1 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 ethidiummonoazide 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 witb¥side fightto degrade a nucleic acid inside of
the cell. Background Art [0002] Hitherto, alcohol, cresol, oxidant, and so
AGENDIFhaveheenD isedzas Tepese mative medidamentsdeér DEGRADING A NUCLEIC
bactericide/disinfectant. However, they lack in immediate effects for killing
ACIDbacteria 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
Techeffeets betalige all of them act on proriferation of bacteria to achieve
antibacterial activity. [0003] Ethidium monoazide
[ 000 (3-amino-8azidexs-ethyl-6rphenyl cpheaanthediniomchlornds, for degrading
hereinafter, may be abbreviated asEMA) 2
anucleic acid comprising ethidiummencazide as an active ingredient

and teo a method of degrading intracellular nucleic acid comprising
the steps of adding ethidium moncazide 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

(00027 Hitherte, alcchol, cresol, oxidant, and sc on have been
used as representative medicaments for bactericide/disinfectant.
However, they lack in immediate effects for killing bacteria because
these agents are protein denaturants. In addition, antibacterial
agents including cell wall synthesis inhiﬁitors, protein synthesis
inhibitors, nucleic acid metabolic inhibitors, energy metabolic
inhibitors and antimetabolite are not encugh toanticipate immediate
effects because all of them act on proriferation of bacteria to
achieve antibacterial activity.

[0oe3] Ethidium moncazide (3-aminc~8-azide-5-ethyl-6-phenyl

~phenanthridiniumchloride, hereinafter, may be abbreviated as EMA)



is an azide compound which has ethidium bromide, synthesized for
optical labeling of DNA, as a basic séeleton (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 cleave cellular

is amugleieacigbrapdonly fins Aot beendaongt iarihe ast Non-patenthesized for
Document 1: Nucleic Acids Res., vol. 5, pages 4891-4903, 1978.

opt idon-patent Degustening Biochemisty, No k80 .aialn36pagestent Document
15884-15891, 1997. Non-patent Document 3: Appl. Environ. Microbiol.,
1y . Ne. 2a0l+7inpages 104.8-1024,; 2005w Disclosutespithedneention [005n to
An Object of the present invention is to provide an agent for degrading a
euka pueleic-aeid ) Whichiisrugefitl-ascapantibacterial agentineddig ar agent for
bactericide or a disinfectant. [0006] The inventors of the present invention
cell havemade: ynteasivesstudies for antibacieridhagents| ipirticslady for nucleus
bacteria-killing agents. The inventors have paid their attentions to an
staiagent fox degradirga nucteicmacid \Bhich penetrates a bacterial cell wall
and then directly act on bacterial nucleic acid to cleave 3
(00047 So far, 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., vol. 5, pages
4891-4903, 1978.
Non-patent Document 2: Biochemistry, No. 50, vol. 36, pages
15884-15891, 1997.
Non-patent Document 3: Appl. Environ. Microbiol., No. 2, vol.

71, pages 1018-1024, Z005.

Disclosure of the Invention

[0005] An Object of the present invention is toprovide an agent
for degrading a nucleic acid, which is useful as an antibacterial
agent including a bactericide or a disinfectant.

rocoe] The inventors of the present invention have made
intensive studies for antibacterial agents, particularly
bacteria-killing agents. The inventors have paild their 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



the nucleic acid, and have made the search for a substance having such
an action. Asa result, the inventors have completed the present invention
by finding that EMA, an azide comp(?l.md, has an ability of penetrating a
living bacterial cell wall and cleaving the nucleic acid. [0007] The first
invention according to the present invention to solve the above problems
relates to an agent for degrading a nucleic acid comprising

the @iRdLAMONOA7ZIde-as aRactivedagredient: Jhersecondinyentionnce having
according to the present invention to solve the above problems relates to

such an antibacteriabagentcomprising: the-agent fer-degsading asweleihacitesent
of the first invention. The third invention according to the present invention

invei@ selvertherabovenprottemsaelajes to ametbodof gegratling @snucleishility
acid in a sample containing the nucleic acid, comprising the steps of

of peagding ethidium meneazide-te:thiesSample centaining the aweleic adie andleic
irradiating the sample containing the nucleic acid with visible light to

aciddegrade the nucleic acid therein. The fourth invention according to the
present invention to solve the above problems relates to a method of

rooodegrading aHaugleics acichinca cebrcamprisingribecstepscobadding tethidiamt 1 on
monoazide to a sample containing the cell and irradiating the sample

£o seOmaining theced withowisiate: lightte degrade amuslpinaciddanside of etfigng a
cell. 4

nucleic acid comprising ethidiummoncazide as an active ingredient.

The second invention according to the present invention to
solve the above problems relates toanantibacterial agent comprising
the agent for degrading a nucleic acid of the first invention.

The third inventionaccording to thepresent inventionto sclve
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 monoazide 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 invention according to the present invention to
solve the above problems relates to a method of degrading a nucleic
acid in a cell, comprising the steps of adding ethidium monoazide
toa sample containing thecell and irradiating the sample containing

the cell with visible light to degrade a nucleic acid inside of

the cell.



