DESCRIPTION AGENT FOR DEGRADING A NUCLEIC ACID AND
METHOD OF DEGRADING A NUCLEIC ACID Technical Field [0001]
The present invention relates to an agent for degrading a nucleic acid
comprising ethidium monoazide as an active ingredient and to a method
of degrading intracellular nucleic acid comprising the steps of adding
ethidium monoazide to a cell-containing sample and irradiating the

cell-containing sample withpgisitefigiiio degrade a nucleic acid inside of
the cell. Background Art [0002] Hitherto, alcohol, cresol, oxidant, and so

AGENTORCRAVE DRED IUREE s eSeAtal iveumBHEArReMSIODEGRADING A NUCLEIC
bactericide/disinfectant. However, they lack in immediate effects for killing

ACID bacteria because these agents are protein denaturants. In addition,
antibacterial agents including cell wall synthesis inhibitors, protein
synthesis inhibitors, nucleic acid metabolic inhibitors, energy metabolic
inhibitors and antimetabolite are not enough to anticipate immediate

Techraftecls Peeduse all of them act on ororiferation of bacteria to achieve
antibacterial activity. [0003] Ethidium monoazide

[ 0001(B-amino-8iazigde-dzethyl-6:phenyl orphenantiaridiniuanchtoside for degrading
hereinafter, may be abbreviated asEMA) 1 is an azide compound which

z nuchas ethididhabromitleing ethidium monoazide as an active ingredient

and to a method of degrading intracellular nucleic acid comprising

the steps of adding ethidium monecazide to a cell-containing sample

and irradiating the cell-containing sample with visible light to

degrade a nucleic acid inside of the cell.

Background Art

[0002)] Bitherte, alcohol, crescl, oxidant, and s0 on have been
used ars representative medicaments for bactericide/disinfesctant.
However, they lack in immediate effects for killing bacteria becauss
These agents are protein denaturants. In addition, antibacterial
agents including cell wall synthesis inhibitors, protein synthesis
inhibitors, nucleic acid metabelic inhibitors, energy metabolic
inhibitors and antimetabollite arenot enough toanticipate immediate
effects because all of them act on proriferation of bacteria to
achieve antibacterial activity.

[0003] Ethidium moncazide (3~aminc-8-azide-5-ethyl-6-phenyl

~phenanthridiniumchloride, hereinafter, maybe abbreviated as EMA)



synthesized for optical labeling of DNA, as a basic skeleton (Non-patent
Document 1) . In addition, EMA has been known as a topoisomerase
poison to eukaryotic cells (Non-patent Document 2) and used as an agent
for cell viability test as well as propidium iodide used for nucleus staining
(Non-patent Document 3). [0004] So far, however, the effect of EMA to

i Lleaye cellulap pucleic acid randomly;has notheen knownyinthe art-oms ge,
Non-patent Document 1: Nucleic Acids Res., vol. 5, pages 4891-4903,
S YIO7E Nor:Patett Doctifterit®: Bidchshisty, N%.fSO,EW?f.G&aﬁagé’s basic

= ¥k5884-1589i» 1987 c Npn-patentRocument 3: Appl. Environi Migrobigln  has
No. 2, vol. 71, pages 1018-1024, 2005. Summary [0005] An aim of the 11
besiBsefit dittlodtreds tofproviie &t 3gentfor Hegraliihg A HGd&R defd, °&++°
(\wehiep d4s wsefulmscameantibacteriahagentincluding abactetieide orar cell
vjdé?meicéantt%%qpq ;I'he @\ierg[grs of the (Pr&%er]t dds%[osure h v[f mad

e
intensive’studies for ar‘ft?bacterlalpa@%%s,lparticfucfarl[y ‘batteria- iﬁlrngmm:Leus

s TagentsdT he! imveptdrsrhaviecpaidahéir Sattentions to an agent for degrading
{éb@ﬂqemza%ngygp, however, the effect of EMA to cleave

cellular nucleic acid randomly has not been known in the
art.

Non-patent Document 1: Nucleic Acids Res., wvol. 5,
pages 4891-4903, 1978.

Non-patent Document 2: Biocochemistry, No. 50, wvol. 36,
pages 15884-15891, 19897.

Non-patent Document 3: Appl. Envircen. Microbiel., No.

2, vol. 71, pages 1018~-1024, 2005.

Summary
[0005] An aim of the present disclosure 1s to provide an

agent for degrading a nuclelc acid, which is useful as an

antibacterial agent including a bactericide o a
disinfectant,
[0006] The inventors of the present disclosure have made

intensive studies for antibacterial agents, particularly
bacteria-killing agents. The inventcrs have paid theilr
attentions to an agent for degrading a nucleic acid which
penetrates a bacterial cell wall and then directly act on

bacterial nucleic acid to cleave



penetrates a bacterial cell wall and then directly act on bacterial nucleic
acid to cleave 2 the nucleic acid, and have made the search for a
substance having such an action. As a result, the inventors have
completed the present disclosure by finding that EMA, an azide
compound, has an ability of penetrating a living bacterial cell wall and

rreleaying fhe nucleie acid, 000Ga] Accordingly, in.a first aspectihergdscance
provided the use of ethidium monoazide in the manufacture of an agent
hefBi-Begradify adiuchkic & underirradiatioftith visitte lightcoboep) have

chgeordingly: inea second-aspeetthesa is-proyded: the usg otethidiumz, an
monoazide in the manufacture of an_antibacterial a%ent used under

2304 RiatfiRRH Y sibld Tight 3{O0CELT ALL8rdingly, 75 2%hird Hspct there 579
bqareviged adaethod:=afidegrading-a nucteic Aeidrinal sample:éentaining the

)ucleic acid, comprising the steps of qddi g ethidium monoazide to the . .
(A contSmG Ao B abit HrackalG e Sarade bnigiiig 2=
tithe nucleicdcidewith cvisibledight ta dégrade: the mecleigracid:therein. of an

- O a2 sl e i 2l
visible light.

[0006b] Accordingly, in a second aspect there is provided
the use o¢f ethidium moncazide in the manufacture of an
antibacterial agent used under irradiation with visible
light.

[000ec] Accordingly, in a third aspect there is provided
a method of degrading a nucleic acid in a sample containing
the nucleic acid, comprising the steps of adding ethidium
moncazide to the sample containing the nucleic acid and
irradiating the sample containing the nucleic acid with
visible light to degrade the nucleic acid therein.

[00Cea] Accordingly, in a fourth aspect there is provided
a method of degrading a nucleic acid in a cell, comprising
the steps of adding ethidium monoazide to a sample
containing the cell and irradiating the sample containing
the cell with wisible light to degrade a nucleic acid
inside of the cell.

