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DESCRI PTI ON NOVEL NICRCCRGANISNIAND METHOD FOR ENVI RONMVENTAL PURI FI CATI ON
USI NG THE SAME 5 FI ELD OF I NVENTI ON The present invention relates
to new m croorgani snms which efficiently deconpose organic ha

conpounds sucV@¥RBHch| or oet hyl ene, and to gprret hodgfor deckﬁ%@@h@qz
organi ¢ hal ogenat ed conpounds, speC|ficaITyliD trichloroethylene in the
soil, the underground water, or waste waters. BACKGROUND OF I NVENTION In
recent years, industrial utilization opggt@pspionsol vents has been producing
envi ronment al polution 15 probl ens by di scharge of these conpounds or
wast e wat ers containi ng these conpounds in nany parts of the nation. In
particul ar, soil polution bNOWELF ‘ BEHOMAOR s a mmaj or
soci al problem and the gagh; , ; n§ﬁ@1q;!'d soi |l has
becone nore 20 essentTa N g Ica e contam nat ed
soi | incl ud®es phyS|caTIﬁ%?H€H§N§ﬁ5 EPHIoglcaI nethods. The physi ca
treat-ment net hods |ncThEkpﬁdnen&Iﬁnsentppmrmplaﬁdhodo(aewfmimmbqﬁgqmisgSng air
into the contam pa gﬁ gf&lcﬁgyﬂig W@éoﬁéSQ% {g%ﬂl@ 398§eﬂékégicom pbahati ze

organi c chlorlnar conpounds nt al ne renDV|ng t hem by
adsor pt | on on acﬁqutﬁj trlChloroethylene, and tO a metho for

decomposing organic halogenated compounds, specifically
10 trichloroethylene in the soil, the underground water, or
waste waters.
BACKGROUND OF INVENTION
In recent years, industrial utilization of organic
solvents has been producing environmental polution
15 problems by discharge of these compounds or waste waters
containing these compounds in many parts of the nation.
In particular, soil polution by organic chlorinated
compounds is a major social problem, and the technology
of repairing the contaminated soil has become more
20 essential. The purification method of the contaminated
soil includes physical methods and biological methods.
The physical treatment methods include the
air-stripping method (a method of purging air into the
contaminated soil which was excavated in order to
25 volatize organic chlorinated compounds contained therein,
and of removing them by adsorption on activated
charcoal), and vacuum extraction methods (a method in
which pipes are driven into the contaminated soil to
create the state of reduced pressure so that the organic
30 chlorinated compounds therein are volatized and extracted
from the soil). However, these methods require an
enormous power for purging the air etc., and have the
drawbacks that the former methods require excavation of
the soil, while in the latter the extraction efficiency
35 is low and purification does not proceed smoothly under
the low concentration of the contaminats. Furthermore,

both methods only absorb the contaminating substances to
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treatment as compared with the physical means. Moreover,

the biological means permits purification even at low

10 concentrations of contaminants and accordingly
expectations on the method are great as a low-cost method
for soil purification. The known biolcgical methods
include the solid-phase treatment (the excavated soil is
mixed with phosphorus, nitrogen, microorganisms etc. to

15 promote decomposition of the contaminating substances by
the microorganisms), the slurry treatment method (the
excavated soil is mixed with water, phosphorus, nitrogen,
microorganisms etc. to treat in the liquid form to
promote purification speed of the contaminating

20 substances by the microorganisms), and the on-site
treatment method {(methane, the air, phosphorus, and
nitrogen are injected into the soil without excavating
the soil to promote decomposition of the contaminating
substances by the microorganisms).

25 Of the conventionally used biological treatment
methods, the solid-phase treatment method and the slurry
treatment method require excavation of the soil and
besides have a narrow range of application, and the cost
for treatment and eduipment is relatively high.

30 On the other hand, the on-site treatment method in
which indegenous microorganisms are performed as
degraders is less expensive in treatment and equipment
compared with the methods described above, and can be
applied on a wider range. But, under the condition that

35 the absoclute number of microorganisms in the soil is
small, the purification rate of the on-site treatment
decreases. Especially in the case of the compounds
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's small, {ge pupillgAl) tniAbReCtnk e NethA i GAE P lcosporium OB3
(Japanese Unexamined Patent Publication (Kohyo) No.
4(1992)-501667, Japanese Unexamined Patent Publication
No. 5(1993)-212371), and Methylosinus tricosporium TUKUBA
(Japanese Unexamined Patent Publication No.

15 2(1990)-92274, Japanese Unexamined Patent Publication No.
3(1991)-292970) which are methane-degradatating
organisms, Pseudomonas putida F1 {Japanese Unexamined
Patent Publication No. 64(1989)-34499), Pseudomonas
putida BH (Fujita et al.; Chemical Engineering,

20 39(6):494-498, 1994), Pseudomonas putida UC-R5, UC-P2
(Japanese Unexamined Patent Publication No.
62(1987)-84780), Pseudomonas putida KWI-9 (Japanese
Unexamined Patent Publication No. 6(1994)-70753),
Pseudomonas mendocina KRl (Japanese Unexamined Patent

25 Publication No. 2(1990)-503866, 5(1993)-502593),
Pseudomonas cepacia G4 (Japanese Unexamined Patent
Publication No. 4(1992)-~502277), and Pseudomonas cepacia

KX01 (Japanese Unexamined Patent Publication No.
6(1994)-296711) which belong to the genus Pseudomonas,

30 Alcaligenes eutropus JMP134 (A.R. Harker, Appl. Environ.
Microbiol., 56(4):1179-1181, 1990), Alcaligenes eutropus
KS01 (Japanese Unexamined Patent Publication No.
7(1995)-123976), Nitrosomonas europaea (D. Arciero et
al., Biochem. Biophys. Res. Commun., 159(2):640-643,

35 1989) which is an ammonia-oxidizing bacterium,
Corynebacterium J1 (Japanese Unexamined Patent
Publication No. 8{1996)~66182) and the like.



decreases. Especially in the case of the conpounds WO 98/ 07831
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conmpounds, purification is inpossible when there are no |iving

m croor gani sns whi ch can deconpose said contam nants in the soil. In such
cases, it | VOB ed 5 that inocul ati on of the nicroor BeHEHE28FHavi ng
the ability of deconposing organic chlorihated conpounds into the soil is
essential for enhancenent of the purification late of soil. Known
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39(6):494-498, 19941 Pseudqnnn%s gutlda -Riy UC-P%. .
the mi¢éroorganism to be used for Bioremediation not only
has a sufficient ability of decomposing trichloroethylene
but also can remain decomposing ability of
10 trichloroethylene even in the soil. However, most of the
known microorganisms are insufficient in this respect.

It is reported that Pseudomonas cepacia KKO1 can

decompose trichloroethylene at an initial concentration
of 30 ppm to 15 ppm in the liquid culture, and

15 trichloroethylene at an initial concentration of 5 ppm to
1 ppm in the soil (Japanese Unexamined Patent Publication
No. 6(1994)-296711). Furthermore, it is reported that
Alcaligenes eutropus KSO0l can decompose trichloroethylene
at an initial concentration of 50 ppm to below the level

20 of detection in the liquid culture, and trichloroethylene
at an initial concentration of 1 ppm to below the level
of detection limit in the soil (Japanese Unexamined
Patent Publication No. 7(1995)-123976).

It has been confirmed that these microorganisms have

25 a higher decomposing ability than the conventional
microoxrganisms and that these abilities can be exhibited
even in the soil. However, addition of at least one or
more than one aromatic compound is needed to the soil
environment for induction of the decomposing abilities of

30 these microorganisms. But, the aromatic compounds
themselves are contaminants and therefore have a risk of
causing a secondary pollution. It is a great challenge
to be solved for practical application, therefore, to
obtain & microorganism which enables an aromatic

35 compound, when added, to be completely decomposed and
removed together with trichloroethylene, or which permits
decomposition of trichloroethylene without addition of an
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Furthernore, sin
decomposxtxon of trichloroethylene without addition of an

aromatic compound.

10 Furthermore, in many cases it is extremely difficult
to increase the density of a microorganism to the level
commensurate with its desired treatment capacity, because
the density of the dispersed microorganism is suppressed
low in the soil because of predation thereof by protozoa

15 and competitive effects by autochthonous microorganism.
In order to increase the density methods are employed
such as the method of pressure pumping the air and
nutrients into the soil. But despite the enormous energy
required, it is difficult to increase the bacterial

20 density by those means alone, thereby keeping the
decomposing ability of microorganisms at low levels.
Tremendous amounts of energy such as supply of nutrients,
aeration etc. are needed to retain a high bacterial
density in the closed system such as the reactor as well

25 as in the open system.

I1f decomposition capability per unit amount of a
bacterial mass is increased, a sufficient decomposition
capability may be obtained even at low densities of the
bacterial mass, thus obviating the need to put in a

30 tremendous amount of energy for keeping the density of
the bacterial mass. Though microorganisms which
decompose trichloroethylene do so by expressing the
enzyme capable of decomposing such substances, such
expression of the enzyme requires an inducer. 1t has

35 already been known that microorganisms can be allowed to
exhibit their decomposition ability by adding an inducer
and bringing the microorganisms into contact said inducer



5 deconposing ability of trichloroethylene in a special environnent as
the soil is required, it is necessary that the m croorganismto be used for
bi orenedi ati on not only has a sufficient ability of deconposing
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of the deconposi ngoabl lities of 30 these mcroorganisns. But, the

aronaticleonpoﬁﬁﬂ gical system by releasing a specific microorganism
into the environment. But the spraying of a
microorganism which has completely lost the propagating
activity by sterilization treatment is equivalent to that
of mere organic materials, and thus is believed to have

15 little effect on the ecological system. The invention
which was disclosed in Japanese post-examined Patent
Publication No. 8(1996)-3012 claims that undesirable
effects on the ecological system can be minimized by
crushing the decomposing bacteria and then spraying them

20 to the soil. But, it will be readily appreciated that
the crushing procedure of microorganisms takes extensive
eguipment, a lot of time and labor, and thus the spraying
of a large amount of decomposing bacterium to the
contaminated soil will be in fact very difficult.

25 The above invention further lists the advantageous
effects by slaiming that the crushed bacteria are easier
to penetrate into the soil than the intact bacterial
mass, but said invention makes no mention of duration of
the decomposing ability retained by the crushed bacteria.

30 Moreover, the known trichloroethylene-oxidase requires
NAD as a coenzyme. But it would be extremely difficult
to supply the coenzyme in the concentration necessary for
the decomposition reaction of the enzyme which is
released from the bacterial mass by crushing the

35 bacterium because the coenzyme is very expensive.

DISCLOSURE OF THE INVENTION

Thus, it is an object of the present invention to



t hensel ves are contam nants and therefore have a risk of causing a
secondary pollution. It is a great challenge to be solved for practi cal
application, therefore, to obtain a m croorgani smwhich enables an aromatic
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ecological system after a specific microorganism Has been

released to the environment.

10 After intensive studies to solve the above-mentioned
problems the inventors have successfully isclated a new
microorganism which does not belong to any of the known
genera of microorganisms and which has a very high
ability of decomposing trichloroethylene as compared with

15 any of the conventionally known microorganisms, and
thereby completed the present invention.

Thus, the present invention provides a bacterium
which has the following taxonomical properties:

TABLE 1
20 Morphology Coccoid, rod shaped
Gram staining +
Spore forming -
Motility -
Relationship to oxygen aerobic
25 Oxidase test -
Catalase test +
Resistance to acid -
Rod-coccus cycle +
Aerial mycelium forming -
30 Peptide glycan type of cell meso-diaminopimelic acid
wall
Glycolyl test ' - (acetyl type}
Mycolic acid -
Major isoprenoid quinones MK-9, MK-9 (H2) (traces)
35 GC content of DNA (moleZ)
73 (by HPLC)

and, which can decompose trichloroethylene. A
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compound is importantly trichloroethylene, and an
aromatic compound is preferably phenol.

10 The present invention further provides a method for
decomposing organic halogenated compounds in the soil,
waste waters, or other waste products containing organic
halogenated compounds, said method comprising adding a
culture of said bacterium to said soil, waste waters, or

15 octher waste products. An organic halogenated compound
whicis important in terms of practical application
thereof is trichloroethylene.

The bacterial culture as used herein is preferably a
cultured bacterial mass. The cultured bacterial mass may

20 be a living bacterial mass or a sterilized bacterial
mass.

The present invention also provides a method for
decomposing organic halogenated compounds in the soil,
waste waters, or other waste products containing organic

25 halogenated compounds, said method comprising inoculating
the bacterium of the present invention to said soil,
waste waters, or other waste products, adding an aromatic
compound or a degradable carbon source or a mixture
thereof to said soil, waste waters, or other waste

30 products, and then culturing said inoculated

"microorganism. Said aromatic compound as used herein is
preferably a phenolic compound, for example phenol, and
said degradable carbon source as used herein is
preferably a saccharide, for example glucose.

35 The present invention also provides a method for
decomposing organic halogenated compounds and/or aromatic
compounds, in which a sterilized cultured bacterial mass
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The above inventign Jrdichhar stésisiddie cudvapbagsaeiferial mass of a
10 microorganism capable of decomposing said organic
halogenated compounds and/or said aromatic compounds is
added to said soil, waste waters, or other waste
products. In the method described above, said
sterilization treatment is, for example, ultraviolet
15 irradiation.

The present invention also provides a decomposition
agent of organic halogenated compounds and/or aromatic
compounds, said agent comprising said cultured bacterial
cells of the bacterium of the present invention. Said

20 cultured bacterial mass may be a living bacterial mass or
a sterilized bacterial mass. The sterilization treatment
of them is, for example, ultraviolet irradiation. The
bacterial mass contained in said decomposition agent is
preferably in the form of a dried or freezed bacterial

25 mass from a viewpoint of storage.

BRIEF EXPLANATION OF THE DRAWINGS

Fig. 1 shows the position of strain MO7 of the
present invention in the phylogenetic tree constructed
using the NJ (proximal conjugation) method. |

30 Fig. 2 shows the position of strain MO7 of the
present invention in the phylogenetic tree constructed
using the UPGMA (average distance) method.

Fig. 3 is a graph which shows the effect of the
initial concentrations of trichloroethylene on the

35 decomposition efficiency, obtained using strain MO7 of
the present invention.

Fig. 4 is a graph which shows the effect of pH on
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mention of duration of the deconposing ability retained by the crushed
bacteria. 30 Mor eover, the known trichl oroethyl ene-oxi dase requires NAD
as a coenzyMO %831+ would be extrenely difficult to suppPGTHRIEOBHFenzyne
in the concentration necessary for the dekbnposition reaction of the enzyne
which is released fromthe bacterial nass by crushing the 35 bact eri um

because the coe i Y. expensd vie. DI URE OF THE .I NVENTI ON Thus,
It 1s an obj ect%%r%ﬁgﬁ's\régégﬁ%i:‘gra\{/%lrﬁﬁ%é‘ﬁ ¥ §99§}ﬂ;l2ropertoh\yil§§'ené\?v“

m cr oor gani ss it lc SANEERBRERPBEW Stigdi PPmhal Ogenibned] usdmgostgsisuch as
trichl oroet hyl ey idf aheDpeesbiht CidrdntTenner than the conventionally known

m croor gani sns, and met.h for_deconpaosi ng aQrganic al ogenat ed
conpounds utilizing I‘:gllé?i’dgmggra(:l)o o SW%C?‘I tsg?‘gs gﬁ@ﬁ eSS é’gt tg t he
present irfvent itanperasuyei @8 tke i drogmpesitéonee Hbic fencyriafi mi zi ng t he

effects on the m@rggdraalthﬂsﬁ@maftieﬁtaaapeshééﬁtmar&pro&a@iosBbiﬂ?;s been
rel eased to the_envi r%nmgm}]. 10 . ' Agler i nt ensive stydiés to solve
ned using strain MO7 of

t he above-nenti%ﬁuﬁi e present invention.
Fig. 6 is a graph which shows the effect of the

initial concentration of trichlorocethylene on the

10 decomposition efficiency of trichloroethylene (an initial
concentration of 30 ppm), obtained using the dead
bacterial cells (sterilized with ultra violet
irradiation) of strain MO7 of the present invention.

Fig. 7 is a graph which shows a time course of the

15 residual activity of decomposing trichloroethylene using
the sterilized (with ultra violet irradiation) and the
non-sterilized cultured bacterial cells of strain MO7 of
the present invention.

Fig. 8 is a graph which shows growth curve (OD),

20 time course of phenol consumption and the decomposition
efficiency of trichloroethylene when strain MO7 of the
present invention was cultured in a medium containing
phenol and trichloroethylene.

Fig. 9 is a graph which shows growth curve (0OD) and

25 a time course of phenol consumption when strain MO7 of
the present invention was cultured in a culture medium
containing phenol.

Fig. 10 is a graph which shows the specific
decomposition efficiency of trichloroethylene per

30 bacterial cells (OD = 1.0) when the bacterium was
cultured for various times in the time course of culture
as set forth in Fig. 9.

Fig. 11 is a graph which shows the decomposition
efficiency of trichloroethylene per total bacterial cells

35 when the bacterium was cultured for various times in the
time course of culture as set forth in Fig. 9.

Fig. 12 is a graph which shows growth curve (OD) and



probl ens the inventors have successfully isolated a new m croorgani sm whi ch
does not belong to any of the known genera of m croorgani sns and whi ch has
a very high ability of deconposing trichloroethylene as conpared with 15

any of the co ally known m croorgani sns, and thereby m{,% t he
pr esent inveng’ 1-on. +8?‘E the present invention provides a bac (larl umgghl ch
has the foll ow ng taxononical properties: fﬂBLE 1 20 Mor phol ogy
Coccoi d, rod shaped Gram stai ni ng + Spore formng Motility

Rel ati onship to RXXGRE couBss ¥ cpn%'iol coﬁ)gmaipéﬁ;rt Qﬂiencaft:@hiiﬁemtb'ﬁsdf
+ Resistance to a&Fd Rod- cocgcus Aerial ce | Q&m ng

- 30 Pept i de y85ﬁ5?9 Qﬁe%xi n #Egoc ?ﬁ?} ﬁQHﬁ reoacr '§% ol yl
t est pheacétyﬁﬂﬁﬁpﬁ9)NV@thenaéutﬁh&ﬂ(ﬂulhﬂgpﬂehnlQd@&nmones
M-8 (H4) 35 pRene @NGREh FHerdNAWaRDEEZSued (ARGl y .

5 Fig. 13 is a graph which shows the specific
decomposition efficiency of trichloroethylene per
bacterial cells (OD = 1.0) when the bacterium was
cultured for various times in the time course of culture
as set forth in Fig. 12.

10 Fig. 14 is a graph which shows the decomposition
efficiency of trichloroethylene per total bacterial cells
when the bacterium was cultured to various times in the
time course of culture of Fig. 12.

Fig. 15 is a graph which shows the relationship

15 between the amount of the bacterial cells and the amount
of trichloroethylene decomposed when trichloroethylene
was decomposed by adding the cultured bacterial cells of
strain MO7 of the present invention into the soil
containing trichloroethylene.

20 Fig. 16 is a graph which shows the amount of
trichloroethylene decomposed when the cultured bacterial
cells of strain MO7 of the present invention was added at
one addition and at two additions.

Fig. 17 is a graph which shows the relationship

25 between the amount of the inoculated bacterial cells and
the decomposition efficiency of trichloroethylene at
various initial concentration of trichloroethylene in
soil when trichloroethylene was decomposed by adding the
cultured bacterial mass of strain MO7 of the present

30 invention.

Fig. 18 is a graph which shows a time course of the
residual trichloroethylene in soil when trichloroethylene
was decomposed by adding the cultured bacterial cells of
strain MO7 of the present invention to the soil

35 containing trichloroethylene.

Fig. 19 shows a flow chart of the analytical method
of vinyl chloride, 1,1-dichloroethylene,



and, which can deconpose trichloroethylene. A WD 98/ 07831

PCT/ JP97/ 02872 representative strain of the bacteriumis strain M7 (FERM
BP-5624). The present invention further provides a nethod for deconposing
organic halgﬁfnated conpounds and/or aromatic 5 conpounds, said net hod
conpri sing B} said bacteriumto act on said organi c PRINRIERETZRd
conmpounds and/ or aromatic conmpounds. | t4i s case, an organi ¢ hal ogenat ed
conmpound is inportantly trichloroethylene, and an aromati c conpound is

preferably phengl.. .10 .. h resent, invention, . further ovi des a
net hod for decggﬁo%fggd%EQﬁﬁﬁgézﬁg ﬁeeﬁﬁ eﬁr%Qﬁéhnﬁ%ﬂiéﬂﬁofﬂgtgg?T?‘maste
wat ers, or other waBig. ptbdihews eoftawntharoregftite Raladysnatddnedmbunds,

sai d method coppr g$bRBorsklidtate aukt vrecRiosdddhdiagt.eriumto said soil,

waste waters, or 15_. ofher ste products. An organic hal ogenat ed
conpound whi Ci s inpgf?zuéfn g%?ﬁ? gfgg?%c??%ﬁﬁ hopiecaredktitrt eof is

tri chl or ot hyl esghodhef ptitcdrliogicethbnate as used herein is preferably a
cultured bacterial fBgs.22The eHbier 8drhert&dA JPIHeBNaZJricaPe @ living
bacterial mass, of, 8458 ydAe2aPaRISELF MBS
Fig. 23 is a graph which shows a result when
trichloroethylene was decomposed by adding the cultured
10 bacterial cells of strain MO7 of the present invention or
the sterilized product thereof to the soil containing
trichloroethylene.
Fig. 24 is a graph which shows the effect of
temperature (20°C, 30°C) on the decomposition efficiency
15 of trichloroethylene when trichloroethylene was
decomposed by adding the cultured bacterial cells of
strain MO7 of the present invention to the soil
containing trichloroethylene.
Fig. 25 is a graph which shows a result when
20 trichloroethylene was decomposed by adding a small amount
of the cultured bacterial cells of strain MO7 of the
present invention and adding an inducer (phenol) to the
soil containing trichloroethylene.
Fig. 26 is a graph which shows a result when
25 trichloroethylene was decomposed by adding the cultured
bacterial mass of strain MO7 of the present invention or
strain MO715 which were grown on glutamic acid to the
soil containing trichloroethylene. |
DETAILED DESCRIPTION
30 A representative bacterial strain of the present
invention, strain MO7 may be isolated in the following
manner. For example, an isolation source such as the
soil or activated sludge is cultured in a culture medium
containing phenol, and the microorganisms which
35 propagated therein are isolated. The isolates are
subsequently incubated in a medium containing
trichloroethylene to select the microorganisms which have



The present invention also provides a nethod for deconposing organic

hal ogenat ed conpounds in the soil, waste waters, or other waste products
cont ai ni ng organi c 25 hal ogenat ed conpounds, said nmethod conpri sing
inoculating t riumof the present invention to said s

wat ers, or otﬁ@?aﬁgéﬁe products, adding an §ronatic corrpoundi;?'éfv)1["‘"3‘%“&172e
degr adabl e carbon source or a m xture t her d6f to said soil, waste waters,
or other waste 30 products, and then culturing said inocul ated

rrihcr 0|0_r gani sm Sgtlih@f apoIRty CT:: WSQagusgﬁmﬂaHgagﬁéef e’mgal nethod
phenol i ¢ conpound,. f.Qr n n ai ra e.carbon. squrce as
used herein is proeff érggéaé/?%}eso:fcgﬁgrr% g,gg g?'ﬁsexlasrrp e%cd'”ll%ggsé’." %%talls 0 The
present inventi ol®xampdeptovi des a nmethod for deconposi ng organic

hal ogenat ed conpoundsggpgi M@y AUHRlsl Gs6RAPEY NS tha WohtBwangterilized

cul tured bacterial nass, VWO 98/%3831

PCT/ JP97/ 02872 - $2*8PpoBiGat RFARGTIAE/ whi ch is capabl e of deconposing

or gani ¢ hal ogenat ed conmpounds and/ or ar onBBLE _Zonpounds is allowed to act
on said organic h@loggﬂ@ted conpounds a@g/ondsaig groqatic conpounds. The
present invention B2 & so provides a qéfﬁéd 3t *4&Snposi ng or gani c

Gram staining

Spore forming -

10 Motility -
Behavior to oxygen aerobic
Oxidase test - / THIS SHEET HAS BEﬁ“’
Catalase test + | _EP[ACED ‘f
Resistance to acid -

15 Rod-coccus cycle +
Aerial mycelium -

Peptide glycan type of cell meso-diaminopimelic acid
wall

Glycolyl test - (acetyl type)
20 Mycolic acid -
Major isoprenoid quinones MK-9, MK-9 (H2) (traces)

GC content of cellular DNA

{moleX) 73 (by HPLC)
25 Furthermore, strain MO7 has the following
properties.
Color of colonies No characteristic colony color formed

Elongation of cells -
surrounding colony

30 Arabinogalactan polymers of - (#1)
cell wall

#1: Estimated using an acid hydrolysate of the whole
bacterial mass
35 The morphological and physiological characteristics
of strain MO7 were investigated and the results obtained
are shown in the above Table 2. Based on the results
described above identification of the strain was

This Sheet Has Been Re‘ilaced

T




hal ogenat ed conpounds and/ or aromatic conpounds in the soil, waste waters,
or other waste products containing organic hal ogenated conpounds and/ or
aromati ¢ conmpounds, in which a sterilized cultured bacterial mass of a 10
m cr oor gani sm capabl e of deconposi ng said organi ¢ hal ogenat ed conpounds
and/ or sai d“é‘??ﬁﬁ‘ﬁﬁlc conpounds is added to said soil, wastECHIRRENSBT of

ot her waste products. In the nethod destr}bet above, said sterilization

treatnment is, for exanple, ultraviolet 15 i rradi ati on. The present
i nvention al so proyi .dec |11 agent N, og d
conpounds and/ o"?onél\r(lc‘):crlr:%% glggn%%rﬁén%s%deggodslggeﬁ?{a%g%%%ﬁ r@qshéi gpg%?t ured

bacterial cel | st J-fe HRdter IBRFDF & Ranypdseht SYshRAMEISH. Said 20
cul tured bact erizitdras3ofRy Bela 1i(igey )hawtieliahs ness wilkdnstesiti zed

bacterial mass.oie Salikigal! o, d RALIRALLOT 5L PORd Sred Qnacxammpl e,
ultraviolet irradidtion’ The bacterial “mass ¢onfained Im said deconposition
agent is prefersd Wildiams f OBeX DY S Mamuad of PyeeomaticaBeeteELo®9Y" mass

froma viewpoi niirfheseaiagen BRI&H EXAIANAREOMnORv THE ARAWMNGE &ig. 1 shows
L ee const ruct P RIng Ehe tRO {HT MR BB ARl | S TR ioogy €8 €

Fig. 2 shows t reypdwiowinogents se¥ H#RecNGE -of Alke beRseERNA igepenwesn in the
phyl ogenetic tregfeNahtlUst8dsequence was compared with those of the

10 known organisms to find that the closest relative thereto
was Terrabacter tumesces as shown in Fig. 1 and 2.
However, even the organism had a homology of 95% at most
and thus it was concluded that the isolated strain does
not belong to said genus. The bacterial strain of the

15 present invention, therefore, was confirmed to be a new
genus which is different from any of the known bacteria.

In the method of the present invention, organic
halogenated compounds and/or aromatic compounds are
decomposed by allowing the bacterium of the present

20 invention to act on said organic halogenated compounds
and/or said aromatic compounds. The organic halogenated
compounds decomposed by the bacterium of the present
invention include trichloroethylene, dichloroethylene,
and vinyl chloride. From a practical point of view,

25 trichloroethylene is most important. As the aromatic
compounds there are mentioned phenoclic compounds, for
example phenol.

