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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

Y during engulfment.

Under normal conditions, ROS may play an important
35 role in different biological processes. However, when ROS are
excessively produced under certain unusual conditions, they can
cause oxldatlve 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 syndrowme, in addition to exposure to pollutants and ionizing
irradiation.

Living organisms have developed different ways of
coping with the RGS. The capacity of enzymatic or non-
50 enzymatic antioxidants to quench the ROS can help cells to
defend against thn oxidative stress. Therefore, antioxidants
hrave been linked to and used for disease prevention.




WD 2002/ 063032 PCT/ SG2002/ 000019 -2 Anti oxi dants may be proteins, 'such as
ferritin, lactoferritin and transferritin, or enzynes, sugg as su2§&$xide
di snut ase, catal ase and gl ut at hi one peroxi dase. Nonenzymat i AHEUSH | dant s
may be macr oo aoeeess2 such as al bumi n, copper- bi ndi ngearescadoapdoasni n and
henogl obin, or small nolecul es which ~#ray be water-sol ubl e anti oxi dants,
such as vitamin C, uric acid and bilirubin or |ipid-soluble antioxidants,
such as vitamn E, cagotenaids, retinai bi_quingol -4Q. .. However

t hese natural_ def sﬁsk%éﬁPﬁgg%ggng i%e %P@E§t§1ysgggt $é§§§§éégn§£5§i .

More potent a%??%%’éagﬁfénéiﬁoa%legaﬁg ?g}}‘@t q. &%QS@ \No D:nE a2 ative
st resses. gcraiﬂ%,éiiag‘éagé 4L MELhgas meg?{%i 60 LOaiid Y cBBpen! -
anti oxi dant's; p 19, BUF L8 SITTeN1 TRENARGAEEI DOY Ghi®r GRASIAMAY @ty
expensive. |h |qda9gr“ 1620R0 o PRBSHES 408, LAt Lacstddlar wantioxidant
-activities, 1A AL IR! S 18,8%2851 4R P LAk PGk Rl 8PPLLGRIAORS amin &,
Therefore, a gé &d1ak ogeg : gagng&ﬁgyﬁﬁgngiuad'ntracelIular ant i oxi dant
activitieggan hence can be useg to search for 20 better oxidant scavengi ng
mol ecul es T's of great LupOrlANGHehD nitif-RNatFaGRIL bad! b@ JIhe e LAl
fields. The pybl f&;éﬁéla 9§£1 AL A RET €A% NI phPLA Gk 1R ddik s BAbHIA be
ant i oxi dant s EQ T e JT GLAT Y1 BHPRUS TRABSE i AS stPe8BES OXIlaRka i can gi ve
heal th benef ! L Do dUPREPHOAY 2x2X1E8hid % SABAE GASHnRYar¥ R ababslar di zed
assays 0, asges SNt QXLAANerdeldsVhEd mnéiﬂémwﬁ Ad Te5h8hkive .
ant i oxi dant's gy, €, is&l;ul, AS5AY HEINAAS AL & HSekuh 14 Par RERRBEE HardSSess
and | abel ant L ox} HAN OF GHHGE S reSHBRe 3551A%Sine O Abg2caib &lpH1 1EQE ions.
measuring act pKLEL£S-Of zani hoal @at Ul dsadeedcadPal@RAl Sy pat ur al
products and gplifiS. &k abHi AAENE8A R €8 bd1BEd, 23 ladlidn 20589, 337)
have descrjgbegelss: UyiFhhESScdVRhE foldttdds! 05 TF GORRL ! fipdiRARSe! th
determ ne t oXkGhiyha Sdicalgseal 2l ROPESLdhtabhl OxidaRt . Catal ases catal yze
the disnmutation of hydrogen peroxide to water and oxygen. The primary role
for catalases is to preheChubg: ¢Rkl shdéh AgaiASteddIfgdaRBG R AAYRCERDY
reactive oxyggRtSPLCiLTibRiasald bﬂoﬁ&aﬁ@é@@.&eai&aﬂyﬂféﬁﬁﬁl&ﬂer{ﬁ&| @sC aci ds,
proteins afs dafelbxidRIFR 808 Sy1 VA RhER Heh¥er HAYH prapeheaied to be

i mportant for oxi B SHE atdle Ot HRE b akdEOgE B Endatii®elaa iy ad nfection
and even for akhegd ifit ioRABa ARUIWhties elddubdst HPARBLSH FES-SAGr Obact eri um
t unef adi ens | $nBisRidadt@r Bee phadtiul .pathagershiatetitdsesreérayargakb tunors
on many pl ant pr&peEiEssshss himimismenl ageivcikiahd prendtby aswad alsasgs has
been identid i agdet ABdo itBf0Y OF e thdaudLhg adtiient ien oif abi?dxblantel eased

duri ng Agrobaeker asifq@BLppémITAGE | AACYRELl PBOIIRAYE and drugs. :

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

Catalase is a protein antioxidant. Catalases
catalyze the dismutation of hydrogen peroxide to water and
oxygen. The primary role for catalases is to protect the cells

40 against the damage caused by reactive oxygen species to
cellular components, including nucleic acids, proteins and cell
membraneas. C(atalases have been implicated to be important for
the survival of some pathogenic bacteria during infection and
even for the life span of a multi-cellular organisw.

45 .

Agrobacterium tumefaciens is a soil-borme plant
pathogen that causes c¢rown gall tumors on many plant
specieg. A chromosomal gene kata encoding a catalase has
been identified that is involved in detoxification of H;0,

50 released during Agrobacterium-plant interact%on (Xu and Pan,
2000). ’

SUMMARY OF THE INVENTION
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30 gene. The nucleic acid isolated by such a procedure likely
encodes a protein able to remove the ROS.

PN In one embodiment, the different nucleic acids all
e 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.

S0 . Cells containing such genetic modifications are
known in the art and may have, for example, fodified 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 metallothloneln (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, i;)
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 promoter 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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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, s0i28, 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 (MnSOD) ; rat
glutathione S-transferase (GST); human interstitial
collagenase (MMP-1); human glutathione peroxidase (GPX2) ;

35 fish metalloth1one1n (MT) ; and rat wmultidrug resistance type
1 (mdrl). :

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, KatgG,
TrxB, human MAP kinase phosphatase 1 (MKP 1) genes;
mammalian hic-$5 genes, and the isc operon.

4S. 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 KataA
gene of Agrobacterium tumefaciens.
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25 Agrobacterium tumefaciens strains A348 and AG6 were grown at

28 °C for 24 hr on agar plates of MG/L, AB, IB (pH S.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 LSSO0B (Perkin Elmer) as

described in the Materials and Methods using A348 as the

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

A348, AG6, AG6 (pSW172), AG6 (pXQ9), AG613, CGIl 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,O0. The fluorescence of each cell suspension was measured
40 by Luminescence Spectrometer LSS50B (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 wmini-TnS transposon
insertion position. The key restriction endonuclease sites
50 and primers used are indicated. The DNA seqlences under the
triangles ara the ORF sequences concerned for the site-
directed wmutagenesis. ~ represents a deletion of the G of
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30 9), and AG6 (pXQ22) (lane 10) were grown overnight at 28 °C on
IB plates. The cells were harvested and then resuspended
Y in dH,0. One portion of each cell suspension was used to
¢ measure the fluorescence by Luminescence Spectrometer LSSOB
(Perkin Elwmer) as described in the Materials and Methods
35 using A348 as the blank (upper panel). Another portion of
each cell suspension was diluted to a concentration of

ODgoa=0-.3. The cells from 500 ul of cell suspensions were
harvested by centrifugation and resuspended in the Laemmli
(1970) sample buffer. An aliquot of 2 pul 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. Assays for catalase activity bands. Agrobacterium
4S5 tumefaciens strains A348 (lane 1), AG6 (lane 2), AG6{pXQ23)
(lane 3), AG6(pXQ26) (lane 4), AG6(pXQ27) (lane S),
AG6 (pXQ11) (lane 6), and AG6 (pXQ22) (lane 7) were grown
overnight at 28 °C in MG/L liquid wmedium. 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
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DETAILED DESCRIPTION Of THE EMBODIMENTS

To determine whether a compound is able to remove
an ROS, an ROS-inducible promoter (RIP) is fused to a
reporter gene to drive its expression. The reporter gene is
heterologous to the promoter to which it is operably linked.
The RIP-reporter construct is then stably transformed into o
the cell. To test whether a certain compound is an ROS- - ij
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
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 compouﬁd may also be.provided by being
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
include hydroxyl radicals, superoxide anion,‘hydrogen
peroxide and nitric oxide.
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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.

. Typically, vectors can be manipulated in vitro to insert

S 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® rtfers to the
continued presence of a nucleic acid seguence in a host cell
for a period of time that is at least as long as that
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colon (carcinoma), prostate (carcinoma), brain (glioma,
neuroblastoma, astrocytoma) and liver (hepatoma).

An ROS-inducible promoter is one which, in
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:
AhpCF, Bcp, Dps, gor, KatA, KatB/AnkB, KatG, TrxB, human MAP
kinase phosphatase 1 (MKP-1) genes; mammalian hic-5 genes,
the isc operon; Escherichia coli zwf, fpr, fumC, micF, nfo,
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
glutathione S-transferase (GST); human interstitial
collagenase (MMP-1); human glutathione peroxidase (GPX2);

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

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 prowmoters naturally
found in bacteria would be used in bacteria, and yeast
promoter in yeast cells, and mammalian promoters in
mammalizn cells, according to the methods of the invention.

In a preferred embodiment, the ROS is H,0,, and the
H;0,-inducible promoter is from a gene such ‘as AhpCF, Bcp,
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mammal i an cells include those isolated from25 human ti ssues and cancers

i mcl udi ng nel anocyte (nelanoma), colon (carcinoma), prostateay6Laarepsons),
An

brain | i oma, neuroblastoma, astrocytoma) and |iver (hepatonm).
ROS-in PE¥033r onoter is one which, in 30 response topdhgciioeF@nce of the
ROS inside the cell, expression. fftomthe pronoter is increased. Numerous

RCS | ngpel, bgerPr RABAS! kaeBZakRBWkh Bat N2, 3Bt - hdRSY flg! ude. . AhpCF, Bch,
Dps, Ogphosphatlse K (@BkHDK 1g§ﬁe£9mj?a.§§x-§é{”ﬁ£fn§%\#ﬁ"§a‘§%s hosphat ase 1
(MKP- 1); sgepgsyoammal i an hi c=5- genhes, the '8 PRS- BALHRG chia col i
zwf, fpr, funC, mcF, nfo, and sodA genes; Azotobacter vinelandii spr
geng; Xanthononag,  opygae leror]}ézae kat X. gene; rat and human haem .
oxygenase-1 HO'IE %eas? E% g‘@?ﬁ%’ésb- 6Shhlopted pfo st ase (DOR) ;
catal a _epoiu n‘ggg §§1 528 EEpLRO%T RS oF kowe b 2 WSEEYble athel(RQS ut at hi one
S-trandF¥EAs8 é oRtingfll nt eFRYS ¢ i Hre eWPregpivRevEMEE 135 hunan

gl ut at APEAENEEr 5 Bhak EpXxpgportes geme al s apaondi wndddl)comnebY at

nul ti dPhigRPEsresRABEet9pe regubaoyy ebet¢nts Bxperiachl hati tmst of the

pr Aot BeStapekd- wBnefepablyncthenatépontsonts degpressed aathet exgy ogous cel |
type. Mewelein theisbpenterofdihdiar0Py ofmé erchdabasal |ace fwind di bacteria
woul d bbeupedmbhebasheunld, bantoyesst that oM@t idh WpHoseld S, and

manmal readplgndéeestanl 80 mammal -iin cells, according to the methods of the
invention. In a preferred enbodi nent, the ROS is H202, and the

H2@8- i nduci bl ] . , . 0 A t 2005
R e U e i o
i PSRN : . 7 |

Egani gﬁi‘;gégs;;?% gH E:i;g 8{3 &% e %ﬂe&?e%sé c%ﬁcéﬁ & t hat n?Zpo?tner

expression re cts as clos dssible the ROS |evel of the host cell.
Thys, the e resEion vector is esigned so that the reporter gene is
pl g@ed undeE GREPOPCCYF Pdanse 2 Xl genes yfaxt enddetls functional in
the 10 host ¢ F?Peﬁ?§¥§?%%I29dt H epprdage fal kydphsbnpeatoxidame | evel in
t he absence §AUFHRSROPCTESSIQMABRLGT1IActi vity of the promoter shoul d be
| ow so that induction by ROSis readily detectable. 15 A partial |isting
of the geneYyceharteniymnhaninin akkylnydarsk Genbbnkrealiggsfieon nunbers are
pr8%i ded bellaPCh gén¢ of AGEBSSIQN i AFODE8&De of these genes and reference
publications are al so provided:

Bacteroides fragilis alkyl hydroperoxide reductase

subunit C (ahpC) and alkyl hydroperoxide reductase

subunit F (ahpF) genes, ACCESSION AF129406.

