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DESCRI PTI ON M CROORGANI SM5 THAT DECOMPOSE HALOCGENATED HYDROCARBONS AND

THEI R USE 5 Technical Field The present invention relates to a
bi ocl eani ng pr Qﬁzﬁ solfgf water or soil contam nated by hal ogenap@glypormiase
hydr ocar bon. ground Art 10 Recently, organic solvents, and

particul arly hal ogenat ed hydrocarbons, have beéer used in | ar ge anounts as
cl eaners and so forth in advanced industries. Since growing attention is
bei ng focused on contamination of groundwBEEYRIBTIONoi | caused by ‘t hese
subst ances or waste 15 water contai ni ng these substances there is a
desire to inpl enent 5 %. S o W .
Exarnpl es of known physical el [mat

count er neasures include an air 20 Stri ppwgod in which the
contam nated s6il is exae¢hht€aRrFigld i S bl own through the soil to

vol atilize the hal ogena r h activated
charcoal and so forth, H-ﬁg §¥€%%8€n%e I‘tg(ggl %%f%%ﬁt \?vﬂF R

cont ani nat ed soi| P¥OSeEAdERr wakem ox seiif G@mt@nam bM halegenateds dr awn
to aerate the soil %oeggg&e t he cont am nants. These nethods are
considered to be able tg g a(ﬁlg%%e to decontam nation of groundwater as
wel | . However, these metROGS di sadvantage of requiring a |large
amount of enedfy, such Recenrlyl owigapiion s@dvenss, .and paxtidcularly t he forner

has the di sadvant agf10benated hydrocarbons, have been used in large amounts
as cleaners and so forth in advanced industries. Since

MECROOREBAN

growing attention is being focused on contamination of
groundwater and soil caused by these substances or waste
15 water containing these substances, there is a desire to
implement countermeasures against this contamination
immediately.
Examples of known physical methods that have been
employed in the past as countermeasures include an air
20 stripping method in which the contaminated soil is
excavated and air is blown through the soil to volatilize
the halogenated hydrocarbons and adsorb it with activated
charcoal and so forth, and a vacuum extraction method in
which the contaminated soil is pounded into a pipe after
25 which a vacuum is drawn to aerate the soil and remove the
contaminants. These methods are considered to be able to
be applied to decontamination of groundwater as well.
However, these methods have the disadvantage of
requiring a large amount of energy, such as for blowing in
30 air. 1In addition, the former has the disadvantage of
requiring that the soil be excavated, while the latter has
the disadvantage of extraction efficiency decreasing as
the concentration of contaminant decreases, thus making
the cleaning difficult. Moreover, from the viewpoint of
. 35 preventing secondary contamination such as air pollution,
these methods require that separate contaminants be



requiring that the soil be excavated, while the latter has the di sadvant age
of extraction efficiency decreasing as the concentration of contam nant
decreases, thus naking the cleaning difficult. Mreover, fromthe viewoint
of 35 prevepti condary contam nati on such as air polluty e

met hods reqw Q?ﬁgﬁgsepar ate contam nants be WO 97/ 40136%;}”%?@
PCT/ JP97/ 01359 -2- detoxified in order to ad8ofb onto activated charcoal
and so forth. On the other hand, research has been conducted in recent
years on so-cal | eGetpoictiadhiimgordenotic adsoxs onts activated charcoal eand
efficiently deconggsggkand detoxified by m croorgani sns. Since these

met hods utilize the degconposit ani sm of roor ani s ey _do not
requiré a | arge anmount mﬂ"h ':3&? 5585 ‘?%ﬁ?%ﬁlht fhie %ﬁ?? %’é

physi cal methods. rétent ar@ml sa ab{—ealbedmlocdeapingehqtm:aoapowhldnd
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the cl eaning can be perforned even,at concentrations, of contamn
thus enabling decBHEERREHANISHS: o Binpe thnsrlebheds Ut @e tdg at the
original locati ondecdnﬁisltmmbchgnsszgmf mda-wboegmmm.l aheyoliol not cost S.

Exanpl es of netho E%?E:Etgg
| nclmade a solid pga e tre tm%%re %Q m cr égh#oﬁaﬂdc%%géggﬂl nt o
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pronot e 10 completely decompose and detoxify contaminants without

causing secondary contamination. Moreover, the cleaning

can be performed even at low concentrations of

contaminants, thus enabling decontamination to be

performed over a wide area at the original location and
is creating significant expectations of low costs.

Examples of methods used to purify contaminated soil
by microorganisms include a so0lid phase treatment in which
microorganisms are mixed into excavated soil with nutrient
sources such as phosphorous and nitrogen to promote

20 decomposition of contaminants, a slurry treatment in which
microorganisms are mixed into excavated soil with water
and nutrient sources to treat the soil in the liquid state
and promote decomposition of contaminants, and an original
location treatment in which air, nutrient sources and so

25 forth are injected into contaminated soil without
excavating to promote decomposition of contaminants by
microorganisms present in the soil.

Among the above-mentioned biotreatment techniques,
since soil excavation is required and the application

30 range is limited in the case of the solid phase treatment
and slurry treatment method, treatment and equipment costs
are relatively high.

On the other hand, the original location treatment
method involves relatively low costs and allows treatment

35 over wide area. However, the cleaning rate is slow since
the the absolute number of soil microorganisms is low. In
the case of compounds that are difficult to decompose such



20 deconposition of contam nants, a slurry treatnent in which
m croorgani sns are m xed into excavated soil with water and nutrient
sources to treat the soil in the liquid state and pronote deconposition of

cont am nant s, riginal location treatnent in which air 13bé 702 5%
ﬁg ﬁ&?&’ g PCH
sources and so 25 orth are injected into cgntam nated soil w thout

excavating to pronote deconposition of contanfnants by nicroorgani sns
present in the soi] t he .aboye- nenti oned bi ot reat nent . technpi ques,
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trichloroethylene (TCE), is widely used in the IC
industry, in dry cleaning and so forth. It is particular
important as a contaminant since it ‘is reported to be
carcinogenic. Known examples of microorganisms that

15 decompose TCE include the methane assimilating

microorganisms Methvrosinus tricosporium OB3 (Japanese

Unexamined Patent Publication No. 4-501667, Japanese
Unexamined Patent Publication No. 5-212371) and
Methvrosinus tricosporium TUKUBA (Japanese Unexamined

20 Patent Publication No. 2-92274 and Japanese Unexamined
Patent Publication No. 3-292970),

Pseudomonas, such as Pseudomonas putida F1 (Japanese
Unexamined Patent Publication No. 64-34499), Pseudomonas
putida BH (Fujita, et al., Chemical Engineering, 39, (6).

25  p.494-498, 1994), Pseudomonas putida UC-R5 and UC-P2
(Japanese Unexamined Patent Publication No. 62-84780),
ngydgmnag putida KWI-9 (Japanese Unexamined Patent
Publication No. 6-70753), Pseudomonas mendocina KR-1
{Japanese Unexamined Patent Publication No. 2-503866 and

30 5-502593), Pseudomonas cepacia G4 (Japanese Unexamined
Patent Publication No. 4-502277) and Pseudomonas cepacia
KKR01l (Japanese Unexamined Patent Publication No. 6~296711)
and other microorganisms such as Alcaligenes eutropus
JMP134 (A.R. Harker, Appl. Environ. Microbiol., 56, (4),

35 1179-1181, 1990), Alcaligenes eutropus KS0l (Japanese
‘Unexamined Patent Publication No. 7-123976), and the

ammonia bacteria Nitrosomonus eurcpaea (D. Arciero, et




even though m croorgani sns being able to deconpose the contam nants are not
present in the soil. 10 A hal ogenat ed hydr ocarbon cont am nant,

trichl oroethylene (TCE), is widely used in the ICindustry, in dry cleaning
and so forth rticular inportant as a contam nant si nlg.:[eIF

reported to bﬁ:ﬂ@l‘#ﬁgem c. Known exanpl es of m croorgani sns 'h%di@”
deconpose TCE include the nethane assim | atTrfy m croorgani sms Met hyr osi nus
tricosporium OB3 (Japanese_ Unexam ned Patent Publication No. 4-501667,

Japanese Unexani netl -PaBéRrhefp| Biephym Res. sComMgy.1) 159d NB hyﬁ%‘lsﬂﬁs
tricospori um TUKUBA8Bjapgeckaowiiexam ned 20 Pat ent Publ i cation No.

