigédngﬁ %g‘ [ﬁ:sm
SRl kg hain

are pot)ent rem)ve t é“
20 prov dlng cells comprising an ROS induced promoter

operably linked to a reporter gene, wherein the reporter
gene is heterologous to the promoter to which it is operably
linked;
b) introducing into the cells expression vectors comprising
25 a plurality of nucleic acids encoding proteins which are
potentially able to remove the ROS;
c) weasuring change in the ROS-inducible expression of the
reporter gene in the cells when the nucleic acids are
expressed;
30 d) selecting for cells with reduced ROS-inducible
expression of the reporter gene; and
e) isolating the nucleic acid from the cells with reduced
expression of the reporter gene;
wherein the isolated nucleic acid encodes a protein able to

35 remove the ROS. %Q
3. The method of claim 1 or 2, further cowmprising the
step of elevating the intracellular level of the ROS before
step (c).
40 :
4. The method of claim 1 or 2 wherein the cell has

been genetically modified to contain an elevated
intracellular level of an ROS.

45 S. The method of any one of claims 1 to 4, wherein
the cell lacks at least one naturally occurring ROS-removing
activity.

6. The method of any one of claims 1 to 5, wherein

50 the step of exposing the cell to the compound comprises
providing the compound externally to the cell.



c) neasuring change in the ROS-inducible expression of the reporter gene
in the cells when the nucleic acids are expressed; 30 d) selecting for
cells with reduced ROS-inducible expression of the reportersgﬁggizgﬁﬁ e)
|solat|n8 the nucleic acid fromthe cells with reduced expression of the
r epor t VOGS Bhherein t he |solated nuclelc acid encodeBCHSEI2R081% able to
35 renpve the ROS. 3. The method of4 cIa|n11 or 2, further conprising the

step of, el evati ngl. %\ét@&;@% L VA=Y qu Hg.’e 1R kef Oheresher (O . 40
h |l
o e T

met hod al m; \/\/nere}’lel taﬁe ceI"I 1P§cl€£’ afStdast one
natural ]y occurr repovi n act|V| . The nethod, of any one of
cl ai “to 5 hﬁﬁim eag’tyeﬁm(?f 3 ﬁlﬁﬁ thécdl “’f‘&r?l’lé‘ compound

. conpri d&% RS FPRET St 508 13 Fe5e e legted fronnthe) 063032 5
August PP qﬁ@ﬁ%’ﬁ)ﬁwwcﬁ Bfe RRshodBY dfflon&asB/AniBas 1 to 5,

wher ei Ka§fe ) druman 48t kinase ahosphatiaeec dnpdliRd 1d osgreses

expr esdraraian diigruh demesm &haudlasiterd@ld disesiarendme EsidhericgiaThe

met Wod el brgwbnefpd, fumGrs mialh, hfawheradi28, tEnd ROSA geneiskl e promoter is

from a Ammeolat et edifelandibe spgr @enecosErdtionprais oMy@e, pBcp, Dps, gor,

Kat A, I mnﬁmw&cx@mﬁ Ba&am@t;ﬂmmdémmwd@é é(siﬁ-i)(,lVKP- I1) ga’Pes;

nmanmal i peadt 2 -dapaafluddie pgiipphltd simdawa&&seES( plychia 10 coli z

fpr,. f%amé?&; mincan saar?g%neam simcgarwdl Wso‘b')neké%dll spr

gengs 11d€@téi yman ‘haem

,ggg{ DO&2
. g);%/gleggé& tﬁé’%ﬁ%&aﬁ aﬁt % )OXI q%ﬁqoﬁﬁeo %ﬁié %Of(g‘# %gsel l(Jt at hl)one
)S—trans e uman i nter's col'Tagen

gl ut at hi o e peroxi dase (GPX2); f| sh net al | ot hi onei n (MT) and rat

g resi st 1 ri. 0.9. The tho of, claim5 wherein
thegé ‘| acks aa‘[tged%‘g/‘g?ﬁ% é] "hé %é}/ é&clklsoﬁh the group
consi st?ﬁ@e o‘F“C SN 8Ghf It en%!»’t"b‘ﬁerom dase, and

glutath¢ﬁﬂﬁl$ facatalase, superoxide dlsmutase,
hydroperox1dase, and glutathlone reductase.

25 10. The wmethod of claim 9 wherein the active enzyme is
catalase.
11. The method of any one of claims 1 to 10, wherein
the ROS is H,0,.

30
12. The method of claim 11, wherein the H,0,-inducible
promoter is from a gene selected from the group consisting

- of AhpCF, Bcp, Dps, gor, KatA, KatB/AnkB, KatG, TrxB, human

MAP kinase phosphatase 1 (MKP-1) genes; mammalian hic-5
35 genes, and the isc operon.

13. The method of any one of claims 1 to 12, whefein
the cell is a bacterial cell.

40 14. The method of claim 13, wherein the reporter gene
encodes a protein functional in bacteria.

1S. The method of claim 13 or 14, further comprising
the step of inducing the H;0,-inducible promoter by exposing
45 the cell to acidic culture conditions, before step (c).

16. The wmethod of any one of claims 13 to 15, wherein
the bacterial cell is Agrobactérium tumefaciens.

50 17. A diagnostic kit for determining the ability of a
gene product to remove an ROS, the kit comprlslng



25 10. The nethod of claim9 wherein the active enzyne is catal ase. 11.
The nmet hod of any one of clains 1 to 10, wherein the ROS is H202. 30 12.
The nmethod of claim 11, wherein the H202-inducible pronoterg Aﬁngf%@Sa' gene
selected fromthe group consisting of AhpCF, Bcp, Dps, gor, KatA Ka
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cell has been genetically modified to contain an elevated
intracellular level of an ROS.

21. The kit of any one of claims 17 to 20, wherein

25 the cell lacks at least one naturally occurring ROS-removing
activity.
22. The kit of any one of claims 17 to 21, wherein the

ROS-inducible promoter is from a gene selected from the:

30 group consisting of: AhpCF, Bcp, Dps, gor, KatA, KatB/AnkB,
KatG, TrxB, human MAP kinase phosphatase 1 (MKP-1) genes;
mammalian hic-5 genes, the bacterial isc operon; Escherichia

R coli zwf, fpr, fumC, micF, nfo, so0i28 and sodA genes;

= Azotobacter vinelandii spr gene; Xanthomonas oryzae pv

35 oryzae katX gene; rat and human haem oxygenase-1 (HO-1});
yeast 2-deoxyglucose-6-phophate phosphatase (DOG2);
catalase; human manganese superoxide dismutase (MnSOD); rat
glutathione S-transferase (GST); human interstitial
collagenase (MMP-1); human glutathione peroxidase (GPX2);

40 -fish metallothionein (MT); and rat multidrug resistance type
1 (mdrl).

23. The kit of claim 21 wherein the cell lacks a gene
~ encoding an active enzyme selected from the group consisting
45 of: catalase, superoxide dismutase, alkyl hydroperoxidase,
and glutathione reductase. '

24. The method of claim 21 wherein the active enzyme
is catalase.
S0 .
25. The kit of any one of claims 17 to 24, wherein the
ROS is H,0,.
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