30 i

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

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

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

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

Mycobacterium intracellulare alkyl hydroperoxidase 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 proteia
(bcp) ., ACCESSION M63654 M37689.
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20 Streptococcus nmutans ahpC and noxi genes for al kyl hydroperoxi dase and
NADH oxi dase/ al kyl hydroperoxi dase reductase, ACCESSI ON AB010712.
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Agrobacterium tumefaciens catalase (KatA), SEQ ID NO:1.
20
Vibrio fischeri catalase (katA) gene, ACCESSION
AF011784.
Pseudomonas aeruginosa catalase isozyme A (kata) gene,
25 -ACCESSION AF04702S.
Actinobacillus actinomycetemcomitans catalase (kath)
gene, ACCESSION AF162654.
30 Legionella pneumophila catalase-peroxidase (katA) gene,
ACCESSION AF2767S2.
Staphylococcus aureus catalase gene, strain ATCC12600.
ACCESSION AJ000472. e
35 £
Lactaobacillus sake catalase (katA) gene, ACCESSION .
M8401S5.
Rhizobium me1110t1 catalase (katA) gene, ACCESSION
40 . Us9271.
_Pseudomonas fluorescens plasmid pAM10.6 catalase
isozyme (katA) ACCESSION U72068.
45, H.pylori katA gene, ACCESSION Z70679.
B.subtilis 25 kb genomic DNA segment (from sspE to
katA), ACCESSION Z82044.
50 Pseudomonas aeruginosa paraquat inducible catalase

isozyme B (katB), ankyrin -(ankB), ACCESSION U89384 .
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Acti nobaci I'lus act inonycetentom tans catal ase (katA) gene, ACCESSI ON
AF162654. 30 Legi onel |l a pneunophil a cat al ase- per oxi dase (katA) gene,
ACCESSI ON AF276752. Staphyl ococcus aureus catal ase gene, stEa &4 2600' .
ACCESSI ON AJ000472. 35 Lactobacillus sake catal ase (katA) gene,” ACCESSI ON
MB4015 WRPHYAMum nel i | oti. catal ase (katA) gene, ACCESSPENsGeR0sRI271.
Pseudononas fluorescens plasnid pAMO. 6 catal ase isozyne (katA) ACCESSI ON
U72068. 45, chupgbattekatfege8at uACCESSI .2 - ubtilis 25 kb genonic
DNA segnent aACtESEY88PEFbO71KaL A) | ACCES%%%iﬁggégﬁﬂgséo?Eégggoﬂ%ﬂﬁs
aer ugi nosa paraquat inducible catalase isozyne B (katB), ankyrin -(ankB)
ACCESSI ON 101S 02/ 063032 13 PCT/ SG2/ 00018 Caul obact er
cre centusgﬁ9§§$3C§?éMgH ng a2 Eféﬁgﬂg?"pﬁfﬁﬁ 2R Alav9)68.

§ .%@BQ, RECESEPON YRR 9 E‘é .
Mycobact eri Um siregmat 1 s cat al ase- péroxi dase (katG 5 gene, ACCESSI ON
AF196484. Synechpcoccus P§§$301 cat al ase- per oxi dase gene, ACCESSI ON
AF197161. 1§Y§E§§§5 FEPPubitep? heCohpl f8e-Rararidespegonedase, ACCESS| ON
D89336. 15 E° Rt &F§@At%Encodi ng catal ase HP1, ACCESSI ON M21516.

- Sal.nmonel I a typhj murium Kat G gene for hydroperoxidase 1. ACCESSI ON X53001.

M t8ber cul o¥¥soRastegine lepraqat BNAsEoperakaltiase-pePOx PESESSI ON X68081
542739. M bBYFESREPY BBAB3I6 ACCESSI ON X83277. M snegnati s kat G gene.
ACCESSI ON X98718. 25 Mfortuitumkatd gene. ACCESSI ON Y07865.

M f or t ui t unEkeebi | kgbfegerCGESSHAMY0I8661 a8 YT PDREEESS HH STRgNAL i S

t hi or edoxi nMRe8lu6t ase (trxB) and thioredoxin (trxA) genes, ACCESSI ON
AFQ83161. Streptonyces coelicolor sigT, trxB and trxA genes, ACCESSI ON

_AJ007313. 35aCheAe118i UPphih@ERLR kit 06 CGONE Ne LPAASSe oL 1B s 2N
) I. ACCESSION X53001.

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

M.bovis katG gene. ACCESSION X83277.

M.smegmatis katG gene. ACCESSION X98718.

25
M.fortuitum katGI gene. ACCESSION YO07865.

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,
ACCESSION AJ007313.

35 '

Clostridium litorale thioredoxin reductase (trxB), and
thioredoxin (trxA) genes, ACCESSION U24268.
Mycoplasma pneumoniae thioredoxin reductase K04 orf3is

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
45. paraquat, plumbagin, menadione, streptonigrin,
methylene 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:flavoldoxin
oxidoreductase. This gene is induced by superoxide-
producing reagents only. Specifically,” the soi2g gene



t hi oredoxin (trxA) genes., ACCESSI ON U24268. Mycopl asma pneunoni ae

t hi oredoxi n reductase K04 orf315 40 (trxB) gene, ACCESSI ON 051988. The
sodA gene encodes superoxide disnutase and is strongly induced when cells
are exposed to chenmicals that produce superoxide radical s 5 Auguse2@d |,
such as 45 araquat, plunbagin, menadione, streptonigrin, nethylene blue
and pﬁ@ﬂéﬁ@ﬁ@3hethyl sul fate. SodA gene induction depddéSGHOMI&N i ncreasSe
in steady state superoxide concentration, not necessarily upon cellular
damage caused bidecper@iédeswo SSndlE, Hth %81 9ebRt&DAVAGSpRoteins,

pyruvat e: f | ayelledbRin Oxhdof E8HEAEBEn, TheSo@eNexiaikaduced by superoxi de-
produci ng reagents only. Specifically,- the soi 26 gene 5 August 2005 WO
02/ 063032 Fﬁﬂésgng/999481;4lna§cé@dgp o, M85k WBe $8RE he_LRIO! - cONt ai ni ng
prokeins, &} MHQQXhﬂdPQSe Ski >ﬂsbtme&9 eﬂéhg'&ﬁﬁ tIBQeaPBﬁa ge is

i nduced by G% QSPoQ?&QéiQR &f F%é% ndY 599§38§& &S, Dboth exogenous

and those fo upon perOX|da on o protelns a atty acids. soil7 and
soi 19 respond superoxides (1. Ko ona et 10 zwf encodes
gl ucose- 6- h%@%%§§n§§§801%9|s %% Uce %ﬁ%ﬁ%g§Fdi% gﬁé@Wﬁg €Eonpounds and
nitric oxid Erg et al. (1990)1 15 m cF encodes antisense RNA that
shiifs of f translatlon of the porin_gene, onpF and is induced by
superOX|desZWFGFE€ﬂ6%$ggé?c%?e(§990§ﬁogq?@@%f%“ﬂehé éRdyged BYDNA repair
enzyme and fYPgyoxspderpPreduring ngeweeipds rapdxnikrigeoxddats, such as
paraquat andGresnbecaectFakr (299@)1.(1991)]. If the nucleotide sequence of
t he.- ROS-i nduci ble gene is known, polynerase chain reaction may be used to
251pr oduce fuisForacadés ahE1pemsetEmA teeci shoes| gffptiraasiat foa

synt hesi zedoshithe poeinogphepeonpryahd ifeihduead By sepédsomidthe ROS-

)lndu0|ble proretabepgr £L0410{1996) pene, hybridizes those priners to

N

denatured, total DNA under appropriate conditions and perfornms PCR Info

this ”BnnerTh%onﬁboﬁéﬁéeeﬂeéaéétheﬁuﬁfré§¥1§egH§9ﬁ8da goypter may be >
obbgi ned. Oape LigcRE 9 &ﬁauQué B Sr085R 98EBegehts] Saubhdghed L0 a DNA
encpdlng_thgaggﬁgggegn 581 rpg;gpétagf Y?Q QSBSSUC as pR$415 for E

coli, which alns a nu oning site treamfromthe | acz

35 gene. NUWEYOU%EV%ﬁtOBﬁC eotlé rggéﬁg ce Bgrgﬁe QS nguCLble
gene is known, polymerase chain reaction mwmay 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 wmay be
obtained. Once the promoter DNA has been obtained, it is
ligated to a DNA encoding the reporter gene in an
appropriate vector, such as pRS415 for E. coli, which
contains a multiple cloning site just upstream from the lacZzZ .
35 gene. Numerous vectors for expressing reporter genes are év)
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

45 (Shapiro S. K., Chou J., et al., Gene Nov.; 25: 71-82
(1983)), the CAT gene from 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. pPat. No. 5,491,084), galactose kinase {encoded
by the galK gene), and beta-glucosidase (encdded by the qus
gene) . These have been primarily used to monitor expression
of genes in the cytoplasm. To monitor expression at the




known in the art or are commercially available. The nmethods are well-known
in the art. A reporter gene as used in the present invention

essentially encodes any gene product that can be expressed 5%%{}?2@65' of
interest and is assayabl e and detectable. The reporter gene e

suf f i cmenedogaishar act eri zed such that it can be operabl%ﬂ,gdggﬁa,%o t he
prom)ter Reporter genes used in the art include the LacZ gene fromE.

col i S. et .al 5. 7 82 (1983)), the
CAT ge % EQS ? 1 %qleg gh%‘?’ér%%ﬁ%“yoa% é& 5. Gene Feb.
12; ﬁz %)9 t h LM g %ﬁiuet?r%‘l‘ﬁl?ﬂ%ﬂ%hq Gould S. J.

and Su f’aa Sre °’i§% Ko GFPERRFES P oM j el $5f3kh ¥ fie M and
Prashner 50 D C U S. Pat. No. 5,491,084), gal actose ki nase (encoded by
t he®gal K gene), Qkdthess- @?B‘éé’é‘?ﬁ%sea'é'é‘hébmmemm@gmengaene) These have
been pr‘leﬁarrl(j?ﬁéeél"@oth@nﬁi@bk supkacei vepovfeygenese i préfermsd oqmsm  To
moni t osex pRewendhoning hbiBinggosl 120 06e Y €2/ (1630 3PctPClé SGAY 0018 15

cel | sdyfate, Ehtabetrpressidodganae évablsatedthe reving seeflace marker
(e.g., a@@2©)1erre1§clbe csedbé orecaneiéq imeact efet @fbsepasaer (Koh J., Enders
G 1M , aghlgbis199%jtab @feshehoweePn| t&F6, nat!t SHeHDF ESSENF proteins (e.g.,
GFP) améqulitedeby shefaeeho@post etlie 3pLefied SINeShd Dn . USE 1 JIYY toring

l'i vi ngvetll asebatavseceinptyyagbp @ﬁteygt@ﬂmsg regm,; EPngssion can be

eval uai@dntREk i ngsze Sandaaiitﬁ | sen &ty Fey © [ed intact for
by ihe TUPECcBRE! ¥apSet *Ea (of y’? %ﬁ‘ye‘f‘%a@rg q% i kot ol téegﬁ{o[gs
reportelrrigr V\E 2 8 %‘ 9%%‘?1 'f’\lft of & kY hi g
:'-_::‘)sensm \ci r'[y é S?e'écgaf“‘f'é‘b ’6‘?“9 t RFECQINRT. @fh ébe | abel ed
dir & 58K Fﬁdi“?‘é thg GreR asreubl URHRTENGER eadshertied Igellpref erred.