2-92274 and Japanese U%g%% Pu atlo 92279
Pseudononas, such as P p%‘%%%k?ga%% r?é‘?%ngﬁedé%?ﬁteq to
Publ i cation No. 64eTQnpgse %Bu@@n%ha@ipéaldaowmmm oft 3@|pem Ceemi cal

Engi neering, 39, (doncehtratRoAA9df 488 pp]ngg.ﬁ) naﬁmlcamtm@& pahddmw@ﬂﬁoamd
UC- P2 (Japanese Unexam ned Patﬁnt Publ | ca Pseudononas

putida KW-9 (JapdifdSouRt it gﬁ"&a‘ﬁ% bR é)0753)
Pseudononas nendocnqmenmratéoapaﬁe‘s@m#'apaneﬂe Rinexaminet]| Patariton No.

2503866 and 30 Aghd2aRiby FeeUCOAY) Cepi‘ﬁ'éd&fhb}xapgﬂg ;:%?gm ned
Pat ent Publication ) SOZﬁZK% and Ps udonpnas %%1 f‘5¥5 apanese
r

Unexamni ned Pat ent %QP@% K8 O AVt ?ﬁﬁh
as Al cal i gend® eutTdipas al\/%ﬂde)mritldmldfesp Ppplin Endiigoid dbnets do. a 56,

(4), 35 1179-118Jy, ch%g%gléhc d%%&ei?&% Jgéﬁlc ( ARR2AESSImddRx @pned
Pat ent Publicati on, 3976 e amonlL a bact er| NIt rosom)nus
eur opaea (D. ArC|éPb soil low the detection 1 mit (Japanese

Unexamined Patent Publlcatlon No. 7-123976).
However, when testing the decomposing abilities of

15 these microorganisms, decomposition is demonstrated at
extremely high cell concentrations (1 x 108 cells/ml) in
all cases. When considering that this concentration is
unrealistic in the actual soil environment, the
decomposing abilities of these microorganisms is not

20 always considered to be high. Thus, in the case of using
microorganisms for soil cleaning, the microorganisms have
sufficient decomposing ability and are able to demonstrate
that ability in the special enviromment of the soil, such
as in the presence of wild microorganisms. In additionm,

25 it is preferable that the tolerance of the microorganisms
to TCE, the target of decomposition, be high, and that
they also have the ability to decompose dichloroethylene
(DCE), which is a partial decomposition product of TCE.

Disclosure of Invention

30 The object of the present invention relates to
microorganisms that efficiently decompose halogenated
‘hydrocarbons, and particularly high concentrations of TCE,
DCE and so forth, as well as a cleaning process for water
or soil that uses those microorganisms.

35 The present invention provides microorganisms having
the ability to decompose halogenated hydrocarbon and
belonging to the genus Burkholderia, and some of those



WD 97/ 40136 PCT/ JP97/ 01359 -4- al.,
Bi ochem Bi ophys. Res. Commun., 159, (2), 640-643, 1989) are known.
Pseudononas cepacia KKO1 in particular is reported to deconpose TCE at an

initial concenywgdnamizgof 30 ppmto a 5 concentration of 15 pifyiedrdibssui d
culture, and TCE in soil having an initial copcentration of 5 ppmto a
concentration of 1 ppm (Japanese Unexam ned Pdtent Publication No.

6- 296711 I n addi | | aene trop SO0l is.reported.t.o _have the
ability %o deconpo}sn!éggﬁoéé’%ﬁ %§§'g§ﬁ&3%trr°atti 5 SBECEDS Muid
cul’ture to a concefgpagian Hxaxplescoficthbese avicroprganisns ciemimﬁese TCE in

the soil at 1 ppm i tm@lloqwﬁp_@lj@g ne &B%L_;Fé]
Publ'i cati on No. 7- iggg g X/ﬂ t.est { he 05| 11 1 ties
of 15 these mcr gan e 39]3 X

hi gh cell conc®ntr BPF5S@3) .1 )Mo]m[omer], thélpzfede}ntl mnuéhtmsqx'ov’dsﬁea a
consi dering that tRirscessClsy ra@aaangswagﬁ%f $oi§ lifleld L1 WiRlesO! |

envi ronnent, the deco OSI% lities of these m_croor gani snms i s_not 20

al ways consi dered PERHEC icrpprgani g [are: addeds to PR §8i4ani sns
for soil cleani ng, cohtaining dzdagenstedaveirodarbonent decorrp05| ng ability

and are able to demnst{.ﬁé%%ép%ntaq%‘gghxl&g itsi1%1§ge8hg+ erangyt%; the

soil, such as_in the_prese m Cr oor gani sns ZSCon
i s preferabl el? hat 28fttien Rhamisreproppive é%ﬂg&ﬁrsm combmatlon with

the above-menticned mlcroorganlsms These microorganisms

have the ability to decompose 50% or more of 100 ppm of
trichloroethylene in 2 days, or to decompose 100% of
30 ppm of trichloroethylene in 18 hours.
15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph indicating the change over time in
the percentage of remaining TCE in Example 2.
Fig. 2 is a graph indicating the change over time in
the percentage of remaining TCE in Example 3.
20 Fig. 3 is a graph indicating the change over time in
the percentage of remaining cis-1,2-DCE in Example 4.
Fig. 4 is a graph indicating the percentage of
remaining TCE in Example 6.
Fig. 5 is a graph indicating the percentage of
25 remaining TCE in Example 7.
DETAILED DESCRIPTION
The microorganisms of the present invention should be
microorganisms belonging to the genus Burkholderia or
microorganisms belonging to the species Burkholderia
30 cepacia, specific examples of these microorganisms include
Burkholderia N16-1, Burkholderia cepacia N15-1 and
_Burkholderia cepacia N15-2.  These microorganisms are new
strains isolated from nature such as rivers and soil, and
their isolation method and taxonomical characteristics are
35 specifically described. These strains, Burkholderia N16-
1, Burkholderia cepacia N15-1 and Burkholderia cepacia
N15-2 were deposited on April 12, 1996 with the National



to TCE, the target of deconposition, be high, and that they al so have the
ability to deconpose dichl oroethylene (DCE), which is a parti al
dfecoLrposition product of TCE. Disclosure of Invention 30 The obj ect
of the present invention relates to microorganisns that effigj

deconpose halB@EHY hydr ocar bons, and particul arly high concentrarons of
TCE, DCE and so forth, as well as a cleanimd process for water or soil that
uses those mcroorganisns. 35 ., The present invention provides

mi croor gani smshanstdtuke abiBlescianceeapfpiunan Jesherd ooy e &hon and
bel'ongi ng to t he GRIMTrBEIKkE6L bitdd AnPNEchNOTog) d\FERM BPVES®Y/ AERMS

PCT/ JP97/ 01359 -5 m.aLoQr )€ gi ng... eci es Burkhol deri a
cepaci a. Exanpl egspossﬁﬁegggmg?r#gﬁsglg?é?%%{eﬁéﬁk.hoI deria N16-1 (FERM
BP- 5504), Burkhol der i &heepackaotysnisnsBRVERP- BEESNt HQVEBRLLAR| ¢RT ke

cepaci a N15- 2 ( FERNtRiredBPhSERS) preddiicROBE! rohbindle URdia caYBSH | sburidedyi des
a process for cleanjng water or soil where ghe above-, nenti.oned

ni cr oor gani sms ar®®y ogEn, BPWrCeF 1hA) Medhn; FAGIMNg AReTIRpic

hydr ocar bon. The galasenitaminatamd othexl Svactaslenantiszr@¢ bpcesarnd Any

addi tion of m Cf%{m SBLEELT ¥k Qe ikeBOPPLPIGEP N tiflsh of BErB&W \niFRel | oned
m cr oor gani sns. ese m croqQrgani sns ave,tgggggé)l Ity .to decogjepgose 50% or

more of 100 ppm dfhatr iiehPErELESDFAEY As5in OY Fhfe BAFH BRIt

10 of the present invention. Although varying according to
the type of carbon source, the concentration of carbon
source in the medium is preferably, for example, 0.1 to
0.5 g/L. Examples of nitrogen sources that can be used
include organic nitrogen sources such as yeast extract,

15 peptone and meat extract, while examples of inorganic
nitrogen sources include ammonium salts and nitrates.