[0006e] Accordingly, in a fifth aspect there is provided
the use of ethidium monoazide as an antibacterial agent

used under irradiation with visible light.



the steps of adding ethidium monoazide to a sample containing the cell
and irradiating the sample containing the cell with visible light to degrade
a nucleic acid inside of the cell. [0006e] Accordingly, in a fifth aspect
there is provided the use of ethidium monoazide as an antibacterial agent
used under irradiation with visible light. 3 [0007] The first embodiment

[o@eeqrding tg,the prasent digslosuie fo- solvedbe @beye problems refatesent
to an agent for de%eadln% a nucleic acid com rlsm% ethldlum monoazide

digsHtactiveiRgredief sEhembsdim Eorditg to the Preseht -

fodiselogukaiimsolve theqahkave problemsoretates to.qn eal’ﬂiﬂbmnaTIahageatlde

c_:_iscompnsln the a ent or d%gradlng a nucleic acid of the first embodiment.
TRB third & n(?bod1 accordlng to the present disclosure to solve the
abomarobl&msmeiatesmadnmﬂm ofdegradingra nucheic a¢id in &resent

i TR 'seu%%”takn'ng é@%%uclee ¢ acid, comprising the steps,of adding +o  an

lum monoazide to the sample containing the nucleic acid and
aniprdehatig thelsafipta tortaifing- therfucldiCacid fith visiBle figirpding 2
nudegrade thenucteie acidtherein. Thefoxeth embodiment according to the

present
The third  embodiment according to the  present

disclosure to solve the above problems relates to a method
of degrading a nucleic acid in a sample containing the
nucleic acid, comprising the steps of adding ethidium
moncazide to the sample containing the nucleic acid and
irradiating the sample containing the nucleic acid with
visible light to degrade the nucleic acid therein.

The fourth embodiment according to the present
disclosure to solve the above problems relates te a method
of degrading a nucleic acid in a cell, comprising the steps
of adding ethidium moncazide to a sample containing the
cell and irradiating the sample containing the cell with

visible light to degrade a nucleic acid inside of the cell.
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disclosure to solve the above problems relates to a method of degrading
a nucleic acid in a cell, comprising the steps of adding ethidium
monoazide to a sample containing the cell and irradiating the sample
containing the cell with visible light to degrade a nucleic acid inside of the
cell. 3a Brief Description of the Drawings [0008] FIG. 1 is an
electrophoretic photograph that shows an influence of EMA on
BriechmmesoipaliNAAND-RNA0kthe like from E. coli in vitro, where M
indicates a molecular weight marker (X/EcOTI41 digest), IR(-) represents
[000the absenaerof.visible light #tadiatiemh R capresentsisiblegdight hat shows an
irradiation (500W halogen bulb,20min.), and a numeric value of EO-100n
infloepdepsesents the finakbeancentration: of EMARO @ 100mg/mllos pg/oM) = . coli
FIG. 2 is an electrophoretic photograph that shows an influence of EMA
in vonchyomosomalt DNA andirRNA anthietika iamike icoliinmavd;ewhere NboT14 1
indicates a molecular weight marker (X/EcoTl41 digest), IR(-) represents
digethe)abseriee ofasisibledightitradiations iRerepresent® Uisibledighti rradiation,
irradiation (500-W halogen bulb, 20 min.), and a numeric value of
IR reEO<H30Ncerpl représehisithe finakcorcentration? Off EMAC@=to 10DmgAfilmin. ) ,
or pg/ml). FIG. 3 illustrates the antibacterial effect and dose-response
and acuwvesofiEMA lwheré fHe-X Exisaepresgnts tenfirat centéntratiormobEMAR Tt 1 on

(pg/ml) and the Y axis represents a decrease in number of
of EMA (0 to 100 ng/ml or ug/ml).

FIG. 2 isanelectrophoreticphotograph that showsaninfluence
of EMA on chromosomal DNA and rRNA or the like from E.coli in vivo,
where M indicates a molecular weight marker (A/EcoTl14I digest),
IR{~) represents the absence of visible light irradiation, IR
represents visible light irradiation (500-W halogen bulb, 2Cmin.},
anda numericvalue of E0-100nor urepresents the final concentration
of EMA (0 to 100 ng/ml or ug/ml).

FIG. 3illustrates the antibacterial effect and dose-response
curve of EMA, where the ¥ axis represents the final concentration
of EMA (ug/ml) and the Y axis represents a decrease in number of
living bacterial cell (CFU/ml) per originally number of living
bacterizl cells by the common leogarithmic in each EMA-tTreated zone.

FIG. 4 are photographs representing results of observation
with electron microscopy after the treatments of E. coli DHSw
chromosomal DNAwith EMA and visible light irradiation (500W halcgen

bullb, 20 min.), where the final concentrations of EMA are (1) 0,



living bacterial cell (CFU/mI) per originally number of living bacterial cells
by the common logarithmic in each EMA-treated zone. FIG. 4 are
photographs representing results of observation with electron microscopy
after the treatments of E. coli DH5a chromosomal DNA with EMA and
visible light irradiation (500W halogen bulb, 20 min.), where the final
concentrations of EMA are (1) 0, 4 (2) 0.01 ug/ml, (3) 1 ug/ml, and (4) 10
(2) ogbml. etailed Descliptien of Preferted Embiodimerits][0009] Next,
preferred embodiments of the present invention will be described in
detail. However, the present invention is not limited to the preferred
embodiments described below and can be freely modified within the
Detastepk Oktherpreseéntinveéntiore Farther, Bxpressions irspercentage are
based on mass unless otherwise noted in this specification. [0010] The
[ 0c0agent for degrading eeriucteie dcihobthenpresento invemtion hascart effectent Lon
of randomly degrading a nucleic acid by directly acting on an isolated
willrveleiesacid adl atsolhas ah-efféttwefrandonly clesving themoeteid acid s not
existing in a sample which contains the nucleic acid using EMA which is
limiardctive ingredienf andeperetiates asanpleland direetly hetson aucleican be
acid. Further, in the present invention, the nucleic acids include DNA and
freeRNACThE nedleictacidsttb e targeted by the agentfol idegrading a Turther,
nucleic acid of the present invention include
expressions in percentage are based on mass unless otherwise noted

in this specification.
[0010] The agent for degrading a nucleic acld of the present
invention has an effect of randomly degrading a nucleic acid by
directly acting on an isolated nucleic acid, and also has an effect
of randomly cleaving the nucleic acid existing in a sample which
contains the nucleic acid using EMA which is an active ingredient
and penetrates a sample and directly acts on nucleic acid.
Further, in the present invention, the nucleic acids include
DNA and RNA. The nuclesic acids to be targeted by the agent for
degrading a nucleic acid of the present invention include
single-strand DNA, double-strand DNA, single-strand RNA, and
deuble-strand RNA. A sample to be applied in the present invention
may contain any of these nucleic acids or may contain two or more
of them. Inaddition, thetargetsoftheagent fordegradinganucleic
acid of the present invention include, for example, chromoscmal