In accordance with one embodiment of the present
invention, there is provided a method for decomposing

30 organic halocgenated compounds in the soil, waste waters,
or other waste products, said method comprising adding
the culture of the bacterium of the present invention to
said soil, waste waters, or other waste products. The
bacterial culture as used herein includes the culture

35 liquid itself obtained by culturing the bacterium of the
present invention, a cultured bacterial mass isclated
from said culture liquid, or a sterilized bacterium in



usi ng the UPGVA (average distance) nethod. Fig. 3 is a graph which shows
the effect of the initial concentrations of trichloroethylene on the 35
deconposition efficiency, obtained using strain M)7 of the present

i nvention. Fi gvo l.3..a graph which shows the effect of pH on 07831

PCT/ JP97/ 0287 1t he deconposition effhgi ency of tri chllc’)(r:'lc‘)le hyl'ene (an

initial concentration of 30 ppnm), obtained ing strain M)7 of the present
invention. Fig. 5 is a graph which shows the effect of the 5 t enperature

on the deconposi t 9y effitGi:@NaY q@fidat 6i Chl s¥eaglifgbaneul tlirddiidddlerial
concentration of 30 gpr%‘.,r obt ali nedlu I ng strain M)7 of the present
invention. Fig. 6™f%° A YtbAarnrER8R3%s the effect of the initial

concentration of trichiar catlitpiréng of the bagterigmcofipbhe thxasedftfi i ci ency of

trichloroethyl e“e-{a@éhém&,! AnyC @0ELRES Ahd BUnPTi n3RnRER) sa APURICIRE iuni Bant he
dead bacterial cells (sterili zgd with ultra violet i I‘cliadl atlor‘l:)[mﬁé,stral n
M7 of the ptesenPTPRAGRHS JRY BPgus9d| s TS AR BRALHLMIEY, OB 1B0Rr se

of the 15 r esi damiboraciauricey sofhdas oghusiseg ofrr sohfros@etdty logrganisi ng
nitrogen source such as yeast extract, peptone or meat
extracts, or an inorganic nitrogen source such as an
ammonium salt or nitrate. It may further contain
10 inorganic salts comprising cations such as potassium ion,
sodium ion, calcium ion, or magnesium ion, and anions
such as chlorine ion, sulfate ion, or phosphate ion. The
concentration of the carbon source, though varying
depending upon the species, is in the range of about 0.1
15 to about 1%, and that of the nitrogen source, though
varying depending upon the species, is in the range of
about 0.0l to about 1%. And that of the inorganic salts,
though varying depending upon the species, is in the
range of about 0.001 to about 0.1%.
20 Culturing is preferably conducted by an aerobic
liquid culture. The aerobic condition may be secured by
a conventional means such as aeration, agitation,
aeration and agitation, or shaking. In order to induce
the decomposing ability of organic halogenated compounds
25 such as trichloroethylene and that of aromatic compounds
such as phenol, an aromatic compound such as phencl is
preferably added to the culture medium. In this case, an
aromatic compound such as phenol may be added in addition
to the other carbon source, or an aromatic compound such
30 as phenol may be added as the only carbon source. The
amount of phenol etc. added to the medium is preferably
in the range of about 100 ppm to bout 1000 ppm.
In a case where the microorganism of the present
invention is used in the form of a bacterial mass, said
35 bacterial mass may be isolated by a conventional means of
separating bacterial cells such as centrifugation. When

the bacterial mass is stored prior to use, it may be



the sterilized (wth ultra violet irradiation) and the non-sterilized
cultured bacterial cells of strain M7 of the present invention. Fig. 8 is
a graph which shows growth curve (OD), 20 ti me course of phenol
consunption_and the deconposition efficiency of trichloroethyl ene when
strain M7 BPIW¥BY esent invention was cultured in a ned®&APRBMEEni ng
phenol and trichloroethylene. Fig. 9 i3 16 graph which shows grow h curve

(OD) and 25 a time course of phenol consunpt i on mhen strain M7 of the
present invention s I r ture medi,um. c n|n ol. Fig.
10 is a graph HEE #hgﬁg Po ééggeez ?t?%ﬁy é’ 8? ?

trichl oroet hyl mass. perIrBGhls Saé'@erﬁl a:porwgmtgopgj) meqns))fqm@rana Bacterium
was cul tured f@écdarlaguslafssnmswneté}qutdym ﬁeuhsssOfrééHet.la&glaE set forth

in Fig. 9. Fig, 11 i r QU5 th composi tiqn efticiency of
trichl or oet hyl g% péfryt"gga E V\?h lIcles 259}% eh The"BS2EEPT Uum was

cul tured For varsterilizeds cphture ‘?JF rﬂa %errléezeﬂ kagteni@lagasstmgprth in
Fig. 9. Fig. Igeidscti GnaBRawki €6 B1wuki 4 Qekhetsve dr0heand W08/ 07831

PCT/ P97/ 2872 environment (the microbial phase). As a means of
sterilization for this purpose, a conventional method
such as ultraviolet irradiation to the living bacterial

10 mass may be used. Such sterilized cells or cultures are
also encompassed in the "culture" as defined in the
present invention.

When the culture of the present invention is added
to the subject to be treated, it is preferred to add a

15 living bacterial mass in an amount of 10° to 10° cells/g
of the subject to be treated, or a sterilized bacterial
mass having the corresponding ability of decomposing
organic halogenated compounds.

As a means to allow the microorganism of the present

20 invention to act on an organic halogenated compound such
as trichloroethylene, the culture of the present
invention need only be added to and mixed with the
subject to be treated in order to decompose the organic
halogenated compounds contained in the solid such as the

25 s0il or the liquid such as waste waters (referred to
herein as the subject to be treated).

In accordance with another embodiment of the present
invention, organic halogenated compounds such as
trichloroethylene contained in the subject to be treated

30 can be decomposed by inoculating the microorganism of the
present invention to the subject to be treated such as-
the soil, waste waters, or other waste products, and then
allowing said organism to propagate therein. Thus, the
present invention also provides a method for decomposing

35 organic halogenated compounds in the soil, waste waters,

or other waste products containing said organic



- 11 - a time course of phenol consunption when strain M)7 of the present
I nvention was cultured in a nmedium containing phenol (500 ppn) and then
further cul tured by adding phenol when phenol was consuned conpletely. 5

Fig. 13 is a i ch shows the specific deconposition ef of
trichloroethyﬁ@ﬁ@mﬂg? bacterial cells (OD =_1.0) when the bac erlﬂﬁ¥abs

cultured for various tines in the tine course™of culture as set forth in
Fig. 12. 10 Fig. 14 is a graph which shows the deconposition

efficiency of tr'ﬁgﬂdﬂé%ﬁ%@&légﬁb6ﬁﬁastOEQEdbﬁEEﬁﬁdfﬂoﬂﬁylkin&hﬁﬂoéﬂﬁhtlng

bacteriumwas cultured to vari % urse gf cul ture of
Fig. 12. Fig. 15 %he »agtgphodl ﬁ‘r%en&ﬁ?sﬁﬁﬁ ?"é‘f%&‘i% pS289 SOhbt ween t he
amount of the bacteartiealwatekrss ancdthes aasuetpcﬂduquaﬂﬂadd@eghyheneomatiC

decorposed when td jghl ok vt ol aBBRSSkive A4 AUmt hengul tur ed

bacterial cells o I N resent invention into the soi

cont ai ni ng ®ri chltdesechytengh eﬁ?ll Waste EREeTrYs 9% °§h§FaEﬁs§\ﬁ| ch shows
the amount of trigRiduices), hyhénehalecuipozedgwseid timonlhteded bact eri al
cells of strain ND?:%Lr%Q pLesent i nventi on was added at one addltlon and
at two additions ia graph whi ch shows the relatlonshlg

bet ween t he anmount ofIph§h¥¥uﬁﬂﬁ%n(ﬁ?CEQEFéF?%J k3 |axagpde glucos

preferred as the degradable carbon source. The amount of

10 such carbon source is about 0.1 to about 1% relative to
the amount of the subject to be treated. Furthermore,
when an aromatic compound is added to the subject to be
treated, said aromatic compound need to be added. As an
aromatic compound, phenocl, cresol, and the like may be

15 used. In this case, when the aromatic compound which was
added remains after the decomposition of such organic
halogenated compounds, it will cause another
environmental pollution. Therefore, the addition of an
excessive amount of the aromatic compound is not

20 desirable and the amount of the aromatic compound to be
added is preferably about 100 to about 500 ppm relative
to the subject to be treated.

The inventors have found that the cultured bacterial

mass of the present invention prepared as mentioned

25 above, whether it is a living or a sterilized bacterial
mass, retains the ability of decomposing organic
halogenated compounds and/or aromatic compounds. Thus,
the present invention provides a method for decomposing
organic halogenated compounds and/or aromatic compounds

30 in the soil, waste waters, or other waste products
containing organic halogenated compounds and/or aromatic
compounds, in which said sterilized cultured bacterial
mass of a microorganism capable of decomposing organic
halogenated compounds and/or aromatic compounds is added

35 to said soil, waste waters, or other waste products.

The sterilization methods used includes Ultra violet

irradiation, ethylene oxide treatment, radiation, and the



t he deconposition efficiency of trichloroethylene at various initial
concentration of trichloroethylene in soil when trichloroethyl ene was
deconposed by adding the cultured bacterial mass of strain M7 of the
present 30 i nvention. Fig. 18 is a graph which shows a tine course of
the resi dua™ABO% M or oet hyl ene in soil when trichl oroet hyl BERIRRZE2872
deconposed by adding the cultured bacteril —ells of strain M7 of the
present invention to the soil 35 containing trichloroethylene. Fig. 19

shows a flow chart of _.the anal ytical t hod. of vinyl chloride,
1,1-dich|oroetﬁ?ﬁ?ﬁe,Tke ﬁf?ﬁ%y product has an uhexpected
PCT/ JP97/ 02872 charactegistice-aff didvimgeayhiégkexgtability during

trans-1, 2-di chlsaoeals! @0eh Féghr?Qoshawsas; iy chadeorbokhe gﬁgﬁé’é i cal

met hod of dichloroacetate and trichloroacetate. Fig. 21°is s a flow
chart of the af&ty8PPa e§ COMPOWARSd of trichl oroethanol . Fig. 22 i's shows a
fl ow char® of the afheypresgntdirivesitdbnhatisatpcbwitlesr al deFogpof2Bicn a gr aph

which shows a rageHk! o¥heRgasic Ma00eehlYbE "EolfsufiiC ARR82da PYnaddl ng the
cul tured .

compounds, said agent comprising a cultured fo the
bacterium of the present invention. The culture is
preferably a cultured bacterial mass, which may be a

10 living bacterial mass or a sterilized bacterial mass.
Sterilization treatment is carried out by ultra violet
irradiation, ethylene oxide treatment, radiation, or
another method as described above. From a viewpoint of
storage etc. the decomposition agent of the present

15 invention is preferably in the freezed or dried form,
which dried product may be obtained according to a
conventional method as mentioned above.

The strain MO715, a representative mutant of the

present invention (referred to hereinafter as the

20 constitutive mutant) which does not require an aromatic
compound (such as phenol) for inducing the activity of
trichloroethylene decomposition can be isolated as
follows: the strain MO7 is mutated by the action of ultra
violet, radiation, or a chemical substance such as

25 nitrosoguanidine which has a mutagenic activity and
constitutive mutants are selected from the resulting
mutants. The method of isolation of microorganisms is
explained in detail in Example 18.

The cultivation of the constitutive mutant of the

30 present invention may be carried out in the same manner
as for the parent strain MO7 except that the cultivation
of the former does not require an aromatic compound for
the induction of the ability of decomposing
trichloroethylene. The degradable carbon source for

35 cultivation is preferably a saccharide such as glucose,
or an amino acid such as glutamic acid. The method of

using it is also the same as for the parent strain MO7



10 bacterial cells of strain M)7 of the present invention or the
sterilized product thereof to the soil containing trichloroethylene. Fig.
24 is a graph which shows the effect of tenperature (20[err]C, 30[err]C) on
t he deconposi i i ciency 15 of trichloroethyl ene mhe
trichloroethyﬁb%§w§%£ deconposed by addi ng §he cultured bacterﬁmr g”?ls of
strain M7 of the present invention to the sol | containing
trichloroethylene. Fig. 25 is a.graph which shows a result when 20

trichl oroet hyl engxygs: dgremens ecubyiwaididig oF sﬁal Fobmaxindoedf nike cul tured

bacterial cells of sirain ent ntlo nd _addi
I nducer (phenol) ?% tite 8o Zr(':'%% éaf%?nrp}; %t%’r‘ffé oroetJﬁn uecrafemnFoq tg% Is a
graph whi ch showsbil itas @ift deAeRPPSing ttl‘rlicéﬂloéipeébm%e vﬁs%@éﬁpb%ed by

addi ng the Nggllg Uﬁv\cﬁébdﬁ&(ﬁa%f (3313 mm@frl;ﬁtrewall\/ﬁzzgfoi hﬂ@@&&ﬁ&hbé&entnon
or strain i.C grown on glutamic acid to the soil containing
tri chl or oethyl endACiSEEAL PR ﬁ%ﬁﬂﬁ;d@%g&‘e same egffcrhteﬁse%’ﬁt 8PF%€|
bact eri al strai nstofaitrh@MQir eseht regamhtticorthesabal it WYt merompossogat ed in

the follow ng nlgqlralg SRt &d Ahpoudladl i on source such as the soil or
activated sl udge 1S cg@t u I n a cul tture nedi um cont ai_ni ngcrphenol and the

d
ni cr oor gani sms whi ch & °f5?0’b%‘b WPY PCEPRTIRRATS | S § X aFReMP L0 at es

are has been internationally deposited on August 12, 1996,

10 with the National Institute of Bioscience and
Human-Technology, Agency of Industrial Science and
Technology, MITI, as FERM BP-5624 under the provisions of
the Budapest Treaty. And the above-mentioned
microorganism, the strain MO715, has also been

15 internationally deposited on April 24, 1997, with the
National Institute of Bioscience and Human-Technology,
Agency of Industrial Science and Technology, MITI, as
FERM BP-5928 under the provisions of the Budapest Treaty.

EXAMPLES

20 The invention will be understood more readily with
reference to the following examples; however these
examples are intended to illustrate the invention and are
not to be construed to limit the scope of the invention.

xa e 1. Isolation of the MO7 strain as well as

25 cloning and sequencing of 16S xrDNA

thereof
The microorganisms for use in the present invention
were isolated from the activated sludge taken at the
waste water treatment plant in Aichi prefecture, Japan,

30 in the following manner. A 0.1 ml aliquot of the
harvested activated sludge collected was inoculated into
6 ml of the NMS medium containing 1% (v/v) of a vitamin
solution (its composition is shown in Table 5) in a 30 ml
vial, to which was added 500 ppm of phenol,

35 The vial was plugged with a butyl rubber septum and
sealed with an aluminum cap, which was then cultured at
30°C under shaking at 160 r.p.m. for a period of from



subsequently incubated in a nmediumcontaining trichloroethylene to sel ect
t he m croorgani sns whi ch have - 13 - the ability of deconposing

trichl oroethyl ene. The nethod 'of isolation of nicroorganisms is described
in detail in Exanple 1. Strain M)7 thus isolated has the followi ng 5

t axonomi cal Sﬁggﬁies: TABLE 2 Nbrpholog¥ PCHIMIBPBT2 1 0d
shaped Gram st ai ni ng + Spore?® ormi ng 10 Motility

- Behavior to oxygen aerobi ¢ Oxi dase test Catal ase test

-IF-’eEteISIdZt SP)ClgaJI[’lO? ype Olfl%agﬁ et R.%jmg;?am no%| cl’;YéFYC acl CF V\Ia‘j]]tl{é%r ICJfg: y{;ry el M
- (acetyl type)tqypldlty,wﬁggpl%hguﬁkfghtest turbidity, was observed was
passaged to the same medium and subsequently cultured
under shaking. The passage was repeated for a total of
5 four times. After the fourth passage is over, the
culture medium was diluted as appropriate and plated onto
the agar plate prepared by adding 1.5% agar to the NYG
medium (its composition is shown in Table 5) containing
500 ml phenol. The colonies which appeared were picked
10 - onto the agar plate and incubated. This operation was
repeated for several times to isolate the microorganisms.
In addition to the above NYG medium, another medium such
as a nutrient medium can be used after selecting the

optimum condition thereof for culturing of

15 microorganisms.
TABLE 3
NMS medium

Magnesium sulfate heptahydrate 1.0 g
Calcium sulfate dihydrate 0.2 g

20 Potassium nitrate 0.23 g
Ammonium sulfate 0.65 g
Potassium dihydrogen phosphate 0.272 g
Disodium hydrogen phosphate 0.727 g
dodecahydrate

25 Trace Element Solution 0.5 ml
Distilled water 1 liter

The Trace Element Solution

EDTA disodium dihydrate 500 mg
Iron (II) sulfate heptahydrate 200 mg

30 Zinc sulfate heptahydrate 10 mg
Manganese (II) chloride tetrahydrate 3 mg
Boric acid ' 30 mg
Cobalt (II) chloride hexahydrate 20 mg
Nickel (II) chloride hexahydrate 2 mg

35 Sodium molybdenum dihydrate 3 mg

Distilled water 1 liter



Maj or isoprenoid qui nones MK-8 (H4) GC content of cellular DNA (nol eZ)

73 (by HPLC) 25 Furthernore, strain M)7 has the foll ow ng
properties. Color of colonies No characteristic colony col or
formed El ongati cells surroundi ng col ony 30 Ar abi F’fﬁ*@%&?ﬁ

pol ymers of % g%’%é wal | #l: Estimated,uysing an acid hygi&g ysate of the
whol e bacterial mass 35 The nnrp%glbgical and physi ol ogi ca
characteristics of strain M)7 were investigated and the results obtai ned

are shown in the*aﬂ% W& Falkhent. sB?é@ierRvatsh%e asaté By dasarilieddahage
i dentification of e straln, was g sterilized.
t 8%t Re pdﬁllcatlon (N.R

PCT/ JP97/ 02872 -added afded,tPEqoNreH ’r’éﬁ”&"‘e‘ﬁé‘

Krieg and J.G Holt, "Bergy's Manual of I3Bifedntic Bacteriol ogy" Vol. 1

(1984), WIlliams and Wl kins; J.G , P.H A Senath, J.T.

Staley and 5 S T.WIlians, "Ber U(J)‘t‘-"m'é\ll’iuaﬁ’hrﬁ‘mggstemat|c:;BacterloIogy"
ng

5 Thiamine hydrochlorlde
p-amino benzoic acid 13 mg
Adenine 1000 mg
NAD 250 mg
vitamin B1l2 10 mg

10 Thiamine diphosphate 100 mg
Distilled water 1l liter

TABLE 5
NYG medium

15 Yeast Extract 0.5 g
Glucose 0.18 ¢
NMS medium 1 liter

The isolated microorganism was inoculated into 10 ml

20 of the MNS medium containing 0.05% of yeast extract and
500 ppm of phenol in a 18 cm test tube by picking a
colony on the agar plate for isclation using a platinum
loop. After culturing at 30°C under shaking at 130
r.p.m. for 5 days, the bacterial mass was harvested by

25 centrifugation at 5000 r.p.m. for 10 minutes, and then
resuspended into 4 ml of the NMS medium. The suspension
of the bacterial mass was placed in a 20 ml vial and
trichloroethylene was added in such an amount that it
became 30 ppm after all ingredients were dissolved in the

30 liquid phase simultaneously. The vial was plugged with a
Teflon-coated butyl rubber septum and sealed with an
aluminum cap. After culfuring overnight at 30°C, the gas
phase in the vial was analyzed by a gaschromatograph
equipped with a FID or an ECD detector.

35 From the results obtained, a bacterial strain having
a high ability of decomposing trichloroethylene was
selected and characterized for the morphological and



Ninthe edition (1984), WIllianms and WIlkins), wth a result that the

I sol ated strain M)7 did not conformto any known genus or species. Also 16S
rRNA gene was cloned and its sequence was conpared with those of the 10
known organisns to find that the closest relative thereto was Terrabacter
tunesces as RN Fig. 1 and 2. However, even the or ganPEHIRIHER832

honol ogy of 95% at nobst and thus it was 83nc|uded that the isolated strain
does not belong to said genus. The bacterial strain of the 15 pr esent

i nventi on, ther% 9381°%?§3 3ﬂ%&é§€9e%0t9 é&é} gﬁnggsu kch?é? di fferent

from any of th& Rnown I'n t h&presents i BVt i on,
organi c hangeﬁ&t@B 6 ounds and/or aromatic conpounds are deconposed by

al  owi ng the bact er Basedfort lsaifr eesnltL) idertiARELIBn! RadClaPPieri d
or gani ¢ hal ogenat.e Q.Hﬂq nd/ o ar omm t|c oppoyngds. Th organic
3k gﬁERgP hied géy£?% 'ﬁ% 6% he ﬁ+%%éﬁf i nvention

hal ogenat ed cofpounds econposed
i ncl ude tPi chl drEet H?J—‘én BQ?QUHFOM@@@MIQﬁ\eﬁymamnnyBachémmhmy'Fr om a

practical poi ntszogt Yi eve84)5 willkkin€ hhed Q@ﬁlhé’l:r%neaha BﬂoééI ﬂx&?@rt@fﬁ lAS the
aronatic conpouyn t r r 10 Qp IC C oundas or exanmpl e
KPaRaee o SSReEhbon e and) B Bt M HARRS on,

phenol . In accordante wth one enbodi e t here
i's provided a rigenen’ wﬁaru@éoﬁéoeeﬁgrwau\m @amterhallogyeham:smtmorrpounds in

the soil, wast@qeieh S¢1984)0WHEL i dRSt S WBAUGES) 281 EiRBIHRL GQIRY i sing

addi ng 10 bacterial strain does not belong to any of the known
genera or species. The bacterial strain was designated
as the MO7 strain and was internationally deposited on
August 12, 1996, with the National Institute of
Bioscience and Human-Technology, Agency of Industrial

15 Science and Technology, MITI, as FERM BP-5624 under the
provisions of the Budapest Treaty.

Furthermore, the sequence of 16S rDNA of the
microorganism of the present invention was determined and
compared with that of the known microorganisms. The

20 results are outlined hereinbelow.

The 16S rDNA of the microorganism of the present
invention was amplified using PCR according to the method
of Hiraishi (Journal of Japanese Society for
Microbiological Ecology, vol. 10 (1): 31-42, 1995). The

25 primers used for the PCR had the base sequence: 5'-GAG
TTT GAT CCT GGC TCA G-3' (SEQ ID No: 1), and 5'-AGA AAG
GAG GTG ATC CAG CGG CAG GTT-3° (SEQ ID No: 2). PCR was
conducted using a thermal cycler (Perkin Elmer) according
to the following program: i.e., preheating at 90°C for 30

30 seconds, 30 cycles of 96°C for 60 seconds/55°C for 120
seconds/72°C for 180 seconds, and heating at 72°C for 300
seconds.

The amplified PCR fragment was purified using
QIAquick (Quiagen) and sequenced by a method which

35 utilized a PCR directly as a template according to the
method of Hiraishi (Journal of Japanese Society for
Microbiological Ecology, vol. 10 (2): 81-102, 1895). The



the culture of the bacteriumof the present invention to said soil, waste
wat ers, or other waste products. The bacterial culture as used herein

i ncludes the culture 35 liquid itself obtained by culturing the
bacterium of the sent invention, a cultured bacterial 3@%@%35&ﬁ%9 from
said culture M Blor a sterilized bacteriumin WO 98/

PCT/ JP97/ 02872 - 15 - said culture |iquid-of3a-sterilized cultured

bacterial mass which was isolated. For culturing of the bacterium of the

present invention gé-ngXrg%&#éH %o@e%g”kg&ué\ﬁ‘éec '}e%%'tqof{ﬁﬁégré L O

propagate may be ture nme a carbon source such
as gl ucose or suckegeened: of gEHG TRt Gé'ﬁeﬁt‘ﬂ%&ﬁccé'céuﬁﬂas(%%smé%’crédtr

peptone or neat extLEEESCCO®IACE GETOGABNTL3 Ni (IFOQAD KOW! B?, sslchrm fei

anmoni um salt or rtpe tain ts
conprising cati ongbéu #\18as (%)ofas(sgagm ﬁoll("\o J&d’ J’m“;:%(n; C% fﬁ#& G%?J
magnesi um i oh, an8Gadl ohSEQ udh Neg Bl 0B { @ ATSh AGTAGt §CT0$F;T o‘irG-'@noéﬁﬁﬁt e

i on.

t he speci es,

t he nitrogen sour
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CAC CGC CCG T-3'

(SEQ ID No: 9).

The concent rqbl RB: o@ﬁ@-@mbemsnc@cmr tieauekcLarF ¥ | s dapardi ng

,upon

3 seo 1D 389“13) 1% ad 'Ité}aicﬁf

the Dye terminator cycle sequencing kit (Perkin Elmer)

according to the protocol instructed in the kit.

Sequenced samples were subjected to electrophoresis and

sequence analysis using the ABI373A Sequencer (Perkin

Elmer).

PCR was conducted using

The base sequence determined by these procedures

of the 16S rDNA of the microorganism of the present
invention is shown in Table 6 (SEQ ID NO:10).
IABLE ©

Sequence

AACGCTGGCG
GTGGATCAGT
GCGCTGGAAA
AGTTTTTCGG
CAAGGCGACA
GCCCAAACTC
GCAGCGACGC
AAGCGAAAGT
TAATACGTAG
TGTCGCGTCT
CTAGAGTGTG
GAGGAACACC
ATGGGGAGCG
TGTGGGACTC
CAGTACGGCC
CATGCGGATT
CTTCCAGAGA
TCGTGTCGTG
AGCACGTCAT
TGACGTCAAA
CAAAGGGCTG
TGGGGTCTGC
TGCGGTGAAT
ACACCCGAAG

1466 BP;
GCGTGCTTAA
GGCGAACGGG
CGGCGTCTAA
TTTGGGATGG
ACGGGTANCC
CTACGGGAGG
CGCGTGAGGG
GACGGTACCT
GGTGCGAGCG
GCTGTGAAAA
GTAGGGGAGA
GATGGCGAAG
AACAGGATTA
ATTCCACGAG
GCAAGGCTAA
AATTCGATGC
TGETTGCCCC
AGATGTTGGG
GGTGGGGACT
TCATCATGCC
CGATACCGCA
AACTCGACCC
ACTTTCCCGG
CCGGTGGCCC

352 A;
CACATGCAAG
TGAGTAACAC
TACTGGATAT
GCTCGCGGCC
GGCCTGAGAG
CACCAGTGGG
ATGACGGCCT
GCAGAATAAG
TTGTCCGGAA
TCCGGGGCTC
CTGGAATTCC
GCAGGTCICT
GATACCCTGG
TTCCGTGCCG
AACTCAAAGG
AACGCGAAGA
CTTTGGGTCG
TTAAGTCCCG
CATGGAAGAC
CCTTATGTCT
AGGTGGAGCG
CATGAAGTCG
GCCTTGTACA
AACCCTTGTG

355 C;
TCGAACGGTG
GTGAGCAACC
GTGACGGACC
TATCAGCTTG
GGCGACCGGC
GAAATATTGC
TCGGGTTGTA
CACCGGCTAA
TTATTGGGCG
AACCCCGGAC
TGGTIGTAGCG
GGGCCACTAC
TAGTCCATGC
CAGCTAACGC
AATTGACGGG
ACCTTACCAA
GTATACAGGT
CAACGAGCGC
TGCCGGGGTC
TGGGCTTCAC
AATCCCCAAA
GAGTCGCTAG
CACCGCCCGT
GGGGGAGCCG

SUBSTITUTE SHEET(RULEZ6)

288 T;

AAGCTTGGAG
TGCCCCAGAC
TGCATGGGTA
TTGGTGAGGT
CACACTGGGA
ACAATGGGCG
AACCTCTTTC
CTACGTGCCA
TAAAGAGCTT
TTGCAGTGGG
GTGAAATGCG
TGACGCTGAG
CGTAAACGTT
ATTAAGCGCC
GGCCCGCACA
GGCTTGACAT
GGTGCATGGT
AACCCTCGTT
AACTCGGAAG
GCATGCTACA
AAACCGGTCT
TAATCGCAAA
CAAGTCACGA
TC

467 G.

CTTGCTTCGA
TCTGGAATAA
CCGTCTGGAA
AATGGCTCAC
CTGAAACACG
AAAGCCTGAT
AGCAGGGAAG
GCAGCCGCGG
GTAGGCGGTT
TACGGGCAGA
CAGATATCAG
AAGCGAAAGC
GGGCGCTAGG
CCGCCTGGGG
AGCGGCGGAG
ATACCGGAAA
TGTCGTCAGC
CTATGTTGCC
AAGGTGGGGA
ATGGCCGGTA
CAGTTCGGAT
TCAGCAACGC
AAGTTCGGTA



varyi ng dependi ng upon the species, is in the range of about 0.01 to about
1% And that of the inorganic salts, though varying dependi ng upon the
species, is in the range of about 0.001 to about 0.1% 20

Culturing is preferably conducted by an aerobic liquid culture. The aerobic
conditi on NWQ%MB83%cured by a conventional neans such as XRETHPIIERE72
agitation, aeration and agitation, or shkimg. In order to induce the
deconposing ability of organic hal ogenated conpounds 25 such as

trichloroethylene gnd {hat of aromatic coppounds such_as phenol,, an
aromati c conpound 33‘8&’%%%%% NG YhmEr 8EEBFQQ§d‘&%% ‘ioénp[aﬁggcﬂf'Fﬁr e nedi um
In this case, the datanincDEdnPpakRssu@l &bepNehbbnahyinss idddedofn addition

to the other G laRt§0UbE8s+OBBRANEW)OMBELEEANPLURKE H¥rld13G0us @S Phenol
may be added as the 0On car bon source. e apount of phenol etc. added to

I T [
the medium is BRCEPELEH gt’f'?l”t‘%é”’afsar@é‘d&fxﬁgoﬂ?lﬁ@o“tﬁ)rﬂ §TBBuf PABDD" ppm I n
a case Wsere tthe aeifandor gamsmed athdipsesefd spaeids omerxies saiedted the form

of a bact er | alyHIR%S a8k fle 51 gnedtdHoHohBly TS froiYalting SMel eeDY 2
conventional nmeans 0 sggaratl n%d‘bact eri cells such as centrifugation.