'Although varying according to the particular type,
the concentration of the nitrogen source is preferably 0.1
to 1.4 g/L. Preferable examples of inorganic salts

20 include those composed of metal ions such as potassium,
calcium, magnesium, iron (II), manganese, cobalt and
nickel ions, and anions such as chloride, sulfate and
phosphate ions. Culturing is preferably performed
aerobically, and aeration and stirring are preferable in

25 the case of shake culturing or large-scale culturing. The
culture temperature is 20 to 37°C and preferably around
30°C.

In addition, the present invention relates to a
process for cleaning water or soil characterized by adding

30 the above-mentioned microorganisms to water or soil

containing halogenated hydrocarbon. 1In this process, the
microorganisms of. the present invention cultured in the
manner described above should be added to the water or
soil to be treated. The microorganisms may be added in

35 the form of a culture liquid or added in the form of
microorganisms after isolating from a culture liquid.



30 ppmof trichloroethylene in 18 hours. 15 BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a graph indicating the change over tinme in the
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10 ability of the microorganisms used, the amount of
halogenated hydrocarbon in the water or scil to be treated
and the amount of microorganisms added, it is
approximately 1 to 10 days.
In addition, the cleaning process for water or soil
15 of the present invention relates to a process for cleaning
~water or soil in which the microorganisms of the present
invention as described above are inoculated into water or
'soil contaminated by halogenated hydrocarbon and mixed to
decompose the halogenated hydrocarbon contained in the
20 water or soil, and is characterized by the addition and
mixing of at least one type of microorganism activator
during inoculation and mixing of the above-mentioned
microorganisms in the above-mentioned water or soil. 1In
this case, the microorganism activator has the role of
25 activating the halogenated hydrocarbon decomposition
' ability of the microorganisms, and is referred to as an
inducer. Examples of inducers that can be used include
compounds that can be assimilated and decomposed by the
above-mentioned microorganisms, preferable examples of
30 which include benzene, toluene, phenol, cresol and 3-
hydroxybenzyl alcohol. In addition, cyclopentanol,
hexanoic acid, trans-3-hexenoic acid and suberinic acid
can be used for N16-1 in addition to the inducers
indicated above.
35 Examples of halogenated hydrocarbons that can be
decomposed by the process of the present invention are



I ndustrial Science and Technol ogy as FERM BP-5504, FERM BP-5502 and FERM
BP- 5503, respectively. The m croorgani sns of the present invention can be 5
cultured in the presence of routinely used carbon sources and nitrogen
sources in a | ontaining inorganic salt, vitam ns and g&fsdorbissse

el enents as ﬁg@g@g'% Any carbon source can be used provided It Is a
car-bon source that is preferentially assinfl&ted by the nicroorgani sns 10
of the present invention. _Al though varying accqording to the type of carbon
source, the conceRRATHCUIATEY %WEX&W%%%PE% pg 'B‘F%'f @Cgbf“?g f or
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meat extract, while exanple organi c nitrogen sources | nclude amoni um
salts and nitrat e2pPlAledh§aghhe o964 i) Rhassr Srertnent methad: pRd| SHUHSYpe, the
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ref erabl e exanpl es_of _inorganic salts of cnet a
i ons such as pot aré%‘f?.ﬁﬁargaﬁgiﬂﬂ? %aegsﬁegtl‘%%ﬁ]od%%ﬁ%ﬁ&g%%néggg‘g;eﬁ%@o%glt
and ni ckel ions, thel sedlonbuturatber ciegning, can beperiaymed osimrive bvons.
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are preferable in, 25 ~.the,case of st}gke cul Euri ng or | arge-scale
culturing. The cHITSHEPeABEP RS £ 28 ¥8*S91err| C and preferably around
30[err] C. Irt0additi onExamplesesent invention relates to a process for

cleaning water or soilqfh3,3§bGihg SerdidaidaNdetdiled BAYe18E N Qied
m croorgani sns to water Qr Ssoi corhal n n% halfeqsenat ed hydrocarbon. In this

process, the present invention throug
1 . Isolation and I cifi ion of
15 Microorganisms of the present invention were screened

and isolated from the soil on the grounds of a chemical
plant using the method described below. 0.1 g of sampled
soil were inoculated into 5 ml of NMS medium or M9 medium
in a 25 ml screw-top test tube. Moreover, 500 ppm of

20 phenol and vitamin cocktail was added, after which the
tube was capped and cultured with shaking for a prescribed
time at 30°C. Culturing was continued until culture
medium became cloudy due to microorganism growth in the
medium. After completion of 10 rounds of subculturing,

25 the culture liquid was suitably diluted and swabbed onto
plate medium to which 1.5% agar was added to isolate the
microorganism colonies that appeared. The microorganisms
were isolated by repeating this procedure.



m cr oorgani sns of the present invention cultured in the manner descri bed
above shoul d be added to the water-or soil to be treated. The

m croorgani sms nay be added in 35 the formof a culture liquid or added
in.the form of wglegiedé gani sns after isolating froma culture lpcaupenizse WO
97/ 40136 PCT/ JP97/ 01359 -7-
Mor-eover, the microorgani sns may al so be addet after adsor bi ng onto a
separate carrier. Al though the anount of porgani snms added vari es
according to the hal ogenat ed hydrocarbon Mltlon 5 ability of the
m cr oor gani sns, the anount of hal ogenat ed h drocar bon in the wat er or soil
to be treated and so forth, \MRHRRELEHL - HeGYY SRR
celI's/g. Although the tMg$@4r'éﬁpQred for treat ment al so vari eslaQog)rdl ng to
t he hal ogenat & hydr oc&&@dy deconposition 10 ability of the0.01 g

m croorgani sms used, th@,apdpt2mb hal ogenated hydrocarbon i ngtfiez wpter or
soil to be treated andmglam)unt of m croorgani sns added, |t0 §

approximately 1 to 10 (i@bé%o I n addition, the cl eani ng process wpter or
soil 15 of the preseqtrabgvgﬂgﬂ‘&gtr B @rﬂcess for cg 34‘ g wat er
: escri bed

or soil in whigch the m croor gk K
above are inocul ated i ppgawat €r or- Sol 9 g
hydr ocar bon and m xed t F%sge_c,ﬁ?apse t he hal ogenat ed hydrocar bog%&o ained in

the 20 water or soil - %04 ,mzochar acterized by the addition

MnClz-4H30 3 mg

15 H3BO3 30 mg
CoCl3-6H30 20 mg
NiClz- 6H20 2 mg
CaCl; 1 mg
NapMoOg4 - 2Ha0 2 mg

20  Vitamin Cocktail (in 1 Liter)
Thiamine hydrochloride 3 mg
p~aminobenzoic acid 13 mg
Adenine 1.0 g
NAD 0.25 g

25 Vitamin Bj3a 10 mg
Thiamine diphosphochloride 100 mg

After culturing the isolated microorganisms in the

liquid medium for 2 days, 1/100th volume of the culture

30 liquid was inoculated into a 30 ml vial containing 4 ml of
NMS medium to which phenol, 0.02% yeast extract and 1 mM
glucose, had been added, followed by the addition of 10
ppm of TCE. After promptly sealing the vial with a
Teflon-coated septum cap and aluminum cap and shake

35 culturing for 5 days at 30°C, the vapor phase in the vial
‘was analyzed by gas chromatography. The morphological and
physiological properties of the three strains of
microorganisms having a high degree of TCE decomposition
activity that were selected in this manner were

40 investigated. Those results are shown in Table 2.