DNA and plasmid DNA, as well as rRNA, mRNA, and tRNA.



single-strand DNA, double-strand DNA, single-strand RNA, and
double-strand RNA. A sample to be applied in the present invention may
contain any of these nucleic acids or may contain two or more of them. In
addition, the targets of the agent for degrading a nucleic acid of the
present invention include, for example, chromosomal DNA and plasmid
DNA, as well as rRNA, mRNA, and tRNA. 5 0011] Examples of the

[001 sample contaiing awcl€ic-acdsaciutde athkindsrofrbiotogidat cellsgsuchnclude
as prokaryotic cells (bacteria) and eukaryotic cells (e.g., protists,

all Bumycetes,iplantsiand animals)sand wisuses: Qfithose chaeteria, (bacteria)
Eumycetes, and viruses are preferable. [0012] The agent for degrading a

and aueleicyacdid of thel preséat dnventionfwhen allBwedde aetonbasteria, and
Eumycetes, viruses, or the like, has effects of terminating their growth

animand killingcthem bysdirectlyfdegraging the: necléic,atidrigside ©f thewelfgiruses
Therefore, for example, the agent for degrading a nucleic acid of the

are presbataiveation can be used against environmental microorganism as
an antibacterial agent, a bactericide / disinfectant, a virucide, or the like.

[ 001[0013] Envitbanertalimicrooregisms tg be targeted byethecdantibabteriaresent
agent of the present invention is not specifically limited, but, example

invetheteofinelnde batierieeand:- Euaycetas. The tbacteria inehydebsth.ofviruses,
gram positive bacteria and gram negative

or the like, has effects of terminating their growth and killing

them by directly degrading the nucleic acid inside of the cells.
Therefore, for example, the agent for degrading a nucleic acid of
the present invention can be used against environmental
microorganism as an antibacterial agent, a bactericide /
disinfectant, a virucide, or the like.

(00131 Environmental microorganisms to be targeted by the
antibacterial agent of the present invention is not specifically
limited, but, example thereof include bacteria and Eumycetes. The
bacteria include both of gram positive bacteria and gram negative
bacteria. The gram positive bacteria include Staphylococcus such
as Staphylococcus epidermidis, Streptococcus, Listeria, Bacillus,
Mycobacterium, and Clostridium. The gramnegativebacteriainclude
Escherichia such as Escherichia coli, intestinal bacteria such as
Enterobacter, Salmonella, Vibrio, Pseudomonas, Legionella, and
Campylobacter.

[C014] The Eumycetes to be targeted by the antibacterial agent



bacteria. The gram positive bacteria include Staphylococcus such as
Staphylococcus epidermidis, Streptococcus, Listeria, Bacillus,
Mycobacterium, and Clostridium. The gram negative bacteriainclude
Escherichia such as Escherichia soli, intestinal bacteria such as
Enterobacter, Salmonella, Vibrio, Pseudomonas, Legionella, and
Campylobacter. [0014] The Eumycetes to be targeted by the antibacterial
of tiagented efithe present dnvemnttoninelude; but oot specificalbyslimited tai ted to,
Candida, Aspergillus, Saccharomyces, and Pen_icillium. [0015] Ethidium
Candmampaziged 3:aminos8-azido=h-ethyl-He phenyephenanthrididinmmchloride:
EMA), the active ingredient of the present invention, is a compound
001 representedthyithewchemicak fordwlg §)afherethitiumirionGazidé used -
may be of the one commercially available. Eff- [0016] The amount of the
phenagentfordegtading a nucleit acidi oé theEgresent inveation t@ beruseedient of
may be suitably selected depending on the decision as to either
the exwaeellularordntracellulasnacleiznacidris degradeskorigepending:endhemical
amount of nucleic acid to be degraded. Further, the amount of EMA
formedrtained.in thecagent foli degrading:a hdeleicsacidim use eaytbe hepghme
to 1,000 pg/ml, preferably 10 pg/ml to 1,000 ug/ml, particularly preferably
comm@@ gy ta ¥ 00apg/e. It is possible to degrade the nucleic acid

—
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[0016] The amount of the agent for degrading a nucleic acid
of the present invention to be usedmaybe suitably selected depending
on the decision as to either extracellular or intracellular nucleic
cid 1s degraded or depending on the amount of nucleic acid to be
degraded. Further, the amount of EMA contained in the agent for
degrading a nucleic acid in use may be 1 ug/ml to 1,000 pg/ml,
preferably 10 pg/ml to 1,000 ug/ml, particularly preferably 100
ng/ml to 1,000 pg/ml. It is possible to degrade the nuclelc écid
effectively by allowing the agent for degrading a nucleic acid to
act on the target in such a concentration.
The agent for degrading a nucleic acid of the present invention

may be a solution or EMA itself. It may be suitably diluted oz



effectively by allowing the agent for degrading a nucleic acid to act on the
target in such a concentration. The agent for degrading a nucleic acid of
the present invention may be a solution or EMA itself. It may be suitably
diluted or 7 dissolved when used. [0017] Further, the agent for degrading
a nucleic acid of the present invention may be used as an antibacterial
agent. Even if the agent for degrading a nucleic acid of the present
dissdivestionhisrempleyed as an antibacterial agent, it acts in the same
manner as that of the agent for degrading a nucleic acid. [0018] Further,
[001visible lightis:itradiatediupanydegrading dke; mutieig acid Elie wavetengtht the
of the visible light to be irradiated is 380 nm to 800 nm, preferably 450 nm
prestm600mmriniadditian; the wisiiedight may e btmonoiwavelgagth.or Even 1f
may be of mixed light whose wavelengths distributed within the above
the saarge: Thedightgnayinclude awavelength bther tham thecalbevwetangevintion
addition, the distance between the optical source and the sample may be
is empitallydselected astomgas asufficiegtarnountofilight isirradiatedite: thenner
targeting sample. [0019] Visible light can be also irradiated by placing the
as tlergetdf theaagentfor degradiagaanicigicacidorlitheantibadterial agent
of the present invention under the irradiation of natural light such as
[CO18dnlight. Further, visible light is irradiatedupon degrading the

nucleic acid. The wavelength of the visible light to be irradiated
is 380 nm to 800 nm, preferably 4530 nm to 600 nm. In addition, the
visible light may be of mono-wavelength or may be of mixed light
whose wavelengths distributed within the above range. The light
may include a wavelength other than the above range. 1In addition,
the distance between the optical source and the samplemaybe suitably
selected as long as a sufficient amount of light is irradiated to
the targeting sample.

(0019’ Visible light can be also irradiated by placing the
target of the agent for degrading anucleic acid or the antibacterial
agent of the present invention under the irradiation of natural
light such as sunlight.

