1 DESCRI PTION NOVEL M CROORGANI SM AND METHOD OF TREATI NG ORGANI C SOLI D
MATTERS W TH THE USE OF THE M CROORGANI SM 5 Technical Field The present
invention relates to a novel mcroorganismhaving an ability to produce a
sol ubili zing enzynme which solubilizes a variety of organic solid matter
such as bi ol ogi cal sludge including ramﬁ%ludge and excess sl udge di scharged
from sewage treating processes at sewage treatnent plants, night soi
treatment plants 10 or the like, or organic sludge discharged from
producti on processes or wastewater treatnent processes at food plants,
chem cal plants or the |like; and a process for treatnment of organic solid
matter using the mcroorgani sm Bagksdowipdidn 15 Conventionally, there
have been hitherto reports on the processes for treating a variety of

organi ¢ sol i §oWEL MICRODIRS ANISVPANDIVIFIHODEOFTREATING ORGANICOge and
excess sludge discharged from sewage treatin Iﬁ{rocesses at sewage

treat nent pl antSOLHED 3RATIERS WITH USE ¥ MICROORGANISM, gani ¢

sl udge discharged from producti on processes or drai nage treatnent
processes at food 20 plants, chem cal plants or the like, which are the
procesges f Gechaddallfidld zati on of organic solid matter, wherein organic
solid matter is biologically'deconposed by the action of bacteria or the
li ke; and the str@heprasbmicinventaonsse Q@tﬁ@@’eﬂ)@lﬁ’ﬁmga@éﬁmpﬁ%ta&ahgéy
described in the followng Prior Art Doc qggés 1to,4. .Prior Art Dqgunent
1= JP- A No. typmeuenasasbiligingrengyme bibzesei Kaigty Gf 0T8RP %&ﬁé‘h’i‘ New

Drai nage Treatnment. Sys Utilj zing Bigtechno o (Pa pp.
73-77, Publ FRch MIR@%@%W%W%WE%‘%% a"?#%’%.&fé‘é‘%e. AR,
Document  3: seSvDr!lgclaetrl'gatltgjgngroger]sgesYzycss%nge!: H‘Jeé&lentlal&ﬂ%,t ﬁl%ﬂt Qtfil treatment plants
10 or the like, or organic sludge discharged from production processes or wastewater
treatment processes at food plants, chemical plants or the like; and a process for

treatment of organic solid matter using the microorganism.

Background Art

15 Conventionally, there have been hitherto reports on the processes for
treating a variety of organic solid matter such as biological sludge including raw
sludge and excess sludge discharged from sewage treating processes at sewage
treatment plants, night soil treatment plants or the like, or organic sludge
discharged from production processes or drainage treatment processes at food

20 plants, chemical plants or the like, which are the processes for solubilization of
organic solid matter, wherein organic solid matter is biologically’decomposed by
the action of bacteria or the like; and the strains which are expected to be applied
thereto, as described in the following Prior Art Documents 1 to 4.

Prior Art Document 1: JP-A No. 7-184640

25 Prior Art Document 2: Report on Development of New Drainage
Treatment System Utilizing Biotechnology (Part on Sewage), pp. 73-77, Public
Works Research Center (Japan) (Feb. 1991).




Muni ci pal Sewage Sl udge by a M xture of Thernophilic Bacilli and Their
Culture Extract," J. Gen. Appl. Mcrobiol., 36, 189-194 (1990). Prior Art
Docunent 4: Yusaku Fujio and Shigeru Kune, "Isolation and 5 lIdentification
of Thernophilic Bacteria from Sewage Slud%e Compost, " Journal of
Ferment ati on and Bi oengi neering, Vol. 72, No. 5, 334-337 (1991). The
above-nentioned Prior Art Docunent 1 relates to a process for treatnent of
a yeast extract residue using a strain producing an enzyne which
specifically deconposes the yeast extract residue, nanmely, a strain

bel onging to 10 gpAYSALEhRMENR 35Bhigdf KERRMrR %a38GRE Fujio, MiRgestion of
above-nentioned Prior Art Docunent 2 discloses an anaerobic Strain

bel ongi ng t oMGn@sh A1l St Sd @3 Bhsturd\bf Theraeph N aSacaRe@Id THeir Culture
solubilization of sterilized excess sludge under anaerobic conditions.
Furt her, theEafraste-feten. Appld MRciobiol AB6, TX9c192en930)3 and 4 di scl ose 15

di gestion of sludge using a strain belonging to Bacillus stearothernophilus
whi ch is isol at edPfipmfwtdesagens Hudeakodipiosindaddriggiudaimy, Uspdatiorhanrh
tenperature _conditions., However, according to Prior Art Docunent 1, there

i s a probl enddentificatipn ofKhereephili Bactextn emiSeamge Sluigedemangshs Tewmal pls

i scl osed 1 i prrdiaRnn ags Biralessng ol T S hotE 15 C2ABw | ow treat mont
ol bl |1 zatton of AR arSIBSGR LR AR BRUUBGIA P HEREL FEnoRer b 20 days,
thus requiring.a,Qng %ggéé't%‘iﬁ%t Iés{mﬁtxﬁg%%&%{ﬁ n@oﬂﬁﬁggﬁﬁkﬁ'&ﬁﬁgwmﬁ}ﬁ

sol ubi l'i zation rate. urther, suc treatment efficiency still
remains as asREPRABIHEQnIRs&h §dadtbxtiddErdsiitiéShamaly, 458 alf bdlhiss (Rl ns. 3
Di scl osure of the Invention In order to solve these problens, the present

i nvent 0s hagemus&mrsglheth §R24dFERM P-13692).

The above-mentioned Prior Art Document 2 discloses an anaerobic strain

belonging to Clostridium bifermentans, which achieves specific solubilization of

sterilized excess sludge under anaerobic conditions.
Further, the above-mentioned Prior Art Documents 3 and 4 disclose

15 digestion of sludge using a strain belonging to Bacillus stearothermophilus which

is isolated from sewage sludge compost aerobically under high temperature
conditions.

However, according to Prior Art Document 1, there is a problem that the
subject that can be treated by decomposition is substantially limited to the yeast

20 extract residue.

Also, the strains disclosed in Prior Art Documents 2 to 4 are known to
show low treatment efficiencies because they respectively show efficiencies for
sludge solubilization of 25% after 10 days and of about 40 to 50% after 20 days,
thus requiring a long period of time to achieve a predetermined solubilization rate.

25 Further, such low treatment efficiency still remains as a problem to be solved in

the industrial use of the strains.



m cr oor gani sm whi ch has an excellent effect for solubilizing organic solid
matter such as sludge and which can increase the treatnent efficiency by
significantly 5 reducing the treatnent tipge to achieve a predetern ned
solubilization rate. As a result, they i dol ated a novel m cr oor gani sm

bel ongi ng to genus GCeobacill us whi ch satisfies such requi rements, thus
conpleting the present invention. Thus, the invention described in claim1l
is a novel mcroorganism 10 bel onging to genus Geobacillus, which has an
ability to produce a solubilizing enzyne for solubilizing organic solid

matter such ﬁcﬂsﬁ@éﬁhéhff\degl%loﬁr bi ol ogi cal sludge. Further, the invention
described in ¢laim2is a novel mi croorgani sm bel ongi ng to genus

Geobaci | | us, whi chihggeffh @ iHe¥e bRDRIRE YRS seR iubéhtord Riveldoaray fia f or
sol ubilizing organic solid matter such as organic sludge or biological

sl udge and hascrbbigahishl ehichthaxsecdegllatleffotidvasileilisingasgaric sdint placleogi cal
characteristics (1) Shape and size of cell: rod-shaped cell wth a width of
0.7 to 0.8 tsuchaaskladdeengt Whioh c2n dndreast. the hwmxze)nt(eZﬁClE!ﬂ@slehﬁgmﬁpala%Sence of
notility: present 3) Presence or absence of spore; present B. Cultivating
char act éri st reskicioRuhe iteeatmantatimg|taeehievs @@F‘@et@(f!l!)lnﬁﬁéwhﬁ@ﬁl‘ﬁh%ﬂt@gy

circular, entirely sm)ot edge, ] ow conv Col o crear]s color 25 (3)

d oss: present C. Ph9<PH béh‘%‘:%so e a8p |n§‘P‘i°8égan€SP)‘ eloRging; 8|gf3ﬁ1%
property: + éegb@cﬂhlmtvgl%'([:h satls 1e8 sugh requlx(e:r)’x}entsr] (%Rus cdnmﬁdﬂng L present

invention.
Thus, the invention described in claim 1 is a novel microorganism
10 belonging to genus Geobacillus, which has an ability to produce a solubilizing
enzyme for solubilizing organic solid matter such as organic sludge or biological
sludge.
Further, the invention described in claim 2 is a novel microorganism
belonging to genus Geobacillus, which has an ability to produce a solubilizing
15 enzyme for solubilizing organic solid matter such as organic sludge or biological
sludge and has the following mycological characteristics:
A. Morphological characteristics
(1) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 um
and a length of 2.0 to 4.0 um
20 (2) Presence or absence of motility: present
(8) Presence or absence of spore: present
B. Cultivating characteristics (Nutrient agar plate culture)
(1) Colony morphology: circular, entirely smooth edge, low convex
(2) Color: cream color
25 (3) Gloss: present
C. Physiological characteristics

(1) Gram staining property: +



(4) Hydrogen sulfide production: - (5) Use of citric acid: 5 (6) Urease: -
(7) Oxidase: + (8) Catalase: + (9) Attitude to oxygen: aerobic (10)0-F
test (glucose): -/ 10 (11) Production of acid and gas from sacchari des
D-glucose: acid (+)/gas (-). The inventi ofh described in claim3 is a novel
m cr oor gani sm bel onging to genus Geobacillus, which has an ability to
produce a solubilizing enzyme for solubilizing organic solid matter such
as organi c sludge or biological sludge and 15 has the foll ow ng mycol ogi cal
characteristics: A Morphol ogical characteristics: (1) Shape and size of
cell: rod-shaped cel@ Mtk fte Reidioh: of 0.7 to 0.8 ~Lm and a length of 2.0
to 4.0 hum (2) Presence or a%sence of notility: present 20 (3) Presence or
absence of spore: prgseRbleBro@iohvyati ng characteristics (Nutrient agar
plate culture) (1) Colony norphology: circular, entirely snooth edge, |ow
convex (2) Color: ceapdogéosulfidd pE@dssonpresent 25 C. Physi ol ogi cal
characteristics (1) Gamstaining property': + (2) Nitrate reduction: 5
5 10 (5) Use of citric acid: —
5 (6) Urease: —
(7) Oxidase: +
(8) Catalase: +
(9) Attitude to oxygen: aerobic
(10) O—F test (glucose): —/—
10 (11) Production of acid and gas from saccharides
D-glucose: acid (+)/gas (—).
The invention described in claim 3 is a novel microorganism belonging to
genus Geobacillus, which has an ability to produce a solubilizing enzyme for
solubilizing organic solid matter such as organic sludge or biological sludge and
15 has the following mycological characteristics:
A. Morphological characteristics:
(1) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 um
and a length of 2.0 to 4.0 um
(2) Presence or absence of motility: present
20 (8) Presence or absence of spore: present
B. Cultivating characteristics (Nutrient agar plate culture)
(1) Colony morphology: circular, entirely smooth edge, low convex
(2) Color: cream color
(3) Gloss: present
25 C. Physiological characteristics
(1) Gram staining property: +

(2) Nitrate reduction: —



15 20 25 (3) Indole production” (4) Hydrogen sulfide production: - (5) Use
of citric acid: (6) Urease: - (7) xidase: + (8) Catalase: + (9) Attitude
to oxygen: aerobic (10) OF test (glucose): -/ (11) Production of acid and
gas from saccharides Dglucose: acid (+)/gas (-) (12) Fernentability test
(a) D-glucose' + (b) D-fructose: + (c) D mannose: + (d) D sorbitol: - (e)
Inositol: - (f) Maltose: + (g) Trehalose: + (13) O her physiol ogi cal
characteristics (a) f3-CGalactosidase activity: (b) Arginine dihydrol ase
activity: - (c) Lysine dicarboxylase activity: - (d) Tryptophan dean nase
activity: - (e) Acet@ mdeleQfdgtditRn: —(f) Celatinase activity: +

(4) Hydrogen sulfide production: —
(5) Use of citric acid: —
(6) Urease: —
5 (7) Oxidase: +
(8) Catalase: +
(9) Attitude to oxygen: aerobic
(10) O-F test (glucose): —/—
(11) Production of acid and gas from saccharides
10 D-glucose: acid (+)/gas (—)
(12) Fermentability test
(a) D-glucose: +
(b) D-fructose: +
(¢) D-mannose: +
15 (d) D-sorbitol: —
(e) Inositol: —
() Maltose: +
(2) Trehalose: +
(13) Other physiological characteristics
20 (a) B-Galactosidase activity: —
(b) Arginine dihydrolase activity: —
(c) Lysine dicarboxylase activity: —
(d) Tryptophan deaminase activity: —
(e) Acetoin production: —
25 (f) Gelatinase activity: +
(g) Ornithine dicarboxylase activity: —.

The invention described in claim 4 is the novel microorganism according



(g) Onithine dicarboxylase activity' The invention described in claim4 is
the novel m croorgani smaccording 6 to claim1, which is Geobacillus sp.
SPT4 ( FERM BP-08452); the invention descgibed inclaim5 is the novel

m croorgani smaccording to claim11, which”is Ceobacillus sp. SPT5 (FERM
BP-08453); the invention described in claim6 is the novel mcroorgani sm
according to claiml1, which is Geobacillus sp.. SPT6 (FERM 5 BP-08454); and
the invention described in claim7 is the novel m croorganism according to
claim1l, which is Geobacillus sp. SPT7 (FERM BP-08455). The invention

described i ng£diginim 8whhds BEMBIciIHsGHOSP IR BRMIBD DBAEAY tH invEaARIHS
Geobaci | lus, which has an ability to produce a solubilizing enzyme for

sol ubi |'i zi Nngd&xcaBBE & &ain 8 iseHd ®fvebedtoag afisgRRtcer dsh dIttaaial 1 biRichgd cal
sl udge and 10 has a base sequence of 16SrRNA gene as described in SEQ ID
No. 1 in theGedegilbnep. SPE5(RGRM BROSUHe i innemi@scddsbelbed in dhiai nidthes a
novel m croorgani smbelonging to genus Geobacillus, which has an ability
to produce anewsi ubifioprdanireacoprding &e clao(luyhichAs mgokaciibusisp. SBTEAFHEM er
such as _organic slqgge or biological sludge and 15 has a base sequence of
16Sr RNAS geneBRD8dadk apg sle myyeriren descriped ipelaim (/g thesygbma@oenganispy. The
invention described in claimlD.i navel m i sm nging to
genus Geobac#{°P ?gﬁhaaﬁﬂﬁaghﬁﬁ1%§$5%¥§ﬁ¥§@g$gﬁzggﬁgﬂéﬁfhﬁﬁk zi ng enzyme
for solubilizing nic..solijd . e ' hi ol ogi cal
sl udge and 20 has gﬁﬁgggﬁgéﬁgéﬂggg%%lQ%%?%%ﬁgégﬁgqggh)égéﬁgﬁzﬁﬁﬁﬁﬁgé! I D
No. 4 in thegRRAYSRGEIThE SHiBIhad BE abih(F RS hRAudeS S51bbedidg b Akl l 15 a
process for %%eatnent oT’orglani?:S sgligsna#teﬁ In mhichlggba%ip solid
matter such @guiiligiagiosgslid IR MhttBF OhPOiCirkanis kEEE of BiokaRidaPkluidgedndsi ng at
| east one novel m croorgani smaccording to any one 25 of clains 1 to 10.
10 has a base sequence of 16SrRNA gene as described in SEQ ID No. 1 in the

sequence listing.

The invention described in claim 9 is a novel microorganism belonging to
genus Geobacillus, which has an ability to produce a solubilizing enzyme for
solubilizing organic solid matter such as organic sludge or biological sludge and

15 has a base sequence of 16SrRNA gene as described in SEQ ID No. 2 in the
sequence listing.

The invention described in claim 10 is a novel microorganism belonging to

genus Geobacillus, which has an ability to produce a solubilizing enzyme for

solubilizing organic solid matter such as organic sludge or biological sludge and
20 has a base sequence of 16SrRNA gene as described in SEQ ID No. 4 in the
sequence listing.

The invention described in claim 11 is a process for treatment of organic
solid matter in which organic solid matter such as organic sludge or biological
sludge is solubilized using at least one novel microorganism according to any one

25 of claims 1 to 10.
The invention described in claim 12 is a process for treatment of organic

solid matter in which organic solid matter such as organic sludge or biological



The invention described in claim12 is a process for treatnment of organic
solid matter in which organic solid matter such as organi c sl udge or

bi ol ogical 7 sludge is solubilized by a nmi xture of m croorgani snms
conprising any one of the novel mcroorganisns according to clains 4, 5
and 6 and the novel mcroorganism according to claim7. According to the
present invention, as described above, there are provided 5 novel

m croor gani snms bel ongi ng to genus CGeobacillus such as Geobacillus sp. SPT4,
Geobaci | l us sp. SPT5, Geobacillus sp. SPT6 and Geobacillus sp. SPT7, which

Chudge o or GRRFerB Ry LA ARG BB, B EUnR G o8 cPHR, 001 ol

sl udge or or parti cu cet esent I nvention

exhibits an gxce Ml%t’%g’“%% %%&rdiﬂé)toséléim,%%ﬂt@ hh & 8td RveWrlidtbérgaftism

extrenely short tine ri about one day, in the case of applying the
present invepdchfling & ARindGt ual apparatus, there is obtained an effect of
shortening the tine for starting up operation of the apparatus.. Further,
since the present Apvedibi ontlexprebirtinamtexees dentibebhhdyel theragre pofgetd at a
mld tenperature of about 50C to 65C, in the case of applying the 15
present 5i nventieb mitmworganiseUzdlorpnatagamts Gabadllussushtasi GrobagiHua sp.edt T4t

significantly inproving economc efficiency in the gspect energy.
Furthernore,éﬁﬂxmdhﬁd@s$BTé!&%i@£4h¥#¥H§E@gé%$ﬁﬁg¥$§£§é@v§§%%f%hﬁg¥@V%anic
solid matter such as bjo j.cal sludge.inclyding,raw.sludge.and excess

sl udge that therRIOBEE Hg?og@gil?lpgr?f %@Mgﬁ%ldtlpggte%‘%‘}l 36%6@8%% Sludeedvage
treatnment plants O,night soil treatnent plants or the |ike, or organic
sl udge that P28 ed from production processes or from wastewat er

treatment processeg at..f.00d s?xlxc%q; 8 preie MveatioR babts ah ekhdleht kffect!Br Means
of a process for treatnent of so u€|T|Z|ng organic solid matter such as

or gani Gos! udgedgs sdtuilieaticakithinge ex 468y shoesiemaPeabd oo ongday, smehe 25

Especially, when a m xture of m croorgani sns conprising Geobacillus sp.
case of applying the present invention to an actual apparatus, there is obtained an
effect of shortening the time for starting up operation of the apparatus.