Wien the bact 3CEPTHadsSFEALR ok /IS MEFOPECHEEI U tWivGh B&s thp 98/ 07831
PCT/ JP97/ 02872 roperty of producing mycolic acid) which were believed

to be definitely different from the results of

10 physiclogical taxonomic tests were excluded. Then the
multiple alignment analysis with the rest of the
bacterial strains and the type strains of the genera
which are thought to be closely related were conducted.

From the results obtained, a phylogenetic tree was

15 constructed using the NJ (proximal conjugation) method
(Fig. 1) or the UPGMA (average distance) method (Fig. 2)
(alignment was conducted after the sequences at the
5’-ends were aligned). The most closely related organism
turned out to be Terrabacter tumescens (the phylogenic

20 tree includes Mycobacterium sedimentalis for reference).
The closely related bacterial strains (microorganisms
belonging to the same cluster) were subjected again to
homology search using Genetryx-Mac 8.0. But, the
homology of the gene of even the closest Terrabacter

25 tumescens was up to 95% and it was judged not to be the
same genus. Therefore, it was confirmed that the
microorganism of the present invention is a new
microorganism different from any of the known
microorganism.

30 The microorganism decomposes about 50% of
trichloroethylene at high concentrations of about 100 ppm
contaminated in the culture medium, and completely
decomposes about 30 ppm of trichloroethylene in 24 hours.
In order to decompose trichloroethylene in association

35 with the propagation of the microorganism, it is
necessary to add at least one aromatic compound such as
phenol in the culture medium (medium, soil, water, etc.)



- 16 - converted into the formof a freezed or dried bacterial mass. In
this case, a conventional neans for drying a bacterial mass may be enpl oyed
such as freeze drying, or spray-drying. In the practice of the present

i nventi on, a rilized culture or a sterilized bacteri y be
used in order ‘YBW’?ﬁim ze its effect on the environnment (the%ﬂr}é?%g’iz@?
phase). As a neans of sterilization for T % “pur pose, a conventiona

met hod such as ultraviolet irradiation to the living bacterial 10 nmass

may be used. Suanﬁkgﬁhhgzgggéqufgé@mnghgures are al so enconpassed in the
"culture" as defined int resent. invention. Wien the cultyre of.the

present invention is g&ﬁeﬂl? cRARI Sy Lo Pﬁebé"t?Qﬁuﬁﬁfs%WF AOVEPEIM red to
add a 15 | i vi g lNabeeekplainess inn mereadetail obit0[mrferencel Bpethé

cells/g of the s .ihg Beadsfated, or a sterilized bacterial mass having
t he correspondlngghgg ﬁtg o?écéconp05|ng or gani ¢ hal ogenat ed conmpounds. As

a means to allow the I smof the present 20 I nvention to act on
an organi ¢ hal ogenat edneonpdmil ufcithas NMEI méd buroetdntdadmangt e 088 yersr of

the present inveg,a&gc@esﬂd%y Py, 3398eh8) A0dh e ivth Wil | 588 ubl ect to

be treated in or to deco ganic enat ed conpounds
contai ned in the Esden@e¥gEnt lﬂ§525n°°“é6F?d ofithe Rigkigusyinortuhast e

waters (referreddfothe colony of the microorganism of the present

10 invention that had been stored by passage on the agar
plate of 1.5% agar added to the NYG medium containing 500
ppm phenol, or 1.0 ml of the preculture liquid obtained
by culturing overnight under shaking the microorganism of
the present invention in the NYG medium containing 500

15 ppn of phenol at 30°C. After culturing under shaking at
30°C at 130 r.p.m. for 3 days, the bacterial mass was
harvested by centrifugation at 5000 r.p.m. for 10 minutes
and then resuspended into the NMS medium having an amount
equal to the culture medium.

20 The ODgy 0of the suspension was 0.5 (the cell count
was 1 x 10° c.f.u./ml). 4 ml of the suspension of the
bacterial mass was dispensed in a 20 ml vial and
trichloroethylene was added thereto in such an amount
that it became 10, 50, or 30 ppm after all the

25 ingredients were dissolved in the liquid phase. The vial
was plugged with a Teflon-coated butyl rubber septum and
sealed with an aluminum cap. After culturing overnight
at 30°C under shaking, the gas phase in the vial was
regularly analyzed by a gaschromatograph equipped with an

30 ECD detector.

The result is shown in Fig. 3. The present
microorganism completely decomposed trichloroethylene in
24 hours. Trichloroethylene at such a high concentration
of 50 ppm and 100 ppm was decomposed by 70% and 50%,

35 respectively in 24 hours. Even when the initial
concentration of trichloroethylene as high as 50 and 100



herein as the subject to be treated). In accordance with another enbodi nent
of the present invention, organic hal ogenated conpounds such as

trichl oroethyl ene contained in the subject to be treated 30 can be
deconposed by inocul ating the m croorgani smof the present invention to the
subj ect to WOMWPBE ed such as the soil, waste waters, or SCHIFRAT e

products, and then allowi ng said organis@fto propagate therein. Thus, the
present invention also provides a nethod for deconposing 35 organic

hal ogenat ed_conpgunds,i 416 S0 ler s4RSLECUBPIGhe AbcBhPSEed AR &ry 0duct s

cont ai ni ng sai &°8r gaitc® )
PCT/ JE97/ 02872 pres@nt miGERRNAMEETC HAPolRk stedused ASt REMPRERMHIi%ithgt
i nocul ating thgnbactrei umiofall keneeaseat ibmvwenttiriehl orsathly said wasast e

wat ers, or other waste, products ddi a [ I degr adabl e
car bon sour ce, ej8r PRR Y kPatE Y t?ﬁgr gg o %gag%f%ﬁ%gfg%t@g“m%rs, or
ot her wasbe praesdssantntb tdraempgisigipngintuikitiisscgvanedn n¥R§ oor ganism In

this case, sacghatkfes of 4 HEHTRLACBhEEREEon IcE REGERLOSCe By die degr adabl e
carbon sour ce. The ampunt of 40,0, 3U0, SALPOM SAULERohSe ARE ikl ab0 abOUt
high as 100 ppm of trichloroethylene was decomposed by a
microorganism, the decomposition ability of the present
10 microorganism is believed to be extremely high.

Ex .

The bacterial mass cultured in the same method as in
Example 2 was harvested by centrifugation at 5000 r.p.m.
for 10 minutes and then resuspended to each of the M9

15 medium (Na,HPO,~7H,0 12.8 g/1, KH,PO, 3 g/1l, NaCl 0.5 g/l,
NH,C1 1.0 g/l) prepared in varying pH's at an amount
equal to that of the culture liguid. 4 ml of the
suspension of the bacterial mass was dispensed in a 20 ml
vial and trichloroethylene was added thereto in such an

20 amount that it became 30 ppm after all the ingredients
were dissolved in the liquid phase. The vial was plugged
with a Teflon-coated butyl rubber septum and sealed with
an aluminum cap. After culturing overnight at 30°C under
shaking, the gas phase in the vial was regularly analyzed

25 by a gaschromatograph equipped with an ECD detector. As
shown in Fig. 4, the result indicated ﬁhat at pH 5 orx
lower the activity is extremely decreased, whereas at pH
6 to 9 the efficiency of decomposition was as high as
100% and the activity decreased very slightly to about

30 90% even at pH 10.

Thus, it turned out that the optimum pH of
trichloroethylene decomposition by a resting bacterial
mass of the MO7 strain was between 6 and %, indicating
that a high decomposition activity is exhibited at high

35 pH conditions. Trichloroethylene oxide produced by

aerobic decomposition of trichloroethylene spontaneously



t he amount of the subject to be treated. Furthernore, when an aromatic
conpound is added to the subject to be treated, said aromati c conpound need
to be added. As an aromatic conpound, phenol, cresol, and the |ike nay be
15 used. In this case, when the aromatic conmpound which QEQ%

remai ns aftervwﬁgmﬁﬁﬂonposition of such orgqnic hal ogenat ed cornpounds, it
wi || cause another environnental pollution”®'Therefore, the addition of an
excessi ve anmount of the aromatic conmpound is not 20 desirable and the

amount _of the ar Pg@&bﬁOW'&% hQkRe; A8 das irorieaksr phbiuabayt 100 to
about 500 ppmrelative '

] e to the suyhject to be treated. The inventars_have
found that the cHPROFERPDLLYORY, Iljcnﬁgééo?t‘f“ne OB %E‘Sn?tﬁﬁ{/e}ﬁ I|mg’n Br ggar ed as
ment i oned 25 abod econdigttilvar iitt spenbahéaisily clecamppees| to aerdsiieeer i al

mass, retains t hﬁai‘Qiéé%&’. 0fa HRTATRES) N0t KK GANiobikakiegenpseok teHmp@uUNds
and/ or aromati c conpounds.

1 Thus, bhe present inventLgn grgv}g§§ a net hod
for deconpo8i ng 6Fg§h+?¥9ﬁﬂn£}%¥§t 4 BofpothitfIaa or*aFoReT T Conpounds 30
in the soil, wasteni@desd, atoranoiial hnstenpimwens .cofhai PFeRETr gani ¢

hal ogenat ed compaupds. AN A Ae0BLY CufOFPOUUIS accBmpBEebi&Ri gk ster i || zed
cul tured bacteri 8r°hass” of a m croo gani sm capabl e of deconposi ng .organi c

hal ogenat ed conptuhdklerretdylensnati ancadbpbtiltes ey izgRugnss 51065 1y g

soi |, waste wategfowd’a Kt eeohpoBhedbstsctiMiaysaer al hzghimn net hods used
i ncludes Utra vi olgt .
10 condition.

Example 4.

The bacterial mass cultured in the same method as in

Example 2 was harvested by centrifugation at 5000 r.p.m.
for 10 minutes and then suspended into the same volume of

15 the NMS medium as the culture ligquid. 4 ml of the
suspension of the bacterial mass was dispensed in a 20 ml
vial and trichloroethylene was added thereto in such an
amount that it became 30 ppm after all the ingredients
were dissolved in the liquid phase. The vial was plugged

20 with a Teflon-coated butyl rubber septum and sealed with
an aluminum cap. It was cultured under shaking in an
incubator each set at a different temperate. The
residual concentration of trichloroethylene was regularly
monitored by analyzing the gas phase in the vial with a

25 gaschromatograph equipped with an ECD detector.

As shown in Fig. 5, the result indicated that the

decomposition of trichloroethylene proceeded slowly over
7 days at 4°C. At 37°C, the decomposition ceased in a
day and the decomposition efficiency was low. On the

30 other hand, 80 to 90% was decomposed in a day at 20°C and
30°C. But decomposition activity was about 10% higher at
20°c than at 30°C. The temperature of the underground
soil where contamination by trichloroethylene etc. is
causing a problem is said to be stable at 15 to 20°C.

35 However, in most of the reports on the
trichloroethylene-decomposing microorganisms
decomposition activity was evaluated at 30°C which is



i rradiation, ethylene oxide treatment, radiation, and the WD 98/ 07831

PCT/JP97/ 02872 - 18 - like. The sterilized product has an unexpected
characteristics of having a higher stability during storage with regard to
the ability _to deconpose organi c hal ogenated conpounds. 5 The

present i nvaf? P83 so provides a deconposition agent of oPGHAPII02872
hal ogenat ed conpounds and/or aromati c codounds, said agent conprising a
cultured fo the bacteriumof the present invention. The culture S

preferably a c d t 18 10 i ving bacterial
mass or a ster%l%gég ngﬁé?%%%kﬁgggstgfgrl rIE%llon frgﬁ?neﬁf é‘%arrled out
by ultra vioIeﬁtPﬁFQilbﬁY%ﬁ?eﬂﬂmﬁ}Féﬁ@doRhQﬁaqqqamm%§ﬁﬁlonaﬂ¢hlvxﬂv adr

anot her net hod tag daﬁertéa@sbﬁhwe ab' ORe so/i E\RiRonRbnet Pa40e etc. the

deconposi ti on agen & [ esen nvention is referably in the
freesed or dri BACREPRISQILR GoFedap bavel Sy mse 86 Hhhea aLehidimg to a
convent i ohal nempedlmsnh%ntloned above. The strain M)715, a representative

mut ant of the preseginésvaiy |x@3c€:58fte££€él $0 Jh%r%he%&@ic aged 8 P

constitutive mnut ant mpjch oe% not uire an arona
representing t asic rea tlon of micro lal

decomposition usually decreases by one-half with a
temperature reduction of 10°C, it is estimated that the
10 decomposition rate of trichloroethylene by a
microorganism in the soil having a temperature lower than
that at the evaluation experiment is reduced. The
present microorganism was demonstrated to have a high
practical characteristics without showing reduction in
15 decomposition activity at the same temperature as the
soil environment, though the mechanism thereof is
unknown.
Example 5.
The bacterial mass cultured in the same method as in
20 Example 2 was harvested by centrifugation at 5000 r.p.m.
for 10 minutes and then suspended to the same volume of
the NMS medium as that of the culture liguid. The
suspension of the bacterial mass was placed in a petri
dish and spread to a thickness of about 1 mm and then
25 sterilized under irradiation of a 15 W ultra violet lamp
with a wavelength of 260 nm for not less than 60 seconds
at a distance of 40 cm from the light source. 4 ml of
the suspension of bacterial mass after sterilization was
dispensed in a 20 ml vial and trichloroethylene was added
30 thereto in such an amount that it became 30 ppm after all
the ingredients were dissolved in the liquid phase. The
vial was plugged with a Teflon-coated butyl rubber septum
and sealed with an aluminum cap. It was cultured under
shaking at 30°C, and the gas phase in the vial was
35 regularly analyzed with a gaschromatograph equipped with
an ECD detector.
As shown in Fig. 6, the result shows that the

“rrG i .
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conmpound (such as phenol) for inducing the activity of trichloroethylene
deconposition can be isolated as follows: the strain M7 is nutated by the
action of ultra violet radi ation, or a chem cal substance such as 25
nitrosoguanidL@§ ' has a mutagenic activity and constitutive nutants
are selected f resultlng nutants. The nethod of i sol afF&iFHfe2872

m croorgani sns i s explained in detail in'E%ﬁhﬁie 18. The cultivation of the
constitutive nmutant of the 30 present invention nmay be carried out in

the same rmnner 3 ot ibienggs ctbect IR ML EXSPRIGIIA blE S ALIALIEN O

the former does not requjre an aronatic for e In i'on of the
ability of deconﬁﬁ?ﬁﬁélFPFEH?%FQ%&?ﬁﬁWQﬁS°mEﬂ%1EHﬂ?éﬂﬁ%ﬁétﬁa?ﬁohh%ource for
35 cul tivati ontivdingr bhetablyna Farcheakindee suDh @5 eFpee@Ment Oin afhi@H NO

aci d such as ol Utan ¢.agkfls INe, 2410019 ol b Aok dits d1® ndkiOakt N SRR O

the parent strai
PCT/ JP97/ 02872 - ©fig 1/18Qckhat (Hfaithen HYEumediem iwas dnocndatedney hses not

require an aro_rratsu@spéﬁaﬁoumbé @ldted asdietwsd dftd hbealiti d¥aPfmedium
deconposi ng 1 i chlf agh By}EnGe 'F0-2NoWedhE: "ALGL LAt BEb Iyl P Jacterial

mass or the ster
the culture liquid nor colony formation were observed,

and thereby it was confirmed that there was complete
10 sterilization.

The residual activity of the suspension of the
sterilized bacterial mass when stored at 4°C was almost
the same as that of the living bacterial mass at three
days of storage and said suspension had a much higher

15 activity than that of the living bacterial mass at seven
days of storage. The results reveal that although the
initial activity of the dead bacterial mass is decreased
to 80% of the living bacterial mass, a higher activity of
decomposing trichloroethylene is retained than the living

20 bacterial mass during storage because of a lower
reduction in activity of the dead bacterial mass during
storage.

By sterilizing a microorganism without destructing
the boundary structure such as the cell wall of a

25 bacterial mass with the extracellular environment, it is
possible to retain coenzymes etc. which are required for
decomposition reaction of trichlorcethylene at
concentrations necessary for expression of enzymatic
activity. Thus, supply of coenzymes for maintenance of

30 activity of trichloroethylene decomposition is not
necessary and the spread of the cultured bacterial mass
is only needed. It possible therefore to effect
purification of trichloroethylene etc. at low cost and
with a minimum effect on the ecological system.

35 Example 6.

To 4 ml of the PH medium (see Table B for its
composition) containing 0.05% yeast extract and 500 ppm

This Sheet Has Been Replaced

TR




5 bacterial mass thereof has the same effect as the parent strain MO/
with regard to the ability of deconposing organic hal ogenated conpounds.
The above-nenti oned m croorganism the strain MJ/, has been internationally
deposited on August 12, 1996, 10 with the National Institute of

Bi osci ence WOP8MERABN- Technol ogy, Agency of Industrial Sci d(3&PEHRST2

Technol ogy, M TIl, as FERM BP-5624 under 30he provisi ons of the Budapest
Treaty. And the above nmentioned mcroorganism the strain M715, has also
been 15 i nt tloa y. osi ted,on ril 24, 1997 hthe Nat i onal
Institute of B o? FBH@ ”én%ldzﬁor@n ‘f'%hn’b%g%resﬁdi n(’:“;}cc’):POFﬁ U8Tial Science
and Technol ogyinovhIatedsbFERMKERI5628lamikyn tynopfiudviofi she ofleme dHudapest

Treaty. EXAWPLlpg gQasent mlcroﬂi%ahrﬂgﬁnﬁ&ﬂ ¥hd |ad%‘°r wéeesbeegaﬁ@d Gy eadi |y
with reference tothe fo

owever ese e | es are
't ended To | 1A0HADEAT 5% HRSH on £ BnNER dhes G, GO LB 8o Ra0 B o | i i
the scopg of tpghenblyeotilon.idocaipiténg. 0/6dIml i (drheofcetlrlechﬁﬁtsmsalm as well

as 25 S [ 6 p{}lgt of The
m €r oor gani sns ('31°1(")L ﬁ%é ot ft% %reggéggg? nv%%rgmv\?(r}‘e #s?lyat ‘}r om t he
activated sl udde Pﬁﬁéﬁnhtm%W%§Pé5Wa%’értl?? G e AENF AL AL R
prefecture, Japanm 3@ phendl tdte 306C! ovéngigmnnarder Andkingl aliquot of the

TABLE 7
10 PH medium
Magnesium sulfate heptahydrate 0.2 g
Calcium sulfate 0.1 g
Ferric chloride hexahydrate 0.02 ¢
Dipotassium hydrogen phosphate 1.0 g
15 Ammonium sulfate 1.0 g
' Sodium chloride 0.1 g
Distilled water 1 liter

Trichloroethylene in such an amount that it became
20 30 ppm after all ingredients were dissolved in the liguid
phase simultaneously with the inoculation and 500 ppm of
phenol were added. The vial was plugged with a
Teflon-coated butyl rubber septum and sealed with an
aluminum cap. It was cultured under shaking at 30°c, and
25 trichloroethylene concentration was regularly measured by
analyzing the gas phase in the vial with a
gaschromatograph equipped with an ECD detector. The
phenol concentration was determined by filtering the
culture liquid with a 0.45 p filter, and adding to 1 ml
30 of the resulting filtrate, sequentially, 0.1 ml of an
aqueous solution of K;Fe(CN),/0.1 M glycine and 1 ml of
an aqueous solution of 4-amino antipyrine, which was then
mixed, and measuring an absorbance at 505 nm.
The result as shown in Fig. 8 indicates that with
35 the propagation of the bacterial mass phenol and
trichloroethylene decreases, and they were completely
decomposed at 31 hours after cultivation. It was



harvest ed activated sludge collected was inoculated into 6 ml of the NVS

medi um containing 1% (v/v) of a vitamn solution (its conposition is shown

in Table 5) in a 30 nl vial, to which was added 500 ppm of phenol. 35
rubber septum and seal ed with an aI um num

The vial was with a butyl

cap, which was #j%%ﬁgéul tured at 30[err]C under shaki ng at 16BCTIESTM8T: o 4
period of. from WO 98/ 07831

PCT/ JP97/ 02872 - 20 - several days to about a dozen days. The culture in

whi ch turbidity, cs§f§1 ba, séﬂeq{&% & LERRL e oty Q%%;ﬁ%&@&&ﬁ%@ed to

t he sane nedi um an sequent 'tured und passage was
repeated for a té&t FQBf a‘?)tl"ltfyoﬁrf FFF@@PWWQ éIlFHéG’FSEFPlﬁl%m i s over,
t he cul ture nedi propagatied uiredhas pappenes i@t eamadopbaliedcamnpsurid suagar

pl ate prepared bysaggéfg: Jha'i, %et ngpﬁ,[mq %ng%?l ts conposition is

shown in TabI e 5{ cont al ni ng ghen The col onfes which appeared
were picked?10 TGk °’t"l’f’e”§’d§|"epl atRen fPnnirgdatedknohi s operati on was

repeated for sevamierodrgmsisne,i adlarepdits rdedater gandéﬁ&npdéhﬁdﬁi foifon to

t he above NYG rre Hé‘?xlc?z{-]:?ééﬁ;le d ungis#?c]“gregﬁc%fmugg m‘ﬁ’ ;{,Tm Cfbnp%% used

after selecting t mum-con | on

except for the report that Pseudomonas cepgc1a KKO1

decomposes 30 ppm of trichloroethylene to 15 ppm in 2

10 days and the report that Alcaligenes eutropus KS01
(Japanese Unexamined Patent Publication No.
7(1995)-123976) decomposes completely 50 and 25 ppm of
trichloroethylene in 4 days.

In the decomposition of trichloroethylene by

15 Alcaligenes eutropus KS01 (Japanese Unexamined Patent

- Publication No. 7(1995)-123976), the amount of the
microorganism inoculated to the culture medium is 10°
cells/ml, which is about 100 times that of the present
microorganism described in Example 6. The amount of the

20 bacterial mass required for trichlorcethylene '
decomposition for the microorganism of the present
invention is much smaller than that of Alcaligenes
eutropus KS0l. It therefore has an advantage that the
cost of culturing is reduced, etc. It was also confirmed

25 that the added and mixed phenol is decomposed to below
the level of detection, thereby presenting little risk of
environmental pollution by phenol which is an
environmental pollutant.

The inventors have focused and investigated on the

30 culturing method prior to inoculation in order to enhance
the decomposition activity of a microorganism which has
the ability of decomposing trichloroethylene in the soil
and thereby to prepare a microorganism having the
decomposition activity which can deal with pollution at

35 high concentrations. As a result we have discovered that

there is an optimum value of culturing time of the



15 m croorgani sns. TABLE 3 NMS nedi um Magnesi um sul f at e hept ahydrat e

1.0 g Calcium sul fate di hydrate 0.2 g 20 Pot assi um
nitrate 0.23 g Amoni um sul fate

0. 65 g Pot assi um di hydrogen phosphate 0.272 g Di sodi um

hydr ogen phwossarest 0. 727 g dodecahydr at PCXRIPITO812Tr ace

El ement Sol ution - 3.5 mM Distilled water

1 liter The Trace El ement Sol uti on EDTA di sodi um di hydrate

500 ng lron (I1) sulfate heptahydrate . 200 30 .. Zinc

sul f at e hept ahpag¥Rerganism prior to lnoculfd‘-lﬁg:mﬂgaﬁfé%g%(*ﬁ )acél’ti"bﬁ’ de
tetrahydrate of trichldraetBgléene adécbmposition can be enhanced by 30

ng Cobalt (I1) j s exahyYdLats ; 0 ' (b ) | ori de
hexahydrat e sg&“&w&%ﬂ;&?@xgé mcgloc(ﬁrqrtr:lom‘): )g/bﬁggﬁlﬁﬁik"ﬁéd &Jgnt'eaﬁa
3 ny Di stil | edwechawe completed the present inventiong |The Presefs gg/ 07831

PCT/JP97/928721nvention will now be more fully explained with reference
to the following examples.

Example 7.

Into 100 ml of the PH medium containing 0.05% yeast
extract and 500 ppm of phenol contained in a 500 ml

10 Erlenmeyer flask was inoculated a platinum loopful of the
colony of the microorganism of the present invention
which had been stored by passage on the agar plate of
1.5% agar added to the NYG medium containing 500 ppm
phenol, or 1.0 ml of the preculture liquid obtained by

15 culturing the microorganism of the present invention in
the NYG medium containing 500 ppm of phenol at 30°C
overnight under shaking. While culturing under shaking
at 30°C at 130 r.p.m., turbidity of the culture liquid
and phenol concentration were determined in the same

20 methods as in Example 6. The bacterial mass in the
culture was harvested by centrifugation at SOOO r.p.m.
for 10 minutes and then resuspended into the NMS medium
having an amount equal to the culture medium. The ODgo
of the suspension was 0.2 (the cell count was 1 x 10t

25 c.f.u./ml). '

The suspension of the bacterial mass was dispensed
in a 20 ml vial and trichloroethylene was added thereto
in such an amount that it became 30 ppm when all the
ingredients were dissolved in the liguid phase. The vial

30 was plugged with a Teflon-coated butyl rubber septum and
sealed with an aluminum cap. After culturing at 30°C
under shaking for 24 hours, the gas phase in the vial was
analyzed by a gaschromatograph equipped with an ECD
detector. The results are shown in Fig. 9 to Fig. 1l.