."'Thl S trsé’rlteﬁer(ﬁf‘F§ hi gh t hroughput screening. on a flow sorter machine
such as a fluorescence activated cell sorter (FAGS). 20 GFP is a nenber of
a P&y of natufBP| §Sodcuerbag of | yofastbntohruateinsl 1whssenitiy escence
i s prifdMPrgsSEanthprogeéna. rehpsn bluohesepret risn piGmihids, haertidevel oped
ext ensigreep regigpeofisther gpect vuman@FBehas dbeamtdentelspes of the protein
have bextepRavedyefpredsehas havepatter eand 25cspes) rabt HtORIteS. Hi gh
| evel s off tBEPpewpedéashane baega ORenacbéni red tiatt Adve raNGiY from yeast to
huresn eplelcsrallt propeaciebust High! 1 GWEDPHSEE IEIPOT &G re MASE IR €SSion in the
cyt opl asnCabtaendBasH! 861 95aPhhy Bhd VELYm Upd L8 d ISR d S 5 | NS 1 unrent
such ass2aFA6Busel all- -purpose reporter, whose expression in the
cytoplasm can be measured quantitatively 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 promoters to
?£3 alter expression of the reporter gene. Thle change in
W expression level is measured both qualltatively and
35S quantitatively. In order to be ugeful 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
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The di agnostic kits and nethods of this invention rely on the induction of
specific ROS-inducible pronoters to alter expression of the reporter
gene... This change in expression |evel is neasured both qualitatively and
35 quantitatively. In order to be useful in those kits and5 AegusoZ¥)5*t he
parti ess pronoter nust be operably | i nked to the gene which
encodgéﬁ?ﬁgﬁééporter product. The ferm "operable Ilnkdﬁg' 08418 to the 40
positioning of the, pronoter relative to the gene encoding the reporter.
produfesedchot bhe teposcei ploen ot t het gbneths FargH] b eslf yhd he pronot er .
Such poasitiengnn hscweél g&kneowroduct he art and invol ves positioning the
pronoter upstream (51) of the gene so that transcription is not inpeded by
45 extraneous tengi fAbIEE SF dhadce ANl Woer 81k heo SPRAGHEgs bataveen  the
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porti pRagy %i 7e pats ﬁtﬂgg 28" ORCL pe,rteer 1 S of yThe promot er
to whj E orf | ? nt ?4|on of native
gg roauct §f§B 02 e %4%ed to the-
gor f?g ﬂg?ﬂ%u? cf?%ﬁv%fk?ﬁel“$ﬁ?¢e Fﬂhallve gene
produ Fc Tﬂ%“@ﬁoﬁﬁﬁ B¥feb ?%$|%Pc%?¥%ﬂrF?E@E&%?es%“E%@OKkaart|cuIar
Rl P- r 8p8FMuERseonatkytt hydroperrxidasey andigbutativbore aredudtasef this
|nvenF96neF§mBhﬁ vhare ean pi2Q2hdndyeibile’ pramoteryisoupeddute ihe
functPﬁﬁﬁ?rreéoﬁgéﬁ the endogenows | Fatalaseygenesibe kiweckeposdter in its
uhbr antf vuhatiedsint the Moellprad ettt ythe heekl s aloseised kaasl d be def ective
10 i ndgernesaselli chpenilbgeboubstgak cdowe IROS endogeablsigrly. Such genes
I ncl ude those encodi ng catal ase, superoxide disnutase, alkyl B
hydr oper oxi daseEukadygt it a8l D cus ULt 28 ethe RRELRS@SPASd MIEL & @an E)
H202- tRdUEhbbatRbANRhELudE ESET, 1iked SesPABI £ERES EP&{. ptig.gpdogenous ©
capal asasqenegsbe,emosgeehagé éémrlm;etsﬁd'eui &S éafpaéﬁat the cells

| ose a
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cel | nes establlshed fromprimary 20 tissue, as well as those cell lines

and cul tures av IabI fron1t e _Anerican T De Cul ture, Collection (ATCC,
ggkviyl % . % g ggtﬁu é Blf‘etﬁ% PRVEDR i BRLY % dn a 25

de ec FS ﬁggg HCFFIOPQCEHII% PR HREDr FRPOERDT P BFS T tht  whet her

a co aBISOSPO?E Y8 ngPReRl e TRF stePR¥tRg BO% hatThie | evel of

r epor gﬂUéfﬁﬁeg &nthe level of reporter 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 : o
35 elevated by using glucosefglucose oxidase (GOX) or reduced - ?W)
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;O0; 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
superoxide (Gort and Imlay, 1998). In yeast, expression of



sufficiently-high in the absence of an ROS-renoving conpound, so that a
reduction is detectable. In some 30 enbodi nents, the nethod invol ves
elevating the intracellular level of the ROS. Methods useds hg.&l9¥gée the
concentration of various intracellular ROS are known. In bact&ria. ,
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intracellular H202.in insulin-sensitive hepatoma and adi pose cells
(Mahadev et al. Igloglll) axl n 'ﬁgabi d&l))%és; application of dexanet hasone 45
activates NAP kifnaseg anﬁ.ies'ﬁ’(t% e el ATHY dteiPdy fae et al .
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nmodul aoBadnse RpFERSrbAT ogene pRdeR | dentfasingfasm oy isducibbslul ati on of

i nt r ac@Yogser, sgpchoasdbheGhr t tumefani erys €t998)n AGE yeastodugilessi on of 5
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super otihge ceildsutasdoer pHhaedhiil. geTite Teyeb & Makdiad: drdddily 0Dl asts,
cellss tasatindtizbkydebpr ehe l&oxl Of OfliSfesdi& &G ivHd GagRirey Yy acel | ul ar
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oW ng Rn expression

‘construct which expresses a 10 potential H202-renover is introduced.into-a
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a, AR
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cellg I'ine which 0 ' reporter gene under, control of an
o021 g, AFIEDECT SEcHR HY TS @ S ioAagor
Product}, g of'Ji it raceFIlﬁl PRl eRodeR) & diFotedn SBteRtd ) Yexposi ng
t he ceﬁcsi 9 SFBNCHEN B8R - ThER I R wetheshorqedl pasieinrovisless | ndi cat ed
by the oA R0 FBSCRARRIEROXFRY regRi teansteruatrms \dasiaribed educed i n
the celd0Vepr EXPIRFSARNHYEOLOF & neRntRL RN slikferamp vl eia t he cont r ol
cel?s AFR:c Fuchhasc bhpsanfonrd abm ent cDNF Wbrmnactonfint ke i nventi on
rel at edikFraxynwieae the nyeletei agids nuaveileatinitwyahi ztodas a protein
pot ent jusgd) togiransformnthe eel ROS Thesdimuairiiodcichl lehawide provi ded
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
nucleic acid would likely encode an ROS-removing protein.
35 '

The texrm *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, c¢DNA that has been
reverse-transcribed from total cellular RNA or from
messenger RNA (mRNA), total cellular RNA, wRNA, 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.
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const rpi€fore 1M LR Paﬂrgf)éhéafiﬂ¥§%} 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 réintroduced into the

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

One can envision a flow sorter profile diagram of
3 the selection procedure described above.. The fluorescence
35 intemsity of a population of host cells containing the
library 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

would become 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 (ec.q.,
GFP) present under control of the ROS-inducible promoter



stabl e expresser is selected. This GFP-expressing line is clonally
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fbesestwo fluorescence intensity distributions.
Ultimately., the process of FACS sorting and cycling should
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. '

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.

EXAMPLE 1: Materials, Techniques and Assay Conditions

Strains, plasmids, and growth conditions: The strains and
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 gg/ml
carbenicillin as required. Escherichia coli strains were grown

on Luria-Bertani (LB) wmedium (Sambrook et al,, 1989) at 37 °C,
supplemented with S0 pg/ml kanamycin, 10 pg/ml tetracycline, or
50 pg/ml ampicillin as required. Mini-TnS transposon



whi ch effectively reduce the |level of inducer ROS, thereby r'educi‘ng the

| evel of reporter expression. These selected, dimcells can be used to
rei solate the perturbagen fragnments by, e.g., PCR using prinmer sites that
flank the library 15 inserts, so as to build a sub-library SOAupusHadsy *
insertg, r%g?ed for those that cause reduced reporter expression. The
sub- i ‘?8’ fragnents can be reﬁl oned (using e.g. RERSGRMBOEX pr essi on
vector) and reintroduced into the ‘st cells, and t he screeni ng/ sel ection
pr ocesBukagenesiepebitdd tomegacheny $tmsnas3mece&sacyrrﬂédeoua Bpf ficient
nunberpbfd1eycaesdescesubsd aftnatezdetfalencesshpul d be observed in the
fluorescence intensity distribution of the original reporter-containing
host c&blish@bnasnabypiased TordheDiwsiasetksrhacbar asgdsherepeiched ROS-
renmpvi pgesibusiPpr ecyarDesrasad wester abl yg3f herphoerdupe shoul d be repeated

unti | v, [ bse hese o} cence
|ntens??gbgi£§%?% @?éﬁﬂt ﬁ?ﬁ} A¥8€O Pﬁﬁﬁgf?o%eé ?mggégy é§$|ﬁ§ and
cyclin ffor BﬁpaF o eﬁ&ép rgseds oBnodi-9§ ROS-

r enovef 23T ?ﬂ%rblT xR SET OGRS heeFepberr tLranabertad obkoi sol at ed
and styles Tﬁﬂ?@?ﬂ%a???ab ﬂB?éGEIéﬁlefﬁﬂﬂhgusanﬂ dNArseglence anal ysi s.
3510| naBPRAERLRRat POREBLAV ckE F bRt ageRe) bedTherplasnig pha4ddreasul |y

under slabglledeas othowrebe dayprasdomepsimingowith thesaobhocde under st ood
t hat tﬁb391buanp¢%@ea¢e kir (Amétsisamht | VEnpul absEbinaly and are not to be
const r bptirédisathoni agdt fignahvdetéocbion waye necndictdd &XAOFIEnG:

‘Mat er i tbsthdendum flaesunad. Assay Conditions Strains, plasmds, and growh
comgitions.: The strains and 45, plasmds used in this study are listed and

Jdescri batdalasdabbSzyhe &eéapactnrlam.éﬂa@iéﬁgegéréiﬁélﬁ YErfggrown in

)N(yL neﬂg | I'entnt ed th
100 pgh&;qﬁxQﬁ;) Hgbk@@n{ge g?d;ra |)né ﬂ@@}é @il?; n?n‘ gglrobgnl (r:ll FI | \r,1V| gs’
requi re ﬁgy ‘?VUS?Y% tg?%vvﬁ: 5t 8&9 higBs tani (LB)
nedi unf® f@_lé@@ S\ %? Y?re ﬁ%ﬁY%ﬂ%ﬁ@eEYmnth 50 pg/ m

kaﬁﬁnyﬁ?ﬁtriéu@QFhQHtéﬁré@?@l rpe, for 1§0npy/at 4nistci |THen cad Ir equi r ed.

M ni - TAS @?Eﬁsﬂ@EQHWSShﬂgu%md20@5“#EE@@¢@68®33 WCTeSXP2¢00618 20

mut agehv§Eerofontainimdati enswst plaospidus awad ¢at rivedEDTR (pH PAGA08 as
descri Be8) ( SuZhezcellal werd 98dnicBoed hBon 30asgsSi or Tet el médonas extract ed
as desdcebwithb5ap? eminusbyl {fihach ebscanbetNesés sodHOB idroM thge A.

t uesf acekbsdebt bt wAEhredppe@xbybcehtrir@gatisntal PNoWEsm fhgepd ed with

d al OrmNﬁUhtaE'd:thefh@@éltlr% Skl Whs ARG 9 wilhe DNA

fragmaghe ex rac 1egnt {')aEEer, andogts 1l of each diluted extract was
electrophoresed on 7.5% native polyacrylamide gels. 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 .
5 procedure according to Clare et al. (1984).

Protein analysis: SDS/PAGE was conducted in 10% or 15% ij
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 charactedstics* Source/
Refereace
Strains
Agrobacterium

tumefaciens



.nyl on nenbrane 'Zet a- Probe GI (Bi o-Rad) using a transfer 10 apparatus,
Posi Bl ot (Stratagene). The plasm d pA408 was | abelled as the probe by
random pri m ng wi th the enhanced chem | um nescence kit (Angg@%@g@zo ihe
| abel I'i n bridisation and signal detection were conducte ccording to
t he man¥ é’é@ﬁ% 15 Catal ase i sozynme assay: A. tunefackensceyeains A348,
AGS, AG6 (pXQ23) , AGB (pXQ@6) , A6 (pXQR7) , AG (pXQ11) , and
AGG(pXQR2) were grown overnight at 28 Cin MZL liquid mediumto 1.4
OD600. Theasd | s wer wild ajpe S 1IBHTIVENS) (6pireidfpegat i on at 40RQQ.fm for 10 min
at 4 C. The cell pel | ets were washed and resuspended in gyitkigaxtraction
buf f er connei6ni ng 0. O&ivakdBTOSIAR ANEi@NE DwasHisddd@lAnd PH 7.8). The cells
wer e sonicated for %Fsaﬁgddoﬁmﬁmﬂmwawmwth a 2-m fhigqedy Ng on ice
bet ween soni cat i ons. doWietrein fedth the si@h EbridonBkal £ ONEG®y centri fugation at
1100 rpmfor 10 mn at 4C. The cell-free supernatant was diluted 2x with

t he extrachiGem buf f eAG6 aslaidifg pXQI3 iakghtedidisiihed extract was

el ectrophoresed on 7ctbémdiaint Yon@iaingacingleaopyT 1gakifi typhe  TRsQhy ng gel

buf fer was prepared kit pid KtAlgh fsloaR ®Endl, Gal%, G* 8. 9. El ectrophoresi s was
performed at 150 V for 3 hours. Catal ase isozynes were visualised by an
activity sCeining pbebadurd G38aowkitligpBavalisnupcdby @e. (1984). Protein

anal ysi s: SDS/ PAGE WaBP-tigpelliginbTns trandfd%on) Knd'SEm™35 pol yactuié &idyde gels to
anal yze the Kat A or GFP expression, respectively. The proteins were

t r ansf er r Bsthenidhéx | nmobi | on- P rrenbranes (MIlipore). The KatA or G-P
proteinscelere visualized with the enhanced chem | um nescence (ECL) western
_bl ot det ecDit5a systemcﬂaﬂ&dﬂﬂlﬁ)hbﬂréa@mwwyms of pédfeddae
omanufacturer (Amershan). Table 1. Bacterial strains and plpasgics used in
t~h| s study Strain/plasmd Rel evant characteristics* Sour¢gborathidse’ ence
-Strains Agr obact eri um tunmefaci ens 5 August 2005 WD 02/063032

PCT/ SGD2/ 0800687 21 A3 Rio-80 thidl kiRQ 7 supFM 4 2hiAD FecASHIC) ( oCt OpiFian,ley RE)
Laboratory collection AGS Derivative of A348 in which kat Agg@s "di srupt ed
by the GFP-tagged mni-Tn5 transposon at 995 bp downstreamfromthe start
condon offldsmidd; KR, GYR This study AG513 AG6 contai ning pXQLl3 integrated
into the chronmpbsone (containing a single c opy of the wild type This study

pTZI9R Clomng vector, ColEl oriV bla, Amp Us
Biochemical
pSWi72 Broad-host-range IncP plasmid containing Py, and Chen and
downstream polylinker sequence, Tc® Winans, 1991

pXQ6 pBluescript II KS(-) containing a 6-kb Clal DNA -
' fragment containing the sequeaces downstream of ~ This study
the mini-TnS insertion at the katd gene.