[0020] Further, when the agent for degrading a nucleic acid
of the present invention is irradiated at an optical strength of
0.5 to 100 W/cm?, an effect of degrading the nucleic acid can be
exerted sufficiently within about 5 minutes to 1 hour, preferably

within about 5 to 30 minutes.



[0020] Further, when the agent for degrading a nucleic acid of the present
invention is irradiated at an optical strength of 0.5 to 100 W/cm2, an effect
of degrading the nucleic acid can be exerted sufficiently within about 5
minutes to 1 hour, preferably within about 5 to 30 minutes. 8 For
example, when light is irradiated from a 500W halogen bulb at a distance
of 20 cm, an effect of degrading the nucleic acid can be exerted
sufficieattymithin, aliowh 51 minitesstd 1 hoif,a prefefably within@bout Sgen bulb
30 minutes. [0021] The effects of the agent for degrading a nucleic acid of
at o thiE presentinvention can berevatdated byfcoteparingi etectiophorogtame acid
of nucleic acids before and after the addition of the agent for degrading a
can bdcleicacidanstheé irradmtion witht visible bghttirradation tEgrther, wheour,
the agent for degrading a nucleic acid of the present invention is applied
preftabbdteriai the effectocan be atsolévaluated #xdirectly by measuring the
number of living bacterial cells. [0022] The agent for degrading a nucleic
[002ac¢id of theTiresertt inviention may Beyesed alonederomay becusedircleic acid
combination with other ingredients. For example, the other ingredients
of thnelydesagerit fon degrading @amudbeic ecidl krrovartindthe artysach s
exonucleases and endonucleases, e.g., restriction enzymes, for DNA and
elecRNAIThe combindtionwitk sach agéatsceahcfuetherénhdricertheteffectidf t ion
nucleic
of the agent for degrading a nucleic acid and the irradiation with

visible light irradiation. Further, when the agent for degrading
a nucleic acid of the present invention is applied to bacteria,
the effect can be also evaluated indirectly by measuring the number
of living bacterial cells.

(0022] The agent for degrading a nucleic acid of the present
invention may be used alone or may be used in combination with other
ingredients. For example, the other ingredients include agent for
degrading a nucleic acid known in the art, such as exonucleases
and endonucleases, e.g., restriction enzymes, for DNA and RNA. The
combinationwith suchagents can further enhance theeffectofnucleic
acid decgradation.

[0023] The usage formof the antibacterial agent of the present
invention is not particularly limited, but for example, 1t may be
added to a solution or a suitably diluted sclution thereof may be
sprayed. In addition, the dosage form of the antibacterial agent

of the éresent invention can be zuitably selected depending cn the



acid degradation. [0023] The usage form of the antibacterial agent of the

present invention is not particularly limited, but for example, it may be

added to a solution or a suitably diluted solution thereof may be sprayed.

In addition, the dosage form of the antibacterial agent of the present

invention can be suitably selected depending on the 9 application, the

usage form thereof, and so on. For example, the dosage forms include,
appl butnotspecificallydumited to;m higuidtorm, argiapulasformrandatablele, the

form. [0024] Further, the antibacterial agent of the present invention may
dosabe uSedradone of indegmbinatian withpetberingeedients ithe«ather, a liquid

ingredients may be antibacterial agents or bactericides, and examples
formthereafriaclude:antibiotics paldohols Stich asithanol and isopropyl

alcohol, oxidants such as phenol, cresol, halogen compounds (e.g.,

[ 002 ¢hlorine ardiodine),, andperoxidesa(etg: r dzone: @ad hydfogerns=peroxiden) t
and heavy metal compounds. The combination with such ingredients can
invefurther ealdnce: thredamtibactenal effeatb [0025] Phevantibacterinliagemtof ent s .
the present invention may be, for example, preferably used for
The disiafectionmefdnstrumentsy &rrd sotorband alsbadisadection obwadlctericides,
surfaces, floors, and so on. In addition, the antibacterial agent of the
and fresgritdsvehtore miayibelsprayediinlthe indoer, space therebyitlisaergthanol
useful in sterilization of bacteria (pathogenic Escherichia coli,
and isopropyl alcohol, oxidants such as phenol, cresol, halogen
compounds (e.g., chlorine and iodine}, and peroxides (e.qg., czone
and hydrcgen percxide) and heavy metal compounds. The combination
with such ingredients can further enhance the antibacterial effect.
[0025] The antibacterial agent of the present invention may
be, for example, preferably used for disinfection of instruments
and so on and also disinfection of wall surfaces, floors, and so
on. In additicon, the antibacterial agent of the present invention
may be spraved in the indoor space, thereby it is very useful in
sterilization of bacteria (pathogenic Escherichia coli,
Mycobacterium tuberculosis, botulinum, Bacillus anthracis, and so
on) having high risks of severity when they infect humans.
[0026] The antibacterial agent of the present invention may
directly act on intracellular nucleic acid to degrade the nucleic
acid. It is not almost necessary to consider a problem of the

resistance of bacteria, the antibacterial agent of the present

invention has an excellent antibacterial activity and a wide

10



Mycobacterium tuberculosis, botulinum, Bacillus anthracis, and so on)
having high risks of severity when they infect humans. [0026] The
antibacterial agent of the present invention may directly act on
intracellular nucleic acid to degrade the nucleic acid. It is not almost
necessary to consider a problem of the resistance of bacteria, the
antibacterial agent of the present invention has an excellent antibacterial
ant ilastivitgrard aspide 10uantibacteriab spectoum in. comparson withikmowrerial
antibacterial agents. [0027] Next, the present invention will be further
agenidescribed in detail with reference to examples, but the invention is not
limited to the examples described below. Example 1 [0028] This example
002 Was carrieleut forimvestigatior-of.am einfluenceroflEMY& ohumidleic asigcribed
such as E. coli chromosomal DNA, rRNA, in vitro. (1) Test Method Iml
in deliving bacterist Saspensionco 1:00r 196, CRU/mbhef B veoliiDH54 straiin wasitad
subjected to centrifugation under a cool condition. After removal of the
to thapematantethedesaltingpellee Was-added with 0.5 ml of IOmN Tris-HC1
buffer solution (pH 8.0) and further added with 10 pl of 1250U/ml
protease K solution and 200 p1 of 10% SDS solution, followed by

overnight bacteriolysis
Example 1

100287 This example wag carried out for investigation of an
influence of EMA on nucleic acid such as E. coll chromosomal DNA,
rRNA, in vitro.
{1} Test Method

iml living bacterial suspension of 1.0 x 10° CFU/ml of E.
coli/DHba strain was subjected to centrifugation under a cool
condition. After removal of the supernatant, the resulting pellet
was added with 0.5 ml of 10mM Tris-HC! buffer solution {(pH £.0)
and further added with 10 pl of 1250U/ml protease K solution and
200 ul of 10% SDS solution, followed by overnight bacteriolysis
at 50°C.
[06291 Subsequently, each of the treated sclution was divided
into two egual volumes and dispensed intc two 2ml micro tubes,
respectively. Eachof themwas addedwith 0.5ml of saturatedphenol
solution, then gently mixed for 15 minutes, and then added with
0.5ml of chioroform, followedby gentlymixing for bminutes. After

that, the mixture was centrifuged at 6,000 x g at 4°C for 10 minutes.