Brief Description of the Drawings [0008; FIG. 1 is an electrophoretic
photograph that shows an influence of EMA on chromosomal DNA and
rRNA or the like from E. coli in vitro,4Where M indicates a molecular
weight marker (X/EcoT14l digest), IR(-) represents the absence of visible
light irradiation, IR represents visible light irradiation (500W halogen bulb,
20min. ) , and a numeric value of EO-100n or p represents the final

Brie €Oneghiration 6hEMA (ito 100 pgimkor pg/ml). FIG. 2 is an
electrophoretic photograph that shows an influence of EMA on

[ 000ghromosomakDNA andriRNADEthe fike fronr E.eoibinadveypwhere M shows an
indicates a molecular weight marker (X/EcoT14I digest), IR(-) represents

infltheabsencerf visible lightismaiationd R nepresentsisiblellight from £.coli
irradiation (500-W halogen bulb, 20 min. and a numeric value of EO-100n

in vOEpJEpresensithe finalconsentration «of EMA (P=t0k00 mg/mdor pglat)zoT14 1
FIG. 3 illustrates the antibacterial effect and dose-response curve of

dige EMA, Where thepX axisirepresentsiherfinakcondentration iofEMA radiation,
(1:,g9/ml) and the Y axis represents a decrease in number of living

IR rechactieraltcelt {EEUIml) pehorigirallyinumber of (iving acterdb aelts othen. ) ,

common logarithmic in each EMA-treated zone. FIG. 4 are photographs

and arepresentingressaltstaf Obiéfration. with etectronamitroscopylaftenthentration
treatments of E. coli DHSa chromosomal DNA with EMA and visible light

of Eiffadidtiors(500W halogenc bullbg 281min.), where the final concentrations
of EMA are (1) O,

FIG. 2 isanelectrophoreticphotograph that shows an influence
of EMA on chromosomal DNA and rRNA or the like from E.coli in vivo,
where M indicates a molecular weight marker (A/EcoTl4l digest),
IR(-) represents the absence of visible light irradiation, IR
represents visible light irradiation (500-W halogen bulb, 20 min.),
andanumericvalue cf E0-100norprepresents 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 X axig represents the final concentration
of EMA (npg/ml) and the Y axis represents a decrease in number of
living bacterial cell (CFU/ml) 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 DHbw

chromosomal DNAwith EMA and visible light irradiation (500W halogen

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



5 (2) 0.01 pg/ml, (3) 1 pg/ml, and (4) 10 pg/ml. Detailed Description of
Preferred Embodiments [0009] Next, preferred embodiments of the
present invention will be described iﬁ detail. However, the present
invention is not limited to the preferred embodiments described below
and can be freely modified within the scope of the present invention.
Further, expressions in percentage are based on mass unless otherwise
(2) moted (inythis spedcificationy [801,0] e agent for gegrading a nucleic acid

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
DetaineAudeicacia using CMAPvhich is-an autive tngredient and penetrates a
sample and directly acts on nucleic acid. Further, in the present invention,
[000te nucleiciacids inclede: DNA andREAdhenudeictacids t:be targetecht ion
by the agent for degrading a nucleic acid of the present invention include
wi 11 sirgle=straric BINAndoableistrand DNAesingte:strand <RNA, amdention is not
double-strand RNA. A sample to be applied in the present invention may
1imiceptairvany of thesésnticteic anidsdimmay sontagrimidcerdmose cof them. en be
addition, the targets of the agent for degrading a nucleic acid of the
free presentinventiwnihdlude; fos expmplé clrgmesamal iIDNArandplasniidrther,
DNA, as well as rRNA, mRNA, and tRNA.
expressions in percentage are based on mass unless otherwise noted
in this specification.
[GC10] The agent for degrading a nucleic acid 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 2 sample and directly acts on nucleic acid.
Further, in the present invention, the nucleic acids include
DNA and RNA. The nucleic acids to be targeted by the agent for
degrading & nucleic acid of the present invention include
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. Inaddition, thetargetsoftheagent fordegradinganucleic

acid of the present invention include, for example, chromcsomal

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



6 [0011] Examples of the sample containing nucleic acid include all kinds
of biological cells, such as prokaryot;L)c cells (bacteria) and eukaryotic cells
(e.g., protists, Eumycetes, plants, and animals), and viruses. Of those,
bacteria, Eumycetes, and viruses are preferable. [0012] The agent for
degrading a nucleic acid of the present invention, when allowed to act on
bacteria, Eumycetes, viruses, or the like, has effects of terminating their

[ 00 1growth and kilingl 4rear bytdirectlycdegrading:theimucleiccdeid insidedfithe lude
cells. Therefore, for example, the agent for degrading a nucleic acid of

all kbeduwesentinvention=carbelusedsagainst environmentalniierborydhisateria)l
as an antibacterial agent, a bactericide / disinfectant, a virucide, or the

and dke:d0013liEnviedrimental microprganisms o Bentargetegkhy theants, and
antibacterial agent of the present invention is not specifically limited, but,

animeXamplethereofinclade battetiaand Eamyeetes, Thenbaeteriainglulle i ruses
both of gram positive bacteria and gram negative bacteria. The gram

are posifieedactteria include Staphylococcus such as Staphylococcus
epidermidis, Streptococcus, Listeria, Bacillus, Mycobacterium, and

[ 001 Elostridiunt.iEhe gearn regativedhacteriaincluode Eschetichia sdcliag present
Escherichia coli, intestinal bacteria such as Enterobacter, Salmonella,

inveVibrio; PseudomohasyEegidnels; mnen Campyiobactefunycetes, viruses,

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 wvirucide, or the like.