[
B

w0 pXQ7 pTZ19R containinga 5-kb Nrul DNA fragment
' ‘ containing the sequences upstream of the mini-Tns  This study
~ insertion at the katA gene.
pXQ9 pSW172 carrying 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 PTZ19R canrying a 2.8 kb EcoRI fragment from pXQ9

containing the wild type kat4, Amp® This study
pXQts pRSETA carrying a 2.17 kb Xhol-Kpnl fragment

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

with (His), Amp"



kat A and kal A-g fp fusion); KnR, GR, CvV CA | Derivative of' C58'in which
aopB was disrupted by the GFP-tagged m ni-Tn5 transposon; KnR, GtR This
study Escheridda soli DHSa supE dl ac(d80zZd I S) hsdR recA endA gyrA IN
reL4 Bet hesda Research Laboratories MI607 Pro-82 thi-1 hsfiRugusapgsd4
endAl rec456 Finan, et al., 1986 Plasmds pTZ19R C oni n vect or, Co\El

ori Vbl WO %#M3%s  Bi ocheni cal pSW 172 Broad- host -range F E’W‘&Qm d

contai ning P and Chen and downst r&am pol yl i nker sequence, TcR W nans, 1991
pPXQ6 pBl usxe@2a pt . | | pIWB(72) caaqinlgai2z Koxtal-Nrelbagfdesd DNA fragnent contai ni ng
t he sequences doms&dhaam@f[(imlusth&tsodmmdmdada.bna'trtﬁc| nsefiissa@yat the kaf A
gene. pXQ7 pTZ19R comdrminub,@"a 5-kb Nrul.DNA fragnent contai n| ng the
sequences upstream of the mni -TO insertion at the katA gene. This study
PXQ0 pSWgx@xar ryi giw 8722ig8telt britKpAQH Nivallef, cagai®ing eont ai ning the wild-type
kal A, TcR Thi s studywnl@mhtiﬁpﬁWUZ carrying a 2.3 kb Xbegs shlag! fragrrent
containing a KatAwith a 86 amno acid deletion at the This study

C-term nupXQXR pXQ@TAIREArylidEa 2.8 kY EngRIdragm8attpa@O@ f r agnent from pXQ@
cont ai ni ng the wi | dednyairagcakald wlvHR JBhe@aced uglhsp, A" 15 pR:EkAdgarryi ng a
2.17 kb Xhol -Kent fragnment containing the full |length KatA ORF fused
in-frame pXQ2S st udypTZiIRvaying3 B.8 kb FpdRIFragogutdton?@GI WO 02/ 063032 22

PCT/ SG02/ 00018 pXQR&npmbiliglakn A srith g3t wplaced by 6ixios] Hiblhe| Thissgagnt

contai ning a Kat A w8 feplacdd®yasp,vomglci d del etion at the: Gterm nus, Tc"
This study pX@QR3 pSW 172 ligated with pXQl3 at Clot, containing the wild
type kal ApXQpep" Thlpswu’mi;gatcp)ﬁzﬁ@xmzw@lataowumga&aa 8 kb EcoRI fragnent
from pXQd cont ai ni ngita Hist8Acplicedby-Asp, Adwl spi*aced by Asp, Wagtudjhi s study
pXQ25 pPTZ19R carrying a 2.8 kb EcoRl fragnent from pX@ containing a kal A
Jwi t h Arg p¥MQRZpl acepSWY7ligated ndthipiXQ2Y bt Glak tordainin® 8 katdpl aced by Asp. AmpR

with Arg 94 replaced by Gla and His 98 replaced by This study f )
Asp, Amp® , Tc*
pXQ28 PTZI9R carrying a 2.8 kb EcoRI fragmeat from pXQ9
containing the a katA with SecS 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
sccond codon of katd ORF, Amp®

pXQ30 pSW172 ligated with pXQ?29 at Clal, contzining 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

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 intracellular concentrations of H;0, were measured by the
procedures previously described (Gonzilez-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
ODgge = 1.0 in SO mM phosphate-buffer (pH 7.4). H,0,
generated within the cells passed through membranes and
equilibrated with the buffer. Cowplete equilibration of the

1S intracellular and 2xtracellulare 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.



pXQQR6 pSW 72 ligated with pXQ24 at CM containing a ka(Awth H s 98
replaced by Asp, An , TcR This study pXQR7 pSW 172 ligated with pXQ5 at
Cral, containing a katA with Arg.94 replaced by G n and H s53§oaploased by
This study Asp, AmpR, TcR pXQ@28 pTZI 9R carrying a 2.8 kb EcoéL f ragnment

f r om pWOPIIBAI ni ng the a katA with Scr5 repl aced by &Cyisepddoas st udy
codon (TGA), AmMPR pX@R9 pTZ19R carBying a 2.8 kb EcoRl fragnment from pXQ
containing the a katA with a G base pair deletion in the This study second

;°s3? of kal A %’gﬁo A@@nc@ﬁg R L Uy uzoseorﬁﬂg&ra?%@ i comtat i ne
%\q/{‘/[x{ﬂ“? tgélimgte tal ning a katA
ace @r‘] Per al‘P@R T r‘? ﬁ’udy Km

g e ot il &NAcef¥hrdmici n. Measur enent
Tnﬁ té’é%’f Xyehe 'ﬁ?é; cefrﬂrr ﬁ’ 'Il’I‘FI-:':’SBa iTAd Lt RaNoidaSifcent r at i ons
of HZOQ*W e(Mphanted afy ahe 19&7dced@rre§féb{ewl@@s i} dupernbbdnt
( Gonzabag - eshawiantd IENile of 195 prb®B7hewiiol pedahidcat upms. uBpiefly, A
t unef ache nBleéirdheatsr A3 43 A0 Wl SR ERXPR) a\/\’@rtsewﬁ'lQV\ﬂléE‘ogﬁa@ef or 24 hr
onagaind! méLsudd AR miRscEifReC tveme e Y8shad.(puaripd and
r esuspEnres) at r@@&:na&&d Q«a’iﬁel W.O%BQa‘s‘iob‘u‘ntnfeEh pE'sté[)L H202
genera&g@e:m ,{1 a8 g:ﬁj I Sﬁﬁd E ?E r eqU| Br at ed with
cggc a1 Ha

the buf é L8 gy
txtrac eggq 0GC rre(f agsgyon
G? za'?éz écﬁa an ﬁe FEes 1@5‘7‘3 tse]rmuﬁ)a'?ﬁ?f'st}f ‘ecui libration, the

S epsi ons centrlfu d for mn at 6,000 rpmat 4C. 5 August
72005 ‘3@8 iz]? ﬁ'\'zl\f mlbﬂo%g‘ezfaﬁ?&s@oﬁeéﬂw&w dRswhalene
supern‘é?%ﬁ?%l%r“eeuﬁrﬁasrré%%ﬁﬁ"éﬂ ngd @fe PASYLOKsRYd daperabed Per oxi de Assay
JKit  (fMaetyerramd darsemc . 1996A X gpitc sdast dihes AmplieghRed5 sensitive and
speci fFatalame ey KibbMileadany Prdbes dinieywdr SSMdhendxazifdy) for H202
andohoAsetundfsdi @es oxtixtaies WdiP)grdwehait g8 et 8br 199%) .o@rigf!y, 100 |
super nglapés . Wabhe! ¢@Tl 3V vidrel A rite sted, Neralhele adld %@QuEP{EaanlaU/ m - HRP.
The f10PLIMBLIiE £ESHY m}%&%ﬂl&‘ﬂeﬂ%\jﬂf& Wrel lgym ceopl g 10 and
neasurséraynémmsa%l% %@rﬁ@f ['a%%@B (q&%r(@x@;s%E' QRR) - _The excitation

nm_The assays were

|
\r,\ﬁ\r/\elﬁ E gﬁ cﬂ?aes’[ t%enﬂczfll: nnrsétolnoﬁg %@Fé‘ fRER-EalRfl at ed based on
t hé> HZG'ZCE‘E%H r‘tﬂ”&‘ﬁr%s‘”ge%r"ﬂ &0z it igrservigs of 0, 30

sec, 1 min and 2 win.

For the strains with the katA wmutants {AGe6,
AG6 (pXQ11) , AG6(pX022), AG6(pXxQ26) and AG6 (pXQ27)], 100 pl
30 cell suspension of each sample was incubated with 50 pul 5 pM
H,0, at time intervals of 0, 1, 2, and up to 6 min. The
amount of H,0, left after degradation by the bacterial
catalase was then determined by adding S0 pl Amplex Red
reagent N-acetyl-3; 7-dihydroxyphenoxazine at 25 puM 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.

AR
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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-TnS insertion at the katA gene. Southern
analysis revealed a 6-kb Clal DNA fragment containing the
sequences downstream of the mini-TnS5 insertion at the kata
gene and a 5-kb Nrul DNA fragment containing the sequences

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



Catal ase activity assay: The catal ase activity in whole bacterial' cells
was determ ned as previously described (Maciver and Hansen, 1996) except
using the Anpl ex Red Catal ase Assay Kit (Mol ecul ar Probes Inc., USA).
Briefly, 20 A tunefaciens strains were grown at 28 C for 2#AugussR008 ¢

pl at es (;' ;ﬁ |'s were harvested, washed and resuspended at OD6Q0 = 1.0 in
50 mv YA buffer (pH 7.4). Fgr the strains with PEQESGRYWOI8 pe Kkat A
[ A348, AGG¢pXQ@), and AGS(pXQ@R3)], 100 | cell suspension of each sample
was 25cinuedaistonwpBhuEbciipl B K3A2) ahct Ehe cnher vaks,olnd, tB8 sec, 1
m n andr2IinDNA Eeaghbatsinai ndonkthinbe kavzAsrubenthe] Amar sABB(pXQ 1),
AG(pXQR2), AG(pXQER6) and AG(pXQR7)], 100 | 30 cell suspension of each
sanpl e was i ncubghedrestint50qg} blabmplk H2Q2 abshi H&tbﬁtQEVBkéGOBnQ 1, 2,
andsuppkQ76 &bapeEbeveayDunBe hieh2QAgl 8Ft pbkehnde kédakhenc9¥rﬁ
bact er bak v&ahal asRiwasthikenpdet ¢ @i B%;d;m@e add eae M1 @’éﬁg U§
reagenthbaﬁﬁgy raal’p QHREQEOXYQRSnQEQEhE%nQ uBNL gn horse

radi sh o} se.p oronetrlc assa S

conduc ﬂ B 864 ﬁgggg gﬁbggggsérétgg % ﬁé Eg guF9§ néggﬁrenent of
|narac§ ﬁ 0 e ce suspengﬁo ﬁo Me adQH H202 wer e used
as the €Xsol uti ons of crystalllne bovi ne catal ase (Sigma) 40 were
used to standardlze this assa MPLE 2. Cloning, sequencing and

char act eri zat i onIBf OFAET kSt & Bﬁet@ﬁcgﬁl hgleagtha tPrgffRgr obact eri um 45
The toP£PmBH§ RA3 éﬁtr§€F§§GﬁF FCRBBARRCE 6€nd ‘4 mndi n¥A5 i nsertion

at _the (RArRAYTRECTAGEERTCHCCERACYSS ') everibedeaignkd €hak BhA fragnent
coAbai mespeckdvedyqyepnnsadoknstheampstrebm andi ddwhskreamt i on at the kat A
wgene asequeRces NfuthBNAatAageset cBothi prigerbehadquentes SOcepebr eam of
Zt he i nfactildtateéheasbsBiyiehtagientaguer Fheexbralt BHAf Feant Re agar ose gel s
and wertameifaaiiensbytuaing A3EBNGELEANl aki theBtonpQdke Fhe BrRl eBNA )
fr agmeampddFyd aAugeskb2O8n FYEGReh86303RePBERSER gg@l&ag4dgbggggdlnto '
PBlages ikl NHe1KShd) 13hakka Gheb gsh67zawéhbheanﬁrwthNé hagypnt was

cl oned chato naH bBnah b8 SUBLiPh fpafhe kRSULLLNGCBLASlds g@re desi gnat ed
as pPXQBxod waz BE enE%ﬁpﬁtib%%hyd1§%gﬂggﬁﬁn9&€§pgé was carried
out uslpg Qnﬁhﬂ HgudlEC 5el eREgnﬁhtﬁn

pI‘IITEI’ ﬁrate pI‘IITEI’S

3778 & qugeeggrlng‘r‘t%‘ﬁde@eg egfl&n thet EPE’ Eéﬁﬁ hORat Aggene ARl PRESM
pri ner $e48THiD MEdET medanmaTrotementadcwith 300 ngdml of

kanamyc1n and 5 pg/ml of tetracycline.

grse an8 -40 uni ver sal

The following is a characterization of kata
30 encoding catalase from Agrobacterium. A. tumefaciens A348
was mutagenized with a mini-Tn$ transposon containing a
i promoter-less gene encoding a green fluorescent protein
ﬁﬂ (GFP) variant, which produces bright green fluorescence
under UV light. The wmini-TnS transposon was carried on a sf)
35 plasmid pAG408 (Suarez et al., 1997). One of the wmutants E
AG6 coritained 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
cauge 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 Nrul DNA fragment
containing the sequences upstream of the insertion site were
cloned into the vectors, resulting in plasmids pXQ6 and
pPXQ7, 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.