at 50C. [0029] Subsequently, each of the treated solution was divided into
two equal volumes and dispensed into two 2ml micro tubes, respectively.
Each of them was added with 0. 5 ml of saturated phenol solution, then
gently mixed for 15 minutes, and then added with 0. 5 ml of chloroform,
followed by gently mixing for 5 minutes. After that, the mixture was
centrifuged at 6, 000 x gat 4C for 10 minutes. 11 An agqueous phase, an

An awppenlayerawas transfered inoyaranwvther t2mhmicrotube and them another
added with 70 pl of 3M sodium acetate (pH 5.2) and 1.21 ml of 99.5%

2ml mcolkdrethahel, folibved:by gedtde mixingy. 7Subsequently, thednixtureagasite (pH
centrifuged at 15,000 x g at 4C for 10 minutes and the supernatant

5.2) thergof wds ther femoved. Afterdtisath a4 nl dFT0% eold etharh was mixing.
added, thereby washing a pellet (precipitation) (hereinafter, the above

Subssenies:of. opetdationsimay rive ebbreviated 43:a penbl/Ehlo?éform g at 4°C for
extraction) Subsequently, the pellet was added with 0.5 ml of 20mM

10 miTris-BICabUffere(pHr8: O Tontdiniig 16M EBDTARNa SORRoRdTE biffen that,
and then left standing overnight at 4C, thereby dissolving the nucleic acid.

0.4 mhecdontEhtratidn of thepadfiethauclditsstid solateh wasadiémiinedrellet
based on the absorbance at UV260 nm (50 pg/ml of the nucleic acid was

(pregdéfinachas OD =(Deoetileadthar 1 chire OD260) [0630FFhe Auelfcadigons may
solution thus prepared was adjusted to 175 ng/pl with sterile water and

be ah@rgmﬁﬁﬁqﬁtﬁéﬁuﬁéﬁggﬁdchloroform.extraction). Subsegquently,

the pellet was added with 0.5 ml of 10mM Tris-HCL buffer (pH §.0)
containing 1mM EDTA/Z2Na solution (TE buffer) and then left standing
overnight at 4°C, thereby dissolving the nucleic acid. The
concentration of the purified nucleic acid solution was determined
pased on the absorbance at UV260 nm (50 ug/ml of the nucleic acid
was defined as CD = 1, cell length = 1 cm : ODsgd) .

100301 The nucleic acid sQlution thus prepared was adjusted
to 175 ng/ul with sterile water and 4pl aliguot of the nucleic acld
solution was then added to each of microtubes. Subsequently, 4 pl
of aqueous EMA solutions (0, 0.02, 0.2, 2, 20, and 200 ug/ml) were
respectively added to the microtubes and then left standing at 4°C
for 1 hour under light interception. After that, the sample was
irradiated for 20 minutes with visible light from a 500W halogen
bulb (FLOOD PRF 100V 500W; Iwasaki Electric Co., Ltd., Tokyo) at
a distance of 20 cm from the sample. The whole volume of the sample

was electrophoresed on a 0.7% agarose gel. A-EcoTld I digest
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solution was then added to each of microtubes. Subsequently, 4 pl of
agueous EMA solutions (0, 0.02, 0.2, 2, 20, and 200 pg/ml) were
respectively added to the microtubes and then left standing at 4C for 1
hour under light interception. After that, the sample was irradiated for 20
minutes with visible light from a 500W halogen bulb (FLOOD PRF 100V
500W; Iwasaki Electric Co., Ltd., Tokyo) at a distance of 20 cm from the
(mansampte: e wholeaelumerafthersampleawas etettrophoresecdon 20 7% 1 ght
agarose gel. A,-EcoT14 | digest 12 (manufactured by Takara Bic Inc.)
markwas ugetkassa madleeularnweight charkenothesgel afier the: éleetiophionedisig /ml
was stained with 1 ug/ml of an ethidium bromide solution and then
of arrradiated with-ldbrat 254 smusing amd) ¢ transiituminatore Theiresultinggt 254
image was recorded on the Polaroid film 667. An untreated nucleic acid
nm ussolution (EMA: 20. ag/ml} withoatticradiatidreof wisible fight)iwas asedsasacorded
control and then similarly electrophoresed in the same way. [0031] (2)
on thkestatsults Fhelresults of thartestareshiwhnrin F16 1T, Gonseguentlyon (EMA:
the intensity of the band originated from the chromosomal DNA of
C ug approximatelyt19;329bps was gradualyideeréaséd: from 100agimE to ¢ontrol
pg/ml of EMA concentration and significantly disappeared at 10 ug/ml of
and EMAlcencentration. Fheas titwab coafirned that tlse EMZE degraded the

chromosomal DNA in the nucleic acid isolated from the living bacteria (E.
[003edli). {2} Test results

The results of the test are shown in FIG. 1. Conseguently,
the intensity of the band originated from the chromosomal DNA of
approximately 19,329 bps was gradually decreased from 100 ng/ml
to 1 ug/ml of EMA concentration and significantly disappeared at
10 pg/ml of EMA concentraticon. Thus, it was confirmed that the EMA
degraded the chromosomal DNA in the nucleic acid isolated from the
living bécteria (E. coli).

Further, it was confirmed that the band intensity of rRNA
(16SrRNAand 235rRNA) was decreasedwith lug/ml of EMA anddisappeared
with 10 pg/ml or more of EMA. Thus, it was also confirmed that rRNA
was degraded.

Example 2

[0032] This example was carried out for investigating an
influence of EMA on nucleic acid such as E. ccoli chromosomal DNA,
rRNA, in vivo.