[0013] Environmental microorganisms to be targeted by the
antibacterial agent of the present invention i1s 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 gramnegative bacteria include
Escherichia such as Escherichia coli, intestinal bacteria such as
Enterobacter, Salmonella, Vibrio, Pseudomonas, Legionella, and
Campylobacter.

(0014} The Fumycetes to be targeted by the antibacterial agent



[0014] The Eumycetes to be targeted by the antibacterial agent of the
present invention include, but not specifically limited to, Candida,
Aspergillus, Saccharomyces, and Penicillium. [0015] Ethidium monoazide
(3-amino-8-azido-5-ethyl-6- phenyl-phenanthridinium chloride: EMA) , the
active ingredient of the present invention, is a compound represented by
the chemical formula (1) The ethidium monoazide used may be of the
L brié RomPertiailavHiiable NENIRENER Y+ 5 Fy P EHZCHS M 4dpig ed to,
[0016] The amount of the agent for degrading a nucleic acid of the
Cangiedant ifvertion'to € used Tl BE Biitsbly séiédtetPdépendirig™on the
decision as to either extracellular or intracellular nucleic acid is degraded
[906rdepending & the ¥al W fitkic acia o-Be ~degratea  rufher #id -
amount of EMA contained in the agent for _degrading a nucleic acid in use -
PheRYy B PG 16 1060 W/l pretétablyFi8 po/imit &80 Fgmaredient of
n particularl%l preferabli 100 pg/mlto 1,000 pg/ml. It is possible to degrade
“RSNRTHRTIC atitl Bfettilely'y SIGHTE the g&fEvor tegrading 4 iddeichemical

acid to act on the target in such a concentration. The agent for degrading

Foriibdleicldcid of'thie ProdertRvEHtidR Smhy he's S8Ition GFEMA itsaf. e

conmY 22 SHIEPY dieg oL

(D

MW: 420.3

[0016] The amount of the agent for degrading a nucleic acid
of the present inventiontobe usedmay be suitably selected depending
on the decision as to either extracellular or intracellular nucleic
acid is 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 pg/ml to 1,000 pg/ml,
preferably 10 ug/ml to 1,000 pg/ml, particularly preferably 100
png/ml to 1,000 pg/ml. It is possible to degrade the nucleic acid
effectively by allowing the agent for degrading a nucléic acid to
act on the target in such a concentration.
Theagentfordegradingaxwucleicacidofthepresentinvention

may be a sclution or EMA itself. It may be suitably diluted or



7 8 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 degradir?g a nucleic acid of the present
invention is employed as an antibacterial agent, it acts in the same
manner as that of the agent for degrading a nucleic acid. [0018] Further,
visible light is irradiated upon degrading the nucleic acid. The wavelength
di s s 8f thevigibla-lighide pe irradiated is 380 nm to 800 nm, preferably 450 nm
to 600 nm. In addition, the visible light may be ofmono-wavelength or may
[001be of mixedlight avhose wavetengths distiputed within the-abave sangect the
The light may include a wavelength other than the above range. In
presadditiony dhe distanee hetween dhe opiicak source @ne:the Sampletmaybesn if
suitably selected as long as a sufficient amount of light is irradiated to the
the targeting sample; {0013 Visible:light canseialso frradiatedriays placingthent ion
target of the agent for degrading a nucleic acid or the antibacterial agent
is embthespresent inventiohundes the irradiatian of naturak light sbeh asne manner
sunlight. [0020] Further, when the agent for degrading a nucleic acid of
as tithecpresentinventiortisiitradided atian @pscalstiength ef-:05 to 100
W/cm2, an effect of degrading the nucleic acid can be
[(0C18] Further, visible light is irradiated upon degrading the

nucleic acid. The wavelength of the visible light to be irradiated
is 380 nm to 8§00 nm, preferably 450 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. In addition,
the distance between the optical source and the samplemay be suitably
selected as long as a sufficient amount of light is irradiated to
the targeting sample.

[G019] Visible light can be also irradiated by placing the
target of the agent for degrading a nucleic 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 optlical strength of
0.5 to 100 W/em®, 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.



exerted sufficiently within about 5 minutes to 1 hour, preferably within
about 5 to 30 minutes. 9 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 sufficiently within about 5 minutes to 1 hour,
preferably within about 5 to 30 minutes. [0021] The effects of the agent for
degrading a nucleic acid of the present invention can be evaluated by
compasng releetyopherogragh ofinudleicsacids: befarecand afténthe logen bulb
addition of the agent for degrading a nucleic acid and the irradiation with
at a visibledigbtiratliaton:kurther affercthecdgeit dar=degrgdinge amucleic ¢ acid
acid of the present invention is applied to bacteria, the effect can be also
can leyakuated ndirecthf by heeaslying ithe humbes uaf living badterdalcells. hour,
[0022] The agent for degrading a nucleic acid of the present invention
prefamapbe used alonesbromay hetusetlincombiration with other ingredients.
For example, the other ingredients include agent for degrading a nucleic
[002acid knownirethef dr csuch s Exenucteasescand endeducleases e pic acid
restriction enzymes, for DNA and RNA. The combination with such
of thgentsccammfurtherenhance theneffect of alcleic: dcitydegradatiomd0023)
The usage form of the antibacterial agent of the present invention is not
elecpartiouartydimited; but forlexamplelit mdyefeore and after the addition

of the agent for degrading a nucleilc acid and the irradiaticn with
visible light irradiation. Further, when the agent for degrading
a nucleic acid of the present invention is applied to bacteris,
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 exonucléases
and endonucleases, e.g., restriction enzymes, for DNA and RNA. The
combinationwith suchagents can furtherenhance theeffect ofnucleic
acid degradation.