m xi ng of at |east one type of mcroorgani smactivator during inoculation
and m xi ng of the above-nentioned m croorganisns in the above-nentioned
water or soil. In this case, the m croorgani smactivator has the role of 25

activating t nat ed hydrocarbon deconposition ability
nicroorgani52§¢ﬂgaﬁﬂgs referred to as an inducer. Exanples OFQ%H%Q@QF? t hat
can-be used include conpounds that can be -asii mi | ated and deconposed by the
above-nenti oned m croorgani snms, preferable exanples of 30 which include
benzene, toluene, phenol, cresol and 3- hﬂuhéeggenzyl al cohol. In addition,
cycl opent anol, hexanoic acid trans 3 hexen0|c aC|d and suberlnlc acid can
be used for N16- [ " ‘

Exanpl es of hal ogenat ed hxdrocarbons that can ﬁs%cosﬁzﬁy fﬁm 10CESS
of the present i nvepholgyare VWO 97/ 40136 Rod Rod

PCT/ JP97/ 01359 - gSraggstaipindar |y chl ori nat ed hydr ocar bons such as TCE, DCE
and nonochl oroeth ot} %; Al t hough the process of fhe presert inventidn can
be applied to thepgyl ﬁ:ﬁ phase treatnment net hodpg{g sl ur r%&r, tregtt1

met hod previously described, it is not always pgG&Ssary gudcilse t hgse;.

nmet hods that require excavation of the soil, flagellatéeflaethitenFliglidre
performed sinply tsgspam he) cemgeri nocul ati ng thehermb;@orgaﬁtm of P@h@lc

present inventiont :ﬂgﬁe the soil or water. v y
OF o) o
Colony color tone NP NP NP
Fluorescent pigment formation - - -
Water-soluble pigment formation - - -

PHB accumulation + + +
Cleavage of protocatechinic acid Ortho form Ortho form Ortho form
Arginine dihydrolase - - -
Growth at 40°C
Denitrification reaction
Nitrate reduction
Gelatin liquefaction
Starch decomposition
Assimilation
Glucose
Xylose
Rhamnose
Levulinic acid
Mesaconic acid
D-tartaric acid
2,3-butylene glycol:
Tryptamine -
Quinone type
CC content of intracellular DNA
(mol%)
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As a result of identifying the above-mentioned
5 microorganisms from the above results according to the
literature {N.R. Krieg and J.G. Holt, "Bergey's Manual of
Systematic Bacteriology", Vol. 1 (1984) wWilliams &
Wilkins; J.G. Holt, N.R. Krieg, P.H.A. Sneath, J.T. Staley
. and S.T. williams, "Bergey's Manual of Determination
10 Bacteriology”, Ninth Edition (1994) Williams & Wilkins; N.
Zhao, C. Qu, E. Wang and W. Chen, Int. J. Syst.
Bacteriol., 45, 600 (1995); E. Yabuuti, Y. Kosako, H.
Oyaizu, I. Yano, H. Hotta, Y. Hashimoto, T. Ezaki and M.
Arakawa, Microbiol. Immunol., 36, 1251 (1992)), one strain
15 was identified as Burkholderia species, while the other



10 Exanpl es The follow ng provides a detail ed explanation of the
present invention through Exanples. Exanple 1. Isolation and Identification
of M croorgani sms 15 M croorgani sms of the present invention were
screened and iy gb@ fromthe soil on the grounds of a chem pégf/®hoisse

usi ng the netho escri bed below 0.1 g of sirrpl ed soil were inocul ated
into 5 mM of NVS mediumor M@ nediumin a 25 screw—top test tube.

Mor eover, 500 ppm.of 20 henol an |tam n_c was _added
whi ch the tube was “f?aﬁﬁ'é'&" fd"EhFt mp%e&nﬁ e
at -30[err]C. Cul tmemgnmdclim&hueﬁﬂ.ﬁrdt ahdclilhﬁ.e resgpegivetane cl oudy due

to mcroorgani Sm gr oM hrjcim! {8 cPBEL4ER 1 ois! %haeoaaé&{?dy; acElfet
subcul turing, 25 the culture I'1g was SU|tabI uted and swabbed onto

pl ate medium to wikeh SPegdesy eth ndIAPERBRT gani sm
col oni es t hat Sappdarescmified Batenbrgxbﬂis:atimrnm sblsmlzemmyanépmwm ng this

D SPovs 01350 - 0. (UAkEHEEe Ensxamined Paten B RES ATl 1 f729631M§
7H20 previously descr:.bed 9. §1§c5 both N15 -2 have
0.01 g Na[ er r] HPOmowilLit¥Heer shém in Table 4, they are clearlyOdﬂﬂﬂar@nt
NH err]d from G4 which is not motile. Ir? a6dé;}ttlon, although G4 and
10 KKO0l1 are induced by toluene, since N15-1 and N15-2 are not
induced by toluene, they are clearly different based on
this parameter as well. On the other hand, since N16-1
has an intracellular DNA GC content of 62 mol% and does
not fall under Burkholderia putida, mendocina or cepacia
i5 that are known to be microorganisms that decompose TCE
(previously classified as a Pseudomonas species prior to
1992), it was certified as a novel microorganism.
Strains N15-1, N15-2 and N16-1 were cultured for 1
20 day each in NMS liquid medium to which 500 ppm of phenol
and vitamin cocktail had been added. After collecting the
microorganisms by centrifugation, the microorganisms were
resuspended in 4 ml of the same medium not containing
phenol. 30 ml of this suspension were transferred to
25 vials followed by the addition of 100 ppm of TCE after
which the vials were promptly sealed with a Teflon-~cocated
silicon septum and aluminum cap (microorganism
concentration: 108 cells/ml). The vials were then
cultured by allowing to stand undisturbed at 30°C. The
30 vapor phase was periodically analyzed by gas '
chromatography. Those results are shown in Fig. 1. More
than 70% of the TCE in the culture liquid was -decomposed
in 5 days by each of the microorganisms.

35 : Strains N15-1, N15-2 and N16-1 were cultured for 1
day each in NMS liquid medium to which 0.2% yeast extract
and 4 mM glucose had been added. 4 ml of NMS liquid



KH err] P err] 0.272 g Trace el enent

solution (pH 6.8) 0.5 m 10 Trace EI enment Sol ution
(in 1 Liter) EDTA 500
FeSO err]. 7H gr.r 200 rrg ZnS err] O
10 ng .MnCl [erﬂo.Jnggfr] O quﬁ;-"&%
Herr]BJ err] - 12 - 30ngCoCI[err] 6H err] O
20 g NNCl[err].6H err] O 2 mg CaCl[err]
1 ng Na[err] qu eme}hurgpf@rqﬂ}:@h 0.02% yeast extract, 500 ppm Dfrphegol and
Vitam n Cocktail @i amlglhé®se hHH BEencaddéed Osds Qﬂ'a@éd in vials and 3
rigOpgaR?Agobenzm Cn.%%'cglated with 40 gl each of 1t3he g.bgger-]zlngétloned cul\t;uirgm n
Blerr] liquid (microorganism ¢Gumy dmlmughéydilpﬁaaiﬂ«sdmmm dz00
100 ng After sult in”Bft‘F@E'Mé‘tt?x@n”kﬁéé’@rmm s% algggum f or
vvas | nocul at ILntd a 30

2 days, 1/100th volune, o the cul tur
n vial containi ng Wi ﬁe&‘e&ﬁf’?ocm% ISOR, SEREY AR, SILUBLRNE -

and 1 nM gl ucose, chad b'Ehel ikl welrel Loowichted twiehadhakinmg an-f 300C ppand f

TCE. After pronptlyeSeabd I.al um cap and
al um num cap and lgﬁak Qé@p%ﬁﬂﬁ ‘é}ralgna&igdgc%ﬁf %ﬁai%%err tst he vapor
phase in the vial ShaSmakeITaRRY by 1&8§ecﬁ?%§%g‘\f”&pﬁ§‘mh§‘ ®bhél-ogi cal and
physi ol ogi callopr operti Beref thdre 60% of shearCs i theCeQltgedi Higuidawagy a

hi gh degree of Tcﬁeggﬁﬁgggéiglj' Ulech of the microorganisms in 10 days. When

this decomposing ability was compared with known TCE-
decomposing microorganisms, there were only two reports
describing TCE in excess of 30 ppm. Of those, Pgeudomonas

15 cepacia KKO01 (Japanese Unexamined Patent Publication No.
6-296711) was reported to have the ability to decompose 30
rpm of TCE down to roughly 15 ppm (50%) in 2 days, while
Alcaligenes eutropus KS01l was reported to be able to
decompose 50 ppm of TCE to a level below the detection

20 limit of gas chromatography in 4 days at a microorganism
concentration of 108 cells/ml. In comparison, since N15-~ .
1, N15-2 and N16-1 are able to decompose TCE at a
concentration as high as 100 ppm while also having a high
decomposing ability per cell, in addition to being able to

25  accommodate a broader range of contamination
concentrations at the time of actual use, and since the
amount of microorganisms required can be drastically
reduced, they also offer the advantage of being able to
decrease costs.