Further, since the present invention exhibits an excellent solubilizing
effect at a mild temperature of about 50°C to 65°C, in the case of applying the

15 present invention to an actual apparatus, there is obtained an effect of
significantly improving economic efficiency in the aspect of energy.

Furthermore, it is possible to efficiently solubilize a variety of organic
solid matter such as biological sludge including raw sludge and excess sludge that
are discharged from sewage treatment processes at sewage treatment plants,

20 night soil treatment plants or the like, or organic sludge that is discharged from
production processes or from wastewater treatment processes at food plants,
chemical plants or the like, by means of a process for treatment of solubilizing
organic solid matter such as organic sludge or biological sludge using these novel
microorganisms.

25 Especially, when a mixture of microorganisms comprising Geobacillus sp.

SPT7 and any one of Geobacillus sp. SPT4, Geobacillus sp. SPT5 and Geobacillus

sp. SPT6 is used, there is obtained an effect of further improving the rate of



SPT7 and any one of Geobacillus sp. SPT4, Geobacillus sp. SPT5 and
Geobacillus sue. SPT6 is used, there is obtained an effect of further
inmproving the rate of 8 solubilization of sludge. Brief Description of the
Drawings Fig. 1 is a schematic bl ock diag$an1i||ustrating an apparatus for
5 treatnment of organic wastewater using a mcroorganismin an enbodi nent.
Fig. 2 is a schematic block diagramillustrating an apparatus for

treatment of organic wastewater in another enbodinment. Fig. 3 is a
schematic bl ock diagramillustrating an apparatus for treatnment of organic

wast ewat er i&l@ﬂﬂ&ﬁﬁfn (?{ggp(gerrent. 10 Fig. 4 is a schematic bl ock diagram
illustrating an apparatus for treatnent of organic wastewater in another

enbodiment. Fig. 5 is a schematic block diagramillustrating an apparatus
for treatnent of organic wastewater in another enbodinent. Fig. 6 is a
schematic bl ock di agram il | usBraffiDegeripti@pidahaaawiggs 15 treat ment of
organi c wastewater in another enbodinent. Fig. 7 is a schematic bl ock

di agram il | ustr at i Rig. s apgenstticlddrdiagraeaillvethtatiof aorapparatuadet ewat er i n
anot her enbodinment. Fig. 8 is a block diagram of the batch type treatnent
processb5car r fredtmertt of prgapkrew appaater BSitsor MicreergRBlMm Bf arFpgbodimeny Fig. 9 s
a schematic block diagramillustrating an apparatus for treat.nent of

or gani ¢ wast ewat erFignZ ahdsehematisddenkagram ﬁﬁﬁ?rai’@gi@ WPALHEHT ¢ bl ock
diagramillustrati an apparatus for treatnent. of .organic wastewater in
anot her enbOH?ﬁQWngﬁpﬁﬁn%gwﬁgggaggH%ﬁﬁ??@r8$§8éngﬁggran1iIlustrating an
apparatus for 25 treat I i b odi nent .
oSt Node for CarriEng CaroeRa fridah, faffast ARALAnk AP RGs G50

treatment of organic wastewater in another embodiment.
10 Fig. 4 is a schematic block diagram illustrating an apparatus for
treatment of organic wastewater in another embodiment.
Fig. 5 is a schematic block diagram illustrating an apparatus for
treatment of organic wastewater in another embodiment.
Fig. 6 is a schematic block diagram illustrating an apparatus for
15 treatment of organic wastewater in another embodiment.
Fig. 7is a schematic block diagram illustrating an apparatus for
treatment of organic wastewater in another embodiment.
Fig. 8 is a block diagram of the batch type treatment process carried out in
the apparatus for treatment of Fig. 7.
20 Fig. 9 is a schematic block diagram illustrating an apparatus for
treatment of organic wastewater in another embodiment.
Fig. 10 is a schematic block diagram illustrating an apparatus for
treatment of organic wastewater in another embodiment.
Fig. 11 is a schematic block diagram illustrating an apparatus for

25 treatment of organic wastewater in another embodiment.

Best Mode for Carrying Out the Invention



9 Hereinafter, enbodinents of the present invention will be described.
[Strain screening] |solation of mcroorganismin each of the

bel ow descri bed enbodi ments of 5 the invention was carried out as foll ows.
From the excess sludge discharged froma 8ewage treatnent plant, sludge
for strain separation was collected. Thus coll ected sludge was dil uted

| x10-2 to 10-5 tines with sterilized water and then applied on an agar
plate containing a nutrient agar nmedi um (nmanufactured by Oxoido Limted).
This plate was 10 i ncubated overnight at 60C to obtain single colony. For

the obtained Sinol e G3h AR ohRGHARDE! dptht BrABEOIRARELS Lilll kiRl the

ability to deconpose sterilize ge were exam ne ased on the presence
or absence of halo formation in a substrate conplex nmedium and anong the
hal o-form ng strains, four strains showing particularly high ability of

sl udge 15 deconposjdi£n sweeeingkl ect ed as characteristic strains.
Specifically, determ nation was nmade with naked eyes in agar nedia m xed
with 0.1 wt % vol % hblatioa of hriadongzanisne speathi of éhy belawodwscliiegl drobddimertstoednt  of
hal o (plaque) formation. Calibration for the ability to deconpose skimmlk
was car bi ed thetinbgntion wesl¢driried onbehbdlovs. R, Beaudet, C. Gagnon, J.G
Bisaillon and M |shaque, 20 "M crobi ol ogi cal Aspects of Aerohic

Ther mophi | i ¢ Tr eat Feom thy excogsrdudgesdiechargedfrom asexiage EFRAtmERRIARG sludge

M bi ol . 971-976 . il,, 1990 E dj t.1) One.strai th
N o o0y BB %80 Bt bt B5C) TR BT AT,
th ib b a. T i.cal VSt o

(he Tanner, 239560 2091 s PO LS £ 3L i

physi ol ogi cal,,, fRLA%! fbhRi GRln#aendsd bPDXONE LidSed). MaippREOUEA!
characteristics
10 incubated overnight at 60°C to obtain single colony.

For the obtained single colony, the ability to decompose skim milk and the
ability to decompose sterilized sludge were examined based on the presence or
absence of halo formation in a substrate complex medium, and among the
halo-forming strains, four strains showing particularly high ability of sludge

15 decomposition were selected as characteristic strains. Specifically, determination
was made with naked eyes in agar media mixed with 0.1 wt%/vol% of the strains,
respectively, according to the extent of halo (plaque) formation.

Calibration for the ability to decompose skim milk was carried out by a
modified method in R. Beaudet, C. Gagnon, J.G. Bisaillon and M. Ishaque,

20 “Microbiological Aspects of Aerobic Thermophilic Treatment of Swine Waste,”

Applied and Environmental Microbiology, pp.971-976 (April, 1990).

(Embodiment 1)
One strain among the selected four strains was tested for the mycological
25 characteristics in the manner as described above. The mycological characteristics
(morphological characteristics, cultivating characteristics and physiological

characteristics) are as follows:



(1) Shape and size of cell: rod-shaped cell with a wwdth of 0.7 to 0.8 and
a length of 2.0 to 4.0 pm (2) Presence or absence of notility: present 5
(3) Presence or absence of spore: present B. Cultivating characteristics
(Nutrient agar plate culture) (1) Col ony MWorphol ogy: circular, entirely
snoot h edge, |ow convex (2) Color: creamcolor (3) doss: present 10 C
Physi ol ogi cal characteristics (1) G amstaining property: + (2) Ntrate
reduction: (3) VP test: (4) Indole production: 15 (5) Hydrogen sulfide
production: - (6) Hydrolysis of starch: (7) Use of citric acid: - (8)
Urease: (9) Oxidasge;, + 0.(10) Catalase= + (11) Gowh conditions (a)
pH 6.0 to 8.0 (b)?\TM%% 0‘fgdi(’a(]!:l:C?l%géetmosfEl 5C (12) Attitude to oxygen:

cerob e 25 (19) O F ARl HAEIBRYITEIRH ol A gt om g, aci ¢
and a length of 2.0 to 4.0 um

(2) Presence or absence of motility: present

5 (8) Presence or absence of spore: present

B. Cultivating characteristics (Nutrient agar plate culture)

(1) Colony morphology: circular, entirely smooth edge, low convex
(2) Color: cream color
(8) Gloss: present

10 C. Physiological characteristics
(1) Gram staining property: +
(2) Nitrate reduction: —
(3) VP test: —
(4) Indole production: —

15 (5) Hydrogen sulfide production: —
(6) Hydrolysis of starch: —
(7) Use of citric acid: —
(8) Urease: —
(9) Oxidase: +

20 (10) Catalase: +
(11) Growth conditions

(a) pH: 6.0 to 8.0
(b) Temperature: 45°C to 65°C

(12) Attitude to oxygen: aerobic

25 (18) O-F test (Hugh Leifson method): —/—
(14) Production of acid and gas from saccharides

D-glucose: acid (+)/gas (=)



5 10 15 20 (15) Fernentability test (a) dycerol' (b) L-arabinose: - (c)
D xylose: (d) D-gal actose: - (e) D-glucose: + (f) Dfructose: + (9Q)
D-mannose: + (h) D-mannitol: + (i) Inositol: (j) Sorbitol: - (k)

Mal tose: + (1) Lactose: + (m) Sucrose: 1 (n) Trehal ose: + (16) C her
physi ol ogi cal characteristics (a) p-CGalactosidase activity: (b) Arginine
di hydrol ase activity: - (c) Lysine dicarboxylase activity: - (d) Tryptophan
deam nase activity: - (e) Acetoin production: (f) Gelatinase activity: +
(g) Onithine dicarboxylase activity: -. Further, the neasurenent of pH and

tenperature for orowd) @fbRBrsiGabd

(a) Glycerol: —
(b) L-arabinose: —
(c) D-xylose: —
5 (d) D-galactose: —
(e) D-glucose: +
(H D-fructose: +
(g) D-mannose: +
(h) D-mannitol: +
10 (i) Inositol: —
() Sorbitol: —
(k) Maltose: +
(D Lactose: +
(m) Sucrose: —
15 (n) Trehalose: +
(16) Other physiological characteristics
(a) p-Galactosidase activity: —
(b) Arginine dihydrolase activity: —
(¢) Lysine dicarboxylase activity: —
20 (d) Tryptophan deaminase activity: —
(e) Acetoin production: —
() Gelatinase activity: +
(g) Ornithine dicarboxylase activity: —.
Further, the measurement of pH and temperature for growth of the strain
25 among the above-described physiological characteristics was carried out as follows.
A nutrient agar medium (manufactured by Oxoido Limited) was prepared

in which pH was adjusted to the pH under test (6.0, 6.5, 7.0, 7.5 and 8.0) using 0.1



25 anong t he above-descri bed physi ol ogi cal characteristics was carried out
as follows. A nutrient agar nedium (manufactured by Oxoido Limted) was
prepared in which pH was adjusted to the pH under test (6.0, 6.5, 7.0, 7.5
and 8.0) using 0..1 12 N hydrochl oric acild (manufactured by Wako Pure

Chem cal Industries, Ltd.) and O0..1 N sodium hydroxi de (manufactured by
Wako Pure Chem cal Industries, Ltd.), or either of them To this nmedi um
the strain of the present enbodi nent was inocul ated, the anount of cell
growh for the strain cultivated at 60C for 15 hours 5 was observed, and

the d . ' i d
i the t ol 1 o0y gl o TRARHURG P i 1 Rl PR ier 22 BEDCT' of
growt 6. 0+ 615¢ sduifth ydidiifle fn S 00 h PURLDTOR: TRbhfcal 13BN Fes ITitdIES

found that the strain e present enbodinment grows at a pH in the range

of 6.0 to 8.0 eil¥@Xlof tiRMULT] @ mdAm, e istHaid sehy aakut efbb¥in(noivde
Limted) which was adjusted to pH 6.5 using 0.1 N hydrochloric acid

( manuf act ur eghobyla Wik chdPumeuntld celb grovetdl for tidugttain esltiviatet] at) 60 do013 hiusodi um

hydr oxi de (manufactured by Wako Pure Chem cal Industries, Ltd.), or either
of themp waswps elpmred, afid thdilsgraedf gnowth wiae nxtasared ofalitatévedy. e sldigtresults
enbodi nent was i nocul ated, and the anmount of cell growh of the strain

cul tivated aaretiresendppiy Bredpbeviggdapleest (37C, 45C, 50C, 60C and 65C) for
15 hours was observed to neasure the degree of growth

Table 1

+! positive =+ weakly positive

pH Degree of growth
6.0 +
6.5 +
7.0 +
7.5 +
8.0 +

10

As obvious from Table 1 above, it was found that the strain of the present
embodiment grows at a pH in the range of 6.0 to 8.0.

Next, a nutrient agar medium (manufactured by Oxoido Limited) which
was adjusted to pH 6.5 using 0.1 N hydrochloric acid (manufactured by Wako Pure

15 Chemical Industries, Ltd.) and 0.1 N sodium hydroxide (manufactured by Wako

Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medium,
the strain of the present embodiment was inoculated, and the amount of cell
growth of the strain cultivated at the temperatures under test (37°C, 45°C, 50°C,
60°C and 65°C) for 15 hours was observed to measure the degree of growth

20 qualitatively. The results are presented in the following Table 2.

Table 2

+: positive =+ weakly positive —: negative

l Temperature | Degree of growth i




20 qualitatively. The results are presented in the follow ng Table 2" Table
2 +. positive : weakly positive -: negative Tenperature ( Degree of growth
13 37C- 45C 50C+ 60C+ 65C+ As obvious from Table 2 above, it was found that
the strain of the present enbodiment grdws at a tenperature in the range
of 50C to 65C. Furthernore, the base sequence of 16SrRNA gene of this
strain was 5 interpreted. The sequence is as described in SEQID No. 1 in
the sequence listing. In this interpretation, 16SrRNA gene of the strain
of the present enbodiment was first anplified by the PCR nethod. PCR was
carried out wwth the DNA purifB®d from|the strai-n of the present

enbodi nent whi ch had been subj ggdced to shaking ixcubationjat 60C for 6
hours, according to the methodsfye Heng Zhu, "et al, (Heng 10 Zhu, Feng Qu

and Li-Husang Zhu, "I sol@tTon ghs-genom ¢ DNAS TTom 1993), as a tenplate.
For the priner, the two [synthe #3uiiQUHULieutidqg (27f,—1492r) descri bed
in "Classification of M'ereorgantsts—and—Expertrentation—for

Classification: Based on Techni ques from Ml ecul ar Genetics and Mol ecul ar
Bi ol ogy" (edited by Kenichiro Suzuki, Akira Hraishi and Akira Yokota, 15
Springer-Verlag, Takylyiowefrem btk 2 Theebiseasfegue eaddhe ptrapeefdhppretens are
as described in SEQ ID Nos. 5 and 6 in the sequence |i g&ng. The PCR
reaction wasewhedimeat stAwsad & MRsRRtura} Bediangh ol Eﬂo conpri si ng 1xPCR
Buf fer (Toyobo Co.