[00231 The usage formof the antibacterial agent of the present
invention is not particularliy 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 sultably selected depending on the



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 dle%ending on the 10 application, the
usage form thereof, and so on. For example, the dosage forms include,
but not specifically limited to, a liquid form, a granular form, and a tablet
form. [00241 Further, the antibacterial agent of the present invention may
appl beuseshalopeonia comnation mith-other ngredients, . Thecatherample, the
ingredients may be antibacterial agents or bactericides, and examples
dosadheregtineludecantibigtiosu alcebelsssuchias ethangl andisepropyl, = liguid
alcohol, oxidants such as phenol, cresol, halogen compounds (e.g.,
formehloripe-and igding)rand peroxidess(eig: ozenen and hydrogen peroxide)
and heavy metal compounds. The combination with such ingredients can
[ 002 further enhranceltbe antibacteriat effecte {0025] Adeantibacterial agentaf:
the present invention may be, for example, preferably used for
1nvegisinfection 10 inskednaaris cand 50 oaranthalsa disinfection véwathgredients.
surfaces, floors, and so on. In addition, the antibacterial agent of the
The duRsent inyestior mayre/speayed ibthetadderispaee; therebyp stas venycides,
useful in sterilization of bacteria (pathogenic Escherichia coli,
and dvyagbactetibprtabeérculodisdbotuliniim, Bacilkus anthracid,sandso onkthancl
having high risks of severity when they infect humans. [0026] The
and antibacterral agentiof the preséatinventiom may phenocl, cresol, halogen

compounds (e.g., chlorine and iodine), and peroxides (e.g., ozone
and hydrogen peroxide) 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 s0
on. In addition, the antibacterial agent of the present invention
may be sprayed in the indoor space, thereby it is very useful in
sterilization of bacteria (pathogenic Escherichia coli,
Mycobacterium tuberculecsis, botulinum, Bacillus anthracis, and s¢
on) having high risks of severity when they infect humans.
[0020] 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



directly act on intracellular nucleic acid to degrade the nucleic acid. Itis
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 11 antibacterial spectrum in comparison
with known antibacterial agents. [0027] Next, the present invention will be
further described in detail with reference to examples, but the invention is

ant 1199t imited 1 tosthe examples desatihead belowy Examples1{0028] This terial
example was carried out for investigation of an influence of EMA on
agenbycleic acid such as E. coli chromosomal DNA, rRNA, in vitro. (1) Test
Method Iml living bacterial suspension of 1.0 x 106 CFU/ml of E.
r002¢oli/DH5avstrain was:-spbjectedtto eentrifugationilndersa tael: cenditioncribed
After removal of the supernatant, the resulting pellet was added with 0.5
in dend 0fl 10mM JxiseHEhbuffers solutipn {eH 8.0) and furthetadded with 10 phited
of 1250U/ml protease K solution and 200 pl of 10% SDS solution,

to tfellowetd exemight bactetidtysisvat 50C. [0029] Subsequently, each of

the treated solution was divided into two equal volumes and dispensed

into two 2ml micro tubes,
Example 1
[0028] This example was carried out for investigation of an
influence of EMA on nuclelic acld such as E. coli chromocsomal DNA,
rRNA, in vitroe.
(1) Test Method

iml living bacterial suspension of 1.0 x 10° CFU/ml of E.

coli/DHSw 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-HCl buffer sclution {(pH 8.0)
and further added with 10 ul of 1250U/ml protease K solution and
200 ul of 10% 8DS solution, followed by overnight bacteriolysis
at 50°C.
[0029] Subsequently, each of the treated solution was divided
inte two egqual volumes and dispensed into twe Zml micro tubes,
respectively. Each of themwas added with 0.5ml of saturatedphenol
solution, then gently mixed for 15 minutes, and then added with

0.5ml of chlorcform, fellowed by gentlymixing for Sminutes. After

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



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 mixianTor 5 minutes. After that, the mixture
was centrifuged at 6, 000 x g at 4 C for 10 minutes. 12 An aqueous
phase, an upper layer, was transferred into an another 2ml microtube and
then added with 70 pl of 3M sodium acetate (pH 5.2) and 1.21 ml of :

an af2:2%-cold athanal, fellgwed by gentlewnaixing: abusequentlyn the mixtmether
was centrifuged at 111,000 x g at 4 C for 10 minutes and the supernatant

2ml dhereotwas thaa remeved cAlter thath 0hmhof 48%¢Eoldethanolkwasate (pH
added, thereby washing a pellet (precipitation) (hereinafter, the above

5.2 sefigsiafoperationsamay sbe abbreviated-as ampfienel/ehlasoferant 1e mixing.
extraction) Subsequently, the pellet was added with 0.5 ml of |IOmM

SubsddsH€1 pufterdpht 8.0) :containing A 01V FRBAI2Na 56|Uti0d (@ k5 buffer)C for
and then left standing overnight at 4C, thereby dissolving the nucleic acid.