(5" - CAATCCCTAGCGITCGECCCTCTG 3') were designed that can 15 respectively
reanneal to the upstream and downstream sequences of the katA gene. Both

prinmers had a Nhel site to facilitate subsequent cloning. q’ﬁ&%tzf%s
fromA_ tunefaciens strain A348 was used as the tenplate for

anpl i f wae22063032b DNA fragnent. The PCR product was di geRIEGRENESt h Nhel
and ligated into pSW72 (Chen and W nans, 1991) that had been digested -

with Xbal. The r?sul ti n% QI aég]: 92@9 K‘@S smg gegﬁ eR@éhoé gt i ons

|ndependentlﬁ a
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suppl etbategont phnedo PR G uPE&ﬁSﬁ?CF‘H afgwBsHIff™o Fe‘f"é??‘é‘(’:?c‘lj ne. The
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Agr obaeiner Wamana., 20980 aticegenazage wA3smidagdRPzedWiirphPE0%i ¥RS TS

t r anspdserodoredi Antg aGepr arprenldessl ygnseshosdi Rjeaahi bbby fPhor escent
pr ot ei the( @aRantativakbuse Wanolrspr stggestibngghhagr p¥Q9f cavréedeace under
W |i glful1Themdithi Kata geaesposSequeasecanpilydisnind3fapkdsthat ppld08

(Suay exala docuslWbrieda efingle wpeantreadiAGofeantai(oBl) t kBithansposon

i nsert idrodes? 0PI ddidte WDtednl bEr guBi allinoi adidedwliyhps on a m ni nal

medi umg hhe-J18aY G ightKa faAehee Kblaant Thier puitaedveapedtedd wakh this nutant
strai nal@. W hGITRA R Wd bts RRARRY i30T datadddls APRgURS) Ni ghly

attenu i"n "t he ability to cause tunors on plants as corrpared W th A348.

I n o'g[/der to 1isol E?egg; m mﬁ%h%ﬁﬂw nl%D%Rgrg Eﬁ aSout hern
r

rﬁs vvas Cco elr.slzes 5 DNA fragnent
ont ai

oytmieggposo |nsr ion.site and a
-kb Nr"HPa q e "B{ﬁﬂ%'nﬂ?gr e 5 é: “&8 :1 g Y he insertion
Site wetEradn dMedis D 2 RLARAT sac':r’é’s‘lf‘lﬁ iS¢ 5’§|‘H s &fid  pxQr,

r espect sy isdiisencth arkaylsi "sh%fpa;f)ﬁiﬁ' PRI NEY that the

t r ap@posemplementedrateain AGS ok Hhad BINFE (FtPdessri al genes

encodi nactitit pdeandTh{E, geheand sl Hdsi gﬂ‘a-’t@?saé'—h@at‘wta@tAG&ésf‘aQOOS WD
02/ 0630321 PENSAn@D00IB. 25This clefnstyated tfiate thiee tawnsPesensequence of
the geprRseitBomNit filagnkatA vgenanipt i K¢e dafaakmd\3M8 hwpoapmdegee chain
reacti opct PRy Wahdagment of 2.9 kb was obtained that contained both the
upsbgeam and downstream sequences of 5 katA. The resulting fragnment was
cloned into pSW?’?o(Q@@Bst?@QtWWé@aeﬁ%sé aweReitd gy awvidipy®. Wen
PXQ WagansBt HPHYERS bt Bréibené t &Rl Kk fAll dand edid fetdift @Ridureys of  the
mutant L@ ERUSEaLEOPIS1 SHPPCSkE PYctPale RXFPosddd G 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
fﬁﬁ' IT and III originated from the same katA gene product. The
3 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 suggest 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 AGé6 were grown at
28°C for 24 hr on agar plates of MG/L, AB, IB (Cangelosi et
+al., 1991), and fresh Kalanchoe leaf tissue and stem tissue



full length kat A gene. Sequence analysis indicated that the 10 katA | ocus
carried a single open reading-frane (ORF) which encodes a-putative protein
of 723 am no acids with a nolecular weight of 78.7 kDa. This putative
protein was highly honol ogous to other bacterial catal asesS ARggt 2005 ¢. 15
To deternm ne whether the kat A gene encodes a functional catal ase, the

cat al a%@ RO6WI2e patterns were anal yzed for the mut antl’CT{ﬁQ"éﬁtletral n and
eonpl emented strain by using a cat®l ase activisty staini ng procedure. As

shown ddi-Hidhs i PtdeddeRaran sid t%c%%% M TR C(%ml %fiﬁ“t ed
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| oaded (Fig. ZB) Thi s suggests that the catal ase activity bands Il and-

| 130 ori gi nat ed fRarstudy Sdee Kahtdh geeree expothsetionThe didfifslress activity band
1l appeeeti: ddckgwamds s f | gineflacdermmaintaiofs @al4l8 exdasgct was | oaded,
SuggesAGE (pSWEL2 X heAd@a(EkQd)l | AGS acGiggreghiced I (x| weatedl@stmactd Vi ty
band 13g dd FeaS 2 RGN ont @BI]BAT Bi. 5§ xa@s&hsiaeabs kehd gene encoded a
protei m §HadsAARSESSE Al sl ane: UM ANRRIPLYLWE AGHY e, | ke some
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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
2 oligonucleotides were designed to mutate a single one amino
W acid of the KatA protein. Two residues Arg 94 and His 98 in ]
the putative catalase motif are highly conserved. His 98 was L
35 changed to Asp; alternatively, Arg 94 was changed to Gln and
His 98 was changed to Asp. A 450 bp Nsil -AatII 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 -AatIl fragment of pXQ13 containing the wild-type kata, in
40 order to generate pXQ24 or pXQ25, respectively. The presence
of the expected point mutations in NsiI-AatII fragment was
confirmed by DNA sequencing using the ABI PRISM 377 DNA -
Sequencer. Similarly, A 670 bp MfelI-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.

S0 EXAMPLE 5: . Purification of His-KatA fusion protein and
generation of antibody to KatA



5 Spectronmeter LS50B (Perkin Elmer) using A348 as the bl ank. The
excitation wavel ength was 423 nnm the em ssion wavel ength was 509 nm The
fl-uorescence | evels were expressed as the fluorescence valyigageht yogsed by
the correspondi ng OD600. 10 To study the katA gene expression |n di fferent
genet iwomaek@spunds, A. tunefaciens strains A348, AL, pcAfscoptiily 2) ,
AGG(pXQ@), A613, CE 1 and CA 1(pX@) ,were grown at 28 C for 24 hours on IB
(pH 5.5) agar plates. The flu e%cence of each strain was determ ned as
descri bed above, T 9L TRLS A T 9)—Kpbd EuRiPRgGeRSERECkat Alexpr essi on,
AGE weRLHINRE i fraryaining Xhafediiin)oromplgmentarysto the stamts ofer e
har vestRel P reRlstehd ¢igamesh (aant diingwiad Kokddisimealo wa s ivsad to
concemmalibn ©re dOEOD-ORE . frgmamst-s (Thend?). 100 kif Xhed ol rfaamens
t r apsfeas enseneedt nifoanastianaieawerf Wis)addatbpyeghent pBEETRo fi nal
concenthat ressl oin@0PRPA S 60 pMntarslucz@l pMtolid.2de Hy Suspdrsimensioner e
i ncubaBB2l HXQA@BE) fwis rdwureveriiigghd nin ¢ ewc ueeliln sispgNHiENAS
centri { 9@edy/MBSHEdcaNseh EsLsIRaNdRd 372ct hethaespli i ¢Qkesaygnl e buffer,
and 2§a§UQJ;€E&ed B r VESEL! 1P| St ﬁ&sCi%SfcatRedagaeehdu'é%éHF’uE fi:

.IgeaP ;Sff{&k pésﬁat&amfl Xe grate 30 pXQil

was. pe

1nto ra Verl ap

exten5| on° ur | Qnuc:’l e d,es 58 to

o e SReFate ﬁepﬁw%sv aﬁ;@i P P g o
H s 98%Rfl € Elﬁ t QPF RS st Vearre hi ghly conserved. H's 98. was 35
changed to Asp; alternatlvely Arg 94 was changed to G n and H's 98 was
¢hd ARgcBXAMPRE 6 : A GepPLemaRY4tiont| | PCR fragment containing a single
sijrutation at His 98 or double nutations at both His 98 and Arg 94 was used
to repl ace t he cBiaswpdadP¥Ql3 NPXQ29atpNOZT.amHOAB GEHNGNAR T oreixx ni ng t he
Wi | d- t dpgekbed, bynC481 oaddr1igatyedevitle QMR AiggegHé®@ pSWErkhdot i vel y. The
pr esengenechtehpXQ2pecp¥d20i pXQ2TtPXOINsand) g1 AatPladaizdent was

conrbi r ped1by, DRAOSRQUPKORDRY PXO2Y, 1Bl FRIBN PXOIN andqsKkEICer .

Si i | akYe An6fBdbpedf ehtdathe LR {109 Mitantt QUAIBY NEr Gihrdiidduced stop
codon ghe$Say Ipetcd beagmshi 15s8dp €1 ld ot d16 SieCaishgOriow; ofe t he kat A
ORF wag,juseqdqbq) I ephashi aiNx6Ps 90N Asddal Aa{alAééernt of pXQ1L3
cont ai Byad e Bpothtdohy PEol tbheal y 9508 foszQ? PM gspectivel y.

0 5 %g;;;;;@ag&;@;gwgg s %ggfezﬁ% W?ﬁo ton of

2O(H:Zﬁ? H n 11rmdg b SSOURE (§¥Bf¥£ﬁ§
dl éérman% strains were analyzed for the GFP and KathA

expre531on levels.
30
The intracellular concentrations of H,0, were
measured according to the technique described above in
Example 1 (“Measurement of intracellular H,0,
concentrations*) .