30

Strains N15-1, N15-2 and N16-1 were each inoculated
into 5 ml of NMS liquid medium to which 0.02% yeast
extract, 500 ppm phenol and 1 mM glucose had been added.
After culturing for 2 days at 30°C, 1/100th volume of the

35 culture liquid was added to a vial containing 4 ml of the
same culture liquid containing 30 ppm cis-1,2-DCE,
followed by culturing for 5 days at 30°C. The results are



activity that were selected in this manner were 40 I nvestigated. Those

results are shown in Table 2. WO 97/ 40136

PCT/ JP97/ 01359 - 10 - Table 2 Test Paraneter Test

Resul ts N15-1 wo 9740436 2 N16- 1 Mor phol ogy o PCT/IP97/01359

Rod Rod Rod Gram st ai ni ng Spoigs Motility

+ o + Flagel | a - Pol i’ilr

Pol ar, PoI ar tj- ella e

flagel l ate Responf&qu &}?yﬁéﬁmg De°°mp°51t"°rb\ecf%%|°€e R;ﬁ% fa %Eerobl c
Oxi‘dase DCE was observed for all three strains. + Cat al ase

+ + Exaflble 5. Effect Ei !I!emngramﬁ; during @) O
O Col ony col or tone NP
Fl uorescent pi gment fomfEeEBasition

Wt er - sol ubl e 5pi grrent fStradhsONL5~ 1 N15 2 and N16- L were each 1an&1iB.atefd
S?gggg;?telcﬁrm c acl (J: Sr‘“% oForm ldf%?%‘grt%o orcrlrrl] Rr g?ﬁ’ﬁ&%gﬁ grol ase
G owt h at 40[err] exXtract, 500 ppm p eno and 1 mM glucose had been added.
Denitrification resftidrogulituriie fordec8ags at 30°C, 1/100th volum&é of the +
B culture liquid was added to vials containing 4 ml of the
10 same culture liquid to which had been added 30 ppm of TCE,
followed by culturing for 8 days at 16 to 30°C. In the
cases of N16-1 and N15-1, TCE was decomposed below the
detection limit at each temperature. In the case of N15-
2, however, although approximately 30% of the TCE remained
15 at 16°C, the amount was below the detection limit at 20°C
and above. Accordingly, it was shown that these
microorganisms are able to decompose TCE at the

temperature (15 to 20°C) of the soil.

20 Strains N15-~1, N15-2 and N16-1 were each inoculated
into 5 ml of M9 liquid medium (pH 7.0) to which 0.02%
yeast extract, 500 ppm phenol and 1 mM glucose had been
added. After culturing for 2 days at 30°C, 1/100th volume

_ of the culture liquid was added to vials containing 4 ml

25 of culture medium adjusted to a pH of 5-10, and to which
had been added 30 ppm of TCE instead of phenol, followed
by culturing for 5 days at 30°C. N15-1, N15-2 and Nié6-1
each decomposed 30 ppm TCE to a level below the detection
limit at all pH levels. 1In addition, although the growth

30 of N16-1 was inhibited at pH level of 7.4 and above, it
decomposed TCE to a level below the detection limit in the
pPH range of 5 to 7.

10 g of Andsols (sampled from Aichi prefecture and

35 air dried) were placed in a vial having a volume of 30 ml
followed by the addition of TCE to a concentration of 20
ppm. Strains N15-1, N15-~2 and N16-1 were each inoculated



Gel atin | i quefaction + + - Starch

deconposition Assim |l ation d ucose + +
+ Xyl ose + + + Rhammose

"+ Levulinic agi + + Mesaconic ' rtaric
acid wogmoxss - - + 2, 3-butyl enW@ﬁ&

o+ + - Tryptam ne Qui noreléype

Q8 Q8 Q8 GC content of intracellular DNA 66

. 67 62 (nminke 29 mlrefNNS dfiguddnmefiumaca hwhigho(e02fentéasted 5

m croor gani sms f [iPrae, 2B0Y Spgnf PHenD128A4" £ M@ gkﬁcbae had S Gl R
Krieg and J.G Halt, " gﬁrgﬁgy' s, Manual of Systematic Bacteriology”, I
f{s.ﬂrk ;

Vol .
(1984) Wllians & Jjodtygng fRrR3 T fayR pt BOE Andgeddfcting
Staley and S. T. \he mirsebi&krepilss fivemuthe ofuDairer Migaid dsy 10

Bacteriol ogye, N L] 1 hhLi (| eNS: , E.
Wang alnd V\?y%henidgln%fgqgéégﬂgéf g%gez:tcg?':l%: @ingté%%g)e?§sgg%n . agﬁu?ij, Y.
Kosako, H. Oyai 2M°1F‘?“9Y8ﬁo?ﬁ$tm?‘ii‘t“@a?°ﬂ". CRREM MIH Phenok, And fhe pmount

Arakawa, M crobi @f ihoeubated &f.1slinlthé98Byve-mmmtishedi vidhs wasags
 dent1T1ed as BUlcgN909CLf1 SRP U enthbfstie Ychtent a#fRr Udi}iBn of
the suspension was 25%. After capping the vials with
10 screw-on caps wrapped with Teflon-coated packings and
shaking, the vials were incubated for 7 days at 30°C.
10 g of the soil were weighed in an Erlenmeyer flask
provided with a stopper followed by the addition of 90 ml
of ion exchange water aerated with air passed through
15 activated charcoal, 5 ml of phosphoric acid and 10 ml of
. n~hexane. After sealing the flask, ultrasonic treatment
was performed for 20 minutes in an ultrasonic cleaner
followed by shaking for 5 minutes with a shaker. Next,
the agqueous phase and n-hexane phase were transferred to a
20 colorimetric tube provided with a stopper. After sealing
the colorimetric tube and performing ultrasonic treatment,
the separated n-hexane was analyzed by gas chromatography.
Those results are shown in Fig. 4.
30 to 50% of the TCE at an initial concentration of
25 10 ppm was decomposed in 7 days. Thus, the microorganisms
of the present invention demonstrated decomposing ability
even in a natural environment. Accordingly, it is
possible clean contaminated soil by bringing the soil in
contact with the microorganisms of the present invention
30 and water. In addition, this technique enables soil to be
cleaned without adding activator compounds such as phenol
directly to the soil.