(1} Test method

13



Further, it was confirmed that the band intensity of rRNA
(16SrRNAand23SrRNA) wasdecreasedwithlug/ml of EMA and
disappeared with 10 ug/ml or more of EMA. Thus, it was also confirmed
that rRNA was degraded. Example 2 [0032] This example was carried out
for investigating an influence of EMA on nucleic acid such as E. coli
chromosomal DNA, rRNA, in vivo. (1) Test method 13 EMA was
dissalvedsin stedleavater topreparei 1000pg/mt EMAp selution. TS 0ug/ml EMA
solution was filtrated for sterilization through a 0.2pm filter (Minisart-plus;
solumanufactlined by 1SartariustAG )£ The rEMAdsdlutiontwasi ddded sothatitheugh a
final concentration of EMA become 0 (no addition), 0.01, 0.1, 1, 10, and
0. 21400 pofmkwithirespectito vl ud ofrl=0x AOGCELH M tivingsbacterials AG) . The
suspension of E. coli/DH5a strain, followed by leaving standing at 4C for
EMA sbhodri 00335 Suisdguientlyz at @distancelof: 20 canfroarttherabdvBNikihg come
bacterial suspension on ice, the sample was irradiated for 20 minutes
0 (nwithddsibledight flond &,500W halogerbub(ELOODIRRE100VIB00Wspect to
Iwasaki Electric Co., Ltd., Tokyo). The sample was subjected to
1 ml cehttifuyatidn &t 25,/ 0001%.g at 4 Cok 20 eidutessand theosupériatant 11 /DH5a
was then removed to eliminate a product generated by the reaction of
st rawater witht theavsible light wiadiatior peodust eEEKMAS for 1 hour.
[0033] Subsequently, at adistancecf 20 cmfromthe above 1iving
bacterial suspensiononice, the sample was irradiated for 20 minutes
with visibie light from a 500W halogen bulb (FLOOD PRF 100V S00W;
Iwasaki Electric Co., Ltd., Tokyo). The sample was subjected fo
centrifugationat 15,000xgat 4°C for 10 minutes and the supernatant
was then removed to eliminate a product generated by the reaction
of water with the visible light irradiation product of EMA
(hydroxyaminc ethidium), which could not covalently bind to nucleic
aclid. The pellet was added with 0.5 ml of 10mM Tris-HCLl buffer (pH
8.0) and then added with 10 pl of 1250U/ml protease K solution and

200 nl of 10% 8DS sclution. The bactericlytic operation was carried
out overnight at 50°C.

100347 Fach ¢f the treated solution was divided into two egqual
volumes and dispensed into two 2ml micro tubes, respectively. Each
of them was added with 0.5 ml of saturated phenol sclution, then
gentlynﬁxedforlSn&nutes,andthenaddedwithO.SrmLchhloroform,

followed by gently mixing for 5 minutes. After that, the mixture
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(hydroxyamino ethidium) , which could not covalently bind to nucleic acid.
The pellet was added with 0.5 ml of 210mM Tris-HCI buffer (pH 8.0) and
then added with 10 pl of 1250U/ml protease K solution and 200 pl of 10%
SDS solution. The bacteriolytic operation was carried out overnight at
50C. [0034] Each of the treated solution was divided into two equal
volumes and dispensed into two 2ml micro tubes, respectively. Each of
was dbemrwas added-witho0.5 s of satticated-phenal solutisn, thenagertt:s phase,
mixed for 15 minutes, and then added with 0. 5 ml of chloroform, followed
an upygentlyymixingfor 5 minutésrAtter that themixtureh44 Wad centrifugede and
at 6, 000 x gat 4 C for 10 minutes. An aqueous phase, an upper layer,
thenwaddranstarted ihfo ah anbtler 2md microtubecand: ther atlded withd7A ull ml
of 3M sodium acetate (pH 5.2) and 1.21 ml of 99.5% cold ethanol,
of Sfollowedhylgentte miXing £ Subsecukritly, dhe Mixture wasccenttifugedaatently,
15,000 x g at 4C for 10 minutes and the supernatant thereof was then
the removed: Aftes that 0 mhax¥ 096 cold, éthane! wasadded; tHerebyC minutes
washing a pellet (precipitation) (hereinafter, the above series of operations
and ey dbecabbreviated asarphenot/chldrofornrextraction) . Subsequeatty, 0.4 ml
the pellet was added with 0.5 ml of 20mM Tris-HC1 buffer containing
of 7TUmMMEDTAZNar(TE bufferfdde then:leftrsténding sermight at4C et
thereby dissolving the nucleic acid. The concentration of the purified
(premdgléicacid solution wras déterminedisasét-ore thie absorbahceperat ions may

be abbreviated as a phencl/chlorcform extraction). Subseguently,
the pellet was added with 0.5 ml of 10mM Tris-HCl buffer containing
imM EDTA/2Na (TE buffer) and then left standing overnight at 4°C,
thereby dissolving the nucleic acid. The concentration of the
purifiednucleicacidsoclutionwas determinedbasedon the absorbance
at Uv260 nm (50 pg/ml of the nucleic acid was defined as OD = 1,
cell length =1 am @ OD2gp) . The purity of the purified nucliec acid
was calculated by dividing ODggy with ODggg.

[0G35] Each of the nucleic acid solutions was prepared at 175
ng/ul and 4pl of sach was then electrophoresed on 0.7% agarose gel.
A-EcoTl4 I digest (manufactured by Takara Bio Inc.) was used as
a molecular weight marker. The gel after the electrophoresis was
stainedwith 1l ug/mi of ethidiumbromide solution and then irradiated
with UV at 254 nmusing an UV trans-illuminator. The resulting image
was recordedon the Polaroid £ilm667. Anuntreated livingbacterial

suspension of E. coli (EMA: 0 ug/ml, without irradiation of visible
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at UV260 nm (50 pg/m1 of the nucleic acid was defined as OD =1, cell
length =1 cm : OD260) . The purity of the purified nucliec acid was
calculated by dividing OD260 with OD280. [0035] Each of the nucleic acid
solutions was prepared at 175 ng/pl and 4p1l of each was then
electrophoresed on 0.7% agarose gel. 1-EcoT14 | digest (manufactured
by Takara Bic Inc.) was used as a molecular weight marker. The gel. after
1ighthewelectropheresisiwas staired with. d pgimiaof ethidiarchromitessslatiortrol .
and then irradiated with UV at 254 nm using an UV trans-illuminator. The
[CO3#ésulting imdge Twas: recorded on the Polaroidflm667. An untreated living
bacterial suspension of E. coli (EMA: 0 pg/m1, without irradiation of .
visittle 1&dight)svas stbjectedto aueleidavith extraciion and uSediasauently,
control. [0036] (2) Test results The results of the test are shown in FIG. 2.
the Qonsegqlently; ftHginténrsity ofthe bantotiginated from e cioniosomalNA of
DNA of approximately 19,329 bps was gradually decreased with 10 ug/ml
approkiEMAcnd dignificanty disappanred with! 200l agrsistEMAL Thuk? it /ml of
was confirmed that the EMA could degrade the chromosomal DNA in the
EMA anuéleit areidfaxistirigl inside abtedlivig bakterial(E FebfipiFafheliAe washus, it
confirmed that the band intensity of rRNA (16SrRNA and 23SrRNA) was
was decrbhsed Withh B0 pgimdl GREMACTREs Iit Gvastisd Benfifiedithab FRNADNA 11

of living bacteria (E. coli) could be degraded. ,
the nucleic acid existing inside of the living bacteria (E. coli).