Ny (D

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, AG6é was co-cultured with other bacteria which
45 contained catalase activity. The bacterial cells grown
overnight were suspended in IB liquid and adjusted to ODgeg =
1.0. The AG6 cell suspension was mixed with another
bacterial suspension at 1:1 ratio. An aliquot of 12 pul
bacterial suspension of a single strain or a mixture of two
50 strains was spotted onto IB plates. The plages were
incubated overnight at 28°C.



the KatA ORF and an oligoner (containing Kphl site) was used to anplify
the KatA ORF fragment- The 2.17 kb Xhol -Kpnl fragnent 5 was inserted
in-frame downstream of (H s)6 harbored on pRSETA_ The resulting pXQLly was
i ntroduced into BL21 by tranformation_ BL21(pXQL5) was growAugws2iDght in
LB nmediwaazieesdshe presence of 100 g/m of carbenicilli ”P@lt/S(gﬁﬁom he_ cel l
culture was harvested- Purificatiaeg of (H s)6-KatA was conducted wth 10
TALON netal affinity resin_-.according to the manufacturer (Contech). The
purified pr ot ei NTHASPRAFREIRY fhuereseenes wadeyedier hight eapri mary
ant i boejotepbrrhed apad yshe | brters it yr EOFFGFhasxpeess bon owds as descri bed
above. "G &S ExA/Hp ¥ ﬁheG@ﬁ@¢@@9n¢a@é@mrﬁba@n¢dslp@ﬁn3;anﬂgd¢kpMQBS,_pXC28
and pXapowthlereiali hesy edf byachastuain| igatied owtdulate dagesied, pSWL72 to
gener aperpMaR 3o £ pXaEh, coXRVE PGB0 atar@ X84 hdhasst éls 20 P 7ehe pXQLL
PXQR2, v paR8, coXREounpX@i, M@X@Of@ﬂdtwlviaﬁ@ ¢fu Oéé&?g)qbgﬁa;r the
m ni - Ty &e®n t & PRI £6% t I a
el ect r'gg{)?uaifg%t{ _Cang%(ljo\giiagt aﬁ.‘?/'{l%Q%}g %Sm Efe_pS( B wa T r oduced
into AGG by el ectroporation, followed byBSeIectlon_lndtPﬁ Fresegce oLtZS _
cagpenighlchiB- g The ul ti i n AG613. was t ai ne a under we
si%gle'crosggvgi h%%n og%ugg?géggg?ﬁgi%ﬁﬁéﬁit rat? locus; it masl g
confirmed by Soughern anal ysis. These _transformant strains were anal yze
for the GFP and fat ‘ri\"‘"‘égﬁ'? S87 JAUERRe| A6 sponi imed ket Trd ar _
concent FARFRBASOD: CPBBRINERS 3 nRERUPERT ake®t dFRER of hurreaetnt que descri bed
above PROtekanfPEPY YaxEast; chentmbni t TR Y deErnepegonoDs compertedt i ons") .
Thé%cathl 828 betdovngtraamhbrem helee esfatt cepdon wa kaled er isiese as descri bed
~above- theEgéapyiene yagavndesethactonttgl askaytig . ka6a PRddter
1 nt er céieaignatedrasskanAeffih] A lyé pkatpr egsiads den G ETdi Neaavhes her :3
cat al asheagtcuntiyaoionnef GER} ewhidth Cebhldak b BfiLrt zddeaka AP gene.{_-.-
expr esgreenof luanesbence ehihde AGV WBEgk©: CUthaFeeb VA t eyt her bacteria which
452008 2F Pederl a1 A6RpPELL YO Yot TRELRALH 641 aluhksklSi SO WL QY i ght were
suspendedetihEal byl uhdadhisli ag] tist ok B fon ‘o e Gudind de
suspengh08i PRSrahXedoMi) i8R0t her bacterial suspension a rlratio. An
al i qguot of 12 | bacteriaf suspension of a single strain or a m xture of

two 50 strains Wag.SRQLALE nfo | | at es-_The pl aces were jncubated
ovasr Ak ah 2PFL oAUt DR o b AT o)

AB (a minimal wmedium; pH 7.0), and IB (a minimal medium; pH
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
3¢ 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
o neutral pH media. This indicates that katA might be induced
' by acidic pH, as the plant tissues also have acidic pH and _{j
35 minimal 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 expression, the fluorescence level on IB (pH
$.5) was compared with that on the medium having the same IB
ingredients but with the pH adjusted to pH 7.0 (IB pH 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
wedia, including AB and MG/L. This dewonstrates that acidic
pH can induce the katA expression.

EXAMPLE 9: Repression of katA-gfp expression by kata
50 As shown earlier, the plasmid pXQ9\which 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



The bacteri‘al fluorescence under WV |light was photographed and the
intensity for GFP expression was neasured by the procedure described
earlier. To check the growth viability of each strain in thegasioebsure
mxtur‘e” E(g’ortlon of each co-culture m xture was harvested to test the
vi abl e W% aAnt on MIL (for total viable cell count PCIGO2MuE

suppl enented with 100 pg/ m kanarry?ﬁ n (for AG viable cell count). 10
EXAMPLEh3: khid s8rhndunbll 8 hyghtidiedabbd £iUBBESCERBS (@6 a7¢ AGS

cont ai Fedda redlict 18R, hEABABAARONNCPRLAI §f NY A PLAPRLPEA! BSSe GEREN
fluoresqaat cypeokaictR C&GPA ¥apkant: chlexqtAaL gEB5 g@é@ 5N was inserted 15
at 995 bp downstream fromthe start codon of "kat A~ Si nce the gfp gene was

under the controlrooti EQ?mlﬁﬁE lprQmeéouigeg%ggkeg%ﬁf%kat A— t he kat A

express; %ﬁé 4,58 ih ?PUSSEH‘JE%E' 4 SFent N C%fll%fore the 20

vi sual i z%d cen{ee un
differ ntla ex &SsfB E E?Eﬂé T u?'aebe det er mi ned by
measur i gp ggﬁf é’?f‘oﬁto? £ Eoﬂﬂ?‘é’ﬂ? AEgNe; aogPr aRd errutdndi ti ons.
The ka®AS gheqls FLUGRFAEENES YREGKnHY bioles ofs gshewtent growt h
medi%a, B9-adri thenkditdnpeps did) nopprenrassi ke aeaBugfrpH 7.0), and IB
(a ni niSFRIresSIPEm FhRisssyggegssubhpt akabh caasapeal bicably | eaf tissue and
stem mep3esss katidogfp axprReaAonn Fig. 3, the fluorescence level of the
bacteria grown on I B was about 10-20 fold higher than 30 that on neutral pH
medira including AB sad ME lintémestf koodeseeninel whethepnclfal oe | eaf
ti Sfue mmbest and icheudocaedbhods waita abaud affoct obke NaSE] cy those in
the nadpdssnH ediaawashintegeheatiesnthathkabhr8hebbmb ot NKhiEed by acidic
“pH, as Mu@metmmese%seb%erha&ﬁoa 38L& eél:ameléét{w' (?ut“t'_on (Li
Jet al. ,rets%a ing Fs’rtewlauac%meeweata ayes g a%&ﬁz medi um i s

repres arndQ bieOPRet RS encounter 1nside
d gﬁ Mig%uﬁ ey o
at ag|

0 S To confirm
mn § eﬁé{r;eég ﬁa Fnhé Wut)‘? ﬁsﬁ%‘ﬁ | evel on
I B (pH IVR %W‘ﬁ “E‘-Fteu%%rre | B
i ngredl &h gflﬁ?te to 'Bﬁ“f 6“ 7eShE ¥hey -onlyns shown in
Fig. 3, 'ﬁté:qqyu m&aﬁeﬂ‘ dGEBL (bR YeB e§§ RB% kéﬂﬁc@&’to a |l evel
t hat weRXRESHFIAN  AwfREteTethetherkata ipndprgarad a8 Bhastd lox Thi s
denphstTRHANERANY- aci dic pH can i nduce the kat A expression. EXAVPLE 9:
RepreSS| on of katA-gfp expression by katA 50 As shown earlier, the plasmd
pXQQ WHERMRLE idd Requiremeaggt pfkaha fatd-gbpl depuesyiconpl ement the katA
mut ati on. When the fluorescence level in the conplenented strain AGS(pXQ)
was anal yzed, it Mawasuofr iistegleptf tondetermine 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
2 nucleotide position 14 within the katA open reading frame
QF (ORF) was changed to G. This created a stop codon at Ser S
: 35 [designated as AkatA(*S)]; the resulting plasmid was named
(pXx031) (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).
140
As shown in Fig. 6, the pXQ31 construct did not
generate any KatA protein. pXQ30 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 repress 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 proauction of the KatA protein is required for the
repression.




5 August 2005 WD 021063032 PCT/ S&2/00018 29 that this strain had a

hi ghly reduced fl uorescence (60-70 fold reduction, as shown in Fig. 4)_
appeared that the wld type katA could repress t he kat A-gf p expression. 5
To deternmine if katA could specifically repress katA-gfp, pAUBuER0S

I ntrodwyg@ehedbsr a different mni-TnS transposon nutant é+ 0CI§1 whi ch
contai ned the transposon insertioRgat a chronosonmal gene aop 284 coul d
produce bright green fluorescence under W light. As shown 10 in Fig. 4,
the kat A gene d|étnﬂﬁsr§b¢§sém9ﬁ§t§BbBLgf@ECQR@LQSSWbﬁth¢h|e Eubbests that
kat A cafrngpbBckptdapPpryypPeppidsswiat neghpredpfesstba. reprewasoof interest to
det er nirhe whehhénot heidepydedignuobar agandat K&sk pcahdogoohmkabA coul d af f ect

the abisliliy t(RathABO§SSL KﬁEACW@érh:E!IlﬁgréEeﬂatﬂt Qekgeﬁg*ﬂgegas e of AGS
t hr qUglyeslRak - HROIFOYRN: g a'E' 0gause 99 %gn esulting
straln {gugggt Fgg BaSk5hah ¢ 80 28 égge ka i and a single
copy o ?:t % S HSI ?n as 2 voﬂf sis. AG13 had
a veryt Qresm Eﬁ%‘?l?F fl@\zé‘;Sh‘anon ng the
kat A ggne ogﬁég sﬁbgﬁgﬁpg ie gg thatt 8neitdpy of katA
mas su dhazppred PR.PEQPA. ¢ %“e reégﬂbﬁathﬁgnﬁhﬁﬁrthﬂﬁﬁher kat A
10, feugeghed) Kahpdprpte3ns wesrolpatabExaVPTes0: tRaggakedent s of t he
kat A—gPE‘)rt&}Pé‘sgﬂ gnnPt Kepressi kher katArgLpce¥PREAdion akear epression 30
by kat Rigedfifaatadevrd (Big-| dvelapespPoreilnlbyepreSimeblyr ect ed
nut ageRespasgatheandadt eott exhéhétaseymaianifichat cptatlased no or
truncavettikdtx dFdgei 8; Tabl€ a) .t he nucleotide position 14 within the
katl& open reading frame (ORF) was changed to G This created a stop codon
.at Ser 5 35 Tﬂﬂ@ZgGﬁﬁa&dﬁa& da ol babterll celld€od Ith&@ildgem d was named
ApX@BLl) (Fig. 5; Tablel). 5@@%{%%&!| on at KatA was then creat e
by del eting the G of the sgcond codon 1T the fatAORFfdestgnated as q'._--.f
Akat A(-2)1; the r |ting Bl as was naned pKQBCaakisg actvi 40 As shown
in Fig. 6, the p constructrB %fmn%xpt“@eémﬁera e a(nmd{afécm;yotel n. pX@3o
gener at ed ; L presumably produced from an
alternative translation siffe dowmnstreamfromthe start codon 45 or due to
infrequent frdM5@KQ2BIng ¢f the ril®bone, whifth TéUA.8+4d880re the
transl ati on ofAG&H@XQYYt ei n| These trAA construtts g 3npksg gpress the
kat A-gf p expressjon as deflerm ned by both the|G-P fl uorescence and western
anal ysis usi r‘é} he antibody to GFP<#tAi g. 7). Thi sl486dgbd4%S t hat

AG6(pXQ26) KatA(98H/D) 2193 £19.5°
AG6(pXQL1) KatAA86 193.6 +25.2°
AG6(pXQ27) KatA(94R/Q)(98H/D) 184.0 £25.1°
AG6(pXQ22) KatAASO 182.7 £21.5°
AG6 KatA” T 1752 +£20.2°

Agrobactenum tumqﬁzc:em' .cells were grown on IB plates and then haxvcstcd The
20 ° catalase activities in whole bacterial cells were measured as described in the
: Mateqials and Methods.
® The catalase activity of AG6(pXQ26) was significantly different from that of AG6
(P <0.05) based on Student’s (-test.
© The catalase activity of AG6(pXQl 1), AG6/(pXQ27) ot AG6/(pXQ22) was not
25 significantly different from that of AGS based on Student’s t—tcst

Since the trumncated KatA proteins d1d not possess
any catalase activity detected by an isozywme staining
procedure (Fig. 8), it was meortant 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 .gcnome.ad.jp). It revealed that a motif
of 12 amino acids (VGMMARVTWHAA)} located from amino acid 89

35 to 190 from the start codon was qualified for a peroxidases
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50 producti'on of the KatA protein is required for the repression. 01 5
August 2005 WO 02/063032 PCT/ SG02/00018 30 It was then inportant to
determ ne whether a full- length KatA polypeptide was requi ég\ql Lé)[rzobgle
repress The 86 ami no aci ds (designated as Kat A\ 86) and m no acids
(Kat_AASg?)%f{“imé C-term nus of KatA were deleted to 5 BeEWeGemwomxQll and
pX@@2, respectively (Fig. 5). These®!const ruct s produced snal | er sizes of
Kat A prateive abce expaedtisrd Fi grhi@Bmdtd e nidgndn thed e anount s
of theégtéxyggag@QIMf\ proteins were rruch%hgsg)et )HEHU?Q%&WENER pe Kat A
(harbored on pX@) (lane 2), indicati ng that these 10 truncated KatA

proteins were unsgppl & ;i JOESE& WL Q,%tel nsqdid not repress the
kat As gf Qn&é@i\%@éo&é‘tcé% %ﬁd&p jdtéi)?}l @Om cgndpe § € 9 and 10),

C5h APRANELIEat al tivit
PEre. Tbe ve%fg& e A 2l THA olgerNaEABPCRBREE eofal col | 5

it %z‘ﬁa E‘d@ﬁ&sa‘:&lﬁ’éFNPr oPEpHious
9 i3t ddec Qe sropdirgr TpRAONEF 18895  440. 3
g X o5 3106 5af 1t‘K?>4%KathAlll496’"@1OB49lPE AGE( MO} Hat AfO8H D) 219. 3
8 ‘5@}3 AFRaAFABOUDE. Blildm et aAds(pRORY)Kat RES4R8QM4S8I /D)t 84.0
25 1 A@éw@m«wﬁ[ﬁéﬁagﬁaZédSaﬁ REEK eH ATF} ; 21\1—%0 93 wAgr obacterium
t uref accnaﬁgeal 6o VeIR é}i&%é)@d B @nddigd cbha3p n@d g}ergaﬂ: Jhe, 20
asur a

cat al as c r| cel I S d&cribed in
t he -Mafaeg ngr)\g?zgei dgz h;e:gca a’r%%epg%?‘ﬁ/‘% Wte AaRsske26mas
Si g%flcant y dlffer T lf‘nat of AGG (P < 0.05) based on St udent S

t-test. The catagﬁge actlwty of AGS(pXQ 1), AGG/(pXQZ?) or AGBOXQR22) was

Shoin 118 Fid £ Gymbokh: the widdpbype shraindkdess t-test.
thecepmalemented Ataiain M(Mzédsbéés thenKathAt edtisbasgetivity

:Q

know whd6a&pX@26D and AGHIRXQ2Ht al 436 sacuiggesy swahategliteedec{ion Hhi s
f ee@BacHisr 8fressbovh Aiw 9riael dtisd 9sequente ebnldertupeiaciugese cat al ase
Kat A waefaKathzablobjskedDihé KA Cathllogealctivity detected by th
(http: / suasningi procedure ad. §ebce rhi Ul@‘te&hﬁdybhét wasnpékfoneéd 125am no
aci ds (VRMRRMIFACab] DDGY ask fiimaiitan® pdeffs. As shown in
Fig. e6A, AG6 (pX026) and AG6 (pXQ27) produced the same size of
25 KatA proteins as the wild type, and a high level of the
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 5 and 6), as

compared with the strains expressing no or truncated protein
KatA (lanes 7, 8, 9 and 10).