(Toyobo Co., Ltd. )Fulﬁtégf%eg‘%h%ﬁr&ye Stene’ 4B RN R eene st SIP% sfyn oL MOS1
5 interpreted. The sequence is as described in SEQ ID No. 1 in the sequence listing.
In this interpretation, 16SrRNA gene of the strain of the present embodiment was
first amplified by the PCR method. PCR was carried out with the DNA purified
from the strain of the present embodiment which had been subjected to shaking
incubation at 60°C for 6 hours, according to the method by Heng Zhu, et al. (Heng
10 Zhu, Feng Qu and Li-Husang Zhu, “Isolation of genomic DNAs from 1993), as a
template. For the primer, the two synthetic oligonucleotides (27f, 1492r)
described in “Classification of Microorganisms and Experimentation for
Classification: Based on Techniques from Molecular Genetics and Molecular
Biology” (edited by Kenichiro Suzuki, Akira Hiraishi and Akira Yokota,
15 Springer-Verlag, Tokyo) were used. The base sequences of these primers are as
described in SEQ ID Nos. 5 and 6 in the sequence listing.
The PCR reaction was carried out as follows. A reaction solution
comprising 1xPCR Buffer (Toyobo Co., 1.td.), 0.2 mM dNTPs (Toyobo Co., Ltd.), 1
mM MgSOs (Toyobo Co., Ltd.), 100 mg of DNA of the strain of the present
20 embodiment, 0.5 uM each of the primers and KOD-Plus-(Toyobo Co., Ltd.) was
treated at 94°C for 2 minutes and then was subjected to 30 cycles consisting of
thermal denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds and

extension at 68°C for 1.5 minutes. Finally, after performing extension at 68°C for

7 minutes, the PCR product was obtained. This PCR product was purified using



20 enbodi nent, 0.5 M each of the priners and KOD -Plus- (Toyobo Co., Ltd..)
was treated at 94C for 2 mnutes and then was subjected to 30 cycles
consisting of thermal denaturation at 94C for 30 seconds, annealing at 55C
for 30 seconds and extension at 68C for 1.5 minutes. Finally, after
perform ng extension at 68C for 7 mnutes, the PCR product was obtai ned.
This PCR product was purified using 14 a QA quick PCR Purification Kit
(Qagen Inc.), and then the base sequence of 16SrRNA gene was determ ned.
Det erm nati on of the base sequence of the gene was carried out using a DNA

the procent  SLBAMIES CRFRakon SPGB BROCATEHENNE pile {AGeT 1 Phe
Nat i onal Ceni%ﬂ%?%&%@?ﬁﬁ% g{%@*lﬁﬂﬁéd. | phor-ABt A1 dNEBbase sequence of the gene

http"// ww. nchbi which is a database of genes, and as a
result, it wggsEownd ddakidgheDBas® 680y dpviee BN ARPRiaxEHRt e t 0 16Sr RNA gene
of a known bacteria belonging to genus Geobacillus which is registered with
the database. 10 Fsothethage s@pishtsofthe tstrairt efSthe fpoeseny embodjimeat, a BLAST
characteristics such as the above or fromthe base sequence of 16SrRNA
gene, tBe sthanology s¢dreh presernied @rwhodhadationaCendknonbBedegdmoloagybe a novel
m cr oor gani sm bel ongi Geobaci | ] us .and was gnat ed as

ng to %e"nus ) ) | We ges'
Geobaci | | us Eyornsgion G\?@mm W4y verepes it ih RpYH gk 19 % éﬁa:ha%ﬁ’ fregnepandnt
O i De it of th t] [ .1 titut f 15 Ad) d i al
ScPance and’ ok Frbllogy v BnOARGIRE: b PasptrstEperiRs BReiasiRgs o MO Fifea 1 n
the foll ow I t.hi trai,n Geobacil.| . . . t f
b oduct ng- 5 G URGETS BRiief bSIRE TR ST Geies s STl 0ag) S GRct Ly ©

sl udge sol ub&édggg%é on. Therefore, this strain can be used in various 20
processes for birological treatnent of sludge as described |ater. That is,

the ahgve- menti ongghnstkAFdRuRans R tasdesmiytolagivalrdhatatt@istih vageasteh as

bi ol ogi cal sludge including raw sl udge and excess sludge that are

di schar ged f glssvesevi@gethe base sequence of 16SrRNA gene, the strain of the present
embodiment was acknowledged to be a novel microorganism belonging to genus

Geobacillus and was designated as Geobacillus sp. SPT4, which was deposited

with the International Patent Organism Depositary of the National Institute of
15 Advanced Industrial Science and Technology on August 18, 2003 (FERM

BP-08452).
As described in the following Examples, this strain Geobacillus sp. SPT4

has a property of producing a sludge solubilizing enzyme having an excellent
ability of sludge solubilization. Therefore, this strain can be used in various

20 processes for biological treatment of sludge as described later. That is, the
above-mentioned strain can be added to a variety of sludge such as biological
sludge including raw sludge and excess sludge that are discharged from sewage
treatment processes at sewage treatment plants, night soil treatment plants or the
like, or organic sludge that is discharged from production processes or from

25 wastewater treatment processes at food plants, chemical plants or the like, to
appropriately solubilize these sludges.

The amount of addition of the strain should be suitably selected according



treatment processes at sewage treatnent plants, night soil treatnent plants
or the 1like, or organic sludge that is discharged from production
processes or from 25 wastewater treatnment processes at food plants,

chemical plants or the like, to approprilately solubilize these sludges.
The amount of addition of the strain should be suitably sel ected according
15 to the content of organic solid matter in the sludge to be treated and
other properties and is not particularly Iimted. However, for exanple, in
the case of a bacterial culture solution incubated in a nutrient broth

o ture sol t | ent
ref orabl e 1§ i EEabY EERlSRE AL H Ol AI e P ERd aitler! B,
sl udge. (E"‘Olﬂégbéﬁ%{ys a8 1808t PE%icalarR 1 RER NI TSR3 abrEtBEh1E OHIths tAdi iTs Was

tested for t nycol ogi cal” characteristics in the manner as descri bed

above. The myged@ficeBlure dduthiarrobeetl sh hasittiont phoh agidoah (ehaufactwesd byi cs,
cultivating characteristics and physi ol ogical characteristics) are as

foll ows: A OlMidphahtgd)dat alcharladtoars, st isgsefetiblShapdd st difve 36 bgel | :
rod-shaped cell with a width of 0.8 humand a Ilength of 2.0 to 4.0 m cel
ext ensi dn obednmed! e oRyticr wstbashidge. absence of motility: present (3)
Presence or absence of spore: present B. Cultivating characteristics
(Nutrient agar plate culture) (1) Col ony norphol ogy: circular, entirely
snoot h edge, Iom1g§P%§¢ﬁ éZ Color: creamcolor 20 (3) G oss: present C
Physi ol ogi cal charaft ¥ e (1) Gram staining property: + (2) Ntrate

reduction: Another strain among the selected four strains was tested for the
myecological characteristics in the manner as described above. The mycological
10 characteristics (morphological characteristics, cultivating characteristics and
physiological characteristics) are as follows:
A. Morphological characteristics
(1) Shape and size of cell: rod-shaped cell with a width of 0.8 ym and a
length of 2.0 to 4.0 um, cell extension observed
15 (2) Presence or absence of motility: present
(8) Presence or absence of spore: present
B. Cultivating characteristics (Nutrient agar plate culture)
(1) Colony morphology: circular, entirely smooth edge, low convex
(2) Color: cream color
20 (3) Gloss: present
C. Physiological characteristics
(1) Gram staining property: +
(2) Nitrate reduction: —
(3) VP test: —
25 (4) Indole production: —
(5) Hydrogen sulfide production: —
(6) Hydrolysis of starch: —



(3) VP test: 25 (4) Indole production: (5) Hydrogen sulfide production: -
(6) Hydrolysis of starch: 16 5 10 15 20 25 (7) Use of citric acid: - (8)
Urease: (9) xidase: + (10) Catalase: + (11) Gowh conditions (a) pH
6.0 to 8.0 (b) Tenperature: 50C to 65C (1§2) Attitude to oxygen: aerobic
(13) OF test (Hugh Leifson nethod): -/ (14) Production of acid and gas
fromsaccharides D-glucose: acid (+)/gas (-) (15 Fernentability test (a)
G ycerol: + (b) L-arabinose: + (c) D xylose: + (d) D-galactose: + (e)
D-glucose: + (0 Dfructose: +

: (7) Use of citric acid: —

(8) Urease: —
(9) Oxidase: +
(10) Catalase: +
5 (11) Growth conditions
(a) pH: 6.0 to0 8.0
(b) Temperature: 50°C to 65°C
(12) Attitude to oxygen: aerobic
(13) O°F test (Hugh Leifson method): —/—
10 (14) Production of acid and gas from saccharides
D-glucose: acid (+)/gas (—)
(15) Fermentability test
(a) Glycerol: +
(b) L-arabinose: +
15 (¢) D-xylose: +
(d) D-galactose: +
(e) D-glucose: +
() D-fructose: +
(g) D-mannose: +
20 (h) D-mannitol: +
(@) Inositol: —
(§) Sorbitol: —
(k) Maltose: +
() Lactose: —
25 (m) Sucrose: +
(n) Trehalose: +

(16) Other physiological characteristics



(g) D-mannose: + (h) D-mannitol: + (i) Inositol: (j) Sorbitol: - (k)
Maltose: + (1) Lactose: - (m Sucrose: + (n) Trehalose: + (16) O her
physi ol ogi cal characteristics 17 (a) f3-Gal actosidase activity: (b)

Argi ni ne di hydrol ase activity: - (c) Lysithe di carboxyl ase activity: - (d)
Trypt ophan deam nase activity: 5 (e) Acetoin production: - (f) Celatinase
activity: + -. (g) Onithine dicarboxylase activity: Further, the

measur enent of pH and tenperature for growmh of the strain anong the
above-descri bed physi ol ogi cal characteristics was carried out as foll ows.

10 A nutrient agar nmegj GRUL BGL ULediPy—Oxoi do Limted) was prepared in
whi ch pH was adj ustedqtﬂq}he pH under te}gt (6.0, 6.5, 7.0, 7.5 and 8.0)

using 0.1 N hydrochl gk) £cdGhé dyAREaCcdes: by Wako Pure Chenmi cal
I ndustries, Ltd.) and 0.1 N sodium hydroxi de (manufactured by Wako Pure

Chem cal | ndustries, _ l($)d.ykine dicarbotybege mtivithemr To this medium the strain
of the present enbodiment was 15 inocul ated, and the ampunt of cell growh
for the strain culti vgid)éﬂyatopﬁ@fidb@mill@e aopuitg: was observed to neasure the
degree of growh qualitatively. The results are presented in the follow ng
Tabl e 3% (e) Acetoin production: —
() Gelatinase activity: +
(g) Ornithine dicarboxylase activity: —.
Further, the measurement of pH and temperature for growth of the strain
among the above-described physiological characteristics was carried out as follows.
10 A nutrient agar medium (manufactured by Oxoido Limited) was prepared
in which pH was adjusted to the pH under test (6.0, 6.5, 7.0, 7.5 and 8.0) using 0.1
N hydrochloric acid (manufactured by Wako Pure Chemical Industries, Ltd.) and
0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.),
or either of them. To this medium, the strain of the present embodiment was
15 inoculated, and the amount of cell growth for the strain cultivated at 60°C for 15

hours was observed to measure the degree of growth qualitatively. The results

are presented in the following Table 3.

Table 3
20 +! positive +: weakly positive
pH Degree of growth
6.0 +
6.5 +
7.0 +
7.5 +
8.0 +

As obvious from Table 3 above, it was found that the strain of the present

embodiment grows at a pH in the range of 6.0 to 8.0.

Next, a nutrient agar medium (manufactured by Oxoido Limited) which



Table 3 20 +: positive weakly positive pHDegree of growmh 6.0+ 6.5+ 7.0+
7.5+ 8.0+ As obvious from Table 3 above, it was found that the strain of
the present enbodinent grows at a pHin the range of 6.0 to 8.0. Next, a
nutri ent agar medi um (manuf actured by oxol&lo Limted) which 18 was adj usted
to pH 6..5 using 0.1 N hydrochloric acid (manufactured by Wako Pure

Chem cal Industries, Ltd.) and 0.1 N sodi um hydroxi de (nmanufactured by Wako
Pure Chem cal Industries, Ltd.), or either of them was prepared. To this
medium the strain of the present enbodi ment was inocul ated, and the

amount _of Cegéségg%% g)o%fl etm&siﬁ%?ﬁimh@kllg&chmfc%@&natrﬁﬁa&smeaﬁww@uwder

test (37C, 4 and 65 for ours was observed t'o neasure the

degree of gr @WehicAYahidtabi MaHY andlvel NesHluns had@xReeaanuedtim dbyevie | ow ng
Table 4.. Table 4 10 +: positive negative TenperatureDegree of growth 37C

45C- 50C+ 60@tre Chbfatcaldndbviion)$.t80),ameTihbt of theah avs, prepareds Tothdmiedatmt he
strain of the present
the strain of the present embodiment was inoculated, and the amount of cell
5 growth of the strain cultivated at the temperatures under test (87°C, 45°C, 50°C,
60°C and 65°C) for 15 hours was observed to measure the degree of growth

qualitatively. The results are presented in the following Table 4.

Table 4

10 +: positive —: negative

Temperature Degree of growth
37°C —
45°C —
50°C
60°C
65°C

+ i+ [+

As obvious from Table 4 above, it was found that the strain of the present
embodiment grows at a temperature in the range of 50°C to 65°C.
Furthermore, the base sequence of 16SrRNA gene of this strain was

15 interpreted. The sequence is as described in SEQ ID No. 2 in the sequence listing.
In this interpretation, 16SrRNA gene of the strain of the present embodiment was
amplified by the PCR method. The PCR method was carried out in the same
procedure as in Embodiment 1. The temperature conditions and the reaction
cycle were also the same as in Embodiment 1.

20 The primers used were also the same as in Embodiment 1. Also,
determination of the base sequence of the gene was carried out with the same DNA
decoding device (DNA sequencer) as in Embodiment 1.

For the base sequence of the strain of the present embodiment, a BLAST

homology search was carried out in the same database of genes as in Embodiment



enbodi ment grows at a tenperature in the range of 50C to 65C. Furthernore,

t he base sequence of 16SrRNA gene of this strain was 15 interpreted. The
sequence is as described in SEQID No. 2 in the sequence listing. In this
interpretation, 16SrRNA gene of the strailf of the present enbodi nent was
anplified by the PCR nethod. The PCR met hod was carried out in the sane
procedure as in Enbodinent 1. The tenperature conditions and the reaction
cycle were also the sanme as in Enbodinment 1. 20 The primers used were al so
the sane as in Enbodinent 1. Also, determ nation of the base sequence of

t he gene was,carried i RN j I sequencer
as i n Enbodi %Eanrfd’é_ls.a %wr%ﬁtt w&%a%gg%eque}ﬁgg&gf%aﬁ%%g%ﬁ (lg(?ﬁt (a%r esgnt :
enbodi nent BIABT | a9V SERESE i dbAcillig wIdiHEisdat abase
of genes as in Enboé?%gﬁ%'19 1, aﬁ%ngggnggéﬁ??%ngfgaas found that the base
seqguence masnﬁﬁgg@@hﬁmﬁgm;@na&ﬁﬁrRNA gene of a known bacteria belonging to
genus Ceobacillus which is registered wwth the database. Fromthe results
of the test for nyEemoticakulthaf thettestifst ingeolsgicd] chsracheristis abdvas e from

t he base sequence of 16SrRNA gene, the strain of the present enbodinent
was ackfAow ealyed o dropetlz rese ebqueince obliFaRMNEhgdnel Bregitran b thyerrgsent
Geobaci | l us and was designated as Geobacillus sp. SPT5, i ch was deposited

with the | ntenhedimeniwapackrwledgedip SmamayekmicearsarismRelopgin g RgeU8st i t ut e
f Ad d Ind i al . Sci T ] t, 18, ,2003 (,FERM 10
e e M e b T T

qoo 1 ubi it i . | ry f
Dl Cdge sor unrtang rafraiRinal Palhe g B BRaA e R Rl 0
thus can be Mﬁgg%agan{g\{gtﬂyps&é&%%ﬁ%cﬂmgﬂ@m@mq@, ooz of sl udge

as descri bed
10 BP-08453).

This strain Geobacillus sp. SPT5 also has a property of producing a sludge

solubilizing enzyme having an excellent ability of sludge solubilization in the same

way as Geobacillus sp. SPT4 does, and thus can be used in various processes for

biological treatment of sludge as described later.
15

(Embodiment 3)

Another strain among the selected four strains was tested for the
mycological characteristics in the manner as described above. The mycological
characteristics (morphological characteristics, cultivating characteristics and

20 physiological characteristics) are as follows:
A. Morphological characteristics
(1) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 ym
and a length of 2.0 pym
(2) Presence or absence of motility: present
25 (3) Presence or absence of spore: present
B. Cultivating characteristics (Nutrient agar plate culture)

(1) Colony morphology: circular, entirely smooth edge, low convex



(Enbodi mrent 3) Another strain anong the selected four strains was tested
for the nycological characteristics in the nanner as descri bed above. The
nycol ogi cal characteristics (norphol ogical characteristics, cultivating
characteristics and 20 physi ol ogi cal chaﬁ@cteristics) are as follows: A
Mor phol ogi cal characteristics (1) Shape and size of cell: rod-shaped cel
with a wwdth of 0.7 to 0.8 ~Lm and a length of 2.0 m(2) Presence or
absence of notility: present 25 (3) Presence or absence of spore: present
B. Cultivating characteristics (Nutrient agar plate culture) (1) Col ony

nmor phol ogy: circul ar, L rely, siipeth edge, low convex 20 5 10 15 20 25 (2)
Col or: cream col or (%g%ﬁégggét %resent C. Physiol ogi cal characteristics

(1) Gram staining propeloky prdsenf2) Nitrate reduction: (3) VP test: (4)
| ndol e production: (5) Fygrogen sul fide production: - (6) Hydrolysis of
starch: (7) Use of. Rhydidl6giedlictlaracteristics
(1) Gram staining property: +
5 (2) Nitrate reduction: —
(8) VP test: —
(4) Indole production: —
(5) Hydrogen sulfide production: —
(6) Hydrolysis of starch: —
10 (7) Use of citric acid: —
(8) Urease: —
(9) Oxidase: +
(10) Catalase: +
(11) Growth conditions
15 (a) pH: 6.0 t0 8.0
(b) Temperature: 50°C to 65°C
(12) Attitude to oxygen: aerobic
(18) O-F test (Hugh Leifson method): —/—
(14) Production of acid and gas from saccharides
20 D-glucose: acid (+)/gas (—)
(15) Fermentability test
(a) Glycerol: —
(b) L-arabinose: —
(c) D-xylose: —
25 (d) D-galactose: —
(e) D-glucose: +

(® D-fructose: +



(8) Urease: (9) Oxidase: + (10) Catalase: + (11) Gowh conditions (a)
pH 6.0 to 8.0 (b) Tenperature: 50C to 65C (12) Attitude to oxygen:
aerobic (13) OF test (Hugh Leifson nmethaod): -/ (14) Production of acid and
gas from saccharides D-glucose: acid (+)71lgas (-) (15) Fernentability test
(a) Gycerol: (b) L-arabinose= - (c) D xylose- (d) D-galactose: - (e)
D-glucose: + (0 D-fructose: + 21 (g) D-nmannose: + (h) D-mannitol: - (i)
Inositol™ (j) Sorbitol: - 5 (k) Maltose: + (1) Lactose: - (n) Sucrose: -
(n) Trehal ose: + (16) O her physiological characteristics 10 (a)

13- Gal act osi dase acti Vig§ W-mannose: +

(h) D-mannitol: —
(i) Inositol: —
() Sorbitol: —
5 (k) Maltose: +
(D Lactose: —
(m) Sucrose: —
(n) Trehalose: +
(16) Other physiological characteristics
10 (a) p-Galactosidase activity: —
(b) Arginine dihydrolase activity: —
(c) Lysine dicarboxylase activity: —
(d) Tryptophan deaminase activity: —
(e) Acetoin production: —
15 () Gelatinase activity: +
(g) Ornithine dicarboxylase activity: —.
Further, the measurement of pH and temperature for growth of the strain
among the above-described physiological characteristics was carried out as follows.
A nutrient agar medium (manufactured by Oxoido Limited) was prepared
20 in which pH was adjusted to the pH under test (6.0, 6.5, 7.0, 7.5 and 8.0) using 0.1
N hydrochloric acid (manufactured by Wako Pure Chemical Industries, Ltd.) and
0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.),
or either of them. To this medium, the strain of the present embodiment was
inoculated, and the amount of cell growth for the strain cultivated at 60°C for 15
25 hours was observed to measure the degree of growth qualitatively. The results

are presented in the following Table 5.