10 miThe «coneentiaticn pkthezpurified nacleicracids salutionavasrdeternfirfed: » that,
based on the absorbance at UV260 nm (50 pg/ml of the nucleic acid was

0.4 defined as DR &1, celldength =i cnad @R2503 O30 The nuckeir acigellet
solution thus prepared was adjusted to 175 ng/pl with sterile water and

(predphaliquot of the hueleicracid ssolutidrewasdhien addeddo®achefrat ions may
microtubes. Subsequently, 4 pl of agueous EMA solutions (0, 0.02, 0.2, 2,

be al20rand2083pgiml) were séspactivelyfaddedta-thecicrotubessaridsthenent 1y,

left standing at 4C

the pellet was added with 0.5 ml of 10mM Tris-HC1l buffer (pH 8.0)
containing 1mM EDTA/2Na 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
based on the absorbance at UVZ260 nm (50 ug/ml of the nucleic acid
was defined as OD = 1, cell length = 1 cm : ODysol -

[0030] The nucleic acid solution thus prepared was adjusted
to 175 ng/ul with sterile water and 4ul aliquot of the nucleic acid
solution was then added to each of microﬁubes. Subseguently, 4 pi
of agqueous 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 (FLOCD PRF 100V 5C0W; 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-EceTl4d I digest



for 1 hour under light interception. After that, the sample was irradiated
for 20 minutes with visible light from_g 500W halogen bulb (FLOOD PRF
100V 500W; Iwasaki Electric Co., Ltd7, Tokyo) at a distance of 20 cm
from the sample. The whole volume of the sample was electrophoresed
on a 0.7% agarose gel. 1,-EcoT14 | digest 13 (manufactured by Takara
Bio Inc.) was used as a molecular weight marker. The gel after the

(man€lectopheresisy waskstainer with 4 1ig/mk =6f ansethidismebremidesbhitions ight
and then irradiated with UV at 254 nm using an UV trans-illuminator. The

mar kE@sulting émpge wesdecorded 1er the-Bolareid fitnw667s Aniundreatedn 1 pg/ml
nucleic acid solution (EMA: 0 }g/ml, without irradiation of visible light) was

of ansechdsiawentrabrant-thern similary=electraphoreseddn she:Samie-wayy at 254
[0031] (2) Test results The results of the test are shown in FIG. 1.

nm usGonrsegquentlyrdhe-ntebsity akthehand begirated fromy thecheomosomab rded
DNA of approximately 19,329 bps was gradually decreased from 100

on thg/hal 1tord pg/il of ENIA concentratiomsardisignificant\adisdppearediat, (EMA:
10 leg/ml of EMA concentration. Thus, it was confirmed that the EMA

0 ugdegradedibe chromosbatal ENAfintheimicteiciatid selated frinthes control
living bacteria (E. coli). Further, it was confirmed that the band intensity of

and rRNA Ef6SrRNAandZ3SrRNA) was:decreasedwith 2 pgimivelyEMA and

disappeared with 10 ug/ml or more of EMA. Thus, it was also confirmed
[003that rRNA (2) Test results

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

Further, it was confirmed that the band intensity of rRNA
(16SrRNA and 23SrRNA) was decreasedwithlug/ml of EMA anddisappeared
with 10 ug/ml or more of EMA. Thus, it was also confirmed that rRNA
was degraded.

Example 2
ro03z] This example was carried out for investigating an

influence of EMA on nucleic acid such as F. ¢oli chromosomal DNA,

rRNA, in vivo.

(1) Test method



was degraded. Example 2 [0032] This example was carried out for
investigating an influence of EMA op nucleic acid such as E. coli
chromosomal DNA, rRNA, in vivo. (ﬂ Test method 14 EMA was
dissolved in sterile water to prepare 1000pg/ml EMA solution. The solution
was filtrated for sterilization through a 0.2um filter (Minisart-plus;
manufactured by Sartorius AG) . The EMA solution was added so that the
finaMeoncentmtion-of EMA hegamei 0 noadditian), 04, HrE 1,000 andnl EMA
100 pg/ml with respect to 1 ml of 1.0 x 206CFU/ml living bacterial
solustspensionofd colilliHSas strain, follovwed by teaving standing at4thforuch a
1 hour. [ 0033] Subsequently, at a distance of 20 cm from the above living
0. 2uhacteriak suspensicn: on-¢e, the sample vasurradidted for2Cmimge8G) .  The
with visible light from a 500W halogen bulb (FLOOD PRF 100V 500W;
EMA dwasakidrlectric Lrisbtd.o Tokyo)t Ehefsamplewasssubjectecdtoof EMA become
centrifugation at 15, 000 x g at 4 C for 10 minutes and the supernatant
0 (nwasdthénrempyed t6 Bliminate d praduct gederdtéd by thé readtiorr ®fpect to
water with the visible light irradiation product of EMA (hydroxyamino
1 ml ethidium)x, whichroduld ndtdovalertlytbind 40 nucieie nacierThé pelletanas’ DHS«
added with 0.5 ml of IOmM Tris-HC1 buffer (pH 8.0) and then added with
stral@ plifll250QIni protease Kosolutoniang at 4°C for 1 hour.