{1 ' It was important to determine if the mutant Kath

35 proteins 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, KathAge

KatA(94R/Q)(98H/D) or KatAASO was slightly higher than that

45 1in 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 s
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 (pXQ26) was statistically higher than that of
AG6, suggesting that KatA(98H/D) possessed a low level of



35 to 100 fromthe start codon was qualified for a peroxidases 5 August
2005 WO 02/ 063032 PCT/ S@02/ 00018 31 active site signature. This notif m ght
be involved in the catalase activity Site-directed nutagenesis was
conducted to 5 inactivate the catal ase activity. Conputer amalgysi2905°
reveal &zﬂﬁ f\rg 94 and His 98 in the conservative rmtlflof Kat A m ght be
crucial for e catal ase activity.,;Previous studies hé’\’zéwqﬁ’d{“ﬁ‘ﬁ?ed t hat
the corres ond| ng residues Arg 102 and His 106 of the E_coli honol og HPI
are i npatednasef artivitvie cEhababewaattiviyy (piésamalely ahas 2000). His 98
was changetdbtubedspo[ desi Yoat edprass Kadd\(SBHYA - g Ap 9 (Bflgwag) . changed to G n
and H's 98 was changed to Asp [designated as KatA(94R/ Q(98H D)]. The
resulting plasnids werenoaredc PX&P6o @dte PXKEY . kEELPELR Y YL (Y }tB) AS Shown
in Bi g(i8, chet BethenWabd(pX0275] M PePriSdS&s and & régch{ﬁ”S tEQc train

AGS( pXgep) abad 18@ Kaiédycakbahase) , agmc\_féwh@a&éié were mi ssi ng
in theppytanh A8, nofBERXERP) a0y, é&i@g nt |

altera 0 9 4 e consel( %\tlve m)t|f
of Kat %.hgg PI‘ ﬁ @H%Ee a@?\tké%gl Afgbg 1t% e%’t‘gd"‘B fﬁ%’fe%al ni ng
88 ed é t L‘ggeaﬁé? E ‘3\@%‘%‘% bF }%"ejché'ﬁkgt hé) stability of-
th #ﬁ{"g Fi‘ XX vy A (bher7)
pr oducBYCtRENs hFEe Fzgeﬁ‘f’ 1?5"](‘&?9& b‘i‘o‘E‘é‘? n§e&’§e$$\@w¢ﬂ kgpa-gbpd a high
| evel of the point nutant proteins accunulated in the cells. As shown in
.Fig. 7, these t%B Putaryut the pepresmibor oof ckatA gifp yexpepsesont he
kat A- grpquipedsthenprdtecGEPneaprastunct ivasal Kathighrytennetise abl e in
AGBBpXpR8Eetbadet iy, catialasevast Boiteduchd addAHR X Lhdng NEhd\So( pXQR7)
.(l anesmbtand KxtAaproceinar 6l KitA ess/DRided M&ﬁﬂ@ﬂoﬁ?gﬁ)ﬁ/éf uncat Ed
pr ot ei soukat BighafesantlP, r8ppdds 1&e k&tﬂfﬁfbr5¥5§é§§1$ﬂ QF grmne if t
nut ant 1KabA m&éhpll@irétnﬁhﬂﬁséﬁéS@ﬂl&ﬂﬁ’yﬁéﬁ@&)@% L atal ase activit
The gemaélaaaedw tBﬁ§ 6!4&@@%@6%@&5&%9{5;\ 'ntO AGS that -
| aglgs hebﬁmuﬁeed e sala sslaﬁtiae,é il ¢ t&ﬁ\ er e' %LS was

b h f t al
2‘3??3(?3@? égﬁﬁet %‘f" Bhec sl LS a%%‘gac otElagr. %) °Fa! oo

R R R

Kat A(9
niaf" é’l TﬁP raggldulay Hee Gohese nut ant
Ka R prlblfigcﬁs kﬂl 5 ﬂgf’ 99

EBB§%§§13?W KR 9GRD) renrgesed dehe vkaga- The
activi f’lfé’se?‘ﬁrﬁﬁﬁFQ“ at a level sligh€ly higher than

KatA (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 act1v1ty (Table 2) because both two

30 important residues at the putative active site have been
altered (Fig. 5).

EXAMPLE 11: katA can be induced by hydrogen peroxide

3s It was then important to determine how the - : '2)
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 (L.oewen, 1997) , AG6 was

treated with low concentrations of H,0, (30-120 M) in liquid

MG/L medium and the katA- -gfp expression levels were then
determined.

45 As shown in Fig. 9, the kataA- 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



cells for those'bacteria were apparently due to the catal ase other than
Kai.:, since AGG (which | acks katA) possessed SO catal ase activity (Fig. 8
and Table 2). The catalase activity in AQ(pXQR6) was stat gsgd%ggtlj@(ﬁhi gher
t han tt\% g/ ]\9@ suggesting that Kat A(98H D) possessed a lowlevel of L5
August i 02/ 063032 PCT/ SG02/00018 32 catal ase acteUPegR/O0TE s | ow
activity presumably has contri but 3 to the low repression of katA-gfp
(Fig. 7induction iof st ibyg aicidiet pHt Havolebs( 842 8L ofF5 - (in the
strai n AESEIA)lar apoeskeekIde expression of katA- gfp at a | ow | evel
(Fig. 7), since the activity for this protein was not statistically

si gni f i exspEmdi nas AOWEIlc EH codd) ehBaRckhahe? 36 ;Table 2), which

di d gotinepd@st uildle et A iR edxpeeppion at a SI gni lcant eveI (Fig. 7).
10 This suggests that both the KatA cat al ase act|V|ty and the protein

Irfaf)(ralafssmrep& nvo'g &, I BRETRS SaBead by Bt ofpy o funcei onal
Kat A pr ﬁgﬁoﬁi ?’H gk‘&l é&éﬂ&&l% of. Katdadyi tion, anong

“the,, "'aﬁel &f'pz(lmR/fQ)(gsw D) could
si gh? f| g‘ % iRethg &ddison Fhey intevatendart over t han
the wi | gdﬁ'z’r‘gns Mere I“Pﬁﬁsd’éiﬂdalﬁ%r the adtevda wwrowt ant  Kat A
prot ei n§ RIptes dpHepyShi gn ABvplatest b€ beatenilapiFi(gu 6) .

Thi s Sﬁ? ¢ 29KRding tthébe prevacuslyt desewiBedr precedurgsesent in the
cell-s z&knn THinahe taed Pempdpr 39965, 19p7 s ukak! welkeCpusedt Bg mut ant
Kat ¥5 prat eompl efsuleinsitliilratiod o6 tReRiheraedutalhheaayai [-ability of’
i'nt r aceextrare HAllart 1,025 évelir © K & Hat@HIAS Tell.g K3 WHLD) repr essed
. hhe katdeowit poreXis &asSizH adld @hkAVebsab H&é& thgeghfaggﬂa b r
“Kat A(9. Gt Q (OBHdde (HHed MabbriRi8SHABPMY ,ggs o it taflggg activity
while Kat A(94R/ Q (98H' D) did not possess any significant catal ase activity

(Taphe7 2) becau dues,at the putative active
site ha‘y@n‘g@rgfk %bﬁ{ egAGE EB%EE%% E ttl He%1 nduced by

hydr o Fanit ¢8 YRR ﬁE’OHS\Nl?he cat al ase

a%:/t i v?'?@up@é gg PGheTr #id Ss iEprPpEgininghat

cat al as&Gémé/ fl gglag ePP P5@9) ] oy elTle; devepr Ees the

kat 4 of e ess| “I'(?"d FRfpd ethtimefichigperssshan thokat A can be

i nduce eﬁgc G A"@"%Bﬂetbf* B%ﬁ@rtlﬁa%tlsﬁr-él- cEhel dewel (bbewen, 1997),

AGB vvasm'%/’Fae"a‘? 1% tPenl Emased abosits 3ot imes? Wies: 12@¢ MG6 welilgui d  MI L

medi um %GRE Frettched “b?ﬁr ds9i b PBvE}S. weThet hshradel dubanen,0,

concentrat1ons were virtually constant for the bacteria
having the wild type katA, no wmater 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
P intracellular H,0, caused by acidic pPH in the absence of
B functional katA induced the expression of katA-gfp.

Table 3. .Intraccllular-.HZOz.cqpccnu'alions of bacteria grown on IB and AB plates

H,0;(uM)
Strain ABEHTO) IB (pH 5.5)
A348 012003 0.13 0.0
AG6 041£008 116 +0.14
AG6(pXQI) 0.10+0.02 0.09 + 0.01

¢ Agrobacterium tumefaaens cells were grown on AB or IB plates. The intracellular
40 H20; concentrations were measured as described in the Matenials and Methods,
based on a complete equilibration of the intracellular and extracellular H,0, levels of



45 As shown in Fig. 9, the katA-gfp expression levels increased

significantly in the presence of 11202i suggesting that the katA

expression could be induced by 11202. This indicates that the reason‘that

the catal ase activity could repress ;he kalt A- g}‘p _el_ﬁpresfr;ﬂoifigj@tut]tg?)otshe
50 depl ete the kat A inducer |evel. IS | .

gﬁggggﬁ?u%gzz actspas the intracgllular inducer for tH/SEEOM0BXPression

inside A tumefaciens cells and that 5 August 2005 WO 02/ 063032

PCT/ SG02/ Guokigtesial ¢alid et iwsre growednAEbyr AB iadd ehehtedusy@ldéa $n & PRosdphgt ease of

i ntracel | bulfec (@ROR4). evel s. EXAMPLE 12: Acidic pH could enhance the

accumul ation of 5 intracellular H202 in katA- cells Since katA could be

i nduc SRMIDSPIHR 02 : itrmcamaraxamzdzosdgo@ﬁﬁmg %ggbeEeEhﬁohgggCt i on of

kat® by acidic pH was indeed due to the enhanced | evels of 10 endogenous

H202 in the bact®id JtuBldss. i ndecddd ragf! l"m@a[tilfg REE T o o e

20

neasurethdite tdie RRGIRI 18 WML ON nd 1Y &Cﬂlﬁ!acth rze\i%eéh pH'5.5) or AB

pl at eshafc el alelnd it - aBEEQL P9 oG, 4 ejg_ﬂg tffcﬁ;fe dgosfgribgdon 15
A T
¥ f&rph%& ! l:t er | 1’1 ce 4 ﬁeeh t{h%;;g)r S 2R -9 andiheren
lr:\slﬁspsjaeoée T g phot p(i%geab?f‘f"ecraii.o'taﬂl-lcﬁ lasgdg Hebeaduged s and-

Met hod$) - o 205 ces-‘ﬁo';\/vﬁ""i 1T°§olt¢%‘%, A 99N ade GANKLP 920 esmmerr;a*atlﬁn f or
the A ¥V CYINuTRrassemhs(Bigtsint 4.0 7.t iSr@ndildler t han those for the

' s containin the wild-type kat A [ A348 and AGS(pXQ@)]. The
Ibglgéfr:‘glr fﬁlel LG o (‘,‘E!qaéltgrl@m\ (Drmmgms tahowatkd iateshu gher than those 25
for tHeeBRu iexdtHdNitey ehoey dawfevedt Af Heedweieltidfn ddteacel | ul ar |

JH202 ierMemsunl disowigBitfiiventhirert dleseAGTtEalIy ; WS Wiltehd rom pH 7.0

“to pH Eemrestw iktlagep ehrdiiibn GaNGR IHlgraFs ARt 1dvdual | y const ar@
for théFimet e isnd@vi matillee 201 ) d Thae Kaidicdte EHR7 tw{@tm;@ wer e
gromn edfrexsidih QeveB oplcaire e FiRAE dhadijcale ddiatui Tyt §f,pon at Kat A

enhanceachveigyis adilegn off i fRaald Ul gt 402 J.9h 4 NE. bacteria grown at
aci di Ciﬁf;id@ﬁm ﬁ(ﬁn'e%m'esf)f _1&3:%% G2 ldntdh ' 'ﬁ%‘ﬁt %%J}lf%% aci di §5pH 'n
t he ahﬁwcﬁl@acélqrﬂﬁt&@%kféééig JEQEA%% ée%gl O(?%.S’g‘?rb\)ml LT 111 and
Tabl e o - Ldpreabild Ul § e %‘iorr‘-ﬁea?%”%f'?g% ksﬂ%ggwe@fmi@@o 13 0.02
Al)s pl@é@%rﬁ%%?ﬁ It?%: § rt@a@:e?l ar :@)z scavenging capacity of a .
AGBO'4&6&é¥E&él (%t 1s introduced into the cells.