(b) Arginine dihydrolase activity: - (c) Lysine dicarboxylase activity: -
(d) Tryptophan deam nase activity: - (e) Acetoin production: 15 (f)

Gel atinase activity: + (g) Onithine di carboxyl ase activity: -. Further,

t he measurement of pH and tenperature forl2growth of the strain anong the
above-descri bed physi ol ogi cal characteristics was carried out as foll ows.
A nutrient agar nmedi um (manufactured by Oxoido Limted) was prepared 20 in
whi ch pH was adjusted to the pH under test (6.0, 6.5, 7.0, 7.5 and 8.0)
using 0.1 N hydrochloric acid (manufactured by Wako Pure Chem cal

I ndustries, Ltd.) and 0.1 N sodium hydfa?;&; ﬁe (manuf actured by Wako Pure
Chem cal Industries, Ltd.), or either of them To this nmedium the strain
of the present embodi ment was 4@9&1&1\,@ @cdweglﬂglpq)glﬁwgnount of cell growth
for the strain cultivated at 60C for 15 hours—was—observed to neasure
the degree of growth qualltatlﬁlﬂily The rp':llD?&reeﬁ EOIQWC sented in the
following Table 5. 22 [Table 560 positive : weakly positive pHDegree of
growh 6.0+ 6.5+ 7.0+ [7.5+ 8. ®.As obvious from Tallie 5 above| it was found
that the strain of thel present7.05 enbodinment grows at a pHin the range of
6.0 to 8.0. Next, a nutrient aggar nedi um (manufactured by Oxpi do Limted)
whi ch 8.0 +

As obvious from Table 5 above, it was found that the strain of the present
5 embodiment grows at a pH in the range of 6.0 to 8.0.

Next, a nutrient agar medium (manufactured by Oxoido Limited) which
was adjusted to pH 6.5 using 0.1 N hydrochloric acid (manufactured by Wako Pure
Chemical Industries, Ltd.) and 0.1 N sodium hydroxide (manufactured by Wako
Pure Chemical Industries, Ltd.), or either of them, was prepared. To this medium,

10 the strain of the present embodiment was inoculated, and the amount of cell
growth of the strain cultivated at the temperatures under test (87°C, 45°C, 50°C,
60°C and 65°C) for 15 hours was observed to measure the degree of growth

qualitatively. The results are presented in the following Table 6.

15 Table 6

+: positive —: negative

Temperature Degree of growth
37°C —
45°C -
50°C
60°C
65°C

+ |+ [+

As obvious from Table 6 above, it was found that the strain of the present
embodiment grows at a temperature in the range of 50°C to 65°C.

20 Furthermore, the base sequence of 16SrRNA gene of this strain was



was adjusted to pH 6.5 using 0.1 N hydrochloric acid (manufactured by Wako
Pure Chem cal Industries, Ltd.) and 0.1 N sodi um hydroxi de (rmanufactured
by Wako Pure Chemical Industries, Ltd.), or either of them was prepared.
To this nedium 10 the strain of the pres?ént enbodi ment was i nocul ated, and
the amount of cell growth of the strain cultivated at the tenperatures
under test (37C, 45C, 50C, 60C and 65C) for 15 hours was observed to
nmeasure the degree of growth qualitatively. The results are presented in
the following Table 6. 15 Table 6 +: positive negative TenperatureDegree of
growth 37C  Anlin oG+ SRCE firfite A% QRS ihrGiy TBNE 36naRe ¥Equdnke YoEng.OUN
that the strain"of the present enbodinent grows at a terrpera(%ure in the
range of 50CI{ ¢hibSfterpdOtdtidnt NESIRN L gertd & thaserasLetan peeseht diabsBMAngeng of
this strain was 23 interpreted. The sequence is as described in SEQ I D No.
3 in the seqfistaenplifedibyghe AGR mbilod nTae MCGR aktlonl waiH65GrRbAogeiethefsaniee
strain of the present enbodinment was first anplified by the PCR nethod.
The PCR net hpcedise@arin iEetbadirnentnl.t Fhestamper grnocenditéongsaindrthErpadionent 1.
The tenperature conditions and the reaction 5 cycle were also the sane as

i n Embodi nentycle waeealpy thessezmeapsen Kypbedimpsbh 1+ nEhe grimersagsedyeaindwithent 1.
Al so, determ nation qf t&e base sequence of the gene was carried out with

t he sane DNASZH%‘E:%?Ihgm&’B medtdpNA sequencer) as in Enbodinent 1. For the

base sequence of tmeso,séertgllnging ior% QF tHR B géqueerrrltgg gf 1% rg;tehe %ag%é‘é};}d out with

the same DNA decoding device (DNA sequencer) as in Embodiment 1.
For the base sequence of the strain of the present embodiment, a BLAST
10 homology search was carried ouf in the same database of genes as in Embodiment
1, and as a result, it was found that the base sequence was approximate to
16SrRNA gene of a known bacteria belonging to genus Geobacillus which is
registered with the database.
From the results of the test for mycological characteristics such as the
15 above or from the base sequence of 16SrRNA gene, the strain of the present
embodiment was acknowledged to be a novel microorganism belonging to genus

Geobacillus and was designated as Geobacillus sp. SPT6, which was deposited

with the International Patent Organism Depositary of the National Institute of
Advanced Industrial Science and Technology on August 18, 2003 (FERM
20 BP-08454).

This strain Geobacillus sp. SPT6 also has a property of producing a sludge

solubilizing enzyme having an excellent ability of sludge solubilization in the same

way as Geobacillus sp. SPT4 does, and thus can be used in various processes for

biological treatment of sludge as described later.
25
(Embodiment 4)

Another strain among the selected four strains was tested for the




10 honol ogy search was carried out in the sane database of genes as in
Enbodinent 1, and as a result, it was found that the base sequence was
approximate to 16SrRNA gene of a known bacteria bel onging to genus
Geobacillus which is registered with thé4database. Fromthe results of the
test for nycol ogical characteristics such as the 15 above or fromthe base
sequence of 16SrRNA gene, the strain of the present enbodi nent was

acknowl edged to be a novel m croorgani smbelonging to genus Geobacillus
and was designated as CGeobacillus sp. SPT6, which was deposited wth the
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produci ng a sludge solubilizing enzyme having an excellent ability of

sl udge sol ubphyszAbgdioN chArdcheissiageare waYolagwsGeobaci | | us sp. SPT4 does, and
thus can be used in various processes for biological treatnent of sludge
as descri bed | at erA. Mbrphehdgoci cleavhctéyisiderot her strain anong the sel ect ed
four strains was tested for the 24 nycol ogi cal characteristics in the
manner &s described(QHBVQeanﬁéﬁﬂyégaggpéﬁ apeshagtlaitle givaidthe of Q- ke Bforegi ca
characteristics, cultiyating characteristics and physi ol ogical
characterist@%%?hﬁﬁ%hagzpéPaéwgp A. Mrphol ogi cal characteristics 5 (1)

Shape and size of cell; rod-shaped cell w.th a wwdth of 0.7 to 0.8 [tm and
a length of 2.0 to ié)oprﬁ?e(nf? Obﬁgsseélﬁ%%%%f)%ﬁéglﬁ%sgngf nmotility: present (3)

Presence or absence(@ﬁhﬁgﬁ#g?rQggﬁﬁggfg&ﬂéa&%&%@ting characteristics

(Nutrient agar plate“cu
B. Cultivating characteristics (Nutrient agar plate culture)

10 (1) Colony morphology: circular, entirely smooth edge, low convex
(2) Color: cream color
(3) Gloss: present
C. Physiological characteristics
(1) Gram staining property: +
15 (2) Nitrate (Sulfate) reduction: —
(3) VP test: —
(4) Indole production: —
(5) Hydrogen sulfide production: —
(6) Hydrolysis of stérchi +
20 (7) Use of citric acid: —
(8) Urease: —
(9) Oxidase: +
(10) Catalase: +
(11) Growth conditions
25 (a) pH: 6.0 to 8.0
(b) Temperature: 45°C to 65°C

(12) Attitude to oxygen: aerobic



10 (1) Col ony norphol ogy: circular, entirely snooth edge, |ow convex (2)
Color: creamcolor (3) doss: present C  Physiological characteristics (1)
Gram staining property: + 15 (2) Nitrate (Sulfate) reduction: - (3) VP
test: (4) Indole production: (5) Hydrog?én sul fide production: - (6)
Hydrol ysis of starch: + 20 (7) Use of citric acid: - (8) Ue ase : (9)

Oxi dase: + (10) Catalase: + (11) Gowth conditions 25 (a) pH 6.0 to 8.0
(b) Tenperature: 45C to 65C (12) Attitude to oxygen" aerobic 25 5 10 15 20
25 (13) OF test (Hugh Leifson nmethod): -/ (14) Production of acid and gas

from saccharides D-(@hu695€st BRI (oA aethod): (1) Fermentability test

(14) Production of acid and gas from saccharides
D-glucose: acid (+)/gas (—)
(15) Fermentability test
5 (a) Glycerol: —
(b) L-arabinose: +
(¢) D-xylose: +
(d) D-galactose: —
(e) D-glucose: +
10 (® D-fructose: +
(g) D-mannose: +
(h) D-mannitol: +
(i) Inositol: —
() Sorbitol: —
15 (k) Maltose: +
(D Lactose: —
(m) Sucrose: —
(n) Trehalose: +
(16) Other physiological characteristics
20 (a) p-Galactosidase activity: —
(b) Arginine dihydrolase activity: —
(c) Lysine dicarboxylase activity: —
(d) Tryptophan deaminase activity: —
(e) Acetoin production: —
25 (f Gelatinase activity: +
(g) Ornithine dicarboxylase activity: —.

Further, the measurement of pH and temperature for growth of the strain



(a) Gycerol (b) L-arabinose: + (c) D xylose: + (d) D gal actose- - (e)
D-glucose: + (f) D-fructose: + (g) D mannose: + (h) D-mannitol: + (i)
Inositol: (j) Sorbitol: - (k) Maltose: + (1) Lactose: - (n) Sucrose: -
(n) Trehal ose: + (16) Cther physiol ogi cal26characteristics (a)

(3-Gal actosi dase activity: (b) Arginine dihydrolase activity: - (c) Lysine

di carboxyl ase activity: - (d) Tryptophan deam nase activity: - (e) Acetoin
production: (0 Gelatinase activity: + (g) Onithine dicarboxylase
activity: - Further, the neasurenent of pH and tenperature for growh of

P R S e e A S N A e

. mo
carried out %S nmealr um acture

65 7.0, 75 and B0y T OBl b e e s PEY Wako
Pure Cheni caly 4 RBUSH 8§ adjustbd)to@Ré pH under test (6.0, 6.5, 7.0, 7.5 and 8.0) using 0.1
N hydrochloric acid (manufactured by Wako Pure Chemical Industries, Ltd.) and
5 0.1 N sodium hydroxide (manufactured by Wako Pure Chemical Industries, Ltd.),
or either of them. To this medium, the strain of the present embodiment was
inoculated, and the amount of cell growth for the strain cultivated at 60°C for 15

hours was observed to measure the degree of growth qualitatively. The results

are presented in the following Table 7.

10
Table 7
+: positive =+ weakly positive
pH Degree of growth
6.0 G
6.5 +
7.0 +
7.5 +
8.0 +

As obvious from Table 7 above, it was found that the strain of the present
15 embodiment grows at a pH in the range of 6.0 to 8.0.

Next, a nutrient agar medium (manufactured by Oxoido Limited) which
was adjusted to pH 6.5 using 0.1 N hydrochloric acid (manufactured by Wako Pure
Chemical Industries, Ltd.) and 0.1 N sodium hydroxide (manufactured by Wako
Pure Chemical Industries, Litd.), or either of them, was prepared. To this medium,

20 the strain of the present embodiment was inoculated, and the amount of cell
growth of the strain cultivated at the temperatures under test (37°C, 45°C, 50°C,
60°C and 65°C) for 15 hours was observed to measure the degree of growth

qualitatively. The results are presented in the following Table 8.



5 0.1 N sodi um hydr oxi de (manufactured by Wako Pure Chem cal Industries,
Ltd.), or either of them To this nmedium the strain of the present

enbodi ment was inocul ated, and the anmount of cell growth for the strain
cultivated at 60C for 15 hours was obse?fed to neasure the degree of
grow h qualitatively.. The results are presented in the follow ng Table 7.
10 Table 7 +: positive weakly positive pHDegree of growth 6.0+ 6.5+ 7.0+
7.5+ 8.0+ As obvious from Table 7 above, it was found that the strain of
the present 15 enbodinment grows at a pHin the range of 6.0 to 8.0. Next,
a nutrient agar nedi um (manufactured b gédo Limted) which was adjusted
to pH 6.5 using 0.1 N hydrochloric acigﬂ%ﬁanufactured by Wako Pure

Chem cal Industries, Ltd.)Hgﬁgygelinggﬂkgﬁ%ﬁugrQxig%mﬁggnufactured by Wako
), of t

Pure Chem cal Industries, | or_eit hem was prepared. To this
nmedi um 20 the strain of|_t hdepperséwte enbodi RegteewhsrdwiBeul at ed, and t he
amount of cell growh gf the 8T¥ain culltivated at the tenperatures under

test (37C, 45C, 50C, 60C and 65%¢ for 15 hours was observed to neasure the
degree of growth qualitfativelygeclhe results are presented|{in the follow ng
Table 8. 27 Table 8 +: positiVgyWeakl'y|poSitive jpnegative TenperaturebDegree
of growth 65°C ¥

As obvious from Table 8 above, it was found that the strain of the present
5 embodiment grows at a temperature in the range of 45°C to 65°C.

Furthermore, the base sequence of 16SrRNA gene of this strain was
interpreted. The sequence is as described in SEQ ID No. 4 in the sequence listing.
In this interpretation, 16SrRNA gene of the strain of the present embodiment was
first amplified by the PCR method. The PCR method was carried out in the same

10 procedure as in Embodiment 1. The temperature conditions and the reaction
cycle were also the same as in Embodiment 1.

The primers used were also the same as in Embodiment 1.  Also,
determination of the base sequence of the gene was carried out with the same DNA
decoding device (DNA sequencer) as in Embodiment 1.

15 For the base sequence of the strain of the present embodiment, a BLAST
homology search was carried out in the same database of genes as in Embodiment
1, and as a result, it was found that the base sequence was approximate to
16SrRNA gene of a known bacteria belonging to genus Geobacillus which is
registered with the database.

20 From the results of the test for mycological characteristics such as the
above or from the base sequence of 16SrRNA gene, the strain of the present
embodiment was acknowledged to be a novel microorganism belonging to genus

Geobacillus and was designated as Geobacillus sp. SPT7, which was deposited

with the International Patent Organism Depositary of the National Institute of



37C 45Ct 50C+ 60C. + 65C+ As obvious from Table 8 above, it was found that
the strain of the present 5 enbodinent grows at a tenperature in the range
of 45C to 65C. Furthernore, the base sequence of 16SrRNA gene of this
strain was interpreted. The sequence is 28 described in SEQID No. 4 in
the sequence listing. In this interpretation, 16SrRNA gene of the strain
of the present enbodi nent was first anplified by the PCR nmethod. The PCR
nmet hod was carried out in the same 10 procedure as in Enbodiment 1. The
tenperature conditions and the reaction cycle were also the sane as in

Enbodi ment L, The priners .used were sp _the sape_as 4gh igxyent 1. Al so,

deterninatioﬁgg?m?ﬁégﬁﬁggaggﬂﬁgﬁfgdg#mﬁﬂgoﬁﬁﬂﬁﬂﬁé%iégr%ﬁggggggﬁmﬁth t he

samre DNA de 9_@&1 pevice (DNA sequencer) as in Enbodinent 1. 15 For the
BPlRRk

base sequenc _ strain of the present enbodiment, a BLAST honol ogy
search was carri edpRilsy i, HRERANR $AERRESE0HasdEhRBed$ of Produbiadia@adee 1,

and as a result, it was found that the base sequence was approxinmate to
16Sr RNA genegibifizi2Q\Wayiaa Gla@ingearPlcomaitndility of eludge Gelabdzatibniin el simd s
registered wwth the database. 20 Fromthe results of the test for

nmycol ogikcal @hamnaCeebidllics. SPAY dass,tdnd thaboaebensdéd imarivas pawesssederence of
16Sr RNA gene, the strain of the present enbodi nent was acknow edged to be
a novel mi crbotoganl sreatre¢dishylgeo genus Geobaci |l us and was designated as
Geobaci | lus sp. SPT7, which was deposited wth the International Patent
Organi sm Depositary of the National Institute of 28 Advanced | ndustri al

Sci ence and Eechqgtﬁgy on August 18, 2003 (FERM

Hereinafter, Examples of the present invention will be described.
10
(Example 1)
The strain of each embodiment described above was used to carry out the
test for sludge solubilization.
The test for sludge solubilization was carried out using excess sludge
15 collected from a sewage treatment plant in Kobe. The method of preparing the
sterilized, cleaned sludge used in the solubilization test and the method of

solubilization test will be explained below.

[Method of preparing sterilized sludgel
20 1. Excess sludge was subjected to autoclaving at 121°C for 15 minutes and
then to centrifugation (about 15,000 g, 10 minutes) to recover the settlement.

2. The settlement was suspended sufficiently in pure water and then
subjected to autoclaving and centrifugation under the above-described conditions,
to recover the settlement.