35 The line graphs in Fig. 9 represent turbidity of the
culture liguid and phenol concentration. The bar graphs



- 21 - * Trace Elenment Solution was separately sterilized and added after
the other ingredients were sterilized. TABLE 4 Vitamn solution 5

Thi am ne hydrochl ori de 3 ng p-amino benzoic acid
13 ng Adeni ne 1000 ng NAD

250 ng Vitam n H 207831 10 ny 10 PCTHRGROZER e
di phosphat e 100 ny -DP3tTI 1 ed water

1 liter TABLE 5 NYG nmedi um 15 Yeast Extract

0.5 g d ucose ‘ﬁ#\@f

1 liter The isolat ean?crlooo T rffgfnnaat.éh? ndo%cﬂmg 3tlgn §c% (r)gLaecp lﬁlFfltt he
M\S nedi um cont ai ATPY®. ?)ﬁs%ht?f bagheriakpags (éﬁ’&cséec PR bl the a 18
cmtest tube by pni&romrgateEmf bdhe t pnce sayer mlvehe;bnrhasoésa&tad)ratum ng a

pl at | hum | 00D: Al £6tpal vy et S AET) ing1nd8heoBaKI fragite 130 - Ty for

5 days, the bacteri mass was harveste cent ugat’i on “at 5 00
.p.m for 19 ni nERRESSSHd ¥Re AeFeRRRHENRIH alcﬁtlUl&erPe’équ"‘fe FpEIntre@fum
The suspensi on of théeciagire ildguidsstastqtalcedtinity POofithd al and

microorganism of the present invention which was
harvested at respective time of culturing.
From the results obtained as above on the activity
10 of trichloroethylene decomposition, the specific activity
notably increases from the induction phase to the
logarithmic growth phase, leveling off thereafter at a
certain level. But it gradually decreased after the
residual phenol became zero. However, the total activity
15 remained at the highest wvalue at the stationary phase
when phenol concentration became around zero. These
observations have shown that a bacterial mass having a
high activity of trichloroethylene decomposition can be
obtained by culturing while monitoring the turbidity of
20 culture liquid and phenol concentration prior to
inoculation into the soil, and terminating the culture at
the timing that the increase in turbidity ceases to enter
the stationary phase and phenol concentration becomes
almost zero.

25 Example 8.

The microorganism of the present invention was
cultured in a manner similar to Example 7 and turbidity
of the culture liguid and phenol concentration were
measured in a manner similar to Example 6. Furthermore,

30 when the phenol concentration reached zero in the middle
of culturing 500 ppm of phenol was added again and
culture was continued. The bacterial mass in the culture
was harvested by centrifuging at 5000 r.p.m. for 10
minutes and then resuspended into the NMS medium having

35 an amount egual to that of the culture medium.

The ODgy, 0f the suspension was 0.2 (the cell count



trichl oroet hyl ene was added in such an anount that it became 30 ppm after
all ingredients were dissolved in the 30 | i qui d phase sinultaneously.
The vial was plugged with a Tefl on-coated butyl rubber septum and seal ed
with an alum num cap. After culturing overnight at 30[err]C, the gas phase
in the vial W38 yzed by a gaschromat ograph equi pped wi PETIPIPIBIDr an
ECD detector. 35 Fromthe resutt¥ obtained, a bacterial strain
having a high ability of deconposing trichloroethyl ene was sel ected and
characterized for e phol ogi gal . and WO 98/ 07831

PCT/ JP97/ 02872'aS QZE xgﬁési"o'lfdgi'gﬂtl ) pr o (T4EPSPE 8Bt Af n*H%e results as
shown i n Tabl e&atteBdaddmass swasl diepdnised ideat?f indatviadl wad carri ed out
with referenc , "Bergy's
Manual of Sysﬁgégplg% ggﬁtr|§§ 6HE(%§4gd ?ﬁ%gg% rgk&%ﬁChaégcgﬁgﬁbélkins, and
J.G Holt, N. Fehat jggbepape 3 %ﬁ?ema %mw nESTWERR| | i ans,
“Bergy's sl\/anuadls%fomeaelim ohé i l/ﬂ;\ﬂabtpﬁhlasel 0g¥he N idlh wadi pll aggéd %84h

Wiliams and W lilehgh E8af b8 % tﬁmbarlgtoppgﬁ%gf 2 184" @i pn daes not

bel ong to any f the Known genera or Specle cterral Stralin was
desi gnat ed aluminum cap. After culturlng at 30°C under shaking for

24 hours, the gas phase in the vial was analyzed by a
gaschromatograph equipped with an ECD detector.

10 The results are shown in Fig. 12 to Fig. 14. The
line graphs in Fig. 12 represent turbidity of the culture
liquid and phenol concentration at the stage of culturing
prior to harvesting. The bar graphs in Fig. 13 represent
the specific activity of the microorganism of the present

15 invention which was harvested at respective time of
culturing. The bar graphs in Fig. 14 represent the total
activity of the microorganism of the present invention
which was harvested at respective time of culturing.

When 500 ppm of phenol was added to the culture liquid at

20 45 hours of culturing when the residual phenol becéme
almost zero, the phenol concentration decreased again and
the turbidity of the culture liguid increased.

Therefore, phenol was added again at 69 hours, but
neither increase in turbidity of the culture liquid nor

25 decrease in phenol concentration were observed.

With regard to the activity of trichloroethylene
decomposition, high specific activities were obtained
when sufficient phenol is remaining at around the
stationary phase during 41 hours to 60 hours as shown in

30 Fig. 13, but the specific activity decreased thereafter
when phenol concentration decreased. When phenol was
added at 93 hours, both the amount of the bacterial mass
and the specific activity decreased. However, during the
period from 93 hours to 114 hours when there was residual

35 phenol, the specific activity was higher than during 45

hours to 69 hours when most of the phenol was decomposed.



as the MD7 strain and was internationally deposited on August 12, 1996,
with the National Institute of Bioscience and Human- Technol ogy, Agency of

| ndustrial 15 Sci ence and Technol ogy, M TI, as FERM BP-5624 under the
provi si ons of_the dapest Treaty. Furthernore, the sequenc DNA of
the m croorga‘?‘ﬁgm the present inventiop_was determ ned agg?é%g}rpéﬂed W th
that of the known m croorgani sns. The 20 3 Tesults are outlined
her ei nbel ow. The 16S rDNA of the microorgani smof the present invention was

anplified usin ' 0 0 f: SRl {881 ok
Jgganese Soci e??ﬁﬁgm%bﬁgfg'igﬂ? %Jllo%c?l\‘/’(i:t? ?ggéﬁﬁéqu}?ft 1595).
The 25 pri mep8 BRWES rhen H@tg(?{?hﬁ%e t?’i‘té’q%‘éss sEhfeheetes alGRBstTT AT
CCT GGC TCA G 3an@Sigedi¥iNoactyitpowére AGHPAAGroR@ILIG WIRE 1B ICGE CAG
GIT-3' (SEQ I D bp s 2)cy FOR WaReSORIYSLCLHAN Wheh PHEROE! 14 Vbdcid GRgyki N

El mer) according | ow ng rogram i.e., preheating at 90[err]C for
30 30 sBcondat Bue §kAsodf CBEFRFHIE for 60 seconds/55 [err]C for 120

seconds/ 72[ err] C f orneht), tedehdisroathly hesd idegoapog2t Coh oin 30 s@ddnds. The
anplified PCR fra n Lf ] ' qui.c ' InfaNd sequenced
by & method i FROTENL SR ARHET r2eh UBLAECHRTHLC Kb b PEGAING

zed a ectly as a tenplate according to
t he met hod of HexkamBY¥®sS+Journal of Japanese Society for M crobiol ogical

Ecol ogy, vol. 10 (2)gx&ds1E08, 1995). The

10 To a 100 ml vial was added 30 g of sandy soil
(air-dried) which was artificially contaminated with
trichloroethylene. The microorganism of the present
invention was cultured under shaking at 30°C for 3 days
in 1.5 ml, 4.5 ml, 7.5 ml, 15 ml, or 30 ml of the NMS

15 medium which had 500 ppm of phenol and 0.05% yeast
extract added thereto, and then was centrifuged to
harvest the cells, which were resuspended into an
appropriate amount of the NMS medium so that the water
content in the soil became 25% after addition of the

20 suspension of the bacterial mass. After adding the
suspension (containing no phenol) of the bacterial mass
to the soil, the vial was sealed with a Teflon-coated
rubber septum and sealed with an aluminium cap, and then
allowed to stand at 30°C for a certain period of time.

25 Thereafter, to a vial containing 30 g of the soil
were added 50 ml of deionized water aerated with the air
which had been passed through activated charcoal and 10
ml of n-hexane, and then the vial was sealed. The vial
was sonicated in the sonicating washer for 10 minutes and

30 then was shaken in a shaker for 10 minutes. The
separated n-hexane was analyzed using a gaschromatograph
equipped with an ECD detector. The result as shown in
Fig. 15 indicated that trichloroethylene decomposition
and the density of the bacterial mass correlated until

35 the density of the bacterial mass reached 2.5 x 10° cfu/g

wet soil (15 ml of the culture liguid), but it became



WD 98/ 07831 PCT/ JP97/ 02872 -
23 - prinmers used for the sequence reaction had the base sequence: 5 -GAG
TTT GAT CCT GC TCA G 3" (SEQ ID No: 1), 5 -GGC CGG ACG GGT GAG T-3" (SEQ
ID No: 3), 5 -TAC GGG AGG CAG CAG 3" (SEQ ID No: 4), 5 -CTG CCA GCA GCC CCG
5 CG 3' WD No: 5), 5' -G ATT AGA TAC CCT GGI AG 3PCTJESHGSID No:
6), 5 -ACT CAA AGG AAT TGA CGG-3' (SEQ I3 No: 7), 5'-GCA ACG AGC GCA ACC
C-3 (SEQID No: 8), or 5 -TGI ACA CAC CEC CCG T-3' (SEQ ID No: 9). PCR was
conduct ed using . the Dye_term nator el e_ sequencing.kit.(Perkin Elner) 10
according to t “6?3%08# FRRYY ctxeé%i nC{ngg RISt sggﬁué%%éﬁl ShpiPEs wer e
subj ected to ehdstwrephdgesdy endcisguencPhanafyss s itswag rheedB2B73A
Sequencer (Perkj r T epege t ) 1gd ocedur es
at @R Lhe ﬂf‘cﬁ?&f‘gaﬁ% tﬁgetgg eéfe%é?ﬁ% iB¥ehPESE Psoce

of the 16S r of the mcroorgani'sm o ) Invention is
shown in Tabl &569 §RCAPEPRRPa®))Lrickdprogthgienp e depsdbyppt theo A 355
C, 288 B, AGacterAACGRISEST GHSLECTTAAX CACAEBOALGHE CGANICGECMAAGCT TGGAG
CTTGCTTCGA GTGGA TGAGTAACAC GTGAGCAACC. TGCCOCCAGAC
TCTGGARTAR 20 SULES TP AR T e P CREGEREE: TOCATGOGTA
CCGTCTGGAA AGETFENCEon THFSEEAIBT aatredstios WINRIAGDRPGeF TEBT GAGGT

AATGCCTCAC estimation of a minimum amount of bacterial mass required

for purification of a given concentration of a

10 contaminant in the soil. -

xa e
To a 100 ml vial was added 30 g of sandy soil

(air-dried) which was artificially contaminated with
trichloroethylene. The microorganism of the present

15 invention was cultured under shaking at 30°C for 3 days
in 7.5 ml of the NMS medium which had 500 ppm of phenol
and 0.05% yeast extract added thereto, and then was
centrifuged to harvest the cells, which were then
resuspended into an appropriate amount of the NMS medium

20 so that the water content in the soil became 25% after
addition of the suspension of the bacterial mass. After
adding the suspension (containing no phenol) of the
bacterial mass to the soil, the vial was sealed with a
Teflon-coated rubber septum and sealed with an aluminium

25 cap, and then allowed to stand at 30°C for a certain
period of time.

Thereafter, to a vial containing 30 g of the soil

were added 50 ml of deionized water aerated with the air
which had been passed through activated charcocal and 10

30 ml of n-hexane, and the vial was sealed. The vial was
sonicated in the sonicating washer for 10 minutes and
then was shaken in a shaker for 10 minutes. The
separated n-hexane was analyzed using a gaschromatograph
equipped with an ECD detector. The result as shown in

35 Fig. 16 indicates that when the bacterial mass
corresponding to 7.5 ml of the culture liquid was added



CAAGGCGACA ACGGGTANCC GGOCTGAGAG GGOGACCGGC CACACTGGGA CTGAAACACG
GOCCAAACTC CTACGGGAGG CACCAGTGGG GAAATATTGC ACAATGRGOG AAAGOCTGAT
GCAGCGACGC CGOGTGAGGG ATGACGGCCT TOGGGTTGTA AACCTCTTTC AGCAGGGAAG 25
AAGCGAAAGT GACGGTACCT GCAGAATAAG CACCGGCTAA CTACGTGCCA GCAGCOGOGG
TAATACGTAG GAYEOESBHC TTGTCOGGAA TTATTGGGECG TAAAGAGCTT GTAGESERZ 4702872
TGTCGOGTCT GCTGTGAAAA TCOGGGGCTC AACCCCEGAE TTGCAGTGRG TACGGGCAGA
CTAGAGTGTG GTAGGGGAGA CTGGAATTCC TGGTGTAGOG GTGAAATGOG CAGATATCAG

O BRI SRR I e
TC%TGEGACTC ATT%@SW%E?&?&C@&SRTTMW 0

I TOCAGAGA TOLTTOOORE Crr RGeS ety i RAR i R e dftount
TCGTGTCGTG AGATSE Teudt urpAACHetd e2es3aarde ARCOMPess T CTATGTTGCC
AGCACGTCAT GGT G ibroethrdamd (e ¥ dddCin ANGT CoREAM Meddl G@PAin

TGACGTCARA TCATCAICEC OCTTATGTCT, TERGATCAL AT
CAAAGGGCTG CGATRERTA Ia ﬁ%&&&%ﬁ%ﬁ%
TGGGGTCTGC AAG@@\@@@W@A@@?Q«@WAGWMTMW@@%
TGOGGTGAAT ACTT, Aphe

ACACCLoAAG, CooTEEaeE TR T (it e B st el 2y

PCT/ JP97/ b2872 CUJQWIEdTW@deQGQQeE&eW&% s9ds oBtarfddrsEra @ ietd with

sequential addition of the microorganism of the present

invention gives the same effect as that obtained when the
required bacterial mass is added at one addition.
Therefore, by adding a small amount of the culture liquid

15 repeatedly the microorganism of the present invention can
deal with a vast area of the contaminated site for which
one~-time culture and infusion of the bacterial mass is
insufficient.

Example 11.
20 To a 100 ml vial was added 30 g of sand grain scoil

(air-dried) which was artificially contaminated with
trichloroethylene at the desired concentrations. The
concentration of the contaminant in the soil was set at
15, 30, 45, 100, and 150 mg/kg. The microorganism of the
25 present invention was cultured under shaking at 30°C for
3 days in 15, 30, and 45 ml of the NMS medium which had
500 ppm of phenol and 0.05% yeast extract added thereto,
and then was centrifuged to harvest the cells, which were
resuspended into an appropriate amount of the NMS medium
30 so that the water content in the soil became 25% after
addition of the suspension of the bacterial mass. After
adding the suspension (containing no phenol) of the
bacterial mass to the so0il, the vial was sealed with a
Teflon-coated rubber septum and sealed with an aluminium
35 cap, and then allowed to stand at 30°C for a certain
period of time. The density of the bacterial mass in the



the data in DNA database at the National Institute of Heredity (DDBJ+DDBJ
NEW . Search of the honol ogous bacterial strains was conducted using the
program "blast" 5 to default value and at first, 50 species were

sel ected whi ch had the hi ghest honol ogy. From anong them the bacteri al
strain (genu¥WOMB®HFAct eri um whi ch has the property of produrdmpermesmnl i c
acid) which were believed to be definitel3 different fromthe results of 10
physi ol ogi cal taxonom' c test s Were excluded. Then the multiple alignnent
analysis with the cte st.r s and the, type strains of the
genera which arS(?"llh uéh Iﬁs{e‘#y Pﬁfjageg EERGT WY . SFHrlom t he
resul ts obtai n&dr asphgbpmtﬁc nilr e€ the dblturecQightidgted using the NJ
(proxi mal conj EF‘Q_Q}V hod (Fig. 1) or the UPGVA (average distance)

met hod (Fig. 2;&? was conducted after the sequences at the 5' -ends
were aligned). The §Fe%f%rerl Vo @ ¥iad ePRkminina JOngdobuthe osdid

Terrabact sr t ugegeecnddéd &0 pily lofgdeion2fed wittere aleiiﬁltudeﬁlwcﬂmt‘a{l&r ium

sedi mentalis fOE%J{f ﬁéﬁnﬁg%n pq]%%eﬁl Qf\%?f%ﬂ eé%&‘lt%%%ﬁ ?g;‘{%agal L to

(mi cr oor gani sns ongi n were su
honol ogy sear cmlugfng- mqrym@hsnothsmlak h'@shéﬁéllggy ofhe haiadene of

even the cl oseghsTebhabaEdLrin’The sbuﬂege@ﬁ@ withe £be 0% aickdd MRS
judged not to t he sanE enus. F‘SEf It was %Onfl rrred t hat the

m cr oor gani sm SPEPRERP, FUR (W, Enf nyminutes.
10 separated n-hexane was analyzed u51ng a gaschromatograph

equipped with an ECD detector. The result as shown in
Fig. 17 indicates that a very high concentration (about
150 mg/kg) of trichloroethylene in the soil could be
decomposed. The above result indicated that purification

15 of a high concentration (about 150 mg/kg) contaminant can
be effected by increasing the amount of the bacterial
mass added or by sequential addition because ﬁhe amount
of trichloroethylene decomposed increases in proportion
to the amount of the bacterial mass added to the soil.

20 Example 12.

To a 100 ml vial which can be sealed with a
Teflon-coated rubber septum was added 30 g of sandy scil
(air-dried) which was artificially contaminated with
trichloroethylene. The microorganism of the present

25 invention was cultured under shaking at 30°C for 3 days
in the NMS medium which had 500 ppm of phenol and 0.05%
yeast extract added thereto, and then was centrifuged to
harvest the cells, which were resuspended into an
appropriate amount of the NMS medium so that the water

30 content in the soil became 25% and the inoculated amount
of bacterial mass became 10° to 10’ cells/g wet soil
after addition of the suspension of the bacterial mass.
After adding the suspension (containing no phenol) of the
bacterial mass to the soil, the vial was sealed with a

35 Teflon-coated rubber stopper, and then allowed to stand
at 30°C for a certain period of time.



m croorganismdifferent fromany of the known m croorganism 30

The m croor gani sm deconposes about 50% of trichl oroethyl ene at high
concentrations of about 100 ppm contam nated in the culture nmedium and
conpl etely de oses about 30 ppmof trichloroethylene in 24 hours. In
order to decoﬁ’g) ®ti chl or oet hyl ene in association 35 wi RGTAPR02872
propagati on of the m croorganism it is né§e§sary to add at | east one
aromati ¢ conmpound such as phenol in the culture medi um (medi um soil,

water, etc.) VO HE¥or, to a 1 n g of the soil
PCT/ JP97/ 02872 - 2595}4 cont al rﬁ ng tr| c or%oel%%aﬁm The m cr.oor gani,sm f or

use in the prestareiaddad i h M I°I S@lﬁRfﬁ%ﬁ‘ r’f&fqrnaﬁﬁf“ée‘éle‘f’éih they gir
reference to thehich|wad nasweamhesugh activatedExaapteal. arditi® d0ofi of

the VS medi um GOPLALIL Nk AW Y3831 &Y 4 &fiednd A0y PR As PhENO!

contained in a | ennmeyer I nocul ated wth pl atinum
| oopful of5the eenifgtes %‘hé’—hﬁ éPBéF@Eh’i’%rﬂ%ﬁhet‘hé%r ége‘h’c"‘*_ﬁfs andyyent i on
t hat had been stpegdvdy gieseagdnoa shekeaforp|idt miahtds 5%gar added to the

NYG nEdiun]Contgéﬁgfgkégx%-hexane was analyzed using a gaschromatograph
equipped with an ECD detector. Time course of changes in
trichloroethylene concentration in the soil was

10 determined by preparing a multiple of samples at the same
time and extracting the entire volume of a part of
samples after passage of a given time, followed by
measurement. They were stored at 4°C until extraction.

The measurement of trichloroethylene concentration

15 in the soil was also conducted using a method indicated
in the Environmental Standard (the Soil Environmental
Standard) related to the contamination of the soil.

Thus, the soil sample and the solvent (hydrochloric acid
was added to purified water and pH was adjusted to 5.8 to

20 6.3) were added at a weight to volume ratio of 10% to an
Erlenmeyer flask with a screw socket having a stirrer
bar, and then the flask was immediately sealed. At this
time, care was taken to make the volume of the mixture be
not less than 500 ml and to minimize the head space in

25 the Erlenmeyer flask with a screw socket relative to the
volume of the mixture. The prepared sample liquid was
stirred continuously for 4 hours with the magnetic bar
keeping the liquid at ordinary temperature and ordinary
pressure.

30 After the sample liquid was allowed to stand for 30
minutes, it was aspirated into a glass syringe. A filter
holder fitted with a membrane filter having a pore size
of 0.45 4 was connected to the syringe and the plunger
was pressed to exclude the air and the initial few ml of

35 the ligquid, and then the filtrate was collected in
fractions into stoppered test tubes, from which an amount

necessary for determination was weighed out and was



ppm phenol, or 1.0 m of the preculture |iquid obtained by culturing

over ni ght under shaking the m croorgani smof the present invention in the
NYG nedi um cont ai ni ng 500 15 ppm of phenol at 30[err]C. After culturing
under shaking at 30[err]C at 130 r.p.m for 3 days, the bacterial nmass was
harvest ed byWad8078% ugati on at 5000 r.p.m for 10 mi nutes aai/PhmI8T2
resuspended into the NVS nmedi um havi ng -adparsount equal to the culture

medi um 20 The OD600, of the suspension was 0.5 (the cell count was
1 x 10[err] c.f.u t he suspensi on of the bacterial nmass was

). 4 of
di spensed in aSZ’G’JPrFt%?aW aFrﬂ?%thsiléhPBrWW%%ﬁpﬁudedTbﬁeﬁ%ﬁ\dﬁ n such
an anmount t hat ast shesanin ig.508 dndB30atedntafdte90al bft BRe2Botal | Ngredi ent s

T o, comt e SISO R g e e MERBETNA Tl .o
cul turing over ME§RE addspien OfcthRdBrckemiangasshe gas phase in the vial
was regul arly anal yzedwiy mevgadelr ehatefsapheauichpesievhsd ¢ 30 ECD
Sonraely oc BEELELIAY M okbeEbfiare ny LGSRl BIELOSLABNAY ., .
such a hi gh coR€efibf R¥HIPTHF 1BYSPHAPANEN BV C-hsp#rids i8ee obgolvealdgy 70% and
50% 35 resp@cthveay d midh pavisicati aMiantih81iost i duLOneent ration
of tr'ChlOroetg%kgﬂso§§%5333Qa§§c§9ya99 gé%%t 18 mg/kg of
10 trichloroethylene in the soil in a day. When the soil
sample at 7 days of standing was measured according to an
analytical method designated by the nation (the
Environmental Standard, the Soil Environmental Standard
related to the contamination of the soil), the
15 concentration of trichloroethylene was below the base
value (0.03 ppm). As a result, it was revealed that
trichloroethylene can be purified to the level which
satisfies the envirommental standard by purifying the
contaminated soil using the microorganism of the present
20 invention. It is generally accepted that the physical
means of treatment such as vacuum extraction is unable to
purify from low concentrations, but the use of the
microorganism of the present invention enables
purification to the level lower than the base value.
25 Example 13.
To a 100 ml vial which can be sealed with a
Teflon-coated rubber septum was added 30 g of sandy soil
(air-dried) which was artificially contaminated with
trichloroethylene. The microorganism of the present
30 invention was cultured under shaking at 30°C for 3 days
in the NMS medium which had 500 ppm of phenol and 0.05%
yeast extract added thereto, and then was centrifuged to
harvest the cells, which were resuspended into an
appropriate amount of the NMS medium so that the water
35 content in the soil became 25% and the inoculated amount

of bacterial mass became 10%® to 10° cells/g wet soil



WD 98/ 07831 PCT/ JP97/ 02872 - 26 -
ppm the amount of trichloroethylene deconposed by the present

m croorgani smwas not reduced as conpared to that when the initial
concentration | or oet hyl ene was 30 ppm indicating th sent
m cr oor gani sm\q'g g'ﬁl}sgpresi stant to decorrpog' tion inhibition %&eﬁ%ﬁﬁ%’ﬁe
presence of a high concentration of trichl #o’ét hyl ene. Since there has been
no reports which denonstrate that as high as 100 ppm of trichl oroethyl ene

was deconposed beQeF‘a?d&&rl%nb?”thé heaJRGRTBASHE ! OFe Al dtdnt a0l mklS . present
10 m croorganismis believed to be extrenel h

¥ h:@g . Ex%g;pl 3 TEe
bacterial mass chfteF afding k sﬁ‘h‘?ep?‘%ﬁ‘rﬂib (§OPFALRIRG %L PPeRRd )N ERR ed by
centrifugati on abadfifial mams torti® soniyt aheamdal heas resslepewdetl 80 each

of the M 15 gs k o &Lhﬁ@éegrdppué[ e%hocﬂ@ntiaﬂrdwedwbeerkﬁererr] 3
g/l, Nad 0.5 g/ err rep are I.n var pH's at an anount
equal to that of2% ¥ &% & FFHE‘?H‘ 91‘P °dor° t hé™8us t8F 1t he

bacteri al mass wasaysizenssd condact@8d rin \byplrodndt $ reltidivaget lsplidneowes
added thereto i Nesufdy dh Heoci AT widiAl cibnbEESTENARrRPM al ter all the

I ngredients were ssol ved 1n the liquid phase. The vial was plugged with a
Tef | on- coat ed bu@?‘FOTFHRPdérl%‘ebf‘uFr‘i‘%\rﬁPls]eal ed with

The byproducts in the soil were analyzed as follows:

10 vinyl chloride, 1,1-dichloroethylene,
cis-1,2-dichlorcethylene, and trans-1,2-dichloroethylene
were analyzed in the method shown in Fig. 19. Dichloro
acetate and trichloro acetate, trichloroethanol, and
hydrated chloral were analyzed in the method shown in

15 Fig. 20, 21, and 22, respectively. The result as shown
in Table 9 indicated that all byproducts were below the
detection limit.

The dechlorination reaction of trichloroethylene

under an anaerobic condition leads to accumulation of

20 dichloroethylenes which is more toxic. It is also known
that the decomposition process under an aerobic condition
starting with formation of trichlorocethylene oxide
produces dichloro acetate etc. as intermediate products.
There was no accumulation of harmful substances on

25 decomposition of trichloroethylene by the microorganism
of the present invention in the soil. Although the
presence of substances other than those measured is
unknown, this technology appeared to be a highly safe
method.
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an alum num cap. After culturing overnight at 30[err] C under shaking, the
gas phase in the vial was regularly analyzed 25 by a gaschromat ogr aph
equi pped with an ECD detector. As shown in Fig. 4, the result indicated
that at pH5 or lower the activity is extrenely decreased, whereas at pH 6
to 9 the efWDOB¥B3Y of deconposition was as high as 100% ®PCAIPHO8EL i vity
decreased very slightly to about 30 - 8@%even at pH 10. Thus, it turned
out that the optimm pH of trichloroethyl ene deconposition by a resting
bacterial mass of the M)7 strain was between 6 and 9, indicating that a
hi gh deconposition activity is exhi bit2BRkExE hi gh 35 pH condi ti ons.

Tri cm or oet Ey: ene O)gggetpr@dufaeglzgay aer obgegudeCoONP QR dt@6n Qfimit

trichl oroet hyl eng, spont.aneously WO 0/83

PCT/ JP97/ 02872 -%ép/”a- Ql&%éé%poses at an%gf‘kdae??%teedenvi rgh?rleﬁf”? pr oduci ng

i nnoxi ous gl yoxyll, t-ddchipreehyle® t he otekrdetesi®d in af-®ciPEBmcondition it
spont anegusly deceapQsesichhoieaiuee halner aiceeteAccor diongl ypmt he aer obi c

deconposi tion of égw_%%e_idgmﬂ;&%&g%Ingn$ﬁpyde%emeﬁr oor g%r_qﬁgg&_s preferably

conducted at an environ € present m croorganismis very
useful for deconpdshicrearestte Not detected 0.05 ppm
Trichloroethanol Not detected 0.01 ppm
Trichloroacetate Not detected 0.05 ppm
10 Hydrated chloral Not detected 0.05 ppm
Ex le 14.