100337 Subseqguently, at adistanceof 20 cmfromthe above Living
bacterial suspensionon ice, the sample was irradiated for 20 minutes
with visible light from a 500W halogen bulb (FLOOD PRF 100V 5C0W;
Iwasaki Electric Co., Ltd., Tokyo). The sample was subjected to
centrifugationat 15,000 xgat 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 ¢f EMA
(hydroxyamino ethidium), which could not covalently bind to nucleic
acid. The pellet was added with 0.5 ml of 10mM Tris-HCL buffer (pH
8.0) and then added with 10 ul of 1250U/ml protease K solution and
200 ul of 10% SDS solution. The bacteriolytic operationwas carried
out overnight at 50°C.

[0034] Each of the treated solution was divided into two egual
volumes and dispensed into two 2ml micro tubes, respectively. Each
of them was added with 0.5 ml of saturated phenol sclution, then
gentlymixed for 15 minutes, and then addedwith 0.5ml of chloroform,

followed by gently mixing for 5 minutes. After that, the mixture



200 pl of 100SDS 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 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 15 was

was cegitrfugedad 6,:00000gat 4 G fof 10 minutesmAnagueousiphasesans phase,
upper layer, was transferred into an another 2ml microtube and then

an ugddedlwitte 7Q plaef Bvbsadiemracetater(pthb. Qrantht 2 2ml of 995%ube and
cold ethanol, followed by gentle mixing. Subsequently, the mixture was

then cantfifuped atl 5000 X gdt 4€ fertQ minutes tane thgpSuperbataantd 1.21 ml
thereof was then removed. After that, 0.4 ml of 70% cold ethanol was

of Saddedcthecely-washing & pelletwfpiebipitation)l(hereinafter, thé@bowguently,
series of operations may be abbreviated as a phenol/chloroform

the mxtraction)wSubsequeritiy;gthe pellet Was Gdlded witt05 Ml 6H10MM minutes
Tris-HC1 buffer containing 1mM EDTA/2Na (TE buffer) and then left

and standing evemightat4C,rteTeby dissoiving thenadleic &€ide Thehat, 0.4 ml
concentration of the purified nucleic acid solution was determined based

of 70h the dBserbance latld¥ 260 aat(50-pg/niof thexpbcleir acigabset
defined as OD =1, celllength =1 cm : OD260) . The purity of the purified

{prendgdliecadcid nwas talcalated by dividing @D266 withy OB290. operations may

be abbreviated as a phencl/chloroform extraction). Subseguently,
the pellet was added with 0.5ml of 10mM Tris—HCL buffer containing
1lmM EDTA/2Na (TE buffer) and then left standing overnight at 4°C,
thereby disscolving the nucleic acid. The concentration of the
purifiednucleicacidsoluticonwas determinedbasedonthe absorbance
at UVZ260 nm (50 pg/ml of the nucleic acid was defined as OD = 1,
cell length = 1 cm 1 ODsgp) . The purity of the purified nucliec acid
was calculated by dividing ODsgy with ODzgop.

[0025] Each ¢f the nucleic acid solutions was prepared at 175'
ng/ul and 4ul of each was then electrophoresed on 0.7% agarcse gel.
A-EcoTl4 I digest (manufactured by Takara Bio Inc.} was used as
a molecular weight marker. The gel after the electrophoresis was
stainedwith 1 ng/mlof ethidiumbromide solution and then irradiated
with UV at 254 nmusing an UV trans-illuminator. The resulting image
was recordedonthe Poclarcid £ilm667. Anuntreatedlivingbacterial

suspension of E. coli (EMA: 0 ug/ml, without irradiation of visible



[0035] Each of the nucleic acid solutions was prepared at 175 ng/pl and
4pl of each was then electrophoresgl%on 0. 7 o agarose gel. ,-EcoTl4 |
digest (manufactured by Takara Biclnc.) was used as a molecular weight
marker. The gel after the electrophoresis was stained with 1 pg/ml of
ethidium bromide solution and then irradiated with UV at 254 nm using an
UV trans-illuminator. The resulting image was recorded on the Polaroid
1ighfilm.667s Arunitestedblivingl bacterial ssuspension of Eredli EMASG control.
pg/ml, without irradiation of visible 16 light) was subjected to nucleic acid
[003extraction and usedasraeantrel. [0036] (2) Test results The results of the
test are shown in FIG. 2. Consequently, the intensity of the band
originated froht theochromosemal BNA of. cappraxintately 29,32%bpswasntly,
gradually decreased with 10 pg/ml of EMA and significantly disappeared
the Withel00 pg/nal OFEMAL Thdscit iwas: eorfirmfedsthat tlee EMAoOgldmal DNA of
degrade the chromosomal DNA in the nucleic acid existing inside of the
apprivingdacteyid (5. ToH) teurther; itwas ¢cohfinmeld that ke Hantitintersitycofml of
rRNA (16SrRNA and 23SrRNA) was decreased with 10 pg/ml of EMA.
EMA dihdlss; iitywas iatsocanfirmed that aRAA of tiving Wacterian[Ec EoMéouldTbes, 1t
degraded. Example 3 [0037] This example was carried out for
was nvestigatng amzantibaetetigh effectiof EMA ondthetivingdbactedaeomal DNA in