25 3. The settlement was resuspended in pure water and then cleaned by
centrifugation. This operation was repeated twice.

4. The settlement was suspended in pure water to a concentration of about



BP-08455). This strain Ceobacillus sp. SPT7 also has a property of
produci ng a sludge solubilizing enzyne having an excellent ability of

sl udge solubilization in the same 5 way as Ceobacillus sp. SPT4 does, and
thus can be used in various processes fo29 biol ogical treatnent of sludge.
EXAMPLE Hereinafter, Exanples of the present invention wll be described.
10 (Exanple 1) The strain of each enbodi nent descri bed above was used to
carry out the test for sludge solubilization. The test for sludge

sol ubilization was carried out using excess sludge 15 collected froma

ol eaned st ucheon Bt g Rt 88FeP o BFt0RY B  PAEAPHURRCERfugPhAL ' 20

sol ubi l'i zat i i e expl ai ned bel ow. [ Method of preparing
sterilized s%ﬁﬁ%@?%%gﬁ%#SExcess sl udge was subjected to autoclaving at 121C

for 15 mnutes and then to centrifugation (about 15,000 g, 10 mnutes) to
recover the settlenent. 2. The settlenent was suspended sufficiently in
pure water and theiMethodpesladlitaiontesd! avi ng and centrifugation under the
above-described conditions, to recover the settlenent. 25 3.. The

settl emdnt was reslusprehdéchin imcubaedwaterighing a hBiiquidmadiub{manufactured
centrifugation. This operation was repeated tw ce. 4. The settl enent was

suspended i nbyDifeo fret:ekO g of hactasrymson. P plonyesst apsatt. 2¢ of odipe dhlyrdesand t hen
s oo ST op g £hS Was added e T bove SescRbBR LSzt il ®!
sludge to a volume ratio of 1% and was subjected to shaking incubation at 63°C.
The concentration of the volatile suspended solids (VSS) was measured according
10 tothe Sewage Testing Method (Vol.1) [Japan Sewage Works Association,
pp.296-297 (1997)].
2. The VSS solubilization rate for the sludge was determined based on the
following equation:
VSS Solubilization Rate = [(starting VSS concentration — VSS
15 concentration after incubation)/starting VSS concentration] x 100(%)
The test results are presented in Table 9. In Table 9, control means the

case where bacteria are not added to the system.

Table 9
Incubation SPT4 SPT5 SPT6 SPT7 Control
time (hr)
0 0 0 0 0 0
24 25.7 26.3 26.1 23.5 3.6
48 35.5 35.0 36.7 33.2 4.5

20
As it is obvious in Table 9, all of the strains of Embodiments 1 to 4

exhibited excellent sludge solubilization rates of approximately 25% after 24 hours
of incubation and excellent sludge solubilization rates of approximately 35% after

48 hours of incubation.



5 1. Each strain incubated overnight in a LB |iquid nmedium (manufactured

by Difco Inc,.; 10 g of bactotrypton, 5 g of a yeast extract, 5 g of sodium
chloride and 1 L of distilled water) at 63C was added to the
above-described sterilized, cleaned sludge to a volune ratio of 1% and was
subj ected to shaking incubation at 63C. The concentration of the volatile
suspended solids (VSS) was neasured according 10 to the Sewage Testi ng

Met hod (Vol . 1) [Japan Sewage Wrks Associ ation, pp.296-297 (1997)]. 2. The
VSS solubilization rate for the sludge was determ ned based on the

Fol Lowi ng. equat | ony 5ol kst a0 BRI dnulal B82T AL AGANES pRgaRtEal | on

- VSS 15 concentration®a I ncubatron)/starting concentration

100(% The t@ﬁﬁgi@ﬁﬁbﬂﬁaﬁéﬁte‘%%ﬁﬁﬂt dsdrft BRaRIpfe, She tdngdht@eor CONtrol means
the case where bacteria are not added to the system Table 9 Incubation

SPT4SPT5SPT6 Sl Geatis0ls idt MBnitdd to tBR0080IubAIZAi168GaB B6 cAdIe bttt a
4835.535.036.733.24.5 20 As it is obvious in Table 9, all of the strains of

Enbodi nents {ferhgerdturesxhithd taageefdild BORC il acdgeanal withlthe sdmperataedsr of
approximately 25% after 24 hours of incubation and excellent sl udge

sol ubi | bzat i growthtod sheftraipp obRimbatlishent33% 4f t Blowexd, hoendsr bf atit@adsat i on. 30
Al t hough sol ubilization was carried out at 63C as descri bed above in the

sl udge sol ubPxdeHent whihilizatioratndt wrelertbletasgyithe tamrerpbigdp dbe Fangeof

50 to 65°C.
Next, a mixture of the strain of Embodiment 1, 2 or 3 and the strain of
Embodiment 4 was used to carry out a test for comparing the sludge solubilization

10 rate with that of the case where a single bacterium was used. The results are

presented in Table 10.

Table 10
Incubation | SPT4 SPT5 SPT6 SPT7 SPT4+ | SPT5H+ | SPT6+
time (hr) SPT7 SPT7 SPT7
0 0 0 0 0 0 0 0
24 25.3 26.8 244 22.7 26.6 27.7 255
48 36.0 35.4 371 33.8 38.0 42.5 39.3
15 As obvious from Table 10, when a bacterial mixture of the strain of

Embodiment 1, 2 or 3 and the strain of Embodiment 4 was used, the sludge
solubilization rate increased as compared with the case where a single bacterium
was used. This is contemplated to reflect that strain SPT7 of Embodiment 4
grows under higher pH conditions. That is, when proteins in the sludge are first
20 decomposed by enzymes (a protease, a lipase, etc.) produced by those thermophilic
bacteria other than strain SPT7 to produce ammonia, thus pH of the sludge being
increased. Thus, it is believed that under such conditions, SPT7 proliferates

actively and produces enzyme related to sludge solubilization to promote sludge

solubilization.



solubilization is not limted to this. Solubilization can be carried out at
a tenperature in the range of 45 to 70C in accordance with the tenperature
for 5 growmth of the strains of Enbodinents 1 to 4.. However, in order to
attain an excellent solubilization rate3lit is preferable to set the
tenperature in the range of 50 to 65C. Next, a m xture of the strain of
Enbodinent 1, 2 or 3 and the strain of Enbodinent 4 was used to carry out
a test for conparing the sludge solubilization 10 rate with that of the
case where a single bacteriumwas used. The results are presented in Table

a0 e e T ASELE B e TG b P
4836. 035. 437thje?é:§ra§§§f ﬁﬁ%oél%%n% 115 o‘?‘% a‘ﬂ@%h@%ﬁa{rf @Eﬁ%ﬁleﬁw MWRePreforable

bacterial m xture o strai n of mbodi ment 1, 2 or 3 and the strain of

Enbodi ment 4ow@satusedolid Mttt HelgpH ﬁloﬂhubahgezam om 8.3t e increased as
conpared with the case where a single bacteriumwas used., This is

contenplated to reflect that strain SPT7 of Enbodi nent 4 groms under
hi gher pH conditions. That is, when proteins in the sludge are first 20
deconpo§ed by enzwﬁkam@&ﬂ@rotease a lipase, etc.) produced by those

t hernophilic bacteria other than strain SPT7 to produce anmoni a, Qus pH of
the sludge being $teingsesbacitugg. SP'4 Geohacilusasg. bk Qﬁﬂﬁﬂiiﬁ%ﬂi
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property of producing a sludge solubilizing enzyme which has an excellent ability
of sludge solubilization as described above and thus can be used in various

10 processes for biological treatment of sludge.

In the present Example, an example of the process for biological treatment
will be described.

An apparatus for carrying out the process for biological treatment of the
present Example is provided with, as shown in Fig. 1, a biological treatment unit,

15 a settling tank and a solubilization tank. In the present Example, wastewater A
is introduced into a biological treatment tank 2 via a path 1, and the wastewater,
which is organic wastewater, is subjected to aerobic biological treatment at the
biological treatment tank 2. Aerobic biological treatment means decomposition of
organic matter into inorganic matter such as carbon dioxide or water by biological

20 oxidation.

Next, treated water B which has been biologically treated is introduced
into a settling tank 4, which is a unit for solid-liquid separation, via a path 3 and
is subjected to solid-liquid separation. Supernatant liquid C resulting from
solid-liquid separation is discharged or the like, and a portion of sludge D which is

25 the solid matter resulting from solid-liquid separation passes through a path 5,
joins the path 1 and is introduced into the biological treatment tank 2 together

with wastewater A.




31 Further, in the case of solubilizing organic solid matter with a m xture
of the strain of Enbodiment 1, 2 or 3 and the strain of Enbodinment 4, it
is preferable to treat the solid matter at a pHin the range of 7.0 to
8.5. 5 (Exanple 2) Strains Geobacillus sp2 SPT4, Geobacillus sp. SPT5,
Geobacil lus sp. SPT6 and Geobacillus sp. SPT7 of the respective

Enbodi ments descri bed above have a property of producing a sludge

sol ubili zi ng enzyme whi ch has an excellent ability of sludge

sol ubilization as described above and thus can be used in various 10

pr f bi ol Qgi cal _.
ocesses for bi ol agi ¢ak, LEEAIIIRNL oPlLALYAE  kied NABLERSHL LENATR €, an

exanpl e of the process r ogl ca eat be described,. An
appar atus  Of,6AKLYA Nl O <RI RHASERRKPFiahhOL oG 6.2l A hEBbRBALzAGbnt he

pr esent Exanﬁ1e I's provided wth, as shown in Fig. 1, a biological

treat ment unidpk 7 kaLdilsAtibhlon8rghanksodden & t&dk uhiriddzatt iaervbiely . unidar hiph
present Exanple, wastewater A is introduced into a biological treatment
tank 2 via atpapdraflureanetlitibes. waatthisabribilization dhedtsient, gach of hestoedlat er, is
subj ected to aerobic biological treatnent at the biological treatnment tank
2. Aerobic binitrogigaaisntsdahereheverfimbedidentmbtest tswadof organic matter into
inorgani c matter such as carbon di oxi de or

I d t _bi ol ogi . .20
oxi dation. Next, tThasdubifiaaiden Bnkni sHnirades (ra?%]f}’i%ﬁll@%fg’é‘%%@eaflflgﬁﬁ ed is

introduced intqQ a settling tank 4, which is a unit fo olid-liquid
% epar at ![ on, ?W@qﬁgﬁ%é{% the ?ﬁ{ﬂ)gmfattrg ﬁ‘iﬂ’i’eé‘é&@]af{ ?@Séiéf(irﬁ)-efliaéﬁ?% a!? gf)c g{rsgg : on.
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Wi th wagt eval g5 4Anamdely, Geobacillus sp. SPT4 [FERM BP-08452], Geobacillus sp. SPT5

[FERM BP-08453], Geobacillus sp. SPT6 [FERM BP-08454] and Geobacillus sp.

SPT7 [FERM BP-08455]. These strains may be either preliminarily maintained

in the solubilization tank 7, preliminarily included in the sludge supplied to the

solubilization tank 7, or freshly added into the solubilization tank 7. Also, these
15 four strains can be used individually or in mixtures.

The temperature of the solubilization tank 7 is set to a temperature in the
range of 45 to 70°C, and preferably to a temperature in the range of 50 to 65°C, in
accordance with the temperature for growth of the strains of Embodiments 1 to 4.
Further, the pH is preferably set to a pH in the range of 5.5 to 9, and preferably to

20 a pH in the range of 6 to 8.5, in accordance with the pH for growth of the strains of

Embodiments 1 to 4.

(Example 3)
The present Example is another example of the process for biological
25 treatment, and the treatment apparatus of the present Example is provided with,
as shown in Fig. 2, a concentrating unit 9 downstream to the settling tank 4 and

upstream to the solubilization tank 7. As sludge is concentrated at the



The remai ning portion of sludge E separated at the settling tank 4 is
introduced into the solubilization tank 7 via the path 6. At the
solubilization tank 7, solubilization of organic solid nmatter is carried
out aerobically under high tenperature &8nditions. In this solubilization
treatnment, each of the novel 5 mcroorganisns of the above Enbodinments 1 to
4 is used. The solubilization tank 7 is intended for solubilization of the
sl udge supplied fromthe biological treatnment tank 2 as described above,
and this solubilization process is achieved by sol ubilizing enzymes such
as a protease. Here, such sol.ubilizin n S are.t u he
strains of ETARGHRARE Ut bPIgrg b&}“%%’%@ﬁ?ﬁ ¥O@1§b83¥:uﬁ)lﬂﬁ%gﬁ)§6’;8{1%%T§1%F%ﬁt
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may be eit .heHRH{% ﬂhg]s Ll 4 tiPRk el Recktehdbd BRussi@bbibislgogablead sigamficanily
prelimnarily i ncluded 1n the sludge supplied to the solubilization tank

7, or freshlygddect ibentTBEDinid iréakt diquidthat 7s reflused ftdesie 15 f our
strains can be used individually or in mxtures. The tenperature of the
sol ubi | zat i giubidinktich iaskskto the bivlbgicglerattment tankthe For dhgeorsenitBting 70C,
and preferably to a tenperature in the range of 50 to 65C, in accordance
with the tenpeitdt acendeotratingwpharstus peuippedvih TRFATEROREIbERRe 1 to 4. .

Further, the pHis preferably set to a pH_.in the ragge,of 5.5 é? 9, and
preferably tgﬂwﬂﬂﬁag@%KﬁnVHBgﬁéﬁﬁ%“ﬁﬁﬂ@nt80%9%§“¥ﬁe LRPUHENEROMY R t he pH
for gromh of the strain f.  Enmhodi nents 1 to 4. (Exanple 3) The present
Exanple is aﬁﬁFﬁ%?a%%%ﬁﬁﬁ@q&F(?HgmdF%gess for biological 25 treatnent, and

the treatment appgﬁﬁ% ﬁetsx?;g%aéqu tapg}?esgo%biﬁ%ﬁm tfanﬁ{SY iBrSQHO E&Hﬂetrg‘ture%?ﬂ%mm

in Fig. 2, a conc uni downstreamto the settling tank 4 and

upstream | ;’nmgﬁ?o%g% b?@tahﬁrhréi@%ly to Aerthetdeifeis tRORGRBIF 3D eFl6HIC, tabe 33
g it efore béeing supplied to the solubilization tank 7,
the amount jn Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9,
and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the
same as in Example 2 that the four strains can be used individually or in mixtures.
It is also the same as in Example 2 that the strains may be either preliminarily
15 maintained in the solubilization tank 7, preliminarily included in the sludge
supplied to the solubilization tank 7, or freshly added into the solubilization tank
7.
The treatment apparatus of this Fig. 2 is arranged such that a portion of
sludge D which is solid matter resulting from solid-liquid separation passes
20 through the path 5, joins the path 1 and is introduced into the biological treatment
tank 2 together with wastewater A, and the remaining portion of sludge E
separated at the settling tank 4 is supplied to the concentrating unit 9. However,
the arrangement is not limited to this, and it is also possible to concentrate at the
concentrating unit 9 all of sludge D that has been separated at the settling tank 4,
25 then to return a portion of the sludge to the biological treatment tank 2 via the

path 5, and to solubilize the remaining sludge at the solubilization tank 7 by

means of thermophilic bacteria, as shown in Fig. 3.



of introduction of sludge into the solubilization tank is reduced, and
consequently HRT at the solubilization tank 7 is extended, thus it being
possible to significantly reduce the amount of BOD in the treated liquid
that is returned fromthe 5 solubilizatidt tank 7 to the biol ogica
treatment tank 2. For the concentrating wunit 9, a concentrating apparatus
equi pped with neans for nenbrane concentration, centrifugal concentration,
floati ng concentration, evaporative concentration or the |ike can be used.
The tenperature at the solubilization tank 7 is set to a tenperature in the
10 range of 45 to 70C, and preferably to a tenperature in the range of 50
to 65C, as in Exanple 1 above. Further, the pHis also set to a pHin the
range of 5.5 to 9,E:%ndlg&fferably toapHin the range of 6 to 8.5, as in
Example 2. It is afsxon% e "sanme as in Exanple 2 that the four strains can

be used individual iﬁt}%rpﬂegbﬂﬁ%ﬁ{ﬁé-as shbwhSn #i8 0, hhgSiaiRe aspdatibanpl e 2
that the strains nay be either prelimmnarily 15 maintained in the

sol ubi I'i zati @p fyaRkicK sold-Bliidi Rhtdtioni iB et in phealll withebiolsgiopl i ed to
the solubilizati'on tank 7, or freshly added into the solubilization tank 7.
The treat mentreappadtaisdismised hissdeFibg bidogisalareanget tankch tHetrefargorti on of
sludge D which is solid matter resulting fromsolid-liquid separation
passes 20 t hsdisghquideepathios is jnorssuitdhdy pariedpubnd is introduced into the

bi ol ogical treatnent tank 2 together wth stewater A,. and _the remajning
portion of sludge E1ﬂ§€§@mhﬁﬁwfﬁPaFﬁ@n§§F¥ﬂ&ﬁﬁ”ﬂgﬁﬁp%mﬁénga%Hﬁhgﬂkﬁﬁaihe
concentrating unit 9. ver, he arrangenent is not |ppmt oot-hi s, and
it is also p%@§ﬁ8ﬂ@”@8ﬂgﬁﬁg§ﬁ?WQ#éadPeqéhéieg%ﬁHEHFV%PFﬁa%ﬁhpﬁﬂé%%?ﬁl%%
sl udge D that has,begn rated at the settling tank 4, 25 then to return
a portion ofFT%k?%?BU@&@%fgg{@é n%&fgdfgal treatment tank 2 via the path 5,
and to golubilize iR 1R ARGt Bhe B8 Rkatidie: SR uRisbi @Al iefbdrankto To Bhe
means of thernophilic bacteria, as shown in Fig. 3. 34 (Exanple 4)

range of 45 to 70°C, and preferably to a temperature in the range of 50 to 65°C, as

in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9,

and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the

same as in Example 2 that the four strains can be used individually or in mixtures.

15 It is also the same as in Example 2 that the strains may be either preliminarily

maintained in the solubilization tank 7, preliminarily included in the sludge

supplied to the solubilization tank 7, or freshly added to the solubilization tank 7.