To a 100 ml vial which can be sealed with a

Teflon-coated rubber septum was added 30 g of sandy soil

15 (air-dried) which was artificially contaminated with
trichloroethylene. The microorganism of the present
invention was cultured under shaking at 30°C for 3 days
in the NMS medium which had 500 ppm of phenol and 0.05%
yeast extract added thereto, and then was centrifuged to

20 harvest the cells, which were resuspended into an
appropriate amount of the NMS medium so that the water
content in the soil became 25% and the inoculated amount
of bacterial mass became 10° to 10° cells/g wet soil
after addition of the suspension of the bacterial mass.

25 After plating the suspension of the bacterial mass onto a
petri dish to a thickness of about 1 mm, it was
sterilized under irradiation of a 15 W Ultra violet lamp
with a wavelength of 260 nm for not less than 60 seconds
at a distance of 40 cm from the light source. After

30 adding the suspension (containing no phenol) of the
microorganism of the present invention into the soil, the
vial was sealed with a Teflon-coated rubber stopper, and
then allowed to stand at 30°C for a certain period of
time.

35 Thereafter, to a vial containing 30 g of the soil
were added 50 ml of deionized water aerated with the air
which had been passed through activated charcoal and 10



trichl oroethylene at an al kaline environnment, since it shows a high
deconposition activity at a high pH 10 condition. Exanple 4. The
bacterial mass cultured in the same nethod as in Exanple 2 was harvested by
centrlfugatlon at 00 r.p.m for 10 m nutes and then suspended into the
sane vol une ol o83 he NMVB nedi um as thg culture liquid. THPUP2he
suspensi on of the bacterial nmass was di3p fsed in a 20 M vial and

trichl oroet hyl ene was added thereto in such an anount that it becanme 30 ppm

after all the ipgrgfi eia0e! Cafdli ey athd '}ﬂaliewEEQHéQlé&'asePheﬂ%qa\i' al was
pl ugged 20 wth a Teflon-coated butyl rub

ber g Zﬁgsealed wi th an
al um num cap. IVa§a§°Q&HQF?Fe&nuﬁ rSYHGAYIRY Wagher nEebat b midntessapda: o
di fferent tenpetnée waheshakendial a ceraiesd rfatri A0 mintteshl dleet hyl ene was
regularly rmoni tg&g Meoagxalh)é?zhﬂg e folﬁ@%ﬁsﬁsiﬁgtl@%é’écﬂrd&ﬂ&%ﬁgaﬁ

gaschr onat ogr ap é)
result ind?cat eﬂq‘E-h%He ﬁ@tﬂeéﬁnﬁ%ﬂ?‘iﬁ?tﬁr t r FERFBRHERERM ik af)‘r oceeded
slowy over 7 deypefimeffterin] Ghidh %[arsﬂe@slbheoﬂesmmdﬂzed)n ceased in a

day and the decouposlidopagt! wgﬂc%rye@ﬁ i d?ggté}f‘ fl%t oL wgnd, 80

to 90% was deconposeé err But deconposition
activity was aboediumoseas gﬁ@F“bft%ﬂﬂQﬁrﬂhg Fﬁéﬁeaﬁlgﬁ[¥ﬂ§]RéatHQeaFehﬁerature

of the undergroygd &Rid tNeeNecCagd2RdmiidANAY chl tehédoraetdnfigne etc. is
10 neither increase in turbidity of the culture liguid nor

colony formation were observed, and thereby it was

confirmed that there was complete sterilization. The

result as shown in Fig. 23 indicated that the dead cells

and living cells gave an equal degree of decomposition of
15 trichloroethylene.

Although most of the purification methods using
microorganisms comprise adding living organisms into the
soil, addition of the bacterial mass into the soil is
currently difficult from a viewpoint of public

20 acceptance. It is also being feared that it has a
potential risk of producing a far-reaching effect on the
ecological system by releasing a specific microorganism
into the environment. But the addition of the
microorganism which has completely lost the propagating

25 activity by sterilization treatment is equivalent to that
of mere organic materials, and thus is believed to have
little effect on the ecological system. Therefore an
experiment was conducted in which addition of the
decomposing microorganism sterilized with ultraviolet

30 irradiation into the soil was investigated. The result
indicated that the addition of the dead bacterial mass
proved to be an extremely useful method.

The invention disclosed in Japanese Unexamined
Patent Publication No. 8(1996)-3012 claims that the

35 effect on the ecological system can be minimized by
crushing the decomposing bacteria and then spraying it to
the soil. But, it is readily anticipated that the



causing a problemis said to be stable at 15 to 20[err]C. 35 However, in
nost of the reports on the trichloroethyl ene-deconposi ng m croor gani sns
deconposition activity was evaluated at 30[err]C which is WO 98/ 07831
PCT/ JP97/ 02872 - 28 - higher than the tenperature of the soil, and very few
studi es haveVQ2RBM3t rat ed that deconposition activity at tRETSRIMHER
tenperature as the soil environment was AAintained at a sinmlar level to
that at the evaluation 5 experinments. Since the reaction rate of the

enzymati c reacfion. repr nt,i t j c, reaction _of micraobial
deconposi tion %gg%ﬁr}é) (?2%eéggg?b€j§%%§%acief?°\ﬂ‘ffﬁlﬁgt e?rcf)teerlé i gor éaﬁct I on of
10[err] C, it isortanimated sRad Lpeinofact gdddipydtt berayer exshing

trichl oroet hyl @nemityrdoratiiens Jeakesn érediyd veokeulpiémg, a tiypeirat ure | over
ﬁnhgpoz)rggn?tsn: gg ee\éagllr#lo?\fs%b%%t’gé@ﬁ%l ac\’r/]"t('z,\n ;es z&é%%;?'e’g%?ggg?y%ﬁ;regtct eristics
wi t hout showi nyridandeshylenesoxidiptryaedilvioy seqwige WADR ashe sane
tenperature ascddigzyimd) SRV BHEARESE  chd U Re TBChAY pddiricel s
unknown. et

would be extremely difficult to supply the coenzyme in

the concentration necessary for the decomposition

reaction of the enzyme which was released by crushing the

10 bacterium from the bacterial mass. On the other hand,
the method using the microorganism of the present
invention has no such problems, and enables purification
of trichloroethylene etc. at low cost and with minimum
effects on the ecological system.

15 Example 15.

' To a 100 ml vial which can be sealed with a
Teflon-coated rubber septum was added 30 g of sand grain
soil (air-dried) which was artificially contaminated with
trichloroethylene. The microorganism of the present

20 invention was cultured under shaking at 30°C for 3 days
in the NMS medium which had 500 ppm of phencl and 0.05%
yeast extract added thereto, and then was centrifuged to
harvest the cells, which were resuspended into an
appropriate amount of the NMS medium so that the water

25 content in the soil became 25% and the inoculated amount
of bacterial mass became 10° to 10’ cells/g wet soil
after addition of the suspension of the bacterial mass.
After plating the suspension of the bacterial mass onto a
petri dish to a thickness of about 1 mm, and then

30 sterilized under irradiation of a 15 W ultra violet lamp
with a wavelength of 260 nm for not less than 60 seconds
at a distance of 40 cm from the light source.

After adding the suspension (containing nc phenol)
of the sterilized microorganism of the present invention

35 into the soil, the vial was sealed with a Teflon-coated

rubber stopper, and then allowed to stand at 30°C for a



Exanpl e 5. The bacterial mass cultured in the sanme nethod as in 20
Exanpl e 2 was harvested by centrifugation at 5000 r.p.m for 10 m nutes and
t hen suspended to the sanme volunme of the NM5S nediumas that of the culture

liquid. The s gg@gg of the bacterial mass was placed in a L.di.sh and
Spread to a t#@k lnof about 1 nmand t ﬁ: sterili zeﬁh@é{"%’g
irradiation of a 15 Wultra violet |anp W a wavel ength of 260 nmfor not
| ess than 60 seconds at a distance of 40 cmfromthe light source. 4 m of

the suspension Eb%ho&aéﬁ @il Afebl! tRAE] O&i’&ﬁdi'o%ﬁﬁﬁ}iéﬂelfha 20
m vial and tri chI or oe

I t
That ot hocame Ahenamiat bos 1S in e drenpEoit v Sl SRETPRoTT
i quid phase. TWeoh dls hedievedged ba tlermedet h ons suitadd onuwikhr ubber

septum and seal e\gn\@htﬂaraeta&yawtaec.roa@osmwﬁsw&f@taﬂael q7eadgn ghaking at
30[err]C, and the gas phase in_ t a1 ? ularly analyzed with a
gaschr onat dgr aptt @HdRFpEARRRT htAF 85 1 fed Cto ur%e:gﬂa \ﬁ/‘ Bf'g. 6, the
result shows thaixpgelrdment- iR9whidindther |sabpﬁassomfcnfersn§tre-rllllze§at ion retaine
80% or nore of te ehiiahl ARESTAY | SN RRGRNBESE 160 SCldnd! %0t nk heve

medium was inoculated or the suspension was plated as it

was onto the NYG agar medium and cultured at 30°C,

10 neither increase in turbidity of the culture liquid nor
colony formation were observed, and thereby it was
confirmed that there was complete sterilization.

The result as shown in Table 10 indicated that all
byproducts were below the detection limit. The

15 dechlorination reaction of trichloroethylene under an
anaerobic condition leads to accumulation of
dichloroethylenes which is more toxic. It is also known
that the decomposition process under an aerobic condition
which starts with formation of trichloroethylene oxide

20 produces dichloroacetate etc. as intermediate products.
There was no accumulation of harmful substances on
decomposition of trichloroethylene by the microorganism
of the present invention in the soil. Although the
presence of substances other than those measured is

25 unknown, it was suggested that this technology is a
highly safe method.
TABLE 9
Item to be analyzed Result Detection limit

Vinyl chloride Not detected 0.01 ppm

30 1,1-dichloroethylene Not detected 0.01 ppm
cis-1,2-dichloroethylene . Not detected 0.01 ppm
trans-1,2-dichloroethylene Not detected 0.01 ppm
Dichloroacetate Not detected 0.05 ppm

_ Trichloroethanol Not detected 0.01 ppm

35 Trichloroacetate Not detected 0.05 ppm
Hydrated chloral Not detected 0.05 ppm

CRES i



living bacterium Furthernore, in an experinment in which the suspension of
sterilized bacterial nmass at an anount 5 of 1/100 that of the NYG nedi um
was i nocul ated or the suspension was plated as it was onto the NYG agar

medi um and cultured at 30[err]C, neither increase in turbidity of the

cul ture |i P8R8 col ony formation were observed, and thBFEIRPTETqs
confirnmed that there was conplete 10 - 4&terilization. The residual

activity of the suspension of the sterilized bacterial mass when stored at

4[err] C was al nost_the saqe as that of the living bacterial mass at three
days of storage an%“—%%—ggs‘pensi on had a much higher 15 activity than
that of the |ivindihatl®0 al wask whichevan dgysealedtwidy® The results

&eveal tgaz aggg/mf c%]‘-i&lcﬂ &jubba% St v }m&ésOfadHEQ geagl mcaaefdy_alsomfss is
ecreased to 80% of f Lving bacterial .mass, _a_hi Nty O
deconposi ng tK’PtﬁT%‘F‘d‘?é’ﬁhﬁhé'ﬁg Y'gsr%’f‘é’iﬁ'@d‘ﬁgnc?ﬁemﬁgﬁtﬁ?%&m bact eri al
mass durgng steiclgiorsarhydenel. aTheweicroedigenisn Pﬁ '@}mime;s)er@f the dead
bacterial masg during, i 298 cuB¥a Sifddy isHakdng HLC5OUE Gy and‘ggishou'f

destructing t A8V 50N ary structure such as the“cell wal;s of ?
bacterial nmassrwbk® N¥% medinmcwpich Had A GRFeRE, PRENS P& to retain
coenzynmes et Cyedbi Céxinat addiedethéoetalecnpddeni vas reamtyidhvgsd to

trichloroethylene al GanGeAhLat ,RDSK NRSES S¥hshehaByPIfES 4N of enzymatic
10 appropriate amount of the NMS medium so that the water
content in the soil became 25% and the inoculated amount
of bacterial mass was 10® to 10’ cells/g wet soil after
addition of the suspension of the bacterial mass. After
adding the suspension (containing no phenol} of the
15 microorganism of the present invention into the soil, the
vial was sealed with a Teflon-coated rubber stopper, and
then allowed to stand at 20°C for a certain period of
time.

Thereafter, to a vial containing 30 g of the soil

20 were added 50 ml of deionized water aerated with the air
which had been passed through activated charcoal and 10
ml of n-hexane, and the vial was sealed. The vial was
sonicated in the sonicating washer for 10 minutes and
then was shaken in a shaker for 10 minutes. The

25 separated n-hexane was analyzed using a gaschromatograph
equipped with an ECD detector.

The result as shown in Fig. 24 indicated that
trichloroethylene was decomposed at 20°C to a degree
equivalent to that at 30°C. Since it was suggested that

30 trichlorcethylene is sufficiently decomposed at the
temperature of the soil, the microorganism of the present
invention proved to have a high practical utility as
compared to the others.

Example 17.

35 To a 100 ml vial was added 30 g of sand grain soil

(air-dried) which was artificially contaminated with



activity. Thus, supply of coenzynes for mai ntenance of 30 activity of
trichl oroethyl ene deconposition is not necessary and the spread of the
cultured bacterial mass is only needed. It possible therefore to effect

purification o‘& 3P)8 lCoroethyI ene etc. at low cost and with a m ni num
effect on-the BQ %P system 35 Exanmpl e 6. To 4 MCTHPI70RR2 p

medi um (see Table 7 for its conposition)~™ dﬁhralnlng 0. 05% yeast extract and
500 ppm WD 98/ 07831

PCT/ JP97/ 02872 - ,g&hloqfoeran Rghe! N ﬂ,ezoqlafx%ggm; SPGB allbfiL o0 gani sm

I nocul ated by pic |nun1 00 e Co resent
ni cr oor gani sm f ro& °é‘g<‘§(P5pF‘é %“rpﬁ"‘g padeg B aﬁﬁ%ﬁrﬂf 1 05‘% &9&r 1t 82Y Het NYG
medi um cont ai ni NghesOMSppediun winivandiad GI00bpph NOf Wiadrialg aRd04.05% (t he cel |

count was 10[ errs L8] Ie%gg):togdég@ nq{qugbt ur@hélmﬁ&bgggggg P ul turing

the present m croorgani smin i 'um cont al nj n enol at
30[ err] C over ni gritlufed&f %ﬁéﬁ?rﬁf thay pf7the NMS med1um (or the P PH

medi um Magnesi umediuigt eoheaimtryglrsite ppm, 0.02%, and Om¥ §fCahehem sul fate

0.14 yeast extract, and glucose, respectively in the soil was
added and then added to the soil. The density of the
bacterial mass was set at 10° cells/g wet soil, and the

10 water content set at 25% at the time of culture liquid
addition.

The vial was sealed with a Teflon-coated rubber
septum, and then allowed to stand at 30°C for a certain
period of time. Thereafter, to a vial containing 30 g of

15 the soil were added 50 ml of deionized water aerated with
the air which had been passed through activated charcoal
and 10 ml of n-hexane, and then the vial was sealed. The
vial was sonicated in the sonicating washer for 10
minutes and then was shaken in a shaker for 10 minutes.

20 The separated n-hexane was analyzed using a
gaschromatograph equipped with an ECD detector.

The result as shown in Fig. 25 indicated that
trichloroethylene in the soil similarly decreased from
about 14 mg/kg to about 1 mg/kg in the NMS medium and the

25 PH medium. Due to the addition of phenol into the soil,
autochthonous microorganisms contributed to reduction of
trichloroethylene, but the result indicated a greater
effect came from the addition of strain MO7. Therefore,
it is clear that the possibility can be ruled out that

30 the strain exerts its effect not only in the sterilized
culture medium but also in the natural environment
although autochthonous microorganisms are present. It
was confirmed that the activity of strain MO7 is
sufficiently induced by adding phenol at an amount of

35 about 10° cells/g wet soil even in the natural

environment.



Ferric chl oride hexahydrate 0.02 g Di potassi um hydrogen

phosphat e 1.0 g 15 Ammoni um sul fat e
1.0 g Sodi um chl oride 0.1 g Distilled water
1 liter Trichloroethylene in such an anmount that it becane 20 30 ppm

after all iwgreedissnts were dissolved in the liquid phase sioesmnsnus!y
with the inoculation and 500 ppm of pheg@l~.were added. The vial was pl ugged
with a Tefl on-coated butyl rubber septum and sealed with an al um num cap.
It was cultured under shaking at 30[err]C, and 25 .tl‘l chI or oet hyl ene
concentration was BExagpler LY. nef@EtEuaqBLORN Ok fng falsdiln t he vial

with a gaschromat @grpqalalﬁgﬁl p@@@lﬂm t&f a;lheEeEldﬁye@i OtEhe The phenol
concentration was deéeterm neg % thetcul t ec]l |q%(1 q) WI th a 0.45
[err] filter, ™FRPOXGAPAG™: 8% 1 %"CFsen "vﬁg I”‘%%u‘l’t}ng trate,
sequentially, sﬁbmdﬂbyobaaﬁaaqm@%cﬂgﬂn shabe KereFONTE (.- f%NPgF’yci ne and
1 m of an aqueoys xedUhh@niRbcdt B @A R! kBYE ﬂ@be%ﬁﬂhﬂﬁ%g’f heml mi xed,
and measuring ?n ab orb nce.,at 505 nm The.resul s own IF#@E 8

i ndi cates tha® §§L ?ﬂbu’brg’ptasgﬁq“gﬁsb l?ﬂel?)a% W 4 Fgdde phenol and
trichl oroet hyilene dé&eeasettlmmnmewmsh@onpﬂere$1}aldmg)rﬂ$o§é Cat 31
hours after cyl tyAtd @Nm. |t al@S1iquot of the culture broth was

diluted as appropriate, which was then plated to the

10 plate of the 1/3LB medium containing 1.5% agar. After
cultivating at 30°C the number of cells was counted. The
remainder of the culture broth was plated on a petri
dish, which was then subjected to irradiation of a 15 W
ultra violet lamp with a wavelength of 260 nm under the

15 condition of a irradiation time of 3 minutes at a
distance of 30 cm from the light source.

TABLE 10
The 1/3LB Medium
Tryptone 3.0 ¢g
20 Yeast extract 1.5 g
Sodium chloride 3.0 g

Distilled water 1.0 liter

Then, the culture broth was diluted as appropriate
25 and was plated to the plate of the 1/3LB medium
containing 1.5% agar. After culturing at 30°C the number
of cells was counted to determine the death rate. When
the death rate of 99% or higher was observed, it was
assumed that there was enough mutation. From the culture
30 broth at this point, the desired mutant were selected.
Catechol 2,3-dioxygenase (C230) introduces oxygen
into catechol to form 2-hydroxymuconic acid semialdehyde
by metafission. This product is yellow-colored. When
€230 is expressed after being sprayed, it readily turns
35 yellow. The trichloroethylene degrading enzymes of the
phenol-utilizing trichloroethylene-decomposing bacteria
are known to be the phenol hydroxylase (PH) which convert

| THIS &H RET HAS BEEN
REPLACED

is Sheet Has Been Replaced

T




WD 98/ 07831 PCT/ JP97/ 02872 - 31 -
confirnmed, therefore, that the present m croorganismhas a high activity of
deconposi ng trichl oroet hyl ene when propagated in the presence of an
aromati ¢ conpound such as phenol having the ability of inducing 5

trichl or oet hyWoP80™34\hen conpared to known microorgani sns, RATIPENEIRS
relate to deconposition of trichloroethyl 88e-at a | ow concentration of up
to 10 ppm except for the report that Pseudononas cepacia KKO1 deconposes 30

ppm of trichlorgethy]ene to 15 ' 10 ays and the report that

Al cal i genes eutpgfﬁﬁ%i l@é% ﬁ%ﬁgﬁg?ek%mza&%t)rﬁtr?e&qPé?éht PubT i Cati'on No.
7(1995) - 123976) Beerngmposids d8fpl 985y B0 Shidgdexpgm ®t- ¢ rIchl oroet hyl ene in
4 days. In the gdesespnsit, ggipf71nichégzpethylene by 15 Al cal i genes

eulopus KSOL (Japangse Uexangclal ofio Rilhagats 09 Mo o MRl 433970)

t he anpunt of the nicroor. rsmin cul a he curture
cell s/ m, Shichone egrnan 10whigbsthe¢82XT geme preadircentcrteortgnFPEm

described in Exgampd ecfoughe2360ubte D wdie MRt dirBaeifrimlolN@es ihegnéred for
trichl oroet hyl ene deconq93|t

i nvention is rru%‘ﬁc%’?%cﬁlermlnhlggnf%%?rh%‘{’]re%rg@g{l%aégggI' Zu‘ff%tp%J%%K%(@i?e?%
t heref ore has aPexmerint &joenpar IThe 100, 1995; V. Shingler et al., J.
Bacteriol., 174: 711, 1992)., 1If C230 is expressed in
10 association with the PH, it is possible to select the
strains which express the trichloroethylene-degrading
enzyme using €230 expression as an indicator. The
microorganism of the present invention, when cultivated
using phenol as the only carbon source, decomposes phenol
15 and the culture broth turns yellow with the growth of the
bacterium. This will make said selection method
applicable to the microorganism.

Accordingly, the suspension of the bacterial mass
after mutation was diluted as appropriate and was plated

20 to the plate of the 1/3LB medium containing 1.5% agar.
After cultivating at 30°C for 1 to 3 days, a catechol
solution (0.1% (w/v) ethereal solution) was sprayed.

Then, when the death rate was 99.99%, about 10,000
colonies which appeared after ultra violet irradiation

25 were investigated, which led to selection of 16 yellow
colonies.

After the cononies were cultured in the 1/3LB liquid
medium, it was plated to the plate of the 1/3LB medium
containing 1.5% agar. After cultivating at 30°c, the

30 colonies which appeared were sprayed with a catechol
solution, and yellow colonies were isolated again to
obtain the strains which consititutively express C230.

A platinum loopful of these strains which
consititutively express C230 were picked and inoculated

35 into the M medium (its composition is shown in Table 12)
containing 4 ml of sodium glutamate (0.1%) in a 20 ml
vial. The vial was plugged with a butyl rubber septum
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cost of culturing is reduced, etc. It was also confirmed 25 that the
added and m xed phenol is deconposed to below the | evel of detection,

t hereby presenting little risk of environnental pollution by phenol which
is an environnmental pollutant. The inventors have focused and investi gated
on the 30 WOWBAMWI ng nethod prior to inoculation in orderparareviasmce t he
deconposition activity of a m croorgani-s®0whi ch has the ability of
deconposing trichloroethylene in the soil and thereby to prepare a

m cr oor gani sm hayi n he deconposition activity which can deal with

pol lution at 38nd s ?iﬁ'ffc‘b‘r%bﬁt”r éhl‘ﬁhg‘.’m GRP 3 “%{’égﬂl Fa%et®eRe di scovered
that there is anlbpravednatalddeCoindaktshaking ifor of dape. THMPS/ 07831

PCTI IPSTI 028721 ¢ 31 62 GHAYIA RS ThBALET 11 Ghrl BABUKE Lo gnd g hat the

activity of tr roet hyl"'ene deconposition can be enhanced by sequentially
addi ng an i ndubefam® &R el dVers ditPlderadB thdpl EWd t he present
i nventions ThepphassentAfter dultemtihgnawi30’adwxbe dayse, ful |y explained with

T ueoe o e LR LA 1R BbREen XA R whs WBEGrr Meda il e PH
. 60

medi um cont ai ni ng
Example 6.

TABLE 11
M medium
10 Ammonium nitrate 3.0g9g
Disodium hydrogen phosphate .2 g
Potassium dihydrogen phosphate 0.8 g
Ferrous sulfate (II) heptahydrate 10.0 mg
Calcium sulfate dihydrate 10.0 mg
15 Magnesium sulfate heptahydrate 10.0 mg
' Yeast extracts - 50.0 mg
Distilled water 1.0 litexr, pH 7.0

The result demonstrated that the parent strain MO7
20 decomposed little trichloroethylene, but some of the
strains which consititutively expressed C230 decomposed
52 to 34% of 30 ppm trichloroethylene. These
microorganisms turned out to be a mutant which is derived
from the parent strain MO7 and which can decompose
25 trichloroethylene without requiring phenol.

Then, trichloroethylene decomposition in the soil is
illustrated with reference to an example in which the
strain MO715 which had the highest activity of
decomposing trichloroethylene was used.