Xample & Decompesition == of TCE inp o3

10 g of Andsols (sampled from Aichi prefecture and

35 air dried)} were placed in a vial having a volume of 30 ml
followed by the addition of TCE to a concentration of 20

Ppm. Strains N15-1, N15-2 and N16-1 were each inoculated



- 11 - two strains were identified as Burkhol deria cepacia, and were naned
N16-1, NI15-1 and N15-2, respectively. Known m croorgani sns that deconpose
TCE bel onging to the speci es Burkhol deria cepacia are 4 (Japanese 5
Unexani ned Pat gaf i cation No. 4-502277) and KKO1 (Japanesepdpp¥ngiasscd
Pat ent Publ i catlon . 6-296711) as previously described. Since both N15-1
and N15-2 have notility as shown in Table 47 %eS/ are clearly different
from& which is nqt notile, In addition, althougl: & .and 10 KKO1 are
i nduced by tol ueneiREPned mi f MK Ligyid mediymito wRiERA0 )% alegSke, t hey
are clearl y di f f er extraats oS00 don pheavdnehdrl add Wlkosénhad coexinvhaddeédand,
since N16-1 has an Al f I d does not
gb'i‘&&%& by %@n“?uoé@?ﬁg%% 9 ¢ gP 1)

fall” under Burkhol eria putlda cepacia“l that are known to
be microorganisns that Oeédfbod® thés dgauid o‘ﬂ%*?yr%'}%@& ppdadded, to the
Pseudononas spBci eabpreaternl i yialt svathgerttd iafduns af Mrwdulated

m cr oorgani sm Exa o] I ns
N15-1, N15-2 and N%E%gi?fe)e&c ure% dg¢ {i’;g; gj'dé‘heg’ﬁ‘é ‘?\l%gn?gﬁ
medi um to whi ch 50&°ppaving Aadidiionne Ly medinm ‘f@t?clé@&l anﬂmhm@n added

After collecting thenaéﬁf@ﬁmﬂlvﬂsssbn %ﬂtrliﬂt&&t icappihfecie GFRAr G8Eh SATB
were resuspended |r; 4 of _the sane mgﬂ:é’ r)lgt cont alg% ‘%) enol . 30 m of
thi s suspensi on werr&-EY %f%@@ﬂfalp@%w i A ffl(ﬂrﬂ 5B 3’ n948P%i on of
100 ppm of TCEOaf t shalthngh the auliurendiguid ormst Ioplsuzeddfan th weeks at

Tefl on-coated sili goPcsemhededpdsal €8 &uN ShHafm( thﬂg?r%m B es8nseptgmt i on:

10[err] cells/m). al s re then cuture,d | ow.ng tqQ stand
undi st ur bed at 30[§£ E&ﬁ Qf composed, thus 1né$%at1ng thék éﬂe

mlcroorgan:.sms of the present invention are able to
decompose TCE in soil taken from a natural environment
15 even at a low concentration of 106 cells/g.

Strains N15-1, N15-2 and N16-1 were each cultured for
2 days at 30°C in 5 ml of NMS liquid medium in which 0.2%
20 yeast extract and 5 mM glucose had been added. 4 ml of
NMS liquid medium to which 0.02% yeast extract, 1 mM
glucose and one of the activators listed in Table 4 at a
concentration of 100 ppm had been added were placed in
vials that were then inoculated with 40 pl of each of the
25 above-mentioned culture liquid (microorganism count of
approximately 106 cells/g). 30 ppm TCE was then added to
each vial followed by promptly sealing the vials with a
Teflon-coated silicon septum and an aluminum cap. The
vials were cultured with shaking for 5 days at 30°C and
30 the vapor phase was analyzed by gas chromatography. The
result is shown in Table 5. . The numbers shown indicate
‘the concentration of remaining TCE during addition of the
microorganisms as a percentage when the concentration of
TCE when microorganisms are not added is taken to be 100%.
35 Those results are shown in the following Table 3.



30 vapor phase was periodically analyzed by gas chromat ography. Those
results are shown in Fig. 1. Mire than 70% of the TCE in the culture liquid
- was deconposed in 5 days by each of the mcroorgani sns. Exanple 3.
Deconposition of TCE in Liquid Medium 35 Strai ns N15: - 2. and
N16-1 were cVOAF#MM3& or 1 day each in NMS liquid mediumto mlﬁp%aﬁé?yeast
extract and 4 mM gl ucose had been added. 4 &b of NVS |iquid WO 97/ 40136
PCT/ JP97/ 01359 - 12 - nediumto which 0.02% yeast extract, 500 ppm of
phenol and 1 nmM gl ucose had been added vvalah{%.éd in vials and inocul ated
with 40 [err]l each of the above-nentioned culture liquid (mcroorgani sm

count of roughl y TOTeTT T COtdptdlad . 100 5 PPM OlmiLEbordenien Staiaoded
followed by pronptly sealing the vials with @ Mblon- coatisdi Sil i CRIBE-2€pt UM
and al um num cap.cyébéhexanols Wer e | ncubated with s&léaki ng at730[ err] G4.and
the vapor phase Waslgmntsdhilcal |y anal yzed by ga#?-@hronat d§Paphy. T1=R5’se

results are shova‘; jﬁ: iic 2"1‘10 Mor e thaﬁ QO%Of t E TCE |n Zhe
culture liquid I

LQAP gd by each of the mi Gy /gorgani sgy. gn 10

When this deconpahBg: aid !ty was conpared w t hsXmown TCEmodecorrposgmg

M croorgani sms, tHueaeicveer only two reports des€¥.d4bi ng TQBOIi n exce®® of 30
ppm O those, m@nmm 15 cepaci a KKO1 (&rpanese Udéxfani ned $atent

Publ i cati on No. 6#’29’6’7’1% das re rted to have ¢ % abili ti}%oto decoiﬁgose 30

ppm of TCE down LRI gfg"ﬁﬁ (50% in 2 daygz whilejog 100
Benzene 0 98.8 97.3
Ethylbenzene 28.7 98.4 101
Benzyl alcohol (o] 71.9 72.5
Saligenin 0 102 105
Allylphenol 0.5 100 102
Guaiacol 35.0 99.2 107
Toluene 0 100 ) 100
Benzaldehyde 6.8 103 99.0
p-hydroxybenzoic_ acid 12.5 102 98.8

N15-1 and N15-2 were activated by aromatic compounds
5 such as phenol, toluene and benzene, which are known to be
conventional activation inducers, as well as by the non-
aromatic compound, cyclohexanol. 1In addition, succinic
acid also exhibited the ability to activate these
microorganisms. Moreover, N16-1 was also activated by
10 cyclopentanol, anthranilic acid, p-hydroxybenzoic acid,
suberinic acid, trans-3-hexenoic acid and straight chain
carboxylic acids such as hexanoic acid.
Furthermore, a comparison of the properties of
strains N15-1, N15-2 and N16-1 of the present invention
15 with those of known Burkholderia cepacia strains KKO1 and
G4 is shown in the following Table 4.



Al cal i genes eutropus KSO1 was reported to be able to deconpose 50 ppm of

TCE to a | evel below the detection 20 limt of gas chromatography in 4
days at a m croorgani smconcentration of 108 cells/m . |In conparison, since
N15- 1, N15-2 %ﬂ Pl are able to deconpose TCE at a concentgdyipafo1dse

hi gh as 100 ppm e al so having a high decon;}oom ng ability per cell, in
addition to being able to 25 acconmodat e a bt sader range of contam nation
concentrations at the tinme of actual use, ang gce t he amount of

m croorgani sns required can be drastically d, -they also offer the

advant age of being _able to decrease costs. 30 Exanpl e_4.
Deconposi ti on of DCEPrapettiyqui d Vedi UMmEBotkimil@exribllcepaciaNls- 2 and Burkhcldestse

each inoculated into 5 m of -NBB_LJ.QJJJ.d_IIEdJ.JJm_LD_\AbJ_C_h_Q_Q.Z/n.yeaQFn“S

extract, 500 ppm M IR0l cos g had Sean—adddBi-2t o

for 2 days at 30[er ;’i‘ﬂ)Ot h3aitafe of 1'}?8 337518 cu’r"t°u?%9’l2| qLi‘I° Wa?é“%
to a vial containing of thgrg%,ggmculqaggleis, %ﬂj mi'll_ (™2
cis-1,2-DCE, followed by cul turi kgudtor 5 days a'f' 30[err 5 he results are

WO 97/ 40136 unknown PCT/JP97/ 01359 - 13 -
shown in Fig. 3. Dec‘&%‘po'ﬁ’?"t ion of 3ore than 99% of the BRE was obséP¥ed for

all three strains. %“ Ef[.g G, of Te ure ri Decomosition 5
Strains N15-1, N15-2 aﬁg £6- 1 \yg%gol%hch Hﬂg,gfé nﬁ%;iiﬂene, mif;fesol
cresol cresol cresol, cyclohexanol
cyclohexanol suberinic
acid, others
Mobili_ty + - + +

According to the present invention, the
microorganisms of the present invention are able to
5 decompose high concentrations of halogenated hydrocarbons
such as TCE and DCE contained in water or soil in the
presence of preferably at least one type of activator and
sugar or other nutrient.
According to the process for purifying water or soil
10 in the present invention, in addition to offering the
advantages of biotechnoclogy such as not requiring a large
amount of energy and inhibiting the occurrence of
secondary contamination, the process of the present
invention is able to industrially and efficiently purify
15 water or soil contaminated by halogenated hydrocarbons in
the natural environment.