(Example 5)

20 The present Example is an example for removing a phosphorus component
by microorganisms. A treatment apparatus of the present Example is arranged
such that, as shown in Fig. 5, a biological treatment tank 2 includes an anaerobic
tank 2a and an aerobic tank 2b. Further, a phosphorus releasing unit 11 is
disposed downstream to the settling tank 4 and upstream to the solubilization

25 tank 7. In the present Example, phosphorus is released from microorganisms in
the anaerobic tank 2a, and then the aerobic digestion by microorganisms and

ingestion of the phosphorus component by microorganisms (accumulation in body)



In the present Exanple, as shown in Fig.. 4, a nenbrane separation unit

10, by which solid-liquid separation is carried out in parallel with
biological 5 treatnent, is disposed inside the biological treatnent tank 2.
Therefore, solid-liquid separation is n3be suitably carried out. In the
menbrane separation unit 10 that is disposed inside the biological

treatnent tank 2, for exanple, a nenbrane having pore size of fromO,.1 to
2.5 [tm preferably fromO0.3 to 0.5 m is used. 10 The tenperature of the
solubilization tank 7 is set to a tenperature in the range of 45 to 70C
and preferably t e rat q{% e range of 50 to 65C, as in Exanple 1
above. Furt h&ie,2 H@eé a pHin the range of 5.5 to 9, and

preferably to a E;gf?%l’ g]%etr{e%g qHId %att%ag Ben ﬁl%lo ﬁ%%‘ce‘ﬂ gsedéra'te?ual S0

the sane as in our s rains & used ally or

in mxtures. it ghhaﬁ 12aB § 08 SR I?’%gh& ﬁﬁm %h?chtdaﬁﬁalﬁxb ﬁleSt rains my be

ei ther prelininar mal nt al ne sol ubilization tank

prelimnarily 'c&?tlrér'ﬁéﬁ hb &Jn&{ﬂﬂl@nt SHRRé b&diigOtanker. S(Ihub(ﬂdrltaaélle@% t ank
7, or freshlfmadded t% tﬂg sol ubilization tank 7. (Exampl e 5) 20 The

pr esent 5 Exanph@phsrarospandterdmothe sn@vbrggnanphospheryusudgapahent by
m croorgani sns. A treatnent apparatus of the present Exanple is arranged

such that, ashephurusicnmpbgent5s reedredlinghe Ehuidimbaserahthetrhokpborug eelg@ess an
anaerobic tank 2a and an aerobic tank 2b. Further, a ho phor us rehﬁa3|ng
unit 11 is disipddedinidinersecigtnase of the @@?Pllquﬁg CQIARRnER éi%l ﬁ%‘frfeé]aﬂﬂ % t he
solubilization 25 tank 7. In the preiFnt Exa
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the treated water b, and the phosphorus component is flocculated as a solid component
at a phosphorus separating unit 12 to give tertiary treated water c which
substantially does not contain a phosphorus component, and a solid phosphorus
component y. This solid phosphorus component y can be used as a raw material
15 for production of fertilizers or phosphorus compounds. The foregoing secondary
sludge z is further subjected to solubilization at the solubilization tank 7 for
volume reduction of the sludge fraction.
The temperature of the solubilization tank 7 is set to a temperature in the
range of 45 to 70°C, and preferably to a temperature in the range of 50 to 65°C, as
20 in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9,
and preferably to a pH in the range of 6 to 8.5, as in Example 2. Itis also the
same as in Example 2 that the four strains can be used individually or in mixtures.
It is also the same as in Example 2 that the strains may be either preliminarily

maintained in the solubilization tank 7, preliminarily included in the sludge

25 supplied to the solubilization tank 7, or freshly added to the solubilization tank 7.

(Example 6)



concentrat ed phosphorus conponent, in the settling tank 4. In order to

rel ease 5 phosphorus conponent fromthe mcroorganismin primary sludge X,
the phosphorus conponent is released in the Iiquid phase at the phosphorus
releasing unit 11. In this case, rel eas&6of the phosphorus conponent can
be carried out by, for exanple, anaerobic treatnent, heat treatnent,
ultrasonic treatnent, ozone treatnent, alkaline treatnent or the like, and
it is particularly preferable to carry 10 out it by anaerobic treatnent.
Next, a flocculating agent is added to secondary treated water b, and the

phosphorus Comonﬁ%ﬁ%s%toﬁ%agr{l@t :,:i"%ar? %X&%{lé%lfé\lg h%ocglgé) &ﬁ?x(t:ehth%tlo dt Iﬂgﬁphor us

separating unit 1 rea r substantially

does not COD%&!SE%% A Rﬂgwﬁeﬁp&mﬁggﬁﬁog&%@aigmgioqgme%&hﬁéﬂbms sofRoNent

y. This soli phoruds conponent can be used as a raw naterial 15 for

production ofitffbhichhzelifg MorPhoe PHAPpHS RO MPHENESate d RR&MAYH dischsegandar y
sludge z is further subjected to solubilization at the solubilization tank

7 for vol unguy FAHE tic@tn&ft dybensisuggs], fabdckebdorizaTibe of enpehaistges ofmittée
solubilization tank 7 is set to a tenperature in the range of 45 to 70C,
and pr eber abtoytheatmosgrepe isqiossible. n Aslsbowany&igf6, 50 thor@seof e trgged n
Exanpl e 1 above. Further, the pHis also set to a pHin the range of 5.5 to
9, and pref ehawyo the biojpgicahtrepenentrigak 8f a gitrgicgtion upl 3panplie 2. It is
also the sane as_in Exanple 2 that the four strains _can be use

i ndi vi dual | ydemtificagonpgpiteld are SR0§e<ix|3§161 % pRrtiog tl&sSIPﬁgee%ﬁaﬁﬁtég 3t theat the
strains may be either prelimnari el nt.ai ned jn_.the solubihizat] t ank
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tank 7, or fpeshl Hhe sql.ubpi i i R end) 36 The
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i's smahl, thg. R &R Ynif DEvilid K9 RRch£Q8F 86 BhA 9 refGaPath COMPAREMiS Or the
nit rogen- cont al ni ng | norgani c corrponent s in the treated water that is

di scharged @uichafastoheertd € satalilisytsdremnks7 siarthe patinzb deedotd #at i on of an
exhaust gas emtted
nitrification unit 13 via the path 27.
The NH4* component in the organic wastewater is changed to NO2™ or
NOs~ by nitrifying bacteria at the nitrification unit 13, and this NOz2~ or NOs™ is

15 introduced to the denitrification unit 14 and then emitted to the atmosphere, thus
the odor of the gas emitted to the atmosphere being significantly attenuated.
Further, the heat of the gas discharged from the solubilization tank 7 is effectively
used in the nitrification treatment at the nitrification unit 13, and thus the loss of
heat energy is small.

20 Furthermore, the content of the nitrogen-containing organic components
or the nitrogen-containing inorganic components in the treated water discharged
out of the treatment system is substantially zero.

The temperature of the solubilization tank 7 is set to a temperature in the
range of 45 to 70°C, and preferably to a temperature in the range of 50 to 65°C, as

25 in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9,
and preferably to a pH in the range of 6 to 8.5, as in Example 2. It is also the

same as in Example 2 that the four strains can be used individually or in mixtures.



5 to the atnosphere is possible. As shown in Fig. 6, on the route of the
treated liquid to the biological treatnent tank 2, a nitrification unit 13
and a denitrification unit 14 are disposed, and a portion of the sl udge
separated at the settling tank 4 is ret@dfned to the nitrification unit 13
via a recycle path 15, while the treated liquid solubilized at the
solubilization tank 7 is returned to the 10 denitrification unit 14 via a
heat exchanger 16 and a return path 17. Also, air which has entered the
solubilization tank 7 via the path 26 is sent to the nitrification unit 13
via the path 27.. The NHA+ co nt. 4 [ enat ers | nged to
NO2- or hbsulﬁﬁhﬂﬁﬁ?F?§?%ﬁug§%%§ %ﬁigF&Bﬁ%gﬁgﬁﬁi ?%ﬁ?é@%ﬁiné¥h%§%hgnd this
NO2- or NO3 #I]l%mtg;éxeh@ %Réjétﬁt Bgé)ci(%rﬂ@an%eﬂ b&élhﬁ%ﬁ%@ﬂ& pRIMRItn He aREgs hen

emtted to the atnosphere, e odor of the gas emtted to the
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di scharged fromthe solubilization tank 7 is effectively wused in the
nitrification treatnent at the nitrification unit 13, and thus the | oss of
heat energy is small. 20 Furthernore, the content of the

ni t r oged- cont ai ni n@xangdnic conmponents or the nitrogen-containing

i norgani ¢ conponents in the treated water di scharged ouyt. of the treatnent
system is subst antThd agparatus forriveatresnief araanic wasteates Of the PieseRt on tank 7

is set to a tenperature in the range of 45 to 70C .and prefergbly to a

t enper at ur e ERAPRlE PEHEes %Plog@l trggpnenistanks ?’Hioﬁ‘gﬁg'?légﬁo%g%g{e{]’ #®urt her,
the pHis also set to in,the.r e of 5t erably to a pH
in the rangeS¥" %' g8?5ag§%?Pﬁﬁﬁygﬁ%gﬁwﬁenffﬂﬁggé(ggég %&leﬁéﬂas in
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It is also thé sdfne as Iin anpfe that the strains may be either

prel i mijpari | Yoo dRi 1At dkneke kAstM@tao! ubilization tank 7, prelimnarily

i ncluded in t%e sl udge supplied to the solubilization tank 7, or freshly
added to the sol ubid ikegirbe@mnt Eaakaple, trédathExaizpichie?yd by carrying out the

processes of inflow of raw water, reaction, settling, draining, sludge discharge and
the like in one cycle. More specifically, as shown in Fig. 8, while the system
receives an inflow of raw water, the processes of aeration, stirring, aeration,

15 stirring, aeration, settling due to stopped aeration, solid-liquid separation and
solubilization treatment are carried out in cycles. In this case, aeration is an
aerobic treatment, while stirring is an anaerobic treatment. Repeated processes
of aeration and stirring, and the processes of settling and solid-liquid separation
are carried out in the biological treatment tank 2, and the process of solubilization

20 treatment is carried out in the solubilization tank 7.

A series of the batch processes for wastewater treatment from the
reception of an inflow of raw water to the discharge of treated water can allow
adjustment of the duration of treatment in each process so that the processes are
carried out multiple times (e.g., 2 to 4 times) a day; however, depending on the

25 nature and state of wastewater, the duration of treatment in each process may be
adjusted such that the batch process is carried out, for example, about once a day

or twice per three days.



The apparatus for treatnent of organic wastewater of the present Exanple
i ncludes a biological treatnent tank 2 and a solubilization tank 7, as
shown in Fig. 7. In the biological treatnent tank 2, treatnent of organic
wast ewat er i s achi eved batchwi se. In the38resent Exanple, sewage water was
10 used as the organic wastewater. In the present Exanple, treatnent is
achi eved by carrying out the processes of inflow of raw water, reaction,
settling, draining, sludge discharge and the like in one cycle. Mre
specifically, as shown in Fig. 8, while the system receives an inflow of

raw water, the pr Oﬁg 5615688%@%3]&?1%3%5 %(;c[agsi ’er%_‘laqrnaﬁlivglges ﬁi%riﬁt:étﬁcﬁf- LR

aeration, settling Ion, soll I quird separation ‘and
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is an aerobl't stirring is an anaerobic treatnent.

Repeat ed pr pﬁgxﬁgﬁﬁcatf&l 1RELALtr FPin@HdcRlial I ThEn, B0 sthipild ocesatsn,cludget t1ing
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and solid-Iliqui eparation are carried out in the biological treatnent
tank 2, and {heuiMP5essepafatsal UDhé bzmirh@an2(: dis@atgehdr ths likar andad portion n
the solubilization tank 7. A series of the batch processes for wastewater
treat mest freMmHbehettlddededds ionetaineninithé bmlogifal teewtmentetankd fohéhadi schar ge of
treated water can allow adjustnent of the duration of treatnment in each
process so t haisethentpraodemweessawhile the rameainingroRtien piihe sfydgeds pappjedto (o 4

ti mes) a day; however, depending on the 25 nature a tate of st ewat er,
the dur at i ontlsf sodwlibizahiomn tank 7&8%‘%@@9&%@%“ hrgg et aﬁ?‘ﬁi’ﬂ&ﬁfgﬁ%tﬁ}ﬁﬁat t he
bat ch process is_carried. out., for ex ,._abqut . ongc i.Ce per
t hree days. sgubilizafien B? g?eﬁ?l“%?ﬁf‘ggg# ﬁels ]rfeg%reag gy %egu%ee(ra; it%%”fotﬁ(\glgos I O{?es
nitrification.b niLridyi bac i the process of stirring with
aeration bej ﬁﬁ“ﬁ?%%@ ér#vso?{)/eags sthggﬁlﬁ%lr@?"icbéati on by denitrifying bacteria.
Then, upon st Oppi ngpotoBNBLEGN trefldiauid isreseioliad tanBioRRRal aatherhe
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supernatant is discharged or the like, and a portion 5 of the settled
sl udge is reggingsh BmotReooahngitealant heeerabiy int Ahéwtof3rmirhees, before the
stopping of aeration at the first step. The number of cycles is determined by the
BOD-SS load at the biological treatment tank. In general, in the case of high load
operation (BOD-SS load: 0.2 to 0.4 kg BOD/kg SS day), it is preferable that the
15 nitrification-denitrification treatment with aeration and stirring is operated in 3 or
4 cycles. Also, in the case of low load operation (BOD-SS load: 0.03 to 0.05 kg
BOD/kg SS day), it is preferable that the nitrification-denitrification treatment is
operated in 2 or 3 cycles.
The temperature of the solubilization tank 7 is set to a temperature in the
20 range of 45 to 70°C, and preferably to a temperature in the range of 50 to 65°C, as
in Example 1 above. Further, the pH is also set to a pH in the range of 5.5 to 9,
and preferably to a pH in the range of 6 to 8.5, as in Example 2. Itis also the
same as in Example 2 that the four strains can be used individually or in mixtures.
It is also the same as in Example 2 that the strains may be either preliminarily
25 maintained in the solubilization tank 7, preliminarily included in the sludge
supplied to the solubilization tank 7, or freshly added to the solubilization tank 7.

In the present Example, the solubilized sludge is returned to the reaction



subsequent batch process, while the remaining portion of the sludge is
supplied to the solubilization tank 7 for solubilization treatnent. The
liquid treated by solubilization at the solubilization tank 7 is
preferably returned to the process of sBdrring at the first step, as shown
in Fig. 9. 10 The solubilization treated liquid is returned to the
biological treatnent tank 2 in 3 hours to 30 mnutes, and preferably in 1
hour to 30 m nutes, before the stopping of aeration at the first step. The
nunber of cycles is determned by the BOD SS | oad at the biol ogical

treatnment tank, In general, {n the case of hjgh |lo operation (.B SS

| oad: 0.2 totamkaf ke Brsblipgfiadsacrghon precesy i %#g‘?rért%lgﬁém?ﬁgets’ H p%r%y
nitrification-_denitrijficatio reat nent wi,t h aeratiqn. I [Ll RS
operated in % ]oﬁour4t°§396P]é’§F“esAB§’{9fe %ﬂplflﬁéoﬁa}%seea%?m %quésggp%(s)%ieér ‘g)te%éot% ﬂf’ BOD- SS
| .Oad.: 0 03. t fe%%}ga l%1%(3 ]ﬂ?eqa[ Egic%?aft&aé%taih&dhisth%rs%fﬁﬁl%h%lﬁdﬁtast%urce of
nitrification- denrtrification treatment Is operated in 2 or 3 cycles. The

tenperature Sieb YPBOIDE A28 the Rknifrifisat®ltrd Anient GPRIAtsHRmMAet he 20
range of 45 8“%%%? ang ppg%erab?y to %??énperature in the range of 50 to

65C, asy in Exairm@tidn A0PNGeforslldiiterthe biuptbf Gealicd agetitstsacla ap hhetlmariche
range of 5.5 to 9, and preferably to a pHin the range of 6 to 8.5, as in

Exanpl e 2. |thatsr@gaerilheusslamsethasoime BEkpropdrecd hdwedutdte thoeast gsogiabed can
be used individually or in mxtures. It is also the sanme as in Exanple 2
that the strwithghemamobet ef dhieericad rgbntsicanbp lrjozdwegint ai ned in t he

solubilization tank 7, prelimparily_ included in the sludge s% ied to
the sol ubilizati onntthikease, the duradg fpr %i&ﬁ ZﬁBOI%ﬁféaEfB?%‘FE’F*’zfaﬁﬁﬁ PEnk 7.

In th t Exanple, the spl ubili | is returned.t ti
30 tank of |t Wet T BRI PR PRy ROAS b e e WS RR A gk B0 "

and pr @erab%yé iqul hour to 30 m nutes, before stopping of the aeration.
It is 3 ssib e(%%%r%by to effectively use the organic nmatter contained in
the solubilized sludge as a source of proton (source of BOD) during the
denitrification treatnent in order to pronote 5 denitrification,.
Therefore, since t{Rappugt of chem cal agents such as nethanol

The apparatus for treatment of organic wastewater of the present

embodiment is provided with an anaerobic tank 18, a primary aeration tank 19, an
15 anoxic tank 20, a secondary aeration tank 21, a settling tank 4 and a solubilization
tank 7 as shown in Fig. 9.

An anaerobic tank 18 has a function of anaerobically digesting organic
wastewater, and in the case where the return sludge or the sludge in the
acid-fermented liquid contains phosphorus, the function of releasing the

20 phosphorus in the sludge into the liquid.