the nucleic acid existing inside of the living bacteria (E. coli).
Further, it was confirmed that the band intensity of rRNA
(16STrRNA and 23SrRNA) was decreased with 10 ng/ml of EMA. Thus,
it was also confirmed that rRNA of living bacteria (E. coli) 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
Ethidiﬁm monocazide (EMA) was dissclved in sterile water to
prepare 1000ug/ml EMA solution. The solutionwas filtrated through
a 0.2um sterile filter (Minisart-plus; manufactured by Sartorius
AG)Y. The EMA solution was added so that the final concentration
of EMA become 0 (no additien), 0.01, 0.1, 1, 10, and 100 ug/ml,
respectively with respect to 1ml of 1.0 x 10°CFU/ml living bacterial
suspension of E. coli/DH5o strain, followed by left standing at

4°C for 1 hour under light interception.



(1) Test method Ethidium monoazide (EMA) was dissolved in sterile water
to prepare 1000pg/m1 EMA solution, The solution was filtrated through a
0.2pm sterile filter (Minisart-plus; marfufactured by Sartorius AG) . The
EMA solution was added so that the final concentration of EMA become 0
(no addition), 0.01, 0.1, 1, 10, and 100 ug/ml, respectively with respect to
1 ml of 1. 0 x 106CFU/ml living bacterial suspension of E. coli/DHSa

[003strain, followedbylefhstanding at AG femk houpunderrlight interegption.] i ving
17 0038 1 Subsequently, at a distant of 20 cm from the above living

bact bacterialsiispension on icecthelsampleowas.diadiatedfor 20dniBwtes minutes
_ with visible light from a 500W halogen bulb (FLOOD PRF 100V 500W;

withlwasaki ElectligiGo.f kida, Zokyow The saraplesvas subjested ter 100V S00W;
centrifugation at 15,000 x g at 4C for 10 minutes and the supernatant was

Iwasthen Elmeovedito elimipate:a productgenerateskby theoreacties elwatefted to
with the visible light irradiation product of EMA (hydroxyamino ethidium) ,
cent whitlyeauld metco¥alently-bindtol fackeie acichithe pelletwas added-wihtant
an equal amount of physiological saline solution and then serially diluted,
was followedhy-24houn intubatictat 371G using@anykrplatetagarcultitte reacticon
medium to determine the number of living bacterial cells. [0039] (2) Test
of wegsultswihenantibacterial effectlofdEMAIwas dlustrated asraduct of EMA
(hydroxyamino ethidium), which could not covalently bind to nucleic
acid. The pellet was added with an egual amount of physiological
saline solution and then serially diluted, followed by 24hour
incubation at 37°C using an L-plate agar culture medium to determine
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 10¢ CFU/ml in comparison with the original number of the
living bacterial cells. When EMA at a concentration of 100 pg/ml
was reacted with E. coli, 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.

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

E. coli (living cells).



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 concentration 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

Examgomparison with the original number of the living bacterial cells. Thus, it
was found that EMA has an antibacterial effect on E. coli (living cells). 18

1004 Example 4rpp040¢ Thispexample was cariddoout forobsérvingrameffect @f fect
EMA on E. coli chromosomal DNA in vitro under an electron microscopy.

of END) Pestanethod Nucleicracidbwas extracted imarmannedsimilan telectron
Example 1 as described above. The nucleic acid was then dissolved in 9

ricroicobsterile water. A nucleic acid solution thus prepared was gently
loaded on the top of 32m1 sucrose density gradient (16 ml of 10%

(1) saerosessotutibn and 16 ml of 40% sucrose solution were used) and then
subjected to ultracentrifugation at 26,000 rpm at 20C for 18 hours with a
swing:ictar:(mandfactired-iy Hitdehi KokieCoarindr: sRRS27-2} o Aftepmple 1
the centrifugation, a small hole was opened in

as described above. The nucleic acid was then dissolved in 9 ml

of sterile water. A nucleic acid solution thus prepared was gently
loaded on the top of 32ml sucrose density gradient (16 mi of 10%
sucrose solution and 16 ml of 40% sucrose golution were used) and
then subijected to ultracentrifugation at 26,000 rpm at 20°C 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] Afterthat, foreachfraction, 3Msodiumacetate solution
(pH 5.2} was added so as to be 10% (vol/vel). Then, 2-fold volume
cf 99.5% ethanclwas added. Subseguently, the fractionwassubjected
to centrifugation at 15,000 x g at 4°C for 10 minutes to recover
the pellet. Then, the pellet was washed with 70% ethanol and then
dissolved in 100 pul of sterile water.

[00472] Amongﬁhesamplesobtainedfromtherespectivefraction
solutions, a sample only containing a long chromosomal DNA with

48 kbp in agarose electrophoresis was further diluted with sterile



the bottom of the sucrose density gradient solution and then fractionated

every 1 ml. [0041] After that, for each fraction, 3M sodium acetate solution

(pH 5.2) was added so as to be 10%}%vollvol). Then, 2-fold volume of

99.5% ethanol was added. Subsequently, the fractionwas subjected to

centrifugation at 15,000 x g at 4C for 10 minutes to recover the pellet.