30 xample 19. Decomposition of trichloroethylene by a
. constitutive mutant

A soil which was artificially contaminated with
trichloroethylene (11 mg/kg soil) was prepared as in
Example 9. After cutivating the strain MO715 under

35 shaking at 30°C for 2 days in 100 ml of the M medium
containing sodium glutamate (0.1 w/v %), and then was
centrifuged to harvest the cells, which were resuspended



extract and 500 ppm of phenol contained in a 500 mM 10 Erl ennmeyer fl ask
was inoculated a platinumloopful of the colony of the m croorgani smof the
present invention which had been stored by passage on the agar pI ate of

1. 5% agar add %e NYG nmedi um cont ai ni ng 500 ppm phenol, _or n  of
the preculture obt ai ned by 15 cul$#r| ng the mcroo &ﬁ’ﬂ‘f‘%’ t he
present invention in the NYG nedi um contarnthg 500 ppm of phenol at

30[ err] C overni ght under shaking. Wile culturing under shaking at 30[err]C
at 130 r.p.m, tugpididy aﬁypﬂo hsuétaﬁ&de 4 dhangd zl?é}ﬁlﬁ.l PG kART ON

were determ ned in the san The bacteri al

s.as in )
mass in the cul tu‘f’%t%sc‘?f*t‘re\?&stlﬁdtge st‘bﬂt Meragst %ﬁ t’%‘?ﬁfO they m for 10
m nut es and t hen sespspeicedii the bmmmmmmmm amwophenegual to

the cul ture nedi ugy Tg@deqmotgg ggﬂ SUSRERSH Qn g\@ssélal%duRhcgll count was

1 x 10[err] 25 suspensi on of bacterial nmass was
di spensed i a ZOT%fl‘W‘eﬂ"aéﬁ& FPPE‘Fﬂ: “ﬁ'&/laéﬁe“’%sa]a]dﬁ‘(ﬁij t4e S&284i At such
an anount that it3b4cafer %Dcﬁﬁﬁh!\lﬁepezaﬂdd Tolietmerectrﬁrﬁ}ﬁlow&hg}ueﬁelww in

the liquid phase. d ef a

rubber septum andasg% eéfj1 me)cﬂ%n#r’fﬁ%g%atw gﬁ?@ it E%x[%q‘lpcl% b @g err] C
under shaki ng forc‘zht%ﬁ’é'Otf‘hEubﬁ%V%ﬁﬂ%@W 3 ?nelwrsﬂ % Satmlyzém by a
gaschr omat ogr aph m& RPed wnhilyaed BGD deliastias. mdfiwer esul ts are shown in

Fig. 9 to Fiél 11. As a result, after the addition of the suspension of
the bacterial mass of the strain MO715 cultivated with

sodium glutamate, about 35% of trichloroethylene was
decomposed in 12 hours and about 60% in 48 hours. The
strain MO7 grown on sodium glutamate decomposed little
15 trichloroethylene. Thus, it was revealed that the
microorganism of the present invention does not require
phenol for induction and can decompose trichloroethylene
in the soil as well.
From the foregoin it can be concluded that the
20 present invention is an extremely safe technology since
trichloroethylene can be decomposed without spreading
toxic substances such as phenol into the environment.
Reference to the international deposition of
microorganisms under the Budapest Treaty
25 International Depository Authority: National
Institute of Bioscience and Human-Technology Agency of
Industrial Science and Technology
Address: 1-3, Higashi l-chome, Tsukuba-shi,
Ibaraki, 305, Japan
30 Identification Deposition Number Deposition Date

MO7 FERM BP-5624 Aug. 12, 1996
MO715 FERM BP-5928 . Apl. 24, 1997



35 The line graphs in Fig. 9 represent turbidity of the culture liquid
and phenol concentration. The bar graphs WO 98/ 07831

PCT/ JP97/ 02872 - 33 - in Fig. 10 represent the deconposition activity per
unit anmount of the bacterial nmass (specific activity) of the m croorgani sm
of the preswoismmyenti on harvested at respective tine of weahiyeswoegy2 The bar
graphs in Fig. 11 5 represent the dega@nposition activity per unit anount
of the culture liquid (the total activity) of the m croorgani smof the
present invention which was harvested at respective time of culturing. From
the results obtained as above on SERVENGE HIEYING of trichloroethylene ‘
deconposi ti ongegphepspecific activity notably increases fromthe induction

phase to the Logarithmc gro phase, |eveling off thereafter at a certain
| evel . But it Saﬁﬁﬂ%?@er@é‘r'\gggeq after the residual phenol becane zero.
However, the Segauencetixpeasy mgleicragiined at the highest value at the

stationary phagganiiéinddnN@ingaacentration becane around zero. These
observations have,shown that a bacterial mass having a high activity of
trichl or oet hyFBRBIGZELMHFEY on can be obtained by cul turing while

moni tori ng t h#olechlelitypeyf synthetic DNA

Sequence description:
GAGTTTGATC CTGGCTCAG

SEQ ID No: 2

Sequence length: 27

Sequence type: nucleic acid
Strandedness: single
Topology: linear

Molecule type: synthetic DNA
Sequence description:
AGAAAGGAGG TGATCCAGCC GCAGGTT

SEQ ID Nao: 3

Sequence length: 16

Sequence type: nucleic acid
Strandedness: single
Topology: linear

Molecule type: synthetic DNA
Sequence description:
GGCCGGACGG GTGAGT

SEQ ID No: 4

Sequence length: 15

Sequence type: nucleic acid
Strandedness: single
Topology: linear

Molecule type: synthetic DNA
Sequence description:
TACGGGAGGC AGCAG



20 culture liquid and phenol concentration prior to inoculation into the

soil, and termnating the culture at the timng that the increase in
turbidity ceases to enter the stationary phase and phenol concentration
becones al nost_zero. 25 Exanpl e 8. The m croorgani smof the

present inventYOMHE! cultured in a manner similar to Exanpl ECHIRRT@2872
turbidity of the culture |liquid and phenol 38oncentration were neasured in a
manner simlar to Exanple 6. Furthernore, 30 when t he phenol
concentration regghe O n the mddle of culturing 500 ppm of phenol was
added again and cul'ture was continued. The bacterial mass in the culture
was harvested bySeewerss Jgneghat 1%000 r.p.m for 10 minutes and then
resuspended i nt oséfgedddS tpdi: UL EBYid Gacdi an anount equal to that of the

cul ture nmedi um fLh spension was 0.2 (the cell count WO
96/ 07831 $0FardBindel: biRgR PCT/ JP97/ 02872 - 34 - was

2.5 x 10[err] c.Torelagy: lIReasuspensi on of the bacterial mass was
di spensed in a Z@oléculicaltypad syhendtaogiNayl ene was added thereto in such

an anount that iée&ﬁ%ﬁ@@?d§9c9981¥g§¥1 all the ingredients were

GTGCCAGCAG CCGCGCG

SEQ ID No: 6

Sequence length: 18

Sequence type: nucleic acid
Strandedness: single
Topeology: linear

Molecule type: synthetic DNA
Sequence description:
GATTAGATAC CCTGGTAG

SEQ ID No: 7

Segquence length: 18

Sequence type: nucleic acid
Strandedness: single
Topology: linear

Molecule type: synthetic DNa
Sequence description:
ACTCAAAGGA ATTGACGG

SEQ ID No: 8

Sequence length: 16

Sequence type: nucleic acid
‘Strandedness: single
Topology: linear

Molecule type: synthetic DNA
Sequence description:
GCAACGAGCG CAACCC

SEQ ID No: 9



5 di ssolved in the liquid phase. The vial was plugged with a

Tef | on-coat ed butyl rubber stopper and sealed with an al um num cap. After
culturing at 30[err] C under shaking for 24 hours, the gas phase in the vial
was anal yzed by a gaschromat ograph equi pped with an ECD detector. 10

The results WPSSAM3n in Fig. 12 to Fig. 14. The |ine gramcyapwossny. 12
represent turbidity of the culture |iquw ¢d4ard phenol concentration at the
stage of culturing prior to harvesting. The bar graphs in Fig. 13 represent
the specific activity of the mcroorgani smof the present 15 i nvention
whi ch was har véSEEENSE 1@R-%ERt 3% time of culturing. The bar graphs in Fig.
14 represent tlseguehek tgpevirnuclefict heidi croorgani smof the present

i nvention whic t egdk espective time of culturing. When 500 ppm
of phenol was Eﬁ%§§d?§5¥ﬁ§'§ﬂ?ﬁﬂf£ liquid at 20 45 hours of culturing
when the resi df2POpRE¥S|I LHR&e al npst zero, the phenol concentration
decreased agai Modedulleetype Disirithe@fict bDRACUl ture |iquid increased.
Therefore, phengl in.at 69 hours, but neither increase in
turbidity of t%%qg%??ﬁfé§$§L1| oﬁﬁr 25 decrease in phenol concentration
wer e observed. THIARAERGRArGLGRER he activity of trichl oroethyl ene
deconposition, high specific activities were obtained when sufficient
phenol is rena%ghng aﬁogéﬂynd the stationary phase during 41 hours to 60
hours as shown g Ne: I'g. 13, but the specific activity decreased

t hereafter

Sequence length: 1422

Sequence type: nucleic acid

Strandedness:

double

Topology: linear

Molecule type: cDNA

Sequence description:

AACGCTGGCG
GTGGATCAGT
GCGCTGGAAA
AGTTTTICGG
CAAGGCGACA
GCCCAAACTC
GCAGCGACGC
AAGCGAAAGT
TAATACGTAG
TGTCGCGTCT
CTAGAGTGTG
GAGGAACACC
ATGGGGAGCG
TGTGGGACTC
CAGTACGGCC
CATGCGGATT
CTTCCAGAGA
TCGTGTCGTG
AGCACGTCAT
TGACGTCAAA
CAAAGGGCTG
TGGGGTCTGC

GCGTGCTTAA
GGCGAACGGG
CGGCGTCTAA
TTTGGGATGG
ACGGGTANCC
CTACGGGAGG
CGCGTGAGGG
GACGGTACCT
GGTGCGAGCG
GCTGTGAAAA
GTAGGGGAGA
GATGGCGAAG
AACAGGATTA
ATTCCACGAG
GCAAGGCTAA
AATTCGATGC
TGGTTGCCCC
AGATGTTGGG
GGTGGGGACT
TCATCATGCC
CGATACCGCA
AACTCGACCC

CACATGCAAG
TGAGTAACAC
TACTGGATAT
GCTCGCGGCC
GGCCTGAGAG
CACCAGTGGG
ATGACGGCCT
GCAGAATAAG
TTGTCCGGAA
TCCGGGGCTC
CTGGAATTCC
GCAGGTCTCT
GATACCCTGG
TTCCGTGCCG
AACTCAAAGG
AACGCGAAGA
CTTTGGGTCG
TTAAGTCCCG
CATGGAAGAC
CCTTATGTCT
AGGTGGAGCG
CATGAAGTCG

TCGAACGGTG
GTGAGCAACC
GTGACGGACC
TATCAGCTTG
GGCGACCGGC
GAAATATTGC
TCGGGTTGTA
CACCGGCTAA
TTATTGGGCG
AACCCCGGAC
TGGTGTAGCG
GGGCCACTAC
TAGTCCATGC
CAGCTAACGC
AATTGACGGG
ACCTTACCAA
GTATACAGGT
CAACGAGCGC
TGCCGGGGTC
TGGGCTTCAC

AATCCCCAAA

GAGTCGCTAG

AAGCTTGGAG
TGCCCCAGAC
TGCATGGGTA
TTGGTGAGGT
CACACTGGGA
ACAATGGGCG
AACCTCTTTC
CTACGTGCCA
TAAAGAGCTT
TTGCAGTGGG
GTGAAATGCG
TGACGCTGAG
CGTAAACGTT
ATTAAGCGCC
GGCCCGCACA
GGCTTGACAT
GGTGCATGGT
AACCCTCGTT
AACTCGGAAG
GCATGCTACA
AAACCGGTCT
TAATCGCAAA

CTTGCTTCGA
TCTGGAATAA
CCGTCTGGAA
AATGGCTCAC
CTGAAACACG
AAAGCCTGAT
AGCAGGGAAG
GCAGCCGCGG
GTAGGCGGTT
TACGGGCAGA
CAGATATCAG
AAGCGAAAGC
GGGCGCTAGG
CCGCCTGGGG
AGCGGCGGAG
ATACCGGAAA
TGTCGTCAGC
CTATGTTGCC
AAGGTGGGGA
ATGGCCGGTA
CAGTTCGGAT
TCAGCAACGC

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320



when phenol concentration decreased. \When phenol was added at 93 hours,
both the anount of the bacterial mass and the specific activity decreased.
However, during the period from 93 hours to 114 hours when there was

resi dual 35 henol , the specific activity was higher than during 45
hours to 69 &@"ﬁﬂen nost of the phenol was deconposed. P 7831
PCT/ JP97/ 02872 - 35 - On the other hand:- Phe-total activity was the highest
at 60 hours when both of the amount of the bacterial mass and specific

activity \Aerﬁ'cdabwm r;rcemét&g GEE'H'GE‘Q&A%A&%&&&(;&%’AA@T&C&A MRerftcefeiadohan when
phenol is added turing.

Next
trichl oroet hﬁ‘éﬁ%‘;“dé&&ﬁﬁwp?q MCQCHT?WeGWf‘ C\FFI"I'C be expl ai ned wi t$#2
reference to the foll ow ng exanpl es. Exanple 9. 10 To a 100 m vi al
was added 30 g of sandy soil (air-dried) which was artificially
contam nated with trichloroethylene. The m croorgani smof the present
i nvention was cul tured under shaking at 30[err]C for 3 days in 1.5 nm, 4.5
m, 7.5mM, 15 m, or 30 M of the NM5 15 medi um whi ch had 500 ppm of
phenol and 0. 05% yeast



extract added ther et ogy;a8idetHicBeeBeplcant ri f uged to harvest the cells, which
were resuspended into anount of the NMS nedium so that the
wat er content in the sqw after addition of the 20 suspensi on
of the bacterial nass. g the suspension (containing no phenol)

of the bact VP8¥0Mss to the soil, the vial was seal ed wi t RCEIFIOR®- coat ed
rubber septum and seal ed with an al um ni%n-<ap, and then allowed to stand

at 30 [err]C for a certain period of tinme. 25 Thereafter, to a vial
containing 30 g of the soil were added 50 of deionized water aerated
with the air which had been passed thr ctivated charcoal and 10 m of

n- hexane, and then Xhe W dactasiwveathidch Tlas thel fabbowiony galoperithes he

soni cati ng wash f O m nutes and ..t he s shaken in a shaker for
10 m nut es. Tf@{’%hé)géhét ed n- hexane \/\ggc?ﬁ’gf yrfgds\ﬁgg‘fd?lg a gaschr omat ogr aph
equi pped with SAECEAHEP®ctor. The redult as shown in Fig. 15 indicated
that trichl or ospbyd eosmidgconposition and the density of the bacterial mass
correl ated unt imlou?ﬁty the density of _the bacterial mass reached 2.5 x
10[err] cfu/g wet soil (15 m of the culture liquid), but it becane WO

98/ 07831 Relationship to oxygen aerobic PCT/ JP97.02872 36 -
Oxidase test - f%?ﬂs SHEET HAS BEEN
Catalase test + REPLAGED
10 Resistance to acid - .
Rod-coccus cycle +

Aerial mycelium formation -

Peptide glycan type of cell meso-diaminopimelic acid
wall

15 Glycolyl test - {acetyl type)
Mycolic acid -
Major iseprenoid guinones MK-9, MK-9 (H2) (traces)

GC content of DNA (mole2)
73 (by HPLC)

20 and, which can decompose trichloroethylene.
2. A bacterium according to claim 1 which is
strain MO7 (FERM BP-5624).
3. A method for decomposing organic halogenated
compounds and/or aromatic compounds, comprising
25 subjecting said organic halogenated compounds and/or
aromatic compounds to the action of a bacterium according
to claim 1 or 2.

4. A method according to claim 3 wherein the
organic halogenated compound is trichloroethylene and the
30 aromatic compound is a phenolic compound.
5. A method for decomposing organic halogenated

compounds in the soil, waste waters, or other waste
products containing organic halogenated compounds,
comprising adding a culture of a bacterium according to
35 claim 1 or 2 to the soil, waste waters, or other waste
products.
6. A method according to claim 5 wherein the

I



saturated at about 5 x 10[err] cfu/g wet soil (30 m of the culture |iquid)
or higher. Therefore, it was reveal ed that when the m croorgani smof the
present invention is used to deconpose trichloroethylene the density of the
5 bacterial_mass _of about 2.5 x 10[err] cfu/g wet soil is_nost suitable
and that the m'€ ﬂ%nisn1of t he present invention has a chRFLATR0E | ¢
whi ch enabl es an estimation of a m ni munrafdunt of bacterial mass required
for purification of a given concentration of a 10 contam nant in the

soil. Exanmple 10 vi-aly MaﬁﬁﬁHQP 3 ﬁ@gﬂﬁ, I i ried)
whi ch was artifi?:f%?’llf/c(]‘}%git mnnlgt ed w tr,iqcshlggrg%)g{' ylen .li%lﬁeaga tnd

ni cr oor gani sm of Cehen¥R it cydtured Ragkerdal,gelist t ured under shaking at

30[err]C for 3 days in. 7.3 metabdt aechddE me dicuplalim ch drad Sherepm ah phenol

and 0 0% yeast exbiacic WPSuACIE! Saaditd 1oByYERLEGMLGRE 0o g vest

the cells, which were | ; I nto an_appropriate anount of " the
NVB medi um®0  cabtuming thee ohpér thmtkanterialhguk®ire becane 25% aft er
addition of the suspegsi om akethbe decdedim) tonesailf 1 afheaddinngatibe

suspensi on (contﬂniéﬁc?%ﬁgng%)%%kﬁ ﬁqgkeg%%m.s to the soil, the
u

vial was sealed Wih a -coa ber “sep and sealed with an
al uni ni um 25 cap, &nd #hagthrHodgerEbing dedany BD[@AiPe Botoabeertain

period of time. wherein an degradable carbon source is added to a culture
10 medium for use in culturing to obtain the bacterial
culture.
10. A method according to claim 9 wherein the
degradable carbon source is glucose.
11. A method according to any of claims 5 to 10
15 wherein the culture is a cultured bacterial cells.
12. A method according to claim 11 wherein the
cultured bacterial cells are living bacterial cells.
13. A method according to claim 11 wherein the
cultured bacterial cells are sterilized cultured
20 bacterial cells.
14. A method according to claim 13 wherein the
sterilization treatment is ultraviolet irradiation.
15. A method for decomposing organic halogenated
compounds in the soil, waste waters, or other waste
25 products containing organic halogenated compounds,
comprising the steps of inoculating a bacterium according
to claim 1 or 2 to the soil, waste waters, or other waste
products, adding an aromatic compound, an degradable
carbon source, or a mixture thereof to the soil, waste
30 waters, or other waste products, and then culturing said
inoculated microorganism.
16. A method according to claim 15 wherein the
organic halogenated compound is trichloroethylene.
17. A method according to claim 15 or 16 wherein
35 the aromatic compound is a phenolic compound and the
degradable carbon source is glucose.
18. A method for decomposing organic halogenated

ey



Thereafter, to a vi aIThISGhHeﬂﬂdaB%R%Q of the soil were added 50 m of

dei oni zed wat er aerat?’ ”m! \/\h%cetwhq {b@ QEQ ssed t hrough
Int '

activated charcoal e vial was seal ed.
The vial was sonicate ) m nutes and t hen was
shaken in aWaPEB1for 10 mi nut es The separ at ed n- hexane RERIPITRBYZed
usi ng a gaschromat ograph equi pped with a8 €CD detector. The result as shown

in 35 Fig. 16 indicates t hat when the bacterial nass corresponding to
7.5 mM of the cultur ?d was added W08/ 073
PCT/ P97/ 028780TPesds 8rt Br?’h"et’s%ﬂmﬁq‘ié‘dérf Y’EFE‘F\W Brerddddffosi ti on

was equal to whbtutdsd Mtesn.aal cedbbs abra edicandirggnism IGapdble dfhe cul ture

liqui d was adés.s'o.egoém@ e@e}hawnnaiégérﬁat@df fcbﬁBan&Q ShPRY .-&f?mficaddi tion
t he amount 5 of cul ture | or oet hyl ene

necessar decoppose, tri
cont ai ned in F‘H‘&P%‘Hfﬁsamsnétlgﬁ‘gg% $oiaFk é‘r“rréh&f orfanighgde ‘%ﬁﬂiﬁ‘?ﬁi needed
(the actmial auumpnunﬁstdmd/onnth@nawnmntrnanbmpsundse than a feM/dozen

nferr]), and the gfac mﬁﬁl@@saoa‘ %P‘H%p%@lgglsgaatsﬁ§@%

cul tured and adde e soll. 1t was rev C at se entlal addltlon
of the ni crooF@BERRWIASENAYRT pREYRAfic compounds in the soil, waste

waters, or other waste products containing organic
halogenated compounds and/or aromatic compounds, in which

10 a sterilized cultured bacterial mass of a microorganism
capable of decomposing said organic halogenated compounds
and/or said aromatic compounds is added to said soil,
waste waters, or other waste products.

20. A method according to claim 19 wherein the

15 sterilization treatment is ultraviolet irradiation.

21. A method according to claim 19 or 20, wherein
the aromatic compound is a phenolic compound and the
organic halogenated compound is trichloroethylene.

22. A decomposition agent for organic halogenated

20 compounds and/or aromatic compounds, comprising a
bacterial culture according to claim 1 or 2.

23. A decomposition agent according to claim 22
wherein the culture is cultured bacterial cells.

24. A decomposition agent according to claim 23

25 wherein the culture is living bacterial cells.

25. A decomposition agent according to claim 23
wherein the cultured bacterial cells are sterilized
bacterial cells.

26. A decomposition agent according to claim 25

30 wherein the sterilization treatment is ultraviolet
irradiation.

27. A decomposition agent according to any of
claims 22 to 26 which is in the form of dried bacterial
cells.

35 28. A bacterium having the decomposition activity
of organic halogenated compounds and/or aromatic
compounds in the presence or absence of induction of an

R O R



i nvention gives the sane effect as t hat obt ai ned when the required
acterial mass is addekis StiectélagBegniBeplacksn. Therefore, by adding a smal |

b
anount of the culture liji peatedly the m croorgani smof the
present invention can \

n

“ t area of the contam nated site for

whi ch one-t i WO %8s e infusion of the bacterial mass iRETREUBT: ent .
Exanple 11. 20 To a 100 m vi al- B@s-added 30 g of sand grain soil
(air-dried) which was artificially contam nated with trichl oroethyl ene at

the desired concentratjons. The caoncentration of t.he i Nant.. i n the
soil was set atorﬂﬁ‘f‘lﬁoi,’ag%?enf{}tid gﬁﬁpﬁgﬁgﬁ%ﬁ%&?ﬁ%&%mggrg o?ggﬁiésnm of the 25
present i nvent isyeomagiccobmpowdl umhdchshagteivm igopbtajieakde BY days in 15,

30, and 45 m QfylsRecANVE FBshB MhinCBcbasa Y Rpmiefimphess! a anstfk (hP6 yeast
extract added t#gbeto%nd t he centri%g@ed to harvest the cells, which

hen .was ,
ver e resuspendddFSPENEna3H @ﬁ%eﬁiéoﬁnﬁﬁﬂ?e S'he NMB nedi um 30 so that
t he wat er scont ent i @9t heAshadteydmanecesds ity cho addiim 38 whi¢hels @Pensi on
of the bacteri tfgqismoﬁge(laggpig@gsgbg)suspensi on (contai ning no phenol)

of the bacterial nass to the sojl, the vial was sealed with Tef |l on- coat ed
rubber septum and séQI'edAvﬂ‘?frf“’éfn U APRPIRYSENS °0TgaR1c, ai?ﬁ%r'\a%f‘% owed to

stand at 30 [ erdonpohndsaanéfdmiaropatiodcofpounds chmprdehngt glbdwing a

bacteri al ”asst%%tgggum according to claim 28 or 29 to act on the

10 organic halogenated compounds and/or aromatic compounds.

31. A method according to claim 30 wherein the
organic halogenated compound is trichloroethylene and the
aromatic compound is a phenolic compound.

32. A method for decomposing organic halogenated

15 compounds in the soil, waste waters, or other waste
products containing organic halogenated compounds,
comprising adding a culture of a bacterium according to
claim 28 or 29 to the scil, waste waters, or other waste
products.

20 33. A method according to claim 32 wherein the
organic halogenated compound is trichloroethylene and the
culture is cultured bacterial cells.

34. A method according to claim 32 or 33 wherein no
aromatic compound is added to the culture medium for use

25 in culturing to obtain said bacterial culture.

35. A method according to any of claims 32 to 34
wherein an degradable carbon source is added to the
culture medium for use in culturing to obtain said
bacterial culture.

30 36. A method according to claim 35 wherein the

' degradable carbon source is glutamic acid.

37. A method according to any of claims 32 to 36
wherein the culture is cultured bacterial cells.

38. A method according to claim 37 wherein the

35 cultured bacterial cells are living bacterial cells.

39. A method according to claim 37 wherein the
cultured bacterial cells are sterilized bacterial cells.

[Hts SHEET HAS BEEN
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WD 97/ 07831 PCT/ JP97/ 02873 - 38
- soil 9.4 x 10[err], 1.9 x 10[err] and 2.8 x 10[err] cfu/g wet soil for

15, 30, and 45 m of the culture liquid, respectively. Thereafter, to a
vial containing 30 g of the soil 5 were added 50 ml of deionized water
aerated wit W@PROTBYHr which had been passed through activat eQT/apsa0286al and
10 m of n-hexane, and then the vial wast&eal ed. The vial was sonicated in
t he sonicating washer for 10 m nutes and then was shaken in a shaker for 10

m nutes. The 10 separat ed n-hexane was anal yzed using.a
gaschr onat ogr aph edSi-pp d’“?\ﬂ?fpaa}?c[?&}l&gt §8t 8?‘:"}/‘% rwzss%%tma%h%hom in Fig.
17 indi cat es tdt®Eridigetyohi yreatmrndntisavilonay hbbet LH@AigLEgn. of

trichloroethylene iyg thg sethod ot deRoAPEANRESEEGanTite nahoyenkesdl t
i ndi cat ed thatﬁp h,concentr ggout 150 ng/ kQg)

urification 15 .. of a _hi tion
cont ani nant ¢ “l?@ué‘fiFe&Pe&‘%ys?Hc’r é’f?itﬁg%f“ﬁgrﬁﬁo%toatd'rertﬂ’ Scterial nass
added or sby sqpwsiucital cedtiaining egrndie thhdogenated afontpouadser oet hyl ene
deconposed | NGIG3951hE PROPOELL DL ArblE13TRHE s HaddizRACKELL A1 dE1SS
added to the (Si%:l ng g lsE%zarrp.l e g gg g 300 Vi al WFII C @n be
seal ed with a treflgimcd8t el 2 UL AR ER a2 IR IRFSy OF SEheY soi |
waste products, adding an degradable carbon source to
said soil, waste waters, or other waste products, and
10 then culturing the inoculated microorganism.
42. A method according to claim 41 wherein the
organic halogenated compound is trichloroethylene.
43. A nmethod according to claim 41 or 42 wherein
the degradable carbon source is glutamic acid.
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(air-dried) which was artificially contam nated with trichl oroethyl ene. The
m cr oorgani sm of the present 25 -~invention was cul tured under shaking at
30[err]C for 3 days in the NV5 nmedi um whi ch had 500 ppm of phenol and 0. 05%
yeast extract _ added thereto, and then was centrifuged to harvest the cells,

whi ch were r &4, ed into an appropriate amount of the NMECHERM8%0 t hat
the water 30 content in the soil becane 25% and the inocul ated anmount of
bacterial mass becane 10[err] to 10[er2& cells/g wet soil after addition of
t he suspension of the bacterial nmass. er addi ng the suspension

(contai ning no phenol) of the bacteri al 2dss to the soil, the vial was
sealed with a 35 Tef | on-coat ed rubber stopper, and then allowed to stand
at 30[err]C for a certain period of tine. WO 98/ 07831

PCT/ JP97/ 02872 - 39 - Thereafter, to a vial containing 30 g of the soi
were added 50 ml of deionized wat ep=~agratedqwith the air which was passed
t hrough activated charcoal and 10 b s hdxane, and the vial was seal ed.
The vial was 5 sonicated in the soniTati ng washer for 10 m nutes and
then was shaken in a shaker for 10 m nutes. The separated n-hexane was
anal yzed usi ng a gaschromat ogr aph

0.0212
0.0039 MO7
0.0018l 0.0 Terrabacter tumescens
0.0017 5o7ze M- sedimentalis
0 01:2'025—0 A.liquefaciens (DSM 20638)
0.0012 g M- lacticum (DSM 20427)
00756 C.-michiganense (DSM T483)
0.0083 0.0022 .
0.0131 [ A.cerinus
00030 Agromyces ramosum
0.0010 . 50055 C-citreum (DSM 20528)
0.0207 C.flavigena
0.{005% _ '
00014 5535 Promicromonospora citrea
OLE Dermatophilus congolensis
0.loom 0.0300 g 1inens (DSM 20425)
0.00hs 50236 BF16RNA B.luteus
0.0791 Actinomyces viscosus

0014 . .
0.00 — 0.0 A.globiformis

0.0057

0.0289 Renibacterium salmoninarum



equi pped with an ECD detector. Tinme course of changes in trichloroethylene
concentration in the soil was 10 determ ned by preparing a nultiple of
sanples at the sanme time and extracting the entire volunme of a part of
sanpl es after passage of a given tine, foll owed by nmeasurenent. They were
stored at 4[e%9 5| extraction. The measurement of trichPEFERNMBIENe
concentration 15 in the soil was al so conducted using a nethod indicated
in the Environnental Standard (the Soil Environnental Standard) related to
the contam nation of the soil. Thus, thaQ/smil sanpl e and the sol vent
(hydrochloric acid was added to purified@8& er and pH was adjusted to 5.8
to 20 6.3) were added at a weight to volune ratio of 10%to an