Further, it was confirmed that the band intensity of rRNA
(16SrRNA and 23SrRNA} was decreased with 10 pug/ml of EMA. Thus,
it was also confirmed that rRNA of living bacteria (E. coll) could
be degraded.

Example 3

[0037] This example was carried out for investigating an
antibacterial effect of EMA on the living bacteria.

(1) Test method

Ethidium monoazide (EMA) was dissolved in sterile water to
prepare 1000ug/ml EMA solution. The solutionwas filtrated through
a 0.2um sterile filter (Minisart-plus; manufactured by Sartorius
AGY. The EMA solution was added so that the final concentration
of EMA become 0 {no addition), ©.01, 0.1, 1, 10, and 100 ug/mi,
respectivelywithrespecttoILmloflJO:<lo%ﬁﬁ/mllivingbacterial
suspension of E. ¢oli/DHba strain, followed by left standing at

4°C for 1 hour under light interception.
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Example 3 [0037] This example was carried out for investigating an

antibacterial effect of EMA on the living bacteria. (1) Test method Ethidium

monoazide (EMA) was dissolved in sterile water to prepare 1000pg/ml

EMA solution. The solution was filtrated through a 0.2pm sterile filter

(Minisart-plus; manufactured by Sartorius AG). The EMA solution was

added so that the final concentration of EMA become 0 (no addition),
[003©]01, 0.1, 5:10;cmnde100 pg/mt, arespectineyowith respectto dhmladfdy @ ki ving

106CFU/ml living bacterial suspension of E. coli/DH5a strain, followed by
bact teft standingab ACford hoer urideskghtistereeptiona 4640838k r 20 minutes
Subsequently, at a distant of 20 cm from the above living bacterial
with suspensienioncice, thecsampld Mashiradiated forl20 milyied with vigibié S00W;
light from a 500W halogen bulb (FLOOD PRF 100V 500W; Ilwasaki
Iwas Ekeictié €ot,ritd., Fokyo)thhe sdmpleowas stibjectedto. centrifugatigeated to
15,000 x g at 4 C for 10 minutes and the supernatant was then removed
centto éliminatea prodactigéharatet by theaeddtion rof Weterwithlthesvisiblgiatant
light irradiation product of EMA (hydroxyamino ethidium), which could not
was ‘chvalentlypdinditonueleignacid. The peltetives added witharrgquk reaction
amount of physiological saline solution and then serially diluted, followed
of why@dheitindUbation st 37eC Using-ari £ jslateadga? cuktiedmediupt ta-MA
determine
(hydroxyamino ethidium), which could not covalently bind to nucleic
acid. The pellet was added with an equal amount of physiolegical
saline sclution and then serially diluted, followed by Z4hour
incubation at 37°C using an L-plate agar culture medium to determine
the number of living bacterial cells.
100397 {2}y Test results
The antibacterial effect of EMA was illustrated as a
dose-response curve in FIG. 3. As a result, 1t was confirmed as
follows: when EMA at a concentration of 10 pg/ml was reacted with
E. ccli, the number of living bacterial cells was decreased in the
order of 10° CFU/ml in comparison with the original number of the
living bacterial cells. When EMA at a concentration of 100 nug/ml
was reacted with E. coli, the number of_living bacterial cel}s was
decreased in the order of 10° CFU/ml in comparison with the original
number of the living bacterial cells.

Thus, 1t was found that EMA has an antibacterial effect on

E, coli (living cells).
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the number of living bacterial cells. [0039] (2) Test results The

antibacterial effect of EMA was illustrated as a dose-response curve in

FIG. 3. As a result, it was confirmed as follows: when EMA at a

concentration of 10 pg/ml was reacted with E. coli, the number of living

bacterial cells was decreased in the order of 102 CFU/ml in comparison

with the original number of the living bacterial cells. When EMA at a
Exampoacentration of 100 pg/ml was reacted with E. coli, the number of living

bacterial cells was decreased in the order of 105 CFU/ml in comparison
[CO4with the orijinal rumbet ef thesliviag baetérialicellss F hussit wasrfouad effect

that EMA has an antibacterial effect on E. coli (living cells). 17 Example 4
of EM040) This exahiplehwascamtedloutiér absewinganefféer ofrfEMA«tEon

coli chromosomal DNA in vitro under an electron microscopy. (1) Test
micrmsthod Nucleic acid was extracted in a manner similar to Example 1 as

described above. The nucleic acid was then dissolved in 9 ml of sterile
{1) Watdr. Aericteic acid solution thus prepared was gently loaded on the top

of 32m1 sucrose density gradient (16 ml of 10% sucrose solution and 16

mi i 4086 suerose solgtien:were tséd)and manner similar to Example 1
as described above. The nuclelic acid was then dissclved in 9 ml
of sterile water. Anuclelic acid soluticon thus prepared was gently
loaded on the top of 3Z2ml sucrose density gradient (16 ml of 10%
sucrose solution and 1¢ ml of 40% sucrose solution were used) and
then subiected to ultracentrifugation at 26,000 rpm at 20°C for
18 hours with a swing rotor (manufactured by Hitachi Koki Co., Ltd.:
RP3-27-2). After the centrifugation, a small hole was opened in
the bottom of the sucrose density gradient sceluticn and then
fracticonated every 1 ml.
[0041] Afterthat, foreachfraction, 3Msodiumacetatesolution
(pH 5.2) was added so as to be 10% {(vol/vol}. Then, 2-fold volume
of 99.5% ethancl wag added. Subseguently, the fracticonwassubjectead
to centrifugation at 15,000 x g at 4°C for 10 minutes to recover
the peliet. Then, the pellet was washed with 70% ethanocl and then
disszolved in 100 ul of sterile waterxr.
(00421 Among the samples obtained from the respective fraction

solutions, a sample only containing a long chromoscomal DNA with

48 kbp in agarose electrophoresis was further diluted with sterile

18



then subjected to ultracentrifugation at 26,000 rpm at 20C for 18 hours

with a swing rotor (manufactured by Hitachi Koki Co. , Ltd. : RPS-27-2) .