A primary aeration tank 19 is intended for aerobic biological treatment
through aeration and stirring of the treated liquid that has been anaerobically
treated at the foregoing anaerobic tank 18, and for oxidative decomposition of the
organic matter in anaerobically treated water, or nitrification of the ammonia

25 inflow. This primary aeration tank 19 may be any one which is notably equipped
with an aeration means, and for the aeration means, though not limited, for

example, an aeration tube can be used. The aeration treatment 1s carried out



that are generally used as the source of proton can be reduced, the cost
associated wth the anount of chem cal agents can be al so reduced. In this
case, the duration for solubilization treatnent is preferably from 12 to
72 hours, nore preferably from 18 to 48 Rours, and nost preferably from 20
10 to 36 hours. (Exanple 8) The apparatus for treatnent of organic

wast ewat er of the present enbodiment is provided with an anaerobic tank
18, a primary aeration tank 19, an 15 anoxic tank 20, a secondary aeration
tank 21, a settling tank 4 and a solubilization tank 7 as shown in Fig. 9.

An anaerobic tank 18 has a function of anaerqbj.cally di ti i
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with an aeration neans, and for the aeration neans, though not limted, for
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ltO This secondary aeration tank 21 has the same arrangement as the foregoing
primary aeration tank 19, and biological treatment is carried out by aeration and
stirring in the same manner. In this case, the secondary aeration tank 21 has
both functions of nitrification and BOD removal. Further, although not shown in
the figure, a portion of the nitrified liquid which is the tre ated liquid from
15 secondary aeration tank 21, is returned to the anoxic tank 20 for denitrification of
nitric acid or nitrous acid in the nitrified liquid.
The settling tank 4 is intended for solid-liquid separation of the treated
liquid that has been biologically treated at the foregoing secondary aeration tank
21, and the separated liquid fraction is recycled as a treated liquid or discharged,
20 while the sludge which is the separated and settled solid fraction is then partly
supplied to the solubilization tank 7, with the remaining portion being returned to
the anaerobic tank 18.
When sewage water is treated in a treatment apparatus having such an
arrangement, sewage water is first supplied to the anaerobic tank 18. The
25 treated water after anaerobic treatment is supplied to the primary aeration tank
19 of the next process and treated aerobically by aeration and stirring. This

aerobic treatment by aeration and stirring leads to the nitrification treatment.



has been aerobically treated at the foregoing primary aeration tank 19. A
secondary aeration tank 21 is intended to subject the treated liquid that
has been denitrified at the foregoing anoxic tank 20 to aerobi c bi ol ogi cal
treatment. 10 This secondary aeration tamk 21 has the sanme arrangenent as
the foregoing primary aeration tank 19, and biological treatnment is carried
out by aeration and stirring in the sanme manner. In this case, the
secondary aeration tank 21 has both functions of nitrification and BOD
renoval . Further, although not shown in the figure, a portion of the

nitrified liquid which is the treated lLiquid from 15 secondary aeration
tank 21, is ret urndext the teatgd dwapgd ﬁ’éﬁk‘a?geqrbﬁreﬁtéﬂi]bﬁ'ﬁef?té% ?to"ry?e@f“m?ﬁytri c
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partly supp e so zation tank 7, with the remaining portion

bei ng” r gt ur ngg b Ra1{ B 1ARRRHORIAGtEARE. 1Bhis\Wbeiicevabe seahdary serhtieated: i n a
treat nent apparatus having such an arrangenent, sewage water is first

suppl i ed to phednashrBfcaticndndBmomako2BODr eat ed wat er after anaerobic

treatment is supplied to the primary aeration tank 19 of the next process

and treated aerobi Natt, yhdtreatediguihtheardias been rergtedrati the saengpricaqraaR nent

by aeration and stirring leads to the nitrification treg%ge%g, 41 Next, the
i
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aerobically by the strain of the above-described embodiment. Also, the remaining
portion of the settled sludge is returned to the anaerobic tank 18 as a return
sludge.
15 The sludge solubilized at the solubilization tank 7 is returned to the
aforementioned anoxic tank 20 and treated again. Then, denitrification at the
anoxic tank 20, aeration at the secondary aeration tank 21, solid-liquid separation
at the settling tank 4 and solubilization at the solubilization tank 7 are repeated
in cycles.
20 HRT at the solubilization tank 7 is preferably selected based on the HRT
value which maximizes the amounts of bacterial production and secretion. If
HRT is selected in this way, the reaction under the action of the sludge solubilizing
enzyme produced and secreted can be efficiently utilized. Typically, HRT is
preferably set to 12 to 72 hours, more preferably set to 24 to 72 hours in view of
25 oxidation of ammonia in the solubilized liquid, and most preferably set to 36 to 48

hours in view of balancing between compacting of the solubilization apparatus and

improvement of the quality of treated water.



Next, the treated liquid that has been aerated at the secondary aeration
tank 21 is supplied to the settling tank 4. In this settling tank 4,
solid-liquid separation occurs, and the separated liquid fraction is
recycled as a treated liquid 10 or dischai2ged, while the sludge which is
the separated and settled solid fraction is partly supplied to the
solubilization tank 7 so that the sludge is solubilized aerobically by the
strain of the above-described enbodi nent. Al so, the remaining portion of
the settled sludge is returned to the anaerobic tank 18 as a return
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individually or in mixtures. It is also the same as in Example 2 that the strains

may be either preliminarily maintained in the solubilization tank 7, preliminarily

included in the sludge supplied to the solubilization tank 7, or freshly added to the

15 solubilization tank 7.

(Example 9)
The present Example is different from the foregoing Example 8 in that
there are provided two anoxic tanks and only one aeration tank.
20 Thus, the treatment apparatus of the present Example is provided with a
pre-anoxic tank 23, an anaerobic tank 18, a compatible tank 24, an anoxic tank 20,
an aeration tank 25, a settling tank 4, a concentrator 9 and a solubilization tank 7
as shown in Fig. 10.
In the present embodiment, the raw water entering anaerobic tank 18 is
25 supplied to the compatible tank 24.
This compatible tank 24 has a function of changing the return path of the

sludge and treated liquid (nitrified liquid) from the aeration tank 25 in accordance



The tenperature of the solubilization tank 7 is preferably set to a
tenperature in the range of 45 to 70C, and preferably to a tenperature in
the range of 50 to 65C, as in Exanple 1 above. Further, the pHis also set
toapHin 10 the range of 5.5 to 9, and4preferably to a pHin the range of
6 to 8.5, as in Exanple 2. It is also the same as in Exanple 2 that the
four strains can be used individually or in mxtures. It is also the sane
as in Exanple 2 that the strains nay be either prelimnarily naintained in
the solubilization tank 7, prelimnarily included in the sludge supplied

to the solubilization tank 7, or freshly added fo t 15 sol ubi.lization
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Next, it is supplied from the aeration tank 25 to the settling tank 4, and is
subjected to solid-liquid separation at this settling tank 4, the separated liquid
fraction being appropriately discharged. Further, the sludge which is the
separated and settled solid fraction is supplied to the concentrator 9 and to the
15 solubilization tank 7. In this case, the aeration tank 25 has the functions of BOD
removal and nitrification. A portion of the nitrified liquid which is the treated
liquid from the aeration tank 25 is returned to the pre-anoxic tank 23, and
preferably (though not shown in the figure) to the anoxic tank 20.
The sludge solubilized at the solubilization tank 7 is returned to the
20 compatible tank 24 and is circulated through the cycle of the compatible tank 24,
the anoxic tank 20, the aeration tank 25, the settling tank 4, the concentrator 9
and the solubilization tank 7. In addition to being supplied to the concentrator 9,
the sludge separated at the settling tank 4 is also returned to the pre-anoxic tank
23. Further, sludge from the anaerobic tank 18 or the compatible tank 24 is also
25 returned to the pre-anoxic tank 23.

The temperature of the solubilization tank 7 is set to a temperature in the

range of 45 to 70°C, and preferably to a temperature in the range of 50 to 65°C, as



After the treatnent at the conpatible tank 24 as such, raw water is
supplied to the anoxic tank 20 for denitrification thereof, and is supplied
again to 10 the aeration tank 25 for aerobic biol ogical treatnment by
aeration and stirring. Next, it is supplyed fromthe aeration tank 25 to
the settling tank 4, and is subjected to solid-liquid separation at this
settling tank 4, the separated liquid fraction being appropriately

di scharged. Further, the sludge which is the separated and settled solid
fraction is supplied to the concentrator 9 and to the 15 solubilization
tank 7. In this case, the aeration tank 25 has the unqtions \% ?&Dg
removal and ini Exaripledtabore. Ayshar ghe 131 is Heo satite AMELE eidde §h?-2ioPs t he
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pre-anoxi c tank 23" The tenperature of the solubilization tank 7 is set to
a tenperature in the range of 45 to 70C, and preferably to a tenperature
in the range of 50 to 65C, as 44 in Exanple 1 above. Further, the pHis
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In the present example, raw water is anaerobically treated at the
anaerobic tank 18 so that the phosphorus component in the sludge is released, and
is supplied to the anoxic tank 20 where it is subjected to denitrification. The

15 treated liquid which has been denitrified at the anoxic tank 20 is supplied to the
aeration tank 25, and ammonia contained in the sludge is changed to nitrous acid
or nitric acid at the aeration tank 25. That is, nitrification occurs at the aeration
tank 25.

Next, the treated liquid that has been nitrified at the aeration tank 25 is

20 supplied to the settling tank 4. Solid-liquid separation occurs at this settling
tank 4, and the separated liquid fraction is discharged or the like. A portion of
the sludge which is the separated and settled solid fraction is supplied to the
solubilization tank 7, and the remaining portion is returned to the anaerobic tank
18 as return sludge.

25 The sludge after solubilization treatment is returned to the anaerobic
tank 18 and is subjected to repetition of the cycle of denitrification at the anoxic

tank 20, treatment at the aeration tank 25, solid-liquid separation at the settling



The treatnent apparatus of the present Exanple is provided with an 10
anaerobic tank 18, an anoxic tank 20, an aeration tank 25, a settling tank
4 and a solubilization tank 7, as shown in Fig. 11. In the present

exanple, raw water is anaerobically treatéd at the anaerobic tank 18 so
that the phosphorus conponent in the sludge is released, and is supplied
to the anoxic tank 20 where it is subjected to denitrification. The 15
treated |iquid which has been denitrified at the anoxic tank 20 is supplied
to the aeration tank 25, and ammonia contained in the sludge is changed to

d i d h
o ol o Rt RS RBl R BR ALY, EParthBRh dodvion of che .
that has beep “h&g {;{u qyﬁkhﬁqggb@ﬁf&gma A #Kad3tibs taxﬁQ2§&b°1F%|tﬁﬁfédtt9tEé‘e

itr
settling tank ‘4 i'qui d separation occurs at this settling tank 4,
and the sep m%lﬁ})(@(dt&'ﬂ'k%& thé aahé@PicitinkK 18 GhardgsRrieibd hbehd hlic AnRAOL i on of
t he sl udge Ich 1s the separated and settled solid fraction is supplied to
the solubilizati ophd pkpetatvaadf tHeasohdiltdationgapbitis sat o teetperatade trothiehe
anaerobic tank 18 as return sludge. 25 The sludge after sol ubilization
treat nept i sravgbuf H&tb TP had aneferably ® a teamperaﬁlrandthesraslgbj()éé@ @d65°<§7 as
repetition of the cycle of denitrification at the anoxic tank
treat ment atintFearagledtdhone t drikthe, t@ﬂ@ﬂﬁ@]ﬁﬁt&%ﬂéﬁéﬂ%ﬁwn&? of ﬁé &t t1ing
45 tank 4 and sol ubiljzation at the SO|§bI|I2atl g% 7. F her
portion of t#ed praferabl ted BH érithe tamee Bt AL SBedt ’é%ffl Tt 1 %Petfhgtl on

k 25 i d h 20 h
deni t 11t Zdr%inlf%r Ao malgamele R S O i e s R Rl B S RRS
tank 7 is Se{ glso 3 he ”B%r aL Yl Ex%ﬂg%@thazg%@gtg%ngﬁnéﬁné &tl? %reﬁﬂ%a@ﬂ?f erably

to a tenpera u? fe range o i n Exa bove.
Furt herlB t hem%hllt'aﬁleﬁllﬁ (P,hé §51ul§1‘ﬁz§t1&ﬂddk 1, @?elﬁﬁﬁﬁ@ﬂ@fncﬁld@dhﬁ tﬁe slu@@é‘
preferably to a in the range of 5, as in Exanple 2. It is also

the same assd;ﬂ)h@l a&rﬂkeesozuulh@dudmnkom br &bskly nddedtv the sohddlidatidnviadkal |y or
in m Xxtures.



It is also the sane as in Exanple 2 that the strains may be either
prelimnarily 10 maintained in the solubilization tank 7, prelimnarily
included in the sludge supplied to the solubilization tank 7, or freshly
added to the solubilization tank 7.. 46 @BAIMS 1. A novel m croorgani sm
bel ongi ng to genus Geobacillus, which has an ability to produce a

sol ubilizing enzyne for solubilizing organic solid matter such as organic
sl udge or biol ogical sludge. 5 2. A novel mcroorgani sm bel onging to genus
Geobaci | lus, which has an ability to produce a solubilizing enzynme for

sol ubilizing organic solid matter SUChéﬁiugﬁ%ganic sl udge or bi ol ogi cal
sl udge and has the foll ow ng nycol ogic racteristics: 10 A

Mor phol ogi cal chayacteristics (1) Sh 26,98 56k Lindn: icel
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15 B. Cultiv ng charac Nutrient agar plate culture) (1) Col ony
mor phol ogy: 6id.eW @hdg ]&5@E#ap§§@@£ edge, | ow convex (2) Color: cream
t C. Ph

color (3) G o0ss: presen ysi ol ogical characteristics 20 (1) G am
stai ning property: + (2) Ntrate reduction” (3) Indole production: (4)
Hydr ogen sul fide production: - (5) Use of citric acid:

2. Anovel microorganism belonging to genus Geobacillus, which has an ability
to produce a solubilizing enzyme for solubilizing organic solid matter such as
organic sludge or biological sludge and has the following mycological
characteristics:

10 A. Morphological characteristics
(1) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 um
and a length of 2.0 to 4.0 um
(2) Presence or absence of motility: present
(3) Presence or absence of spore: present
15 B. Cultivating characteristics (Nutrient agar plate culture)
(1) Colony morphology: circular, entirely smooth edge, low convex
(2) Color: cream color
(3) Gloss: present
C. Physiological characteristics
20 (1) Gram staining property: +
(2) Nitrate reduction: —
(3) Indole production: —
(4) Hydrogen sulfide production: —
(5) Use of citric acid: —
25 (6) Urease: —
(7) Oxidase: +

(8) Catalase: +



25 (6) Urease: - (7) Oxidase: + (8) Catalase: + 47 (9) Attitude to
oxygen: aerobic (10) OF test (glucose): -1 (11) Production of acid and
gas from saccharides D-glucose: acid (+)/gas (-) 5 3. A novel

m croor gani sm bel ongi ng to genus Geobaci KUlfus, which has an ability to
produce a solubilizing enzyne for solubilizing organic solid matter such as
organi ¢ sludge or biological sludge and has the foll ow ng nycol ogi cal
characteristics: 10 A Mrphol ogi cal characteristics' (1) Shape and size of
cell: rod-shaped cell with a width of 0..7 to 0.8 Jim and a length of 2.0
to 4.0 an (2) Presegge or absence of gg%ility: present (3) Presence or
absence of spore: pltYLehtudssioRxyesn- @IS ng characteristics (Nutrient agar

plate culture) (1) gﬁézﬂ¥ég§hgﬂgé%§%fgcircular, entirely snooth edge, |ow
0

convex (2) Color: ss: present C. Physi ol ogi cal
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citric acid: D-glucose: acid (+)/gas (—)
5
3. A novel microorganism belonging to genus Geobacillus, which has an ability
to produce a solubilizing enzyme for solubilizing organic solid matter such as
organic sludge or biological sludge and has the following mycological
characteristics:
10 A. Morphological characteristics:
(1) Shape and size of cell: rod-shaped cell with a width of 0.7 to 0.8 um
and a length of 2.0 to 4.0 um
(2) Presence or absence of motility: present
(8) Presence or absence of spore: present
15 B. Cultivating characteristics (Nutrient agar plate culture)
(1) Colony morphology: circular, entirely smooth edge, low convex
(2) Color: cream color
(3) Gloss: present
C. Physiological characteristics
20 (1) Gram staining property: +
(2) Nitrate reduction: —
(3) Indole production: —
(4) Hydrogen sulfide production: —
(5) Use of citric acid: —
25 (6) Urease: —
(7) Oxidase: +

(8) Catalase: +



25 (6) Urease: - (7) Oxidase: + (8) Catalase: + 48 5 10 15 20 (9) Attitude
to oxygen aerobic (10) OF test (glucose).' -/ (11) Production of acid and
gas from saccharides D-glucose: acid (+)/gas (-) (12) Fernentability test
(a) D-glucose: + (b) D-fructose: + (c) B8mannose: + (d) D-sorbitol= - (e)
Inositol: - (f) Maltose: + (g) Trehalose: + (13) Qher physiol ogical
characteristics (a) 13-Galactosidase activity: (b) Arginine dihydrolase
activity: - (c) Lysine dicarboxylase activity: - (d) Tryptophan deami nase
activity: - (e) Acetoin production: (f) Celatinase activity: + (Qg)
Orni t hi ne di car boxyl as achi [
(Sl)lgttltu e

)clol (t)%r:gen-' aerobic
(10) O-F test (glucose): —/—
(11) Production of acid and gas from saccharides
D-glucose: acid (+)/gas (—)
5 (12) Fermentability test
(a) D-glucose: +
(b) D-fructose: +
- {¢) D-mannose: +
(d) D-sorbitol: —
10 (e) Inositol: —
() Maltose: +
(g) Trehalose: +
(13) Other physiological characteristics
(a) p-Galactosidase activity: —
15 (b) Arginine dihydrolase activity: —
(c) Lysine dicarboxylase activity: —
(d) Tryptophan deaminase activity: —
(e) Acetoin production: —
(f) Gelatinase activity: +

20 (g) Ornithine dicarboxylase activity: —

4. The novel microorganism according to claim 1, which is Geobacillus sp.

SPT4 (FERM BP-08452).

25 5. The novel microorganism according to claim 1, which is Geobacillus sp.

SPT5 (FERM BP-08453).