Erl enmeyer flask with a screw socket having a stirrer bar, and then the
flask was i medi ately sealed. At this tinme, care was taken to nmake the

vol ume of the m xture be not |ess than 500.mM and to m nim ze the head
space in 25 the Erlennmeyer flask with a screw socket relative to the
vol ume of the mixture. The pregared sanple |iquid was stigyed contBnuously
for 4 hours with the nmagnetic gar keeping the liquid @o{f’b‘dl nary &
tenperature and ordi nary,pressgre. 30 After thg san@:e liqe d was

allowed to stand for 30 nut eg, it was aspirated iq(%toza a8k -3yrenga. A
filter holder fitted wt ar‘regbranemfilter havi gg@re%nigeﬁf '__'.455;
[err] was connected to t syrgnge agd thegpl unggr 8 — = 9 g §
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was pressed to exclude the air and the initial fewm of 35 the liquid,
and then the filtrate was collected in fractions into stoppered test tubes,
from whi ch an anount necessary for determ nation was wei ghed out and was
WD 98/ 07831 PCT/ JP97/ 02872 - 40 -
subj ected to ARWYBL by gaschromat ography. The result as sTPGRAPI2ERg. 18
i ndicated that 90% of the total trichloroethylene in the soil was

deconposed in a day after addition of the bacterial mass. 5 It was
reveal ed therefore that the nmethod of @A fying trichloroethyl ene by adding
the microorganismof the present invent/@3into the soil is a technol ogy

whi ch has a high purification ability al nost equal to deconposition
capacity of about 18 ng/ kg of 10 trichloroethylene in the soil in a day.
When the soil sanple at 7 days of standing was neasured according to an
anal ytical nethod designated by the nation (the Environnental Standard, the
Soil Environnmental Standard related to the contam nation of the soil), the
15 - concentration of trichloroethylene was bel ow the base val ue (0. 03
ppm. As aresult, it was revealed that trichloroethyl ene can be purified

to the | evel which
Fig.3
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satisfies the environmental standard by purifying the contam nated soi
using the m croorgani smof the present 20 - invention. It is generally
accepted that the physical neans of treatnment such as vacuum extraction is
unable to purify fromlow concentrations, but the use of the m croorgani sm
of the presenwo9smassli on enables purification to the | evel |BRIPITHER t he
base val ue. 25 Exanple 13. To a 100 m vial which can be seal ed
with a Tefl on-coated rubber septum was added 30 g of sandy soil (air-dried)
which was artificially contam nated mﬁtgky¢ichloroethylene. The

m croor gani smof the present 30 i nvefiRilon was cul tured under shaking at
30[err]C for 3 days in the NM5 nmedi um whi ch had 500 ppm of phenol and 0. 05%
yeast extract added thereto, and then was centrifuged to harvest the cells,
whi ch were resuspended into an appropriate anmount of the NMS nedium so that

the water 35 content in the soil becanme 25% and the inocul ated anount of
bacterial nass becane 10[err] to 10[err] cells/g wet soil - 41 - after
addition of the suspension of the bacterial mass. After adding the
suspensi on (containing no phenol) of the bacterial nmass to the soil, the

vial was sealed with a

Fig.4
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Tefl on-coat ed rubber stopper, and then allowed to stand 5 at 30[err]C
for a certain period of tine. Thereafter, analysis was conducted on
byproducts which are said to be formed in association with
trichIoroethyhﬁnﬁpﬁﬁﬁonposition in the soil. The byproducts in the soi

were anal yzed as ows: 10 vinyl chloride, |, 1-dichl or oRETHPIEHRET?
cis-1,2-dichloroet hyl ene, and trans-1, 2-di chl oroet hyl ene were anal yzed in
the nethod shown in Fig. 19. Dichloro acetate and trichloro acetate,

trichl oroethanol, and hydrated chl oral re anal yzed in the nmethod shown in
15 Fig. 20, 21, and 22, respectively he result as shown in Table 8

i ndicated that all byproducts were bel ow the detection |imt. The

dechl orination reaction of trichloroethyl ene under an anaerobic condition

| eads to accunul ati on of 20 di chl oroet hyl enes which is nore toxic. It
is al so known that the deconposition process under an aerobic condition
starting with formation of trichloroethyl ene oxide produces dichloro
acetate etc. as internediate products. There was no accunul ati on of harnfu
subst ances on 25 deconposition of trichloroethylene by the m croorgani sm
of the present invention in the soil. Al though the presence of substances
ot her than those neasured is unknown, this technol ogy appeared to be a

hi ghly safe method. .
Fig.b
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WD 98/ 07831 PCT/ JP97/ 02872 - 42

- TABLE 8 Itemto be anal yzed Resul t Detection limt Vinyl

chl ori de Not detected 0. 01 ppm 1, 1-di chl or oet hyl ene Not
detect ed 0.01 ppm5 ci s-1, 2-di chl or oet hyl ene Not det ect ed

0. 01 ppm t r aWe980m3Hi chl or oet hyl ene Not det ect ed 0. 01 pdifTIPIT2E72

Di chl oroacet ate Not detected 0. 05 ppm Tri chl or oet hano

Not det ected 0. 01 ppm Trichl oroacet at e Not detected 0. 05
ppm 10 Hydrated chl oral E/Not det ect ed 0. 05 ppm Exanpl e
14. To a 100 m vial which can be seal @d23ith a Tefl on-coated rubber septum

was added 30 g of sandy soil 15 (air-dried) which was artificially
contam nated with trichl oroethyl ene. The m croorgani smof the present

i nvention was cul tured under shaking at 30[err]C for 3 days in the NVS
medi um whi ch had 500 ppm of phenol and 0.05% yeast extract added thereto,
and then was centrifuged to 20 harvest the cells, which were
resuspended into an appropriate anount of the NVMS medi um so that the water
content in the soil becane 25% and the inocul ated anmount

Fig.6
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of bacterial nmass became 10[err] to 10[err] cells/g wet soil after addition
of the suspension of the bacterial mass. 25 After plating the suspension
of the bacterial mass onto a petri dish to a thickness of about 1 mm it
was sterilized under irradiation of a 15 WU tra violet Iaqp 2%&@P9Q

wavel engt h oWOS8873m for not |ess than 60 seconds at a di st 0 cm
fromthe light source. After 30 addi ng t he suspensi on (containing no
phenol ) of the mcroorgani smof the present invention into the soil, the
vial was sealed with a Teflon-coated r er stopper, and then allowed to
stand at 30[err]C for a certain period/R3ine. 35 Thereafter, to
a vial containing 30 g of the soil were added 50 ml of deionized water
aerated with the air which had been passed through activated charcoal and
10 WD 98/ 07831 PCT/ JP97/ 02872 -
43 - m of n-hexane, and then the vial was sealed. The vial was sonicated
in the sonicating washer for 10 m nutes and then was shaken in a shaker for
10 mi nutes. The separated n-hexane was anal yzed using a gaschromat ograph 5
equi pped with an ECD detector. Furthernore, in an experinment in which the
suspensi on of sterilized

Fig.7
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bacterial mass at an anmount of 1/100 of that of the NYG nmedi um was

i nocul ated or the suspension was plated as it was onto the NYG agar nedi um
and cultured at 30[err]C, 10 neither increase in turbidity of the
culture liquid nor colony formati on were observed, and thereby it was
confirned thatOPHEB was conplete sterilization. The resul t PEIIBHOMT2I n
Fig. 23 indicated that the dead cells and living cells gave an equal degree

of deconposition of 15 trichl oroet hyl ene. Although nost of the
purification methods using nicroorganisgp/conprise addi ng living organi sns
into the soil, addition of the bacteriaV Z8ss into the soil is currently
difficult froma viewoint of public 20 acceptance. It is also being

feared that it has a potential risk of producing a far-reaching effect on
t he ecol ogi cal system by releasing a specific mcroorganisminto the
environment. But the addition of the m croorgani smwhich has conpletely

| ost the propagating 25 activity by sterilization treatnent is

equi valent to that of mere organic materials, and thus is believed to have
little effect on the ecol ogical system Therefore an experinment was
conducted in which addition of tiencécooneeritrgtionr bppmkni sm sterilized

with ultraviolet 30 irrediatied intod4he sold was jpvestigated. The
result indicated that the @dditi & of tke deadChactercal mass proved to be
an extrenely useful methodr —— " T — ' p———
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The invention disclosed in Japanese Unexam ned Pat ent Publication No.
8(1996)-3012 clains that the 35 effect on the ecol ogi cal system can be:
mnimzed by crushing the deconposing bacteria and then spraying it to the
soil. But, it _is readlly anticipated that the WO 98/ 07831

PCT/ JP97/ 0287WOIBAML spraving of a |arge mass of deconposi MG TR Rum to

the contamnated soil is in fact difficult because crushing of

m croorgani snms takes extensive equipnent, a lot of tine and | abor. The
known enzynes whi ch have 5 trichlorogf Iene oxidizing activity require
NAD as a coenzynme. But because the coen B8 is very expensive, it would be

extrenely difficult to supply the coenzyne in the concentrati on necessary
for the deconposition reaction of the enzynme which was rel eased by crushing
t he 10 bacterium fromthe bacter] nass On the other hand, the nethod
usi ng the m croorgani smof the presEﬁ g;/ on has no such problens, and
enabl es purification of trichloroethylené é&'c. at | ow cost and with m ni mum

effects on the ecol ogi cal system 15 Exanple 15. To a 100 m via
whi ch can be sealed with a
=3
2F 1 600 é%
' 1500 &
" Phenol 1 ¥E;
concentration 1400 @
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Tefl on-coat ed rubber septum was added 30 g of sand grain soil (air-dried)
which was artificially contamnated with trichl oroethyl ene. The

m croorgani sm of the present 20 i nvention was cul tured under shaking at
30[err]C for_3 days in the NM5S nmedi um whi ch had 500 ppm of ﬁ%ﬁﬁ? d 0.05%
yeast extracWOM®! t hereto, and then was centrifuged to harves € cells,
whi ch were resuspended into an appropriate anount of the NVS nedi um so that
the water 25 content in the soil becane 25% and the inocul ated anount of
bacterial mass becane 10[err] to 10[ef§%/bells/g wet soil after addition of
t he suspension of the bacterial mass. 28r plating the suspension of the
bacterial nmass onto a petri dish to a thickness of about 1 mm and then 30
sterilized under irradiation of a 15 Wultra violet lanp with a wavel ength
of 260 nmfor not |ess than 60 seconds at a distance of 40 cmfromthe

| i ght source. After adding the susggnﬁi GEoTtaining no phenol) of the
sterilized m croorgani smof the prdse tggnv ntion 35 into the soil, the
vial was sealed with a Tefl on-coated rubber stopper, and then allowed to
stand at 30[err]C for_a - 45 - certain period of time. After that,

trichl oroethylene inihe soil was allowed to be deconposed and the

byproduct s 53120 5
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B
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which is believed to be fornmed in association with trichloroethyl ene
deconposition were analyzed in a 5 simlar manner to Exanple 13.
Furthernore, in an experinment in which the suspension of sterilized
bacterial mass at _an anount of 1/100 of that of the NYG nedj -

i nocul at ed o™A¥& Y spensi on was plated as it was onto the agar medi um
and cultured at 30[err]C, 10 neither increase in turbidity of the
culture liquid nor colony formati on were observed, and thereby it was
confirmed that there was conplete sterll¥zation. The result as shown in
Table 9 indicated that all byproducts 23 bel ow the detection linit. The
15 dechl orination reaction of trichloroethylene under an anaerobic
condition | eads to accunul ati on of dichl oroethyl enes which is nore toxic.
It is also known that the deconposition process under an aerobic condition
whi ch starts with formation of tricF rgjhﬂ ée oxi de 20 pr oduces

di chl oroacetatg etc. as internediate gr ¢ts.” There was no accunul ati on of
har nful substamt@ on deconposition of trichloroethyl ene by the

ni cr oor gani sm &f @ AB0pFesent invention in the soil. Although the presence
of substances @t her than those neasured is 25 unknown, it was suggested
that this tech®ekbgy is a highly safe method. TABLE 9 Itemto be anal yzed
Resul t Degg ion |imt
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Vi nyl chloride Not detected 0.01 ppm 30

1, 1-di chl oroet hyl ene Not detected 0. 01 ppm

cis-1, 2-di chl oroet hyl ene Not detected 0.01 ppm

trans-1, 2-di ctﬂ,&w@k%yl ene Not detected 0. 01 ppm Di chl oroacet at e

Not det ect ed “05 ppm Tri chl or oet hanol Not det BEFVIRYTN2872 o o)
ppm 35 Tri chl or oacet at e Not detected 0. 05 ppm Hydr at ed
chl oral Not detected 0. 05 ppm WO 98/ 07831

PCT/ JP97/ 02872 - 46 - Exanple 16. To a 1 m vial which can be sealed with
a Tefl on-coated rubber septum was added (Q@gcﬁ sandy soil (air-dried)

which was artificially contamnated with 5 trichl oroethylene. The

m croorgani sm of the present invention was cultured under shaking at
30[err]C for 3 days in the NMS nedi um whi ch had 500 ppm of phenol and 0.05%
yeast extract added thereto, and then was centrifuged to harvest the cells,
whi ch were resuspended into an 10 appropriate anount of the NMS nedi um
so that the water content in the soil became 25% and the inocul ated anount
of bacterial mass was 10[err] to 10[err] cells/g wet soil after addition of
t he suspension of the bacterial mass. After

Fig.15
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addi ng the suspension (containing no phenol) of the 15 m cr oor gani sm of
the present invention into the soil, the vial was sealed with a

Tefl on-coat ed rubber stopper, and then allowed to stand at 20[err]C for a
certain peri Ljre. Thereafter, to a vial containing 30 SOi
20 wer e agggg&g%&ﬂf of deionized water aerated with the 5??8&%%@ﬁnhad
been passed through activated charcoal and 10 ml of n-hexane, and the vial
was seal ed. The vial was sonicated in the sonicating washer for 10 m nutes
and then was shaken in a shaker for 10 t/rfutes. The 25 separ at ed

n- hexane was anal yzed using a gaschrona oaaaph equi pped with an ECD
detector. The result as shown in Fig. 24 indicated that trichl oroethyl ene
was deconposed at 20[err]C to a degree equivalent to that at 30 [err]C.

Since it was suggested that 30 trichloroethylene is sufficiently
deconposed at the tenperature of the soil, the m croorgani smof the present
I nvention proved to have a high practical utility as conpared to the
ot hers. Exanple 17. 35 TOFE qugn1 | was added 30 g of sand
grain soil (air-dried) which was afrtitixyatl ontam nated with
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The method of addition

&=

1. The MOT culture liquid (15ml) suspended in the
NMS medium was added at one addition.

2. Not added.

3. The MOT culture liquid (7.5ml) suspended in the
NMS medium was added twice.

(Total volume added is 15ml)

4, Not added.

5. The MOT culture liquid (7.5ml) suspended in the
NMS medium was added.

6. The MOT culture liquid (7.5ml) suspended in the
NMS medium was added at one addition (the final water
content was adjusted to be 2594).



WD 98/ 07831 PCT/ JP97/ 02872 - 47
- trichloroethylene. The m croorgani smof the present invention was

cul tured under shaking at 30[err]C for 1 day in the NMS nedi um whi ch had
500 ppm of d 0.05% yeast extract added thereto. T l'iquid
at a5 VO ﬁﬁ@bﬁspl/loo of that of the NVS nmedi um (or thgeﬁéﬁké%ﬁgn)
cont ai ning 500 ppm 0.02% and 1 mM of phenol, yeast extract, and gl ucose,
respectively in the soil was added and then added to the soil. The density
of the bacterial mass was set at 10[eﬂg}/ ells/g wet soil, and the 10

wat er content set at 25%at the tinme o Zélture liquid addition. The vial
was sealed with a Tefl on-coated rubber septum and then allowed to stand at
30[err]C for a certain period of time. Thereafter, to a vial containing 30
g of 15 the soil were added 50 ml of deionized water aerated with the
air which had been passed through activated charcoal and 10 m of n-hexane,
and then the vial was sealed. The vial was sonicated in the sonicating
washer for 10 m nutes and then was shaken in a shaker for 10 m nutes. 20
The separated n-hexane was anal yzed usi ng a gaschromat ograph equi pped with
an ECD detector. The result as shown in Fig. 25 indicated that
trichloroethylene in the soil simlarly decreased fromabout 14 ng/kg to
about 1 ng/kg in the NM5 nedium and the

Fig.17
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25 PH nmedium Due to the addition of phenol into the soil,

aut ocht honous m croorgani sns contributed to reduction of trichloroethyl ene,
but the result indicated a greater effect cane fromthe addition of strain
MD7. Therefor LI..kS clear that the possibility can be rul g t 30
the strain ef&??g&?%§ effect not only in the sterilized cuI? F@H#Q m but
al so in the natural environnent although aut ochthonous m croorgani sns are
present. It was confirned that the act'gity of strain M)7 is sufficiently

i nduced by addi ng phenol at an anount //35 about 10[err] cells/g wet
soil even in the natural environnent. 2348 - Exanpl e 18. Construction of
a constitutive nutant A platinumloopful of the colony of the m croorgani sm
of the present invention which had been stored by passage on the agar plate
containing 1.5% agar 5 was pi cked and inoculated to a test tube
containing 2 m of the 1/3LB nmedium (its conposition is shown in Table 10).
After cultivating overnight under shaking at 30[err]C at 130 r.p.m, an
aliquot of the culture broth was diluted as appropriate, which was then
plated to the 10 plate of the 1/3LB medium containing 1.5% agar. After

Fig.18
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cultivating at 30[err] C the nunber of cells was counted. The remai nder of

the culture broth was plated on a petri dish, which was then subjected to

irradiation of a 15 Wultra violet lanp with a wavel ength of 260 nm under

the 15 condition of a irradiation tine of 3 mnutes at a .BﬁﬁmﬁﬁzOf 30
cm fromthe IVQ#8®83rce. TABLE 10 The 1/3LB Medi um Trypt on&

3.0 g 20 Yeast extract 1.5 g Sodi um
chl ori de 3.0 g Distilled water

1.0 liter Then, the culture broth was 6t ed as appropriate 25 and was
plated to the plate of the 1/3LB nediu taining 1.5% agar. After

culturing at 30[err]C the nunber of cells was counted to determ ne the
death rate. Wen the death rate of 99% or hi gher was observed, it was
assuned that there was enough nutat i ni onfrgi culture 30 broth at
this point, the desired nmutant werelsellesyed techol 2, 3-di oxygenase
(C230) introduces oxygen into catechol to form 2-hydroxynuconic acid
seni al dehyde by Tegtabresedme This product is yellowcolored. Wen C230 is
expressed after being sprayed, it readily turns 35 yel l ow. The
trichl oroet hyl ene degradi ng enzynmes of the phenol -utilizing

trichl or oet hyl ene- deconposi ng gﬁ[ ertLaS are_RkRngwn to be the phenol
hydr oxyl ase (PH) whi ch convert] 2U§ 0L »pecimen

500ml of Purified water

Stir for 4 hours,extract,filtrate

Aliquot 40ml

< 14g of Sodium chloride

Dispense in 65ml vial and seal
]
Shake
|
Heat at 50C in water bath for 30minutes

Inject 2ml of Head space gas into
Mass fragment chromatography

2. Operating conditions for gas chromatograph-mass
spectrometer
Instrument: Shimazu Corp. GC-MS QP-1100EX
Column: 259 Silicone DC-550/Chromosorb WHP 80 to 100 mesh
glass tube, 3mmX2.6m
Temperature: Injection port 250,
colum 60C (retain Tmin) ~»
150%C (10 /min temperature increase)
Gas flow rate: Helium 40ml/min
Temperature of ionization source: 250C
Separator temperature: 2507
Tonization potential: TOeV
Ionization method: EI
Preset Mass number: 62,64 (vinyl chloride)
96,98 (1,1-dichloroethylene,
cis-1,2-dichloroetylene and
trans-1,2-dichloroetylene)



- 49 - phenol into catechol (M Fujita et al., J. Fernment. Bioeng., 79:
100, 1995; V. Shingler et al., J. Bacteriol., 174: 711, 1992). An exanple
has been known that C230 is expressed by 5 one operon in which the C230
gene is adja t he PH gene though C230 itself was not

i nvol ved in &ﬁ@hﬂ%@%nposition of trichloroethylene (M Fujiﬂgﬁgﬁﬁé%vz J.
Fernment. Bioeng., 79: 100, 1995; V. Shingler et al., J. Bacteriol., 174:
711, 1992). If C230 is expressed in 10 association with the PH, it is
possi ble to select the strains which ééb/bss t he

trichl oroet hyl ene-degradi ng enzyne usi 926230 expression as an indicator.
The m croorgani smof the present invention, when cultivated using phenol as
the only carbon source, deconposes phenol 15 and the culture broth turns

yellow with the growh of the bagﬂéqi ;2!3 wi |l rmake said sel ection

met hod applicable to the m croor anisgle di ngly, the suspension of the

bacterial nma r | was diluted as appropriate and was plated 20
T TeRE HOREUE]

to the plate of nmedi um containing 1.5% agar. After cultivating at
30[err] Cfor 1 to 3 days, a catechol solution (0.1% (wWv) ethereal

sol ution) was sprayed. 50g of Specimen

<~ 500ml of Purified water

Stir for 4 hours,extract,filtrate

|
Aliquot 50ml
<+equal volume of sulfuric acid

< Sodium chloride
tert-butyl methyl ether

Shake

1
tert-butyl methyl ether layer

< Sodium sulfate anhydrous

Dehydrate
|
Aliquot 2ml

Diazomethane solution

Allow to stand for 30 minutes -
1
Gaschromatography

2. Operating conditions for gascliromatography
Instrument: Shimazu GC-144
Detector: ECD
Column: VOCOL, 0.53mmX30m
Temperature: Injection port 2007 ,detector 230C
column 50%C (retain imin) —
130T (3T /min temperature increase)
Gas pressure: Carrier gas (helium) 0.5kg/cm?
Makeup gas (nitrogen): 0.Skg/cm?



Then, when the death rate was 99.99% about 10, 000 col oni es whi ch appeared
after ultra violet irradiation 25 were investigated, which led to
selection of 16 yellow colonies. After the cononies were cultured in the
1/3LB liquid i it was plated to the plate of the 1/3LB nedi um
cont ai ni ng Liﬁ%“%@%% After cultivating at 30 [err]C, the 3gcmmng i es
whi ch appeared were sprayed with a catechol solution, and yellow col oni es
were isolated again to obtain the strains which consititutively express
C230. A platinumloopful of these stral whi ch consititutively express
-C230 were picked and inocul ated 35 23 o the M medi um (its conposition
is shown in Table 11 containing 4 mM of sodiumglutamate (0.1% in a 20 m
vial. The vial was plugged with a butyl rubber septum WO 98/ 07831

PCT/ JP97/ 02872 - 50 - and sealed with an al um num cap, which was then
cultivated at 30[err] C under shaking for 2 days. Then trichl oroethyl ene was
added in an anobunt so that it becane 30 ppm when all were dissolved in the
liquid 5 phase. After culturi .at_30[4gr&] C for 5 days,

trichl oroet hyl ene concentration dggldgger ngd as in

1. Test procedure

50g of Specimen

=— 500ml of Purified water
Stir for 4 hours,extract,filtrate

|
Aliquot 20ml
Sodium chloride
< tert-butyl methyl ether

Shake
|
tert-butyl methyl ether layer
I

Gaschromatography

2. Operating conditions for gaschromatography
Instrument: Shimazu GC-14A
Detector: ECD
Column: VOCOL, @0.53mm X30m
Temperature: Injection port 200°C,detector 230C
' column 40C (retain 6min) —

85C (3 /min temperature increase)
Gas pressure: Carrier gas (helium) 0.Skg/cm?
Makeup gas (nitrogen): 0.%g/cm?



Exampl e 6. TABLE 11 M nedi um 10 Ammoni um nitrate

3.0 g Di sodi um hydrogen phosphate 2.2 g Potassium di hydr ogen
phosphat e 0.8 g Ferrous sulfate (I1) heptahydrate 10.0 ny
Cal ci um sul f ' rate 10.0 ng 15 Magnesi um sul f at e
hept ahydr at 6%899)0%9 10.0 my Yeast extracts PCTARIIOBR 5
ng Distilled water 1.0 liter, pH 7.0 The result

denonstrated that the parent strain M7 20 deconposed little

trichl oroet hyl ene, but sone of the strdBps which consititutively expressed
C230 deconposed 52 to 34% of 30 ppmtri 3roet hyl ene. These ni croor gani sns
turned out to be a mutant which is derived fromthe parent strain M)7 and

whi ch can deconpose 25 trichl oroet hyl ene without requiring phenol. Then,
trichl oroethyl ene deconposition in the soil is illustrated with reference
to an exanple in which the strain M)715 which had the highest activity of
deconposi ng trichl oroet hyl ene was used. 30 Exanpl e 19.

Deconposi tion of trichloroethylene by a constitutive nutant A soil which
was artificially contaninated mﬁtF:ﬁii quﬁﬁ?hylene (11 ng/ kg soil) was
prepared as in .

1. Test procedure

50g of Specimen
< 500ml of Purified water

Stir for 4 hours,extract,filtrate
|
Aliquot 20ml
Sodium chloride

tert-butyl methyl ether

Shake
]

tert-butyl methyl ether layer
1

Mass fragment chromatography

2. Operating conditions for gas chromatograph-mass
spectrometer

Instrument: Shimazu Corp. GC-MS QP-1100EX
Column: DB-1, ©0.53mm X30m

Temperature: Injection port 2507, column 507C
Gas flow rate: Helium 20ml/min '
Temperature of ionization source:250C
Separator temperature: 250°C

Tonization potential: TOeV

Ionization method: EI

Mass number:82



Exanple 9. After cutivating the strain M)715 under 35 shaki ng at
30[err]C for 2 days in 100 m of the M nmedi um containing sodi um gl utamate
(0.1 wv %, and then was centrifuged to harvest the cells, which were
resuspended WO 98/ 07831 _

PCT/ JP97/ 0287W09847831 i nt o an appropriate amount of the M nmedCHPE¥P2Rat t he
wat er content in the soil becane 25% After the suspension of the bacterial
mass (containing no phenol) was added to the soil, the vial was sealed with
ab Tefl on-coat ed rubber septum and allowed to stand at 30[err]C for
a certain period of time. TrichloroethyVedd was anal yzed in a met hod
simlar to that in Exanple 9. The culture broth cultivated on phenol and
the strain M)7 were al so analyzed in a simlar manner. 10 As a
result, after the addition of the suspension of the bacterial nass of the
strain MD715 cultivated wth sodi um gl utamate, about 35% of

trichl oroethyl ene was deconposed in 12 hours and about 60%in 48 hours. The
strain MD7 grown on sodi um gl utanat e deconposed little 15

trichl oroethylene. Thus, it was reveal ed that the m croorgani smof the
present invention does not require phenol for induction and can deconpose
trichl oroet hyl ene

Fig.23
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in the soil as well. Fromthe foregoin it can be concluded that the 20
present invention is an extrenely safe technol ogy since trichl oroethyl ene
can be deconposed wi thout spreadi ng toxic substances such as phenol into

t he environ erence to the international deposition %
nicroorganigﬁglﬂéﬁélthe Budapest Treaty 25 : Interng Tiapeazsm2
Depository Authority: National 1nstitute of Bioscience and

Human- Technol ogy Agency of Industri al 5 i ence and Technol ogy Address: 1-3,

H gashi 1-chone, Tsukuba-shi, I baraki Japan 30 | dentification
Deposition Nunber Deposition Date M FERM BP- 5624

Aug. 12, 1996 M)715 FERM BP- 5928 Apl . 24, 1997 WO
98/ 07831 PCT/ JP97/ 02872 - 52 -
SEQUENCE LI STING SEQ I D No: 1 Sequence |ength: 19 Sequence type: nucleic
acid Strandedness: single Topol ogy: |inear

Fig.24
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Mol ecul e type: synthetic DNA Sequence description: GAGITTGATC CTGECTCAG SEQ
I D No: 2 Sequence |length: 27 Sequence type: nucleic acid Strandedness:

si ngl e Topol ogy: linear Ml ecule type: synthetic DNA Sequence descri ption:
AGAAAGGAGG T GCAGGIT SEQ I D No: 3 Sequence | ength; ce
t ype: nucleigwi randedness: single Topol ogy: |inear Nbfé%ﬂﬁg%#gge:

synt heti ¢ DNA Sequence description: GECCGGACGG GTGAGT SEQ I D No: 4 Sequence
| engt h: 15 Sequence type: nucleic acid §trandedness: si ngl e Topol ogy:
| i near Mol ecul e type: synthetic DNA Se%/%?fe descri ption:

Fig.25
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TACGGGAGGC AGCAG WD 98/ 07831
PCT/ JP97/ 02872 - 53 - SEQ ID No: 5 Sequence length: 17 Sequence type:

nucl eic acid Strandedness: single Topology: |inear Ml ecule type: synthetic
DNA Sequence description: GIGCCAGCAG CCGCGCG SEQ ID No: 6 S '2§ﬁngth:
18 Sequence tYPE¥Wdt| eic acid Strandedness: single Topol ogy: |Inear

Mol ecul e type: synthetic DNA Sequence description: GATTAGATAC CCTGGTAG SEQ
I D No: 7 Sequence length: 18 Sequence E%fe: nucl eic acid Strandedness:

single ,423

Fig.26
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Topblogy:‘linear Myl ecul e tybe: synt heti c DNA Sequence descripﬁ%@ﬁlﬁqc}‘ﬂ_

ACTCAAAGGA ATTGACGG SEQ I D No: 8 Sequence | ength: 16 Sequence type: nucleic
acid Strandedness: single Topol ogy: |inear #blecule type: synﬂ i c DNA
Sequence descri ption: GCAACGAGCG CAACCC SEQ ID No: 9 WO 98/ 07831

PCT/ JP97/ 02872 - 54 - Sequence |length: 16 Sequence type: nucleic acid
Strandedness: sipigh@déopaekoflYcxrbbgahidhé OFi Eht YRR dSYOhPEEe Cokdith fequence

description: TGmAQAgenatggxgggbougééEgggh gg trichloroethylene in a more
efficient manner than the conventionally known
microorganisms, and a method for decomposing organic

5 halogenated compounds utilizing said microorganism. It

is another object of the present invention to provide an
inexpensive method for minimizing the effects on the
ecological system after a specific microorganism has been
released to the environment.