After the centrifugation, a small hole was opened in the bottom of the

sucrose density gradient solution and then fractionated every 1 ml. [0041]

After that, for each fraction, 3M sodium acetate sol ution (pH 5.2) was

added so as to be 10% (vol/vol) . Then, 2-fold volume of 99. 5% ethanol
watewasaddedoShbsequaiitly; the-frattioriviassubjectéd towmantrifudaltion at 1l of

15,000 x g at 4C for 10 minutes to recover the pellet. Then, the pellet was
each waghed witBI70% ethanobanddhef . issokedand 000phof Stérilewsaterdded to

[0042] Among the samples obtained from the respective fraction
4 11 sefutidns, Bigamplexdnlycoatainingen | orgtehromosdimay DNAWith 48-kBphour

in agarose electrophoresis was further diluted with sterile 18 water so as
undeto be @hDNA¢enoeatration of 175xwg/gh Thed W pitdiceachadiecus ENA was

solution (0, 0.02, 2, and 20 pg/ml) was added to 4 pl of the DNA solution
irradnd thenfeft stAndihgat 4€ forthhoug lWnderlightintércaptione 500W halogen

Subsequently, the sample on ice was irradiated for 20 minutes with
bulbvigibie tightffomthe 500W halogen bulb described above. [0043] The

DNA solution (8 pl) after irradiation of the above visible light was diluted

[004five-folds (3R pl Ao Wil sterflenwate 1951 6f 020206 Ejoehronid€ above
solution was added to 5 p1 of
visible light was diluted five-folds (3Z pl addition) with sterile

water. 1 pl of 0.02% cytochrome C solution was added to 5 ul of
% formaldehyde soluticn, and the total amount thereof was mixed

with 40 ul of the DNA soluticn, followed by leaving standing for
10 minutes. Subsequently, a chytochrome C membrane was collected
by tweezers, and a dehydration treatment with 90% ethanol was carried
out. Subsequently, the staining was carried out with a sclution
of 0.5 mM uranium acetate / 0.5 mM hydrochloric acid / 90% ethanol,
followed by dehydration treatment with 90% ethancl and isopentane.
for electro microscopic cbservation, a shadowing was carried

cut using platinum/palladium powder and a photograph was then taken

by an electron microscopy (manufactured by JECL Ltd., JEOL T-2000

[0044] {2) Test results
The results of the test are shown in FIG. 4. FIG. 4 shows
the results of observation with electron microscopy after the

treatment of E.coli. chromosomal DNA with EMA in a concentration
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8% formaldehyde solution, and the total amount thereof was mixed with
40 pl of the DNA solution, followed by leaving standing for 10 minutes.
Subsequently, a chytochrome C membrane was collected by tweezers,
and a dehydration treatment with 90% ethanol was carried out.
Subsequently, the staining was carried out with a solution of 0.5 mM
uranium acetate / 0.5 mM hydrochloric acid / 90% ethanol, followed by
of 0 dehydrationrifeatmentiwitio 96%4. ethtanaol and isopeintand.JEarieleetrogen bulb,
microscopic observation, a shadowing was carried out using
for Jlatihumipalladiurspowdendnd asphetolraphwias tkervtaker by anromosomal
electron microscopy (manufactured by JEOL Ltd., JEOL T-2000 EX).
DNA {G044)42) Pestresulis Theaesultsof-thedestiare shown h.RIG 145 G, 4T EMA.
shows the results of observation with electron microscopy after the
Howetreatment et E.coli.ichrembsernall RNA svith ENMA irf b S¥Acentrationceg bl ation
0 to 10 pg/ml and visible light irradiation (500W halogen bulb, for 20
of 1migvtel) o Ase resut andatfact of cleaging thecheormosornal ONARWEesomal
not observed after reacting with 0 to 0.01 }ig/ml of EMA. However, it was
DNA. coBfirhedethal the reactionrwitiiEIMA cs eohcdination ot Bpg/rahercleaving
more caused the cleaving phenomenon of chromosomal DNA. Such
phenraseits cofrédporhiocthosetir Exaiiple dtand e creavitis phbhanmenaiéfrmed.
the chromosomal DNA with EMA was visually confirmed. Industrial
Applicability

Industrial Applicability

[0045] The agent for degrading a nucleic acid of the present
invention has an ability to pass through the cell wall of a living
bacteria and is capable of randomly cleaving chromosomal DNA, RNA,
or the likeofthebacteria. Therefore, inthe fieldsofbacteriology
and biochemistry, it is very useful as an antibacterial agent,
particularly a bactericide/disinfectant against environmental
microorganisms. Inaddition, the agent for degrading anucleicacia
of the present invention can be preferably used in the field of

research.
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[0045] The agent for degrading a nucleic acid of the present invention has
an ability to pass through the cell wall of a living bacteria and is capable

of randomly cleaving chromosomal DNA, RNA, or the like of the bacteria.
Therefore, in the fields of bacteriology and biochemistry, it is very useful

as an antibacterial agent, partictt@h"8 bactericide/disinfectant against
environmental microorganisms. In addition, the agent for degrading a
nucleic acid of the present invention can be preferably used in the field of
research. 20 Claims 1. Use of ethidium monoazide in the manufacture of
an agentdordegsading aumucteia asieiwder rirradiatiemwith visibledight 2an
Use of ethidium monoazﬁe in the, manufacture of an_antibacterial agent
used ([P irradialidn wi e%%?b%?aht A métho &Cdegrﬁ&lﬁg under
nucleid aeiddn atdamplei cantaindig ke Adeleic acid, comprising the steps
of adding ethidium monoazide to the sample containing the nucleic acid
and irradiating the sample containing the nucleic acid with visible light to
degradesthecrfucteit: adiththereimeh Aldethiod of degraming: a oteledc adid an
"]acgghtlbacterlal agent used wunder irradiation with

vigible light.

3. A method of degrading a nucleic acid in a sample
containing the nucleic acid, comprising the steps
of adding ethidium monoazide to the sample
containing the nucleic acid and irradiating the
gample containing the nucleic acid with wvisible

light to degrade the nucleic acid therein.

4. A method of degrading a nucleic acid in a cell,
comprising the steps of adding ethidium monoazide
to a sample containing the cell and irradiating the
sample containing the c¢ell with wvieible 1light to

degrade a nucleic acid inside of the cell.

5. Use of ethidium moncazide as an antibacterial agent

used under irradiation with wvisible light.
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comprising the steps of adding ethidium monoazide to a sample
containing the cell and irradiating the sample containing the cell with
visible light to degrade a nucleic acid inside of the cell. 5. Use of ethidium
monoazide as an antibacterial agent used under irradiation with visible
light. 21 AGENT FOR DEGRADING A NUCLEIC ACID AND METHOD
OF DEGRADING A NUCLEIC ACID Abstract The present invention
provides arragernt fenderadiigid Naclkidlacidy Wwhick intlueles ethidium
monoazide as an active ingredient, and is useful as an antibacterial agent
such as a bacigicitieooO B disiafeeldmc22 NUCLEIC ACID

Abstract
The present inventionprovides an agent for degrading anucleic
acid, which includes ethidium moncazide as an active ingredient,
and is useful as an antibacterial agent such as a bactericide or

a disinfectant.
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