The strains N15-1, N15-2 and N16-1 were separately
20 cultured in a liquid NMS medium supplemented with 0.2%
Yeast extract and 5 mM glucose for one day. 4 ml of
liquid NMS medium supplemented with 0.02% yeast extract,
100 ppm phenol and 1 mM glucose was put into each vial,
and 40 pl of the culture as prepared above was inoculated
25 into the wvials (about 106 cells/ml medium).
Trichloroethylene was added to vials to make a
concentration of 30 ppm, and the vials were rapidly



into 5mM of NVB liquid mediumto which 0.02% yeast extract, 500 ppm phenol
and 1 mM gl ucose had been added. After culturing for 2 days at 30[err]C,

1/ 100t h volunme of the culture liquid was added to vials containing 4 m of
the 10 same culture liquid to which had been added 30 ppm ;gl,:,?

fol lowed by WQ¥#P13¥%g for 8 days at 16 to 30[err]C. In the cl;ésrés Rhe- 1
and N15-1, TCE was deconposed bel ow the det¥tion limt at each
tenperature. In the case of N15- 2, however, although approxi mately 30% of
the TCE renmi nedsh$elded widlear Feflomeceatrshisiddsope| Bing o daping® | i mit

at -20C and abovecaACCcofgh Rellats Wwherdan&houved 2dt 3bhesA vl ehaRige i &k are

abl e to deconpose TCE at the te ratur 15 to _20[err of sQi.l .
Exanpl e 6. EffectP8fI3H %%d‘“gg§8n$b%f§ i f@rm{hca‘hc%t aaflys;%ﬂlg&l,
N15-2 and N16-1 paseckraiatiographyt coAs m ordsuiit,ofl0OMS trighlouaethydengH 7. 0)
to which 0. 02% yggst S 0 nol and 1 nmM gl ucose had been
added. Aftergculfvaéi%g or Zeddggslggﬁagg%rr]c, 1/ 100t h vol une of the
culture liquid was added to vials containing 4 m 25 of culture medium
adjusted to a pH of 5-10, and to which had been added 30 ppm of TCE i nstead
of phenol, followed by culturing for 5 days at 30[err]C. N15-1, N15-2 and
N16- 1. each deconposed 30 ppm TCE to a |l evel below the detection limt at

all pHlevels. In addition, although the gromh 30 of N16-1 was inhibited
at pH level of 7.4 and above, it deconposed TCE to a | evel below the
detection limt in the pHrange of 5 to 7. Exanple 7. Deconposition Test of
TCE in Soil 10 g of Andsols (sanpled from Aichi prefecture and 35 air
dried) were placed in a vial having a volunme of 30 m



. of n-hexane. After seal

foll owed by the addition o to a concentration of 20 ppm Strains
N15-1, N15-2 and N16-1 wer ,' WO 97/ 40136
PCT/ JP97/ 01359 - 14 - into uid mediumto which 0.02% yeast

extract, 500 pwoeheigl and 1 rrW gI ucdse”had been added. Af t epeTIIPYT01359
shake- cultur| ng for 3 days at 30C and col |l ect Sgg the mcrobial cells from
the culture liquid by 5 centrifugation, ells were resuspended in

- adequat e vol unme of NM5S nedi um not containi MOI, and the amount of
i nocul ated cells in the above-nentioned vi 10[err] to 10[err]
~ cells/g and the noi sturé. corMigrocxigaaisadbielonging toheheugemmsi on was 25%

- After capping the {, kﬁ @nd ﬁg{,gﬂbogh (ﬂql\e&aggege% skef l on-coat ed
packi ngs and shakl e VI S were ncué&klc&for 9 at 30C. 10 g%of
the soil were wei g ? Wgﬁﬁﬁ?ﬁ OR 4 g¥eqeh W"E‘h decompese, S

foll owed by th® additmore off IO Onppmf ofotr:ectdlmgehyﬂiéne heratdaysyi bh o r
passed through 15 deé%é(éﬂ Q%O‘%hé'fcgélpﬁx& J.CBEBIQ‘BQ&E%& :191 3%, %41

# trasonj.c treatne per f or med
" for 20 minutes in an ul ras&ﬁ%@%%éﬁé?”%??%@%%%ﬁ&ﬂﬁglf“(i’ie@lm gaids

with a shaker. Nexhalodenstgséetydrpbasbornik reriieklocoptigkenstr € transferred
to a 20 colorimetric 4ube gyl de u;%fnhbé cﬁégﬂ"%eq:o tﬁ‘%tgﬂe seal ing the
S

colorimetric tube and performng “urtrasont c epe?r at ed
n- hexane was dMal yBugkbglderia  cepasiaangiavingosherakility Acc denowprse

Fig. 4. halogenated hydrocarbon.
4. Microorganism according to claim 3 wherein said
halogenated hydrocarbon is trichloroethylene.
5. Microorganism according to claim 1 or 2 that are
15 Burkholderia N16-1 (FERM BP-5504).
6. ‘Microorganism according to claim 3 or 4 that are
Burkholderia cepacia N15-1 (FERM BP-5502}.
7. Microorganism according to claim 3 or 4 that are
Burkholderia cepacia N15-2 (FERM BP-5503).
20 8. A process for cleaning of water or soil

containing halogenated hydrocarbon. comprising the steps of
one or all strains of the microorganisms according to any
of claims 1 through 7 is added to water or soil containing
halogenated hydrocarbon.

25 9, A process according to claim 8 wherein
microorganism activator is added to the ﬁater or soil with
said added microorganisms.

 THIS SHEET HAS BEEN
 REPLACED

This Sheet Has B

M



30 to 50% of the TCE at an initial concentration of 25 10 ppm was
deconposed in 7 days. Thus, the mcroorganisns of the present invention
denonstrat ed deconposing ability even in a natural environment.
Accordingly, iydemupRgsi bl e cl ean contam nated soil by bringi necryipenesssl in
contact with the mcroorgani sns of the present invention 30 and water.
In. addition, this technique enables soil to be cleaned w thout addi ng
activator conpounds-such as phenol directly to the soil. Exanple 8.
Deconposition Test of TCE in Soil 10 g of sAndsol s (sanpled from Aich
prefecture and 35 air dried) were place s a vial having a volune of 30
m followed by the addition of TCE to a concentration of 20 ppm Strains
N15-1, N15-2 and N16-1 were each inocul at ed WD 97/ 40136

PCT/ JP97/ 01359 - 15 - into 20 ml of NMS liquid nmediumto which 0.02% yeast
extract, 500 ppm phenol and 1 nmM gl ucose had been added, followed by
shake-culturing for 1 day at 30[err]C. 0.2 m of this liquid was renoved
and added to the 5 above-nentioned vial so that the anpbunt of inocul ated
m crobial cells was 106 cells/g, the noisture content follow ng addition of
medi um was 40% and phenol concentratio O-Tpn1 After capping the via
with a screw-on cap wapped with a Tefllon- ed! packi ng and 10 shaki ng,
the culture liquid was cultured for 3 weeks at 30[err]C. Those results are
shown in Fig. 5. 40 to 50% of

100

TCE 100ppm

50

REMAINING RATIO OF TCE (%)

CULTURE TIME (Day)



the TCE was deconposed, thus indicating that the mcroorgani snms of the

. present invention are able to deconpose TCE in soil taken froma natura

. environnent 15 even at a | ow concentration of 106 cells/g. Exanple 9.

| nducti on of Dﬁ&gﬁﬁﬁﬁktion Activity by an Activator Strains Nigerlypediifase’

and N16-1 were each cultured for 2 days at 30[err]Cin 5 m -of NM5 |iquid

medi um in which 0.2% 20 yeast extract and 5 nM gl ucose had been added. 4

- m of NVMS liquid nmediumto which 0.02% yeast extract, 1 nM glucose and one
of the activators listed in Table 4 at a %fn entration of 100 ppm had been

- added were placed in vials that were thenﬁ{dgculated with 40 pl of each of

the 25 above-nentioned culture liquid (rficroorgani smcount of

approximately 10[err] cells/g). 30 ppm TCE was then added to each vi al

foll owed by pronptly sealing the vials with a Teflon-coated silicon septum

~and an alum num cap. The vials were cultured with shaking for 5 days at

. 30[err]C and 30 t he vapor phase was anal yzed by gas chromat ography. The

- result is shown in Table 5. The nunbers shown indicate the concentration of

. remaining TCE during addition of the m croorgani sns as a percentage when

- the concentration of TCE when m croorgani sns are not added is taken to be

: 100% 35 Those results are shown in thF:f?I!;quz Tabl e 3. WO 97/ 40136

. PCT/JP97/ 01359 - 16 - Table 3 .