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 'capacit:y 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 )
35 at any significant level (Figs. 7 and 8; Table 2) . Thus, ™
they have no significant capacity to scavenge intracellular
H;0,.  Two other mutant KatA proteins, KatA(98H/D) and
KatA (94R/0Q) (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 Kata 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 deterwining the intracellular H,0,



AGG(pXQ@) 0.100.020.09 0.01 Agrobacteriumtunefaciens cells we grown on AB
or IB plates. The intracellular 40 H202 concentrations were nmeasured as
described in the Matoxials and Methods, based on a conpl ete sg t|on
of the intracellular and extraceltular H202 |levels of 5 August 5’0

02/ 0638¥POBUS3P2T/ SGD2/ 00018 the bacterial cells that werergcovoosn 113 or
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expres t A V\hen .A ne encodi ng a functional catal ase

i s int ‘8‘(‘;’2’% ﬁnt oE EREegerPe P% 8%@ Eé?’ﬁ\e@ﬁhg“ R¥t A-gf p expression is
dr amat |Sé‘§lrf’§l‘“fjéb‘9e§§§&e(l¥? dsceklsy 8 and 10). 15. Two nutant KatA proteins
truncated at the 'C- termnus exh| b| ted a very |low |l evel of accumulation in
the cells and ndosigyestdgatecyhathet bbei vepyesadpnhef katanygfpr epressed

kat A- gEFPEREFASBI 6AuAd gryusi dgnteércahlulavdy, (FiGswa? andcgltdeble 2).

Thdde midhchhe widd tipekstAigf p3480(seprBsamphel 2¥el sAsanshowihil et t he

i nt r ac&ilgul a0,HAG28 sodeedgicogldapepréysothéhkacalysp biptbsseshl s are

i nt rodicedhe sorrouadings AGkacgtls] «hehl A3dbakvasamixeavaner aghe

i nt r ace(uipplear phinel)l.evahe, flaerkaténgéplevelessi eReabhs pepgepr essed.
Ther.ef ariktuieavas Reduledkablull§l PoerBI&Sa5080RBasaA FBNLASL 6?6

i ntrsacelllonear(16eas Eea.\mgl NBvaRRAELbN SF ehenohgsﬂéec&h?ft nt{soduced
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CL t é‘(%&l‘r\f& ﬁ°f“h§ EePPB- 5 ‘doﬁﬁngﬂﬁl pPt8nrellst al ase activity;
ne|2t er repressed the kat A-g express| on 35 at_ any significant |evel
(Figs. 7 and 8: F?’e 1@'131‘?#&5“ arhESPRaceing ehgnpreeant veapaksey to
scaven@Psefviese é‘l Mago coTayLbuERd WhERNR- kBEALpesteand, EKacal 98H D)
and K3MAchy Rooted 8‘99/ e catpdaspgaeneeatlieyonaptest afie k996 A-gf p
expr esJfasiven. 61»9|9é'\)ela plossensedt hha chtahhbd- agbévkayAadOnésFsgred) .
In<:1¥‘-iierh)’al‘ilh)73 catial asiee SeLivd Lyunaady Kat Bher veprassiancofiukatadgsp a very
hi gh | evgiressiome byadt.emied idleitg. a6yf. 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
= 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.

Cl

e

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 plate. This
demonstrated that the catalase in the wmedium‘“was
active. Therefore, it can be concluded that extracellular
catalase could not remove the intracellular hydrogen



Thi s suggests that.the sheer anmount of the KatA proteins 45 present in the
cells mght contribute to the repression, presunmably because the nutant
Kat A proteins could still bind to H202 to reduce the availability of
intracel lular H202. KatA(98H D) repressed the kat A-gf p expy dsiguss208% ‘a

| evel 1 hi gher than Kat A(94R/ Q (98H D) (Fig. 7) resumably 50 due
to i ts“ﬁioé/vﬂég(t%l ase activity while Kat A(94R/ Q (98H D) %‘F& {00 ssess any
significant eatal ase activity (Table 2). Al of these indicate that this
assay Pechmdldegy is extrenely sensitive in determning the intracellular
H202 5 August 2005 WO 02/063032 PCT/ SC02100018 35 scavengi ng capacities
of different nolecules and that this assay can anal yze nol ecul es that can
scavenge intracellular H202 directly or indirectly. 5 EXAVPLE 14:
Repressi on of kat A-gfp expression by surrounding bacterial cells To

i nvestigate whether the repression of katA-gfp expression could occur
intercellularly, AG was co-cultured 10 with the wild type stain A348 (see
Exanple. 7). As showmn in Fig. 10, A348 indeed could repress the katA-gfp
expression in the surrounding AGS cells, when A348 was mi xed with AGS
(upper panel). The fluorescence |evel of the A348 + AGG m xture-was
reduced about 20 fold as conpared to that of AGS 15 al one (|l ower panel).
Eval uation of the viable cell count of the AGS + A348 m xture showed that
AG56 was 50% of the total cells as expected, suggesting that the repression
in the mxture was caused intercellularly and not sinply due to the
dilution effect fromthe non-fluorescent A348 cells. 20 This intercellular
repressi on phenonenon was al so observed when AGS was co-cultured with R
meliloti and E. coif which contained the catal ase genes (Herouart et al,
W1996 Loewen, 1997) and possessed the catal ase activity as neasured 25 by
the catal ase activity assay. The. repression of katA-gfp expression byﬂg
nmeliloti and E. coli was weaker than that of A348 (Fig. 10), presumably™
because they grew slower than AGG on IB plate as denonstrated by the

vi abl e cell count experinment. These suggest that H202 generated in AG
coul d pass through the 30 bacterial cell .nenbranes and enter into the
surrounding cells that possessed the catal ase activity equivalent to KatA.
The repression of katA-gfp expression could be achieved by catalases from
ot her bacterial species. This indicates that intracellular H202 scavengers
can be applied, external and 35 adjacent to the cells under oxidative
stress, in the formof live cells or non-living systens that can receive
H202 fromthe adjacent cells under oxidative stress.
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“may of exanple. 5 August 2005 WO 021063032 PCT/ SG02/00018 40 CLAIMS |- A
nmet hod for determning the ability of a conpound to renobve an RCS,
conprising: 5 a) providing a cell conprising an ROS-induci bl e pronoter
operably linked to a reporter gene, wherein the reporter gene is
het erol ogous to the pronoter to which it is operably



| i nked; b) exposing the cell to a conpound potentially able to 10 renove
the- ROS; and c) neasuring change in ROS-induci bl e expression of the
reporter gene in the cell when exposed to the conpound; wherein a
reduction in the ROS-inducible expression of the reporter AagwiBd00S ’
I ndi ca the conpound ib able to 15 renove the .2. A nmethod for.
selectyﬁgoéﬁﬁﬁéleic acid encoding g -A protein mhichRﬁgngﬁyﬁmﬁﬂsrennve an
RCS, froma plurality of td nucleig¢ acids, the nmethod conprising: 20 a)
provi dFBYIM®| | s conprising an ROS-induced pronoter operably linked to a
reporter gene, wherein the reporter gene is heterologous to the pronoter
to whizh it is operattyd fonkesteliditg QHCi 1% 1P SHe; CELhSoEXPT essi on
VECt Or so COspbves i &g RAS, acdhpF didy: of nucl eic acids encoding proteins which
ares pef enpia1diak & ¢01 1 eFBNS LR KOs "RRRM ] Ln the
sy e L AL L A
nucl e : i
ROS-in ilﬁi@ e ﬁée';%? esm%?légt?ot%ge EBelf)or teer gﬁe;hﬁcnta 1,te)1§ s t he
nucleig)acA ’féog1ttqaqglif @Agp Q;duced expressi.on of the reporter gene;
va&ei_net he ?0%8} _ nuczel At FURBIL BRI aAkle £ 35 renove the
-ROS. 59™e Wt h a0q claim| or 2, further conprising the step of
el evatThg PFESTRING E1RFS 18 KOT - Rdydidleos muressionteh Yhg . 40 4. The
met hodr‘?)goﬁf%? AEorin Wereshl (vhen arposed tedihgyarmmpeundy nodified to
cont ai YRGREEN R X RACE 197 ok | the ROF chndugible AR estddn dhecleet hod of any
one’ of FEPArERr |PYetalin wirdigates Hehate|thd axwpaund ddstalole vwt ural |y
octhrrregovedhen®@$ng activity 6. The method of any one of clains | to 5,
.Wherein 50 the step of exposing the ce-11 to the conpound conpri ses
Jprovi d2ng the colpuetitbexter nedleeting he mallieid AKnESWing W 02/ 063632
PCT/ S@P26060A 8wMilcl . i d hebTet e drétiovd\ard TR 1M B phdbicyigFein  t g
step Oohu€kgdsSi AgidHe €8s | md Ehdd&SEPHG conpri ses expressing the
CompoUAY! {pagyid ! & £1 AC Syl iRy 1P 168 Jindudea Pidiidlod Of any one of
cl a1 Moot ooy BHEEERNte Lherdb i ARl © fH T s L4 9fia,gene sel ected
fromt§ene 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
=N expression of the reporter gene;
wherein the isolated nucleic acid encodes a protein able to 27y -
35 remove the .ROS. ' i») '

3. The wethod Of'claim 1 or 2, further comprising 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.

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



group consi'sting of: AhpCF, Bcp, Dps, gor, KatA KatB/ AnkB, KatG TrxB,
human MAP ki nase phosphatase 1 (MKP-,1) genes; nmamalian hic-5 genes, the
bacterial isc operon; Escherichia 10 coli zwf, fpr, funC msch ., 0f HosSoi 28,
and sodA genes; Azotobacter vinelandii spr gene; Xant hom)nas (ﬁy Zae pv
oryzae%@%@'ﬁe rat and human haem oxygenase-| - . ( HO- 15CT/SG0346q18

2- deoxygl ucose- 6-phophat e phosphat 4%e (DOR); catal ase; human nanganese
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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, huwan
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, wherein
the cell is a bacterial cell.

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

15. 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).

i6. The wmethod of any one of claims 13 to 15, wherein
the bacterial cell is Agrobacteérium tumefaciens.

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




is able to renove the ROS. 10 18. The diagnostic kit of claim 17 wherein
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cell has been genetically wmodified 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 frowm the:
30 group consisting of: AhpCF, Bép, Dps, gor, KatA, KatB/AnkB,
KatG, TrxB, human MAP kinase phosphatase 1 (MKP-1) genes;
wammalian hic-5 genes, the bacterial isc operon; Escherichia
coli zwf, fpr, fumC, micF, nfo, 50128 and sodA genes;
Azotobacter vinelandii spr gene; Xanthomonas oryzae pv {3
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 wmultidrug resistance type
1 (mdrl).

N

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 wmethod 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,.



27. The kit’® of dny one of clainms 17 to 26, wherein the cell is a bacterial
cell. 10 28. The kit of claim 27, wherein the reporter gene encodes a
protein functional in bacteria. 29. The kit of claim27 or 28y-uwkepesn the
bacterial cell is Agrobacteriumtunmefaciens. 15 30. The method or kit of
any ondVveP2Re38i2ns 1.t0 29 wherein the ROS-induci bl e peowscesodess f rom t he
Kato gene of Agrobacterium tunefaétens.

26. The kit of claim 25, 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-S

5 genes, and the isc operon.

27. The kit of any one of claims 17 to 26, wherein the
cell is a bacterial cell.

10 28. The kit of claiwm 27, wherein the reporter gene
encodes a protein functional in bacteria.
29, The kit of claim 27 or 28, wherein the ‘bacterial

. cell is Agrobacterium tumefaciens.

15
o 30. The wethod or kit of any one of claims 1 to 29

wherein the ROS-inducible promoter is from the KatA gene of
Agrobacterium tumefaciens.