Then, the pellet was washed with 70% ethanol and then dissolved in 100
watepl ebstesile water. J0042] Among:the samples ebtaited o the respectivel of

fraction solutions, a sample only containing a long chromosomal DNA

eachWith: 48 kb Finragarose etectrapharesis was fuitheradiluted with stedlezi@ed to
water so as to be a DNA concentration of 175 ng/pl. Then 4 pl of each

4 ulagfieons EMA selution (&, .02, 2nand 20pg/mb)anas agded ta °4 plof 1 hour
the DNA solution and then left standing at 4C for 1 hour under light

undeintercgptior.rSehseguenty, thessarmple.emice was likadiatedifor 20 ice was
minutes with visible light from the 500W halogen bulb described above.

i rraf043¢ T he-RNA solutiong8 pl) after irsddiation of the Abowet visiliié tighta 1 ogen

was diluted five-folds (32 p1 addition) with sterile water. 1 pl of 0.02%
bulbcyteshnoihe € stlutien was added to 5 pl of 8% formaldehyde solution,

and the total amount thereof was mixed with 40 p1 of the DNA solution,
[004fbllowed by leaving: standing for 1® minuteSt Subsequently; son of the above

chytochrome C membrane was collected
visible light was diluted five-folds (32 ul addition) with sterile
water. 1 nl of 0.02% cytochrome C scolution was added tTo 5 pl of
8% formaldehyde scolution, and the total amount thereof was mixed
with 40 pl of the DNA solution, followed by leaving standing for
10 minutes. Subseguently, a chytochrome C membrane was collected
by tweezers, and a dehydration treatment with 20% ethanol was carried
out. Subseguently, the staining was carried ocut with a solution
of 0.5 mM uranium acetate / 0.5 mM hydrochloric acid / 90% ethanol,
followed by dehydraticn treatment with 90% ethanol and isopentane.

For electro microscopic observation, a shadowing was carried
out using platinum/palladium powder and a photograph was then taken
by an electiron microscopy {(manufactured by JEOL Ltd., JECL T-2000
EX) .
i0Cc44) {2} Test results
The results of the test are shown in FIG. 4. FIG. 4 shows

the results of observation with electron microsceopy after the

treatment of E.coli. chromosomal DNA with EMA in a concentration



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 hydrochltric acid / 90% ethanol, followed by
dehydration treatment with 90% ethanol and isopentane. For electro
microscopic observation, a shadowing was carried out using
platinum/palladium powder and a photograph was then taken by an

of 0 electronumicroseopy tmanuiactureshhy JEO ditels, iIHFOL TH2A00aEXyen bulb,
[0044] (2) Test results The results of the test are shown in FIG. 4. FIG. 4

for 2shewsuthesesults ofobsenvationawithfelectron fnidrescopygafteethe romosomal
treatment of E.coli. chromosomal DNA with EMA in a concentration 20 of

DNA @:te Hdbpghhisand esibie ight iradiationg56aWhhalogen®ulld, for20. of EMA.
minutes) . As a result, an effect of cleaving the chromosomal DNA was

Howenet ohiservedaftef teactihgiveithtOtor(:0 T pyimivafl EMAA Howeventiewasat ion
confirmed that the reaction with EMA in a concentration of 1 pg/ml or

of 1 marédausedithecleavisg phehemeneaofichremosomah®@NAFLSabhomosomal
results correspond to those in Example 1 and the cleaving phenomena of

DNA. th€ chtomesoiiat DNAwity EMAWwashdsuallyconfimped: Indudtiiske ¢leaving
Applicability [0045] The agent for degrading a nucleic acid of the present

phenmyention hagan abilityto passl tiisaghithe dellivalkef alivikgl bacterial 1 rmed.
and is capable of randomly cleaving chromosomal DNA, RNA,

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 chremesomal DNA, RNA,
orthe like of thebacteria. Therefore, inthe fieldsofbacteriology
and biochemistry, it is very useful as an antibacterial agent,
particularly a bactericide/disinfectant against environmental
microorganisms. Inaddition, the agent for degradinganucleicacid
of the present invention can be preferably used in the field of

research.



or the like of the bacteria. Therefore, in the fields of bacteriology and
biochemistry, it is very useful as an 2ntibacterial agent, particularly a
bactericide/disinfectant against envifonmental microorganisms. In
addition, the agent for degrading a nucleic acid of the present invention
can be preferably used in the field of research. 21 Claims 1. An agent for
degrading a nucleic acid comprising ethidiummonoazide as an active
ingredient. 2. An antibacterial Bgemntcomprising the agent for degrading a
nucleic acid of claim 1. 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

1. Aniggdiatingthesample ncontaining theanucleioagidiwitm visiblel kighttononoazide
degrade the nucleic acid therein. 4. A method of degrading a nucleic acid

as ain acel,weomprisiag 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.

2.Anantibacterial agent comprisingthe agent for degradinganucleic

acid of claim 1.

3. A method of degrading a nucleic acid in a sample contalning the
nucleic acid, comprising the steps of adding ethidium moncazide
totjmasamplecohtainingijmenucleicaﬁﬁxiandixradiatingﬁﬂmasample
containing the nucleic acidwith visible light to degrade the nucleic

acilid 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 cell with visible light

to degrade a nucleic acid inside of the cell.