10 After intensive studies to solve the above-mentioned
problems the inventors have successfully isolated a new
microorganism which does not belong to any of the known
genera of microorganisms and which has a very high
ability of decomposing trichloroethylene as compared with

15 any of the conventionally known microorganisms, and
thereby completed the present invention.

Thus, the present invention prov1des a bacterlum

which has the following taxonomical properties:

_ TABLE 1
20 Morphology Coccoid, rod shaped
Gram staining +

Spore forming -

Motility _ - REPLACEMENT SHEET

Relationship to oxygen aerobic
25 Oxidase test - 0 ¢ Jut 1893
Catalase test +

Resistance to acid -

Rod-coccus cycle +
Aerial mycelium forming -
30 Peptide glycan type of cell meso-diaminopimelic acid
wall
Glycolyl test - {acetyl type)

Mycolic acid -
Major isoprenoid quinones MK-8 (H4)

35 GC content of DNA (moleZ)
' 73 (by HPLC)

and, which can decompose trichloroethylene. A

0{5)‘/‘0 _l 6‘1@ ’~cl
NESACH



Sequence | engt h: 1422. Sequence type: nucleic acid Strandedness: double
Topol ogy: |inear Ml ecule type: cDNA Sequence description: AACGCTGGCG
GCGTGCTTAA CACATGCAAG TCGAACGGTG AAGCTTCGRAG §TIGCTTCGA 60 GTGGATCAGT
GCCAGMCGEG TGAGTAACAC GTGAGCAACC TGCCCCAGAC TCTGGAATM 120 GCGCTGGAAA
CGGCGTCTAA TACTGGATAT GIGACGGACC TGCATGGGTA CCGTCTGGAA 180 AGITTTTCGG
TTTGCCGATGG GCTCCERECab TAIGAG T He cbhgoaNgGE AR HESrHeAhy 1242 .CAARECméEhod

ACGGGTANCC GGCCTGAGAG CACACTGGGA CTGVACACG . .30 %g%&
CTACGGGAGG CACCAST % l&é&&F(ﬁé‘@éé’“RA&éc%i&f &‘?g’o n

CCCGTGAGGG ATGACEKGAIGp1d AGCGT TGTA AACCTCTTTC AGCAGEGMG 420 AAGCGAAAGT

G3TGOOAGES. TTGT COCCAR THATT AL RAAGR G FATAGGEAEr o 438 Hércoocrcr
GCTGTGAAAAS T CCCAGEETOMIAROCEEEM rEI8BAGTGGG TACGGGCAGA 600 CTAGAGTGTG

GIAGGGGAGA CTGGAATTCC TGGTGTAGCG GTGAAAT TATCAG 660 GAGGAACACC
GAT.GECGMG GCAGGTCTCT GGGCCACTAC TGACCCT. GC 720 ATGGEGCGAGCG

AACAGGATTA GATACHGT£Ha1d£GT CCATGC CGTAAAGGddo 1d3CkSdCER ¥ed 780 TGIGGGACTC
ATTCCACGAG TT GCCG, CAGCTAACGC ATT CCCECCTGEEG 840 CAGTACGGECC
GCAAGGCTAA MCT E% SAAPPRACGEG CA AGCGECGGAG 900 CATGCGGATT
MITCGATGC AACGCG;SA@% AGEhACCAA GGCTTGAGAT ATACCGGAAA 960 CTTCCAGAGA -+

TGGTTCCCC CT TT% ATACAGGT GGIGCATGGT TGICGT
AGATGT TGGG TTAAGT GCGC AACCCTCGIT CTATGIT

GGTGGGGACT CATGGARAEVECT GCCB3BETC AACT CGEARMB IAAGGT
TCATCATGCC CCTTAbAdake TdedCTTCAC GCATGCTACA AT

Catalase test +

Resistance to acid -

15 Rod-coccus cycle +
Aerial mycelium -

Peptide glycan type of cell meso- -diaminopimelic acid
wall

Glycolyl test - (acetyl type)
20 Mycolic acid -

Major isoprenoid quinones MK-8 (H4)

GC content of cellular DNA

(moleZ) 73 (by HPLC)
25 Furthermore, strain MO7 has the following
properties.
Color of colonies No characteristic colony color formed

Elongation of cells -
surrounding colony

30 Arabinogalactan polymers of - (#1)
' cell wall

#1: Estimated using an acid hydrolysate of the whole
bacterial mass o
35 The morphological and physiological characteristics
of strain MO7 were investigated and the results obtained
are shown in the above Table 2. Based on the results
de§cribed above identification of the strain was



CAAAGGGCTG CGATACCGCA AGGTGGAGCG AATCCCCAAA AAACCGGTCT )

TGGGGTCTGC AACTCGACCC CATGAAGTCG GAGTCCCTAG TAATCGCAAA
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CAAGTCACGA AAGTITCGGTA 1380 ACACCCGAAG CCGGTGECCC AACC

55 - TGOGGTGAAT ACTTTCCOGE GACTTGTACA

1422 - 56 - ClpldBdial xeapéca}f{ér%gg%%gdi%&heré A

Mor phol ogy

occol Gram st al n| ng

Spore form ng Mithe tyrichloroethylene-dgganpeoisinip q@mwérpf theer obi c
Oxi dase test Catal fsfnd @Sdcterium. Furthéinore, RESiad Qél&%ﬁi%ékﬁi din which

Rod- coccus cycl e

type of cell mesothe ﬁwmq ©ESgterilized bacterial mass at an

5

10

15

20

25

30

35

+ Aeri al nycellun1fornat|on Pept.i de qﬂycan
ount

of 1/100 that of the NYG medium was inoculated or the
suspension was plated as it was onto the NYG agar medium
and cultured at 30°C, neither increase in turbidity of
the culture liquid nor colony formation were observed,
and thereby it was confirmed that there was complete
sterilization.

The residual activity of the suspension of the
sterilized bacterial mass when stored at 4°C was almost
the same as that of the living bacterial mass at three
days of storage and said suspension had a much higher
activity than that of the living bacterial mass at seven
days of storage. The results reveal that although the
initial activity of the dead bacteriél mass is decreased
to 80% of the living bacterial mass, a higher activity of
decomposing trichloroethylene is retained than the living
bacterial mass during storage because of a lower
reduction in activity of the dead bacterial mass during
storage.

By sterilizing a microorganism without destructing
the boundary structure such as the cell wéll of a
bacterial mass with the extracellular environment, it is
possible to retain coenzymes etc. which are required for
decomposition reaction of trichloroethylene at
concentrations necessary for expression of enzymatic
activity. Thus, supply of coenzymes for maintenance of
activity of trichloroethylene decomposition is not
necessary and the spread of the cultured bacterial mass
is only needed. It possiﬁie therefore to effect
purification of trichloroethylene etc. at low cost and
with a minimum effect on-the ecological system. . -

Example 6.
To 4 ml of the PH medium (see Table 7 for -its

T

coﬁposition) containing 0.05% yeast extract and 500 ppmﬂ



wal | 15 G ycol yl test - - (acetyl type) Mycolic acid Mjor
| Seprenoi d qui nones MK-8 (H4) GC content of DNA (noleZ) 73 (by. HPLC) 20
and, which can deconpose trichloroethylene_ g3 - A bacteriumaccording to
claiml which is strain M7 (FERM BP-5624). 3. A met hod for deconposing
organi ¢ hal ogenat ed conpounds and/or aronatic conmpounds, conprising 25
subj ecting sai d EHY Gdi OUSN A £ HOBUBPES /Y tHO FRICte S IPMAKES. t 0
the action of a bhacteriumaccording to claiml or 2. 4. A th%%

accordi ng to cl aifiteiudding tthe UFRens ien d@m&%@ﬁ@ of the

trichl oroet hyl engpatitdriz Hhss tAMHEAISIILICOMHRING J1S wasperiled wiapaund.

5. A net hod for conposi organi c hal o enated ! the 0l
wast e wat'ers, dfﬁé’fn 'égjplrdg%)ﬁrs B:zﬂﬂ 3’%‘ ﬂﬁweéienaote and
conpounds, sorrpr i B3y “‘Wdiory a cadtiaime p@‘rmd)axﬂ emmm\ atdtherdiafgem 35

claiml or 2 to the 50|I wast e ' ot her t r.ed
met hod accor di ng a&n&xlé(l d] mé)rn\(gfl%xnet[eﬁ on byprodu\@%% R R0 UGS sdidtd be

formed in assoc1at10n with trichloroethylene
decomposition in the soil.
The byproducts in the soil were analyzed as follows:

10 vinyl chloride, 1,1-dichloroethyiene,
cis-1,2-dichloroethylene, and trans-1,2-dichloroethylene
were analyzed in the method shown in Fig. 19. Dichloro
acetate and trichloro acetate, trichloroethanol, and
hydrated chloral were analyzed in the method shown in

15 Fig. 20, 21, and 22, respectively. The result as shown
in Table 8 indicated that all byproducts were below the
detection limit. '

The dechlorination reaction of trichloroethylene

under an anaerobic condition leads to accumulation of

20 dichloroethylenes which is more toxic. It is also known
that the decomposition process under an aerobic condition
starting with formation of trichloroethylene oxide
produces dichloro acetate etc. as intermediate products.
There was no accumulation of harmful substances on

25 decomposition of trichloroethylene by the microorganism
of the present invention in the soil. Although the
presence of substances other than those measured is
unknown, this technology appeared to be a highly safe
method.
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VO 98/ 07831 | PCT/ JP97/ 02872 - 57 -
of gani ¢ hal ogenat ed conpound S trlchloroethylene and the culture is a

cul tured bacterial cells. 7. A nethod accogding to claim5 or 6 wherein
an aromati c conpound is added to a culture nediumfor use in 5 cul turing
to obtain the bacterial culture. 8. A met hod according to claim7 wherein

sai d_aromati ¢ coEaUhr NP HAATPHEL: Thac ACHEUHIGRARANALS %

any of clainms 5 tQ 8 wherein an degradabl e carbon source is a

cul ture 10 rredmﬁn%rr J&s i3t layRdytionpa segempasech @nsh dher bxpreguctse.
10. A nethod acceflidly itsp pdigidRed Weeri Fdrieddaer &@%@c&a&abbpm&aurce i's

gl ucose. 11. A nethod .acco of ¢clains 5 to .wherein the

culture is a cul ttlﬁlé‘ eé&\ g%“@eldlag’mfﬁ’s%&lﬁé’t H&F S, (?&?Tlﬁlzﬁ& 28 & ai m 11

wherein the5cultunmdjbacmemndr<ndIExampid|r3|nthammemm@keqehhsan13 A

met hod accordi ng o m, 1L wh n | tured bacterial. IIs are
e?d'%lentba(?t wh a;h t:th:%I s %?EnsAon A5 e% 15%e

sterilized cul t urét net’ho accor |ng to claim
13 wherein the stedterial mastsr et Aonamosng| Dfali/dl06t oifr thditabifolthel BYGA

met hod for deconﬂ&ﬁhﬂ&xgk&aQB%cni ann%Ee@he suspension was plated as it
was onto the NYG agar medium and cultured at 30 °c,

10 neither increase in turbidity of the culture liquid nor
colony formation were observed, and thereby it was
confirmed that there was complete sterilization.

The result as shown in Table 9 indicated that all
byproducts were below the detection limit. The

15 dechlorination reaction of trichloroethylene under an
anaerobic condition leads to accumulation of
dichloroethylenes which is more toxic. It is also known
that the decomposition process under an aerobic condition
which starts with formation of trichloroethylene oxide

20 produces dichlorocacetate etc. as intermediate products.
There was no accumulation of harmful substances on
decomposition of trichloroethylene by the microorganism
of the present invention in the soil. Although the

presence of substances other than those measured is

25 unknown, it was suggested that this technology is a
highly safe method.
TABLE 9
Item to be analyzed Result Detection limit
Vinyl chloride Not detected 0.01 ppm
30 1,1-dichloroethylene Not detected 0.01 ppm
cis-1,2-dichloroethylene Not detected 0.01 ppm
trans-1,2-dichloroethylene "wNot detected 0.01 ppm
Dichloroacetate Not_detected' : 0.05 ppm
Trichloroethanol Not detected 0.01 ppm
35 Trichloroacetate Not detected 6.05.ppm

Hydrated chloral Not detected 0.05 ppm. -~



conpounds in the soil, waste waters, or- other waste 25 products
cont ai ni ng organi ¢ hal ogenat ed conpounds, conprising the steps of

i nocul ating a bacteriumaccording to clain114§r_2 to the soil, waste
wat ers, or other waste products, adding an aromati c conpound, an degradable
carbon source, or a mxture thereof to the soil, waste 30 wat ers, or

other waste products, g3agd$en gCul twnishguRdiibn BFCH 2badtTketqIAlis
A nmet hod according to clarm, erelrn € of gani ¢ hal ogenat ed comnmpoun
trichl oroet hyl ene. 17A Rlggdpya deepidilngtt §be srArny 8F thewherein 35
the aromatic Conﬁﬁﬁﬁ@okga%iﬁheﬁq|tﬁeCQEB%%&Q_iﬂ@ehh&oﬁeﬁhidﬁbhﬁdCBééﬁn
source is glucose. 18. net hod for de onp05|n% organlc hal Qgenat g - 58
- conpounds and/ §tOXeGnBYi Pas§RESuREs thgnagarn PLaLF; FPREgLNd Ht&rg agar

bacterial clls ehsapickedoagdniaocadptelde tof adeestpeabagcongatining 2 ml
el ogenat o oD Ry U™ 190k BEATEN, {4FBTRRHESR bR hE S Aob OB RABIL
the sterilizatiomnggf. t A€tewl tuleédvbadingr bakrad¢ghs usdear shaktingt aby30°C
ultraviolet irradiatign, gt fyleng gxidGokr 63t TRAL Q1 ch2d! BELRR was
diluted as appropriate, which was then plated to the
10 plate of the 1/3LB medium containing 1.5% agar. After
cultivating at 30°C the number of cells was counted. The
remainder of the culture broth was plated on a petri
dish, which was then subjected to irradiation of a 15 W
ultra violet lamp with a wavelength of 260 nm under the

15 condition of a irradiation time of 3 minutes at a
distance of 30 cm from the light source.
TABLE 10 .
The 1/3LB Medium
Tryptone o - 3.0 g
20 Yeast extract 1.5 ¢g
Sodium chloride 3.0 g
Distilled water 1.0 liter

Then, the culture broth was diluted as appropriate
25 and was plated to the plate of the 1/3LB medium
containing 1.5% agar. After culturing at 30°C the number
of cells was counted to determine the death rate. When
the death rate of 99% or higher was observed, it was
assumed that there was enough mutation. From the culture
30 broth at this point, the desired mutant were selected.
Catechol 2,3-dioxygenase (C230) introduces oxygen
into catechol to form 2-hydroxymuconic acid semialdehyde
by metafission. This product is yellow-colored. When
C230 is expressed after_gging sprayed, it readily turns
35 yellow. The trichloroethylene degrading enzymes of the
phenol-utilizing trichloroethylene-decomposing bacteria
are known to be the phenol hydroxylase (PH) which convert



19. *A met hod f or deconposi ng organi ¢ hal ogenated 10 conpounds and/ or
aromati ¢ conpounds in the soil, waste waters, or other waste products
cont ai ni ng organi ¢ hal ogenat ed conpoundszyu%&n_aronatic conmpounds, in
which a sterilized cultured bacterial mass of” a m croorgani sm capabl e of
deconposi ng sai d organi ¢ hal ogenat ed conpounds 15 and/or said aromatic

conmpounds 1 s add%@letn%lsqin(iosgialtec%it 3W%ﬁ§§taoét0taﬁqr, W8S e ritfiep@uct s.  20.
A method according to claim 19 wherein the sterilization treatnment is
ul traviol et irra®isengy., 78: AOfet A9954c¥or §higodexciedi mlt9 dr 20, wherein

20 the aromatigy GEeUNd 19428 RRQNOhiggz§onpound and the organic
hal ogenat ed conpound 1S tricﬁloroeth¥Jene. 22. A decaonpaosi.tion a%Fnt f%{
Y

organi ¢ hal ogenat ed c B GFRER 180 8RS PLENKNPY I SREEUSESO dSn5rPLEsg s
bacterial cgl t ur @ epediong inOwhliahmtheoC230 gene is adjadentAto the PH

bact orial col 1 o GRS ATGEBIBASD: RoRedjoNE abeEr A ta e il Biss s S
the culture is |idécegposdtdonabfcelriichlpFoethgdeorpdi-t Fojidgert adoor di-ng
bact oral cel | s, FELRenE g BI8nEl, TRRC 1807, 9803; O ShiBleT; 6, 1k si n
the sterilizatioBaoteatiodnt, L34ual 7ddyi dP8R)irr &di 8286nis expressed in
10 association with the PH, it is possible to select the
strains which express the trichloroethylene-degrading
enzyme using C230 expression as an indicator. The
microorganism of the present invention, when cultivated
using phenol as the only carbon source, decomposes phenol
15 and the culture broth turns yellow with the growth of the
bacterium. This will make said selection method
aéplicable to the microorganism. )

Accordingly, the suspension of the bacterial mass
after mutation was diluted as appropriate and was plated

20 to the plate of the 1/3LB medium containing 1.5% agar.
After cultivating at 30°C for 1 to 3 days, a catechol
solution (0.1% (w/v) ethereal solution) was sprayed.

Then, when the death rate was 99.99%, about 10,000
colonies which appeared after ultra violet irradiation

25 were investigated, which led to selection of 16 yellow
colonies.

After the cononies were cultured in the 1/3LB liquid
medium, it was plated to the plate of the 1/3LB medium
containing 1.5% agar. After cultivating at 30°C, the

30 colonies which appeared were sprayed with a catechol
solution, and yellow colonies were isblatéd:agéin to
obtain the strains which égnsititutively express C230.

A platinum loopful of these strains which
consititutively express_C230 were picked and inocuiated

35 into the M medium (its composition is shown in Table 11 )
containing 4 ml of sodium glutamate (0.1%) in a 20 ml
vial. The vial was plugged with a butyl rubber septum



35 . 27. A deconposition agent:according to any of clains 22 to 26
which is in the formof dried bacterial 'cells. -59- 28. A bacterium
havi ng the deconposition activity of orgapi§6hglogenated conmpounds and/ or
aromati c conmpounds in the presence or absence of induction of an organic
hal ogenat ed conpound- deconposi ng enzynme by an 5 aromati ¢ compound,

whi ch bacteriumis obtainable by subjectiggspydacteriumaccording to claim
1 to a nutation treatnent and a sel ecti on procedure. 29. A bacterium,
accordi ng to clai m 28 whi éh bastexrd um whiighvbass theefolgowigggpropgrties:
30. A nethod fo C osi ng organi ¢ hal t C nds and/or aromatic
conpounds conprié?%%mgggbmﬁng a bacteriuﬁ?%%@gf |€g9$§8glain128 or 29 to
act on the organi6camakadigdnat ed conpoundstand/ or aromati c conpounds. 31. A
method accgrdi ng ghQreCkdnThas0 Wherein the_15 organi ¢ hal ogenat ed conpound

is trichloroethyl ene and the aromatic conpound is a 32.
A nmet hod for decHﬁﬁﬂéth organi ¢ hal ogenat ed conpou ste
wat ers, or ot her repstiendhipieCbsygeant ai ni agradigani c ds,
Oxidase test -
Catalase test +
10 Resistance to acid -
Rod-coccus cycle +

Aerial mycelium formation -

. Peptide glycan type of cell meso-diaminopimelic acid
wall

15 Glycolyl test - {acetyl type)
Mycolic acid -
Major iseprenoid quinones MK-8 (H4)

GC content of DNA (moleZX)
73 (by HPLC)

20 and, which can decompose trichloroethylene.

2. A bacterium according to claim 1 which is
strain MO7 (FERM BP-5624).

3. A method for decomposing organic halogenated
compounds and/or aromatic compounds, comprising

25 subjecting said organic halogenated compounds and/or
aromatic compounds to the action of a bacterium according
to claim 1 or 2. _

4. A method according to claim 3 wherein the
organic halogenated compound is trichloroethylene and the

30 aromatic compound is a phenolic compound.

5. A method for decomposing organic halogenated
compounds in the soil, waste waters, or other waste
products containing organic halogenated compounds,
comprising adding a culture of a bacterium according to

35 claim 1 or 2 to the soil, waste waters, or other waste
products.

6. A method according to claim 5 wherein the

IR



. 3
2 ?

20 corrpr} sing adding a culture of :a bacteriumaccording to claim28 or

29 to the soi |, waste waters, or other waste products. 33. A nethod
according to claim 32 wherein the organi c_h‘%\bogenat ed conpound is
trichl oroet hyl ene and the 25 culture is Tultured bacterial cells. 34. A

met hod according to claim32 or J3 wherein no aromatic conmpound is added to
the cul ture nedi e i I | ' ai I e.
35, A met hod accamrads i/ & e Fadiiu haREL T Lo rl

degr adabl e car bmkoured bactewiad Gellive afula mienaandanisn crrable of
culturing to obtgi | Al I JIREL ackd/ S Ndrd i m
35 wherein the %&%ﬁ%gﬁ)&rﬁgo&%gﬁe?ag ut gr%n{c?aaci d. 35 /84 e %t‘%ié‘ A
met hod accor di nFanpeundsofis|adilawesh too agd wiertdien auganthg thakegenatsd ur ed

bacterial gells.compg rﬁ% -amBor tH ROnRtGY Hohpduhdd akte Sdinherei n the
S

: O ' .
cul tured bacterial el are living bacterial cells. 39. A nethod according
to clai m 37 whersageritlieatdlonuodd thactalitareddld st earica IStellillsi 2ed chaetied al

cells. 5 40. . A nmethod according to claim 39 wherein the
out by ultraviolet irradiation, ethylene oxide treatment

or radiation.
19. A method for decomposing organic halogenated
10 compounds and/or aromatic compounds in the soil, waste
waters, or other waste products containing organic
halogenated compounds and/or aromatic compounds, in which
a sterilized cultured bacterial mass of a microorganism
capable of decomposing said organic halogenated compounds
15 and/or said aromatic compounds is added to said soil,
'waste waters, or other waste products.
20. A method according to claim 19 wherein the
sterilization treatment is ultraviolet irradiation.
_ 21. A method according to claim 19 or 20, wherein
20 the aromatic compound is a phenolic compound and the
6rganic halogenated compound is trichloroethylene.
22. A decomposition agent for organic halogenated
compounds and/or aromatic compounds, comprising a
bacterial culture according to claim 1 or 2.
25 23. A decomposition agent according to claim 22
wherein the culture is cultured bacterial cells.
24. A decomposition agent accorxding to claim 23
wherein the culture is living bacterial cells.
25. A decomposition agent according to claim 23
30 wherein the cultured bacterial cells éﬁ%ﬁ%&é?;i&%é&'??

.

bacterial cells. i
26. A decomposition agent'accordiﬁ€¢£0561aiﬁ 25

wherein the sterilization treatment is ultraviolet:
irradiation.

35 27. A decomposition égent according to any of
claims 22 to 26 which is in the form of dried bacterial

.

cells.
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sterilization treatnent is ultraviolet irradiation. mwnﬁﬂfﬂ

deconposi ng organi ¢ hal ogenat ed conpounds in the sqil}, waste waters, }Jor
ot her waste products containing organic hal ogenat eq dofbduddt, 1999
conprising the steps of inoculating a bacterium acqoding to clainj28 or 29
to said soil, waste waters, or other wasTe5?)r'oducts, ‘addi ng an degr aglabl e
carbon source to said soil, waste waters, or other Waste.products.__.ahd then
culturing the inotul atgd nj ' %1 E8mpods PRS- 3K i ng
: . . the de o}
to claim4l wheréin t%g o%g‘%i&g{%ﬁ%@@% gnog corr%ound .% trfﬁlpr oe\tﬁ"ﬁfﬁ ene.
43. A nethod accofdopgahicchal ogdiated 4onpmureds ame/ ole graeiwat c car bon
source 1s g|Utan38msgﬁgds in the presence or absence of induction of an
organic halogenated compound-decomposing enzyme by an
5 ‘aromatic compound, which bacterium is obtainable by

subjecting a bacterium according to claim 1 to a mutation

a2

treatment and a selection procedure.

29. A bacterium according to claim 28 which is the
strain MO715 (FERM BP-5928).

10 30. A method for decomposing organic halogenated
compounds and/or aromatic compounds comprising allowing a
bacterium according to claim 28 or 29 to act on the
organic halogenated compounds and/or aromatic compounds.

31. A method according to claim 30 wherein the

15 organic halogenated compound is trichloroethylene and the
aromatic compound is a phenolic compound.

32. A method for decomposing organic halogenated
compounds in the soil, waste waters, or other waste
products containing organic halogenated compounds,

20 comprising adding a culture of a bactérium according to
claim 28 or 29 to the soil, waste waters, or other waste
products. '

33. A method according to claim 32 wherein the
organic halogenated compound is trichloroethylene and the

25 culture is cultured bacterial cells.

34. A method according to claim 32 or 33 wherein no
aromatic compound is added to the culture medium for use
in culturing to obtain said bacterial culture.

35. A method according to any of claims 32 to 34

30 wherein an degradable carbon source is added to the
culture medium for use in culturing to obtain said
bacterial culture.

36. A method according to claim 35 wherein the
degradable carbon source is glutamic acid.

35 37. A method accordiﬁg to any of claims 32 to 36

wherein the culture is cultured bacterial cells.

) O ) - I
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38. A method according to claim 37 wherein the
cultured bacterial cells are living bacterial cells.

39. A method according to claim 37 wherein the
cultured bacterial cells are sterilized bacterial cells.

40. A method according to claim 39 wherein the
‘sterilization treatment is ultraviolet irradiation.

41. A method for decomposing organic halogenated
compounds in the soil, waste waters, or other waste
products containing organic halogenated compounds,
comprising the steps of inoculating a bacterium according
to claim 28 or 29 to said soil, waste waters, or other
waste products, adding an degradable carbon source to
said soil, waste waters, or other waste products, and
then culturing the inoculated microorganism.

42. A method according to claim 41 wherein the
organic halogenated compound is trichloroethylene.

43. A method according to claim 41 or 42 wherein

the degradable carbon source is glutamic acid.
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