4.. The novel mcroorgani smaccording to claim1, which is Geobacillus sp.
SPT4 (FERM BP-08452).. 25 5. The novel m croorgani smaccording to claiml,
which is Geobacillus sp. SPT5 (FERM BP-08453). 49 6. The novel

m croor gani smaccording to claim1, whicH9% s Geobacillus sp. SPT6 (FERM
BP-08454). 7.. The novel m croorganismaccording to claim11, which is
Geobacillus sp. 5 SPT7 (FERM BP-08455). 8. A novel m croorgani sm bel ongi ng
to genus Ceobacillus, which has an ability to produce a solubilizing
enzynme for solubilizing organic solid matter such as organic sludge or

bi ol ogi cal sl Lédgﬁ‘#%Eﬁ)v&arﬁic?oo?%%rgfrlﬁgat%?(ﬁrgﬁfggt%fc})\a]iﬁlsf I CediicitRisdgscri bed

in SEQID No. 1 i e sequen novel m croor gani sm bel ongi ng

to genus Gbo@?@%k$ﬁﬁbﬁﬂ@k%ﬁ5ﬁﬁs an ability to produce a solubilizing
enzynme for solubilrzing organic solid matter such as organic sludge or

bi ol ogi cal sludge and has a base sequence of 16SrRNA gene as 15 descri bed
in SEQID No. 2 in the sequence listing. 10. A novel m croorganism

bel ongi ng t o genU%e@@odlagickdouganiwhiactordas tarlaiabl,|whiyh isoGeobadillee sp.

sol ubilizing enzynme for solubilizing organic solid matter such as organic
sl udge 6r bi SPBY(EERMsBOd453nd has a base sequence of 16Sr RNA gene as 20
described in SEQID No. 4 in the sequence listing. 11. A process for
treatment of organic solid matter, in which organic solid mtter such as

organi ¢ sludge or bio]ogical s]u is solubilized hy at |l.east one, ..novel
ni cr oor gani sm8ac&?W@L@l‘ireoréﬁ9lsghdgeq%‘fglﬁg BEUE ; ﬁu 5 lllggiﬂs B?&Bﬂiﬁ% f or
treatnent of, organic sqljd matter. i.n iHLGh .Q e i r..such as
organic sl udﬁ’eprgau‘iﬁ %Fog‘(j‘?lgéﬁngsel“l%&%% forgsold l}l%lné ?%&ﬁ%%?%l Iﬁ]a’gzc u%‘%}%oafs 50
organic sludge or biological sludge and has a base sequence of 16SrRNA gene as

10 described in SEQ ID No. 1 in the sequence listing.

9. A novel microorganism belonging to genus Geobacillus, which has an ability
to produce a solubilizing enzyme for solubilizing organic solid matter such as
organic sludge or biological sludge and has a base sequence of 16SrRNA gene as

15 described in SEQ ID No. 2 in the sequence listing.

10. A novel microorganism belonging to genus Geobacillus, which has an
ability to produce a solubilizing enzyme for solubilizing organic solid matter such
as organic sludge or biological sludge and has a base sequence of 16SrRNA gene as

20 described in SEQ ID No. 4 in the sequence listing.

11. Aprocess for treatment of organic solid matter, in which organic solid
matter such as organic sludge or biological sludge is solubilized by at least one
novel microorganism according to any one of claims 1 to 10.
25
12. Aprocess for treatment of organic solid matter, in which organic solid

matter such as organic sludge or biological sludge is solubilized by a mixture of



m cr oor gani sns conprising any one of the novel m croorganisns according to
claim4, 5 or 6 and the novel m croorgani smaccording toclaim?7.. 1/5
SEQUENCE LI STING <110> SHI NKO PANTEC CO., LTD <120> fr VMt i 1RZT?co)At 1
MGt <130> F-1910 <160> 6 <210> 1 <21ﬁg)1495 <212> DNA <213>
Geobaci | l us sp. SPT4 <400> 1 gaacgctggc ggcgtgccta atacatgcaa gtcgagcgga

ccggacagga
ctacccgt aa
ccgcat ggtc
at t agct agt
gt gaccggcc
aat cttccgce
ggat cgt aaa
acggt acct a
ggcgagcegt t
t gt gaaagcc
agaggagagc
tggcgaaggc
caggat t aga
caaacccttt
ggct gaaact

gcttgectctt 60 gttcggttag cggcggacgg gt gagtaaca cgtgggcaac
gaccgggata 120 actccgggaa accggagcta ataccggata acaccgaaga
ttcggttgaa 180 aggcggcttt ggctgtcact tacggatggg cccgcggcegce

t9ate

acact gog

gctct gt t gt
acgagaaagc
gt ccggaat t
cacggct caa
ggaat t ccac
ggctctctgg
taccct ggta
agt gct gcag
caaaggaat t

bt Bm

480
540
600
660
720
780
840
900

ASI0L LERERe FOPYGRICIRiLArAARE Acrdihgdgagy

tgagacacgg cccagactcc tacgggaggc agcagtaggg
aglgdac %@ 6%@91 thaGlo¢é 1Ak AaGSRAGREGdiIOloaRIg0Ra gaaggtcttc

t agggaagaa
cccggcet aac

att gggcgt a
ccgt ggaggg
gt gt agcggt
tctgtaactg
gt ccacgccg
ct aacgcgtt

gaagt accgt
t acgt gccag
aagcgcgcgce
t catt ggaaa
gaaat gcgt a
acgct gaggc
t aaacgat ga
aagcact ccg

t cgaat aggg cggtacggtg
cagccgcggt aat acgt agg

aggcggt ccc ttaagtctga
ct gggggact tgagt gcaga
gagat gt gga ggaacaccag
gcgaaagcgt ggggagcaaa
gt gct aagt g ttagaggggt
cct ggggagt acggccgcaa



gacgggggcc
t accaggt ct
. agggt gacag
cgcaacgagc
t gccgat gac
t gggct acac
aat cccaaaa
aat cgct agt
ccgcccgtca
gccagccgcce
<211> 1498
cggcgt gcct
gcggcggacg

Caaggcgact s BaTRgeL 0ccPURGaY ‘Dot e e (R aoA

cgcacaagcg
t gacat cccc
gt ggt gcat g
gcaaccct cg
aaat cggagg
acgt gct aca
agccgctctc
aat cgcggat
caccacgaga
gaaggt gggg

<212> DNA
aat acat gca
ggt gagt aac

gcccagacke3®t Acigggagg

gagcgacg%36@f

aggagcgcc

t gagcga
gaagaag

ctacgt gcgal@cagccgcgg

aaagcgycycy; £ay

gt cattgga

gttc
dact gggggac

t gaaat gcglzxgdlfat gt gg

gt ggagcat g
t gacaaccct
gttgtcgtca
accttagttg
aaggt gggga

at gggcggt a
agttcggatt

cagcat gccg
gcttgcaaca
caagtgattg

<213> Ceobacillus sp. SPT5

tggtttaatt
agagat aggg
gctcgtgtcg
ccagcattca
t gacgt caaa
caaagggctg
gcaggcgéca
cggt gaat ac
cccgaagt cg
gggt gaagt ¢

acot oopiacE Ly gERtoca

aaccggagel |@atpoEgFaNTERaCaGtHhag accgcat ggt ctttggttga

cagcagt agg
agaaggcctt
gcggegeggt
cttaagtctg

aggaacacca

gaatcttccg
cgggt cgt aa
gacggt acct

t aat acgt ag gggcgagcgt

at gt gaaagc

ttgagtgcag gagaggagag

gt ggcgaagg

cgaagcaacg
cgttccccct
tgagatgttg
gt t gggcact
t cat cat gcc
cgaacccgcg
act cgcct gc

gttcccgggce
gt gaggt aac

cgaagaacct
t cggggggac
ggtt aagt cc
ct aaggt gac
ccttat gacc
agggggageg
at gaagccgg
cttgtacaca

960

1020
1080
1140
1200
1260
1320
1380

cctttcgggaldso

<213> Geobacillus sp.SPT4

<400> 1

gaacgctggce
gttcggttag
actccgggaa
aggcggettt
acggctcacc
tgagacacgg
agtctgacgg
tagggaagaa
cccggetaac
attgggcgta
ccgtggagesg
gtgtagcggt
tctgtaactg
gtccacgeeg
ctaacgegtt
gacggggsgcc
taccaggtct
agggtgacag
cgcaacgasge
tgcegatgac
tgggctacac
aatcccaaaa

aatcgctagt

ggcgtgecta
cggcggacgs
accggagcta
ggctgteact
aaggcgacga
cccagactce
agcgacgccg
gaagtaccgt .
tacgtgccag
aagcgcgege
tcattggaaa
gaaatgcgta
acgctgaggc
taaacgatga
aagcactccg
cgcacaagcg
tgacatccce
gtggtgcatg
gcaaccctcg
aaatcggagg
acgtgctaca
agccgetete
aatcgcggat

atacatgcaa
gtgagtaaca
ataccggata
tacggatggg
tgcgtageeg
tacgggaggc
cgtgagcgaa
tcgaataggg
cagccgeggt
aggeggteece
ctgggggact
gagatgtgga
gcgaaagegt
gtgctaagtg
cttggggagt
gtggagcatg
tgacaaccct
gttgtcgtca
accttagttg
aaggtgggsga
atgggcggta
agttcggatt

cagcatgcceg

gtcgagegga
cgtgggcaac
acaccgaaga
ccegeggegce
gcctgagagg
agcagtaggg
gaaggtcttc
cggtacggts
aatacgtagg
ttaagtctga
tgagtgcaga
ggaacaccag
ggggagcaaa
ttagaggggt
acggccgceaa
tggtttaatt
agagataggg
gctegtgteg
ccagcattca
tgacgtcaaa
caaagggctg
gcaggctgea
cggtgaatac

gt aacagggt agccal495 <210>
<400> 2 agaacgct gg

agcttgctct 60 tgttcggtca

agaccgggat 120 aactccggga

180 aaggcggcgc

E%40 aacggct cac

00 ctgagacacg

caat gggcga 360 aagcctgacg

agctctgttg 420 tgagggacga

cacgaggaag 480 ccccggctaa

tgtccggaat 540 tattgggcgt

ccacggctca 600 accgtggagg

cggaattcca 660 cgtgtagcgg

cggctctctg 720

ccggacagga gettgetett 60
ctaccegtaa gaccgggata 120
ccgeatggte tteggttgaa 180
attagctagt tggtgaggta 240
gtgaccggee acactgggac 300
aatcttccge aatggacgaa 360
ggatcgtaaa gctetgtigt 420
acggtaccta acgagaaagc 480
ggcgagegtt gtccggaatt 540
tgtgaaagce cacggctcaa 600
agaggagagc ggaattccac 660
tggcgaagge ggetetetgg 720
caggattaga taccctggta 780
caaacccttt agtgctgcag 840
ggctgaaact caaaggaatt 900
cgaagcaacg cgaagaacct 960
cgttececet teggggggac 1020
tgagatgttg ggttaagtcce 1080
gttegggcact ctaaggtgac 1140
tcatcatgee ccttatgace 1200
cgaacccgeg agggggageg 1260
actcgectge atgaagceegg 1320
gttceeggge cttgtacaca 1380

2/ 5



- gcct gcaact
agt ccacgcc
_gctaacgcga
t gacgggggc
ttaccaggtc
cagggt gaca
ccgcaacgag
act gccggceg
cct gggct ac
cgaat cccaa
ggaat cgct a

gacgct gagg
gt aaacgat g
t aagcact cc
ccgcacaagc
ttgacat ccc
ggt ggt gcat
cccaaccctt
acaagt cgga
acacgtgcta
aaagccgctc
gt aat cgcgg

cgcgaaagcg
agt gct aagt
gcct ggggag
ggt ggagcat
ct gacaaccc
ggttgtcgtc
cgcct ct agt
ggaaggt ggg

caat gggcgg
t cagttcgga

at cagcat gc

t ggggagcaa

gtt agagggg
t acggccgca

gtggttt aat
aagagattgg
agct

tgccgg( ¢t
gat gacgt ca
t acaaagggc
ttgcaggct g
cgcggt gaat

acaggatt ag
t cacaccctt
aggct gaaac
t cgaagcaac
gcgttccccc
gt gagat gt t
cggt t gggca
aat catcatg
t gcgaacccg
caact cgcct
acgttcccgg

at accct ggt
t agt gct gca
t caaaggaat
gcgaagaacc
ttcgggggga

gggt t aagt c
ct ct agaggg

ccccttatga
cgagggggag
gcat gaagcc
gccttgtaca

780
840
900
960
1020
1080
1140
1200
1260
1320
1380

caccgcccgt cacaccac ctt,gcaa cacccgaagt t g tttcg ééﬁO
ggagccagé@gﬁ@§g§b§ﬂi@C%ﬁ% ggﬁﬁc?fﬁ&ﬁ%@g&%gé%%é%%%c%%tgé%%gcca 1438 3/ 5
<210> 3 geldetegdd iz tRsbd >cdalibeat2d s Grabhcktdacsgsys. 8RT6 <400> 3 1495
gaacgct ggc ggcgtgccta atacatgcaa gtcgagcgga ccggacagga gcttgectctt 60
gttcggttag cggcggacgg gt gagtaaca cgtgggcaac ctacccgtaa gaccgggata 120
act ccggga@i@cegt acct a at accggata acaccgaaga ccgcatggtc ttcggttgaa 180
aggcggctg@ gg Cact t acggat ggg cccgcggcgce attagctagt tggtgaggta 240
acggct cac 3 gacga tgcgtagccg gcctgagagg gt gaccggcc acact gggac 300
t gagacacgglZcobigact cc tacgggaggc agcagtaggg aatcttccgc aat ggacgaa 360
agtctgacg%lggﬁ @ﬁg?ﬁ% C tg@ﬂpgaa gaaggtcttc ggatcgtaaa gctctgttgt 420
t agggaagaa Jaagt accgt tcgaataggg cggtacggtg acggtaccta acgagaaagc 480
CccggctaadOWQégtgccag cagccgcggt aat acgtagg ggcgagcgtt gtccggaatt 540
agaacgctgg cggegtgeet aatacatgea agtcgagegg actgaatgss agettgetet 60
tgttcggtca geggeggacg ggtgagtaac acgtgggeaa cctgeccgea agaccgggat 120
aactccggga aaccggaget aataccggat aacaccgaag accgeatggt ctttggtiga 180
aaggeggege aagetgecac ttgeggatgg gccegeggeg cattagetag ttggtgaggt 240
aacggctcac caaggegacg atgegtagece ggcctgagag ggtgaccegsc cacactggga 300
ctgagacacg gcccagactc ctacgggagg cagcagtagg gaatctteceg caatgggcga 360
aagcctgacg gagcegacgee gegtgagega agaaggectt cgggtegtaa agctctgttyg 420
tgagggacga aggagegeeg tttgaagaag geggegegst gacggtacct cacgaggaag 480
cceceggetaa ctacgtgcca geagecgegg taatacgtag gggcgagesgt tgtceggaat 540
tattgggegt aaagcgegeg caggeggttc cttaagtctg atgtgaaage ccacggctea 600
accgtggagg gtcattggaa actgggggac ttgagtgcag gagaggagag cggaaticca 660
cgtgtagcgg tgaaatgegt agagatgtgg aggaacacca gtggcgaagg cggetetetg 720
( gcetgeaact gacgetgagg cgcegaaageg tggggageaa acaggattag ataccctggt 780
agtccacgee gtaaacgatg agtgctaagt gttagagggg tcacaccctt tagtgctgea 840
gctaacgega taagcactce gectggggag tacggecgea aggcetgaaac tcaaaggaat 900
tgacggggec ccgcacaage ggtggageat gtggtttaat tcgaagcaac gegaagaace 360
ttaccaggtc ttgacatccc ctgacaaccc aagagattgg gegticececee ttcgggggga 1020
cagggtgaca ggtggtgeat ggttgtegtc agetegtgte gtgagatgtt gggttaagtc 1080
ccgeaacgag cgeaaccett cgectetagt tgecageatt cggttgggea ctctagaggg 1140
actgccggeg acaagtcgga ggaaggtggg gatgacgtca aatcatcatg ccccttatga 1200
cctgggetac acacgtgeta caatgggegg tacaaaggge tgcegaaccceg cgagggggag 1260
cgaatcccaa aaagecgete tcagttcgga ttgcaggetg caactegect gcatgaagce 1320
ggaatcgeta gtaatcgegg atcagecatge cgeggtgaat acgttcccegs geettgtaca 1380
caccgecegt cacaccacga gagettgeaa cacccgaagt cggtgaggea acccgtttcg 1440
ggagccagee gecgaaggtg gggcaagtga tiggggtgaa gtcgtaacag ggtagcca 1498



att gggcgt a
ccgt ggaggg
gtgtageggt
tctgtaactg
gt ccacgccg
ctaacgcgtt
gacgggggcc
t accaggt ct
agggt gacag
cgcaacgagc
t gccgat gac
t gggct acac

aagcgcgcgce
t catt ggaaa
gaaat gcgt a
acgct gaggc
t aaacgat ga
aagcact ccg
cgcacaagcg
t gacat cccc
gtggtgcatg
gcaaccctcg
aaat cggagg
acgt gct aca

aat cccaaa®l@ydcgcetctc
aat cgct aghy patggpggat

ccgcccgtca

gccageccgedl
<211> 1498144 Bestb2 PNy, SBIB> Geobaci | 1 us sp. SPT7
gcggegt gecc t aat acat gc aagt cgagcg gaccaaat cg gagcttgectc 60

agcggcggad gagt aa cacgt gggca acctgcccgc aagaccggga 120

caccacgaga
At gggg

aggcggt ccc

ct gggggact
gagat gt gga
gcgaaagcgt
gtgct aagt g
cct ggggagt
gtggagcatg
t gacaaccct
gttgtcgtca
accttagttg
aaggt gggga

at gggcggt a
agttcggatt

cagcat gccg
gcttgcaaca
caagtgattg

ttaagtctga
t gagt gcaga
ggaacaccag
ggggagcaaa

ttagaggggt
acggccgcaa

t ggt tdtAat t
agagat aggg
gctcgtgtcg
ccagcattca
t gacgt caaa
caaagggctg
gcaggct gca
cggt gaat ac
cccgaagt cg