100

TCE100ppm
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Conmpound M croorgani sm Strain N16-1 N15- 1 N15- 2

Cycl ohexanol 8.6 57. 4 64. 1
Cycl opent anol 49. 3 100 100 Anthranilic
acid 13.3 105 107 Caffeinic a
52.6 98’.079"'“”36 102 Suberinic acid Ck%?’g”mm
99.8 100 Maleic acid 53.0 100
98.8 Fumaric acid 63. 4 100 100 Succinic
acid 63.3 72. 92.4 Malonic acid
45.-2 100 100 Trans-3-hexeno§%/§pid 2.7
100 100 Hexanoi c acid 8.3 100
100 "Benzene 0 . 98.8 97.3
Et hyl benzene 28.7 98. 4 101 Benzyl al cohol
0 ' 71.9 72.5 Saligenin 0
102 105 Al'l yl phenol : 0.5 100
102 Cuai acol 35.0 99.2 107 Tol uene
0 100 100 Benzal dehyde 6.8 103
99. 0 p- hydroxybenzoic acid +5 102 98.8 N15-1
and N15-2 were activated by aromatic coﬁjdnﬂ 53 such as phenol, toluene
and benzene, which are known to be conventio activation inducers, as
wel . as by the non- aromatic conpound, cyclohexanol. In addition, succinic
acid also exhibited the ability to activate these m croorgani sns. Moreover,
N16-1 was al so activated by 10 cycl opentanol, anthranilic acid,
p- hydr oxybenzoi ¢ acid, suberinic acid, trans-3-hexenoic acid and straight
chain
100

I | |

£ Cis -1.2~-DCE 30ppm
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carboxylic acids such as hexanoic acid. Furthernore, a conparison of the
properties of strains N15-1, N15-2 and N16-1 of the present invention 15
wi th those of known Burkhol deria cepacia strains KKO1 and &4 is shown in

the foll ow ng W”ﬁﬂﬂﬁ WO 97/ 40136 PCT/IP97/01359
PCT/ JP97/ 01359 - 17 - Table 4 Property Bur khol deri a cepaci a

Bur khol deri a genus KKO1 4 N15-1, 2 N16- 1 Deconposi ng
30->15/2 1->0.17/1 100->40/ 2 10- >45/day, ability days, day,
3 x 10[err] days, 10[err] 10[err] ceIIsZni or gani sm cells/m :
cel-ls/m count unknown Max. TCE 30 5 2 100

100 conc. (ppm Activators Tol uene, Tol uene, Not tol uene,

Tol uene, phenol, phenol , - phenol , cresol, cresol cresol
cresol, cycl ohexanol cycl ohexanol suberinic acid, others Mbility

+ According to the present invention, the m croorgani sns of the present
invention are able to 5 deconpose high concentrations of hal ogenated
hydr ocar bons

Fig.4

100

50 |-

REMAINING RATIO OF TCE (94)
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such as TCE and DCE contained in water or soil in the presence of

preferably at |east one type of activator and sugar or other nutrient.

According to the process for purifying water or soil 10 in the present

invention, in qe@hisse to offering the advantages of bi ot echn@cebperisse as

not requiring a large anount of energy and inhibiting the occurrence of

secondary contam nation, the process of the present invention is able to

i ndustrially and eff|C|entIy purify 15 water or soil contam nated by

hal ogenat ed hydrocarbons in the natural vironnment. Exanpl e 10.

Deconposi tion of trichloroethylene in liqug culture The strains N15-1,

N15-2 ‘and N16-1 were separately 20 cultured in a liquid NVMS nmedi um

suppl emented with 0.2% yeast extract and 5 nM gl ucose for one day. 4 m of

i quid NMS nedi um suppl enented with 0.02% yeast extract, 100 ppm phenol and

1 MM glucose was put into each vial, and 40 [err]| of the culture as
prepared above was inocul ated 25 into the vials (about 106 cells/m

medi um). Trichl oroethyl ene was added to vials to nake a concentration of 30

ppm and the vials were rapidly WO 97/ 40136

PCT/ JP97/ 01359 - 18 - shielded with a_Teflon-coated silicone plug and

al um num cap. The vials were incubateF; ! ggt C:mnth shaki ng, and the

gas phase in the vials was periodical VA
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gas chromato raphy As a It, 100% trichl oroethylene 5 was de%nlfplsq;ﬂ

in 18 hour uumw : M cr oor gani sm bel onging to the
:Bur khot derfi'$ ” abl lity to deconpose hal ogenat ed hydrocar bon,
‘which are abl & t & d8cospose 50% 5 or nore @9 100 ppm of trichl oroet hyl‘epp&
‘in 2 days, or to deconpose 100% of 30 ppm of trichloroethylene in 18 hours.

2. M croorgani sm according to cl al m 1 V\hgmmssal d hal ogenat ed
“hydrocarbon i's trichlqroethyl ene. l\/iq@‘rloor anl gm ccording to claim 1,
‘wherein the genus 10 *Bur 8F88F93nP-§mt ®H9 ia ceracia

“havi ng t he abi : i By %deaﬂ@o&edﬁ@é@ﬂ@ﬁﬁ@ﬁﬂdﬁfﬁéﬁ&fd)@;cdnposéw croor gani sm
according to cla 13g0he en ro n i
trichl or oet hyl eng{g : enakﬁérﬁa%%%%? r&cd@?’tﬁ%%ﬁ) accﬁ%aﬁ %ol (fﬁ’:%‘pﬂ?& 50%¢ 15
BurZh;)Ihdterl ab NéGor (BERMOBPL G5 (e o trzl\dhirﬁeg?ylsgeamaddag'st ,00&l &om 3
or at are Bu r an| sm
according to cl a%am §h§8£ﬁﬁ§§fa§¢ gidg#%g% ﬂ( derrllé:%clé%g)&%zly&fge l(’FEﬁI\/F‘ g
BP-5503) . 20 8. Miprocrganism ateaniing dfo weltssim dr wdmErdein said
cont ai ni ng hal OgﬁQ%SQthYéH mjmccorl%gl ngpgr 'é't%c&‘ﬁ?r%te?:ﬂ%ggx gone or all

strains of the m croorganis to any of cla through 7 is

added to water or soi3 cOnFerBorpdntid CAeOiR Y YifRAT BOwherein the genus
10- Burkholderia is the species Burkholderia ceracia having the ability to

decompose halogcnzited hydrocarbon.

4. Microorganism according to claim 3 wherein said
halogenated hydrocarbon_is trichloroethylene.
S. Microorganism according to claim 1 or 2 that are
15  Burkholderia N16-1 (FERM BP-5504) .
6. Microorganism according to claim 3 or 4 that are
Burkholderia cepacia N15-1 (FERM BP-5502).
7. Microorganism according to claim 3 or 4 that are
Burkholderia cepacia N15-2 (FERM BP-5503).
20 8. A process for cleaning of water or soil

containing halogenated hydrocarbon comprising the steps of
one or all strains of the microorganisms according to any
of claims 1 through 7 is added to water or soil containing
halogenated hydrocarbon. ) '
25 9. A process according to claim 8 whereiﬁ
microorganism activator is added to the water or soil with

said added microorganisms.

REPLACEMENT SHEET
B9 JUN 1999

TFobl1a_g
/614



25. . #9 AN oprocess according to claim8 wherein nicr8@@hh?dnT? P05
activator’is addéd to the water or soil with said added -nj_'croorgani Sns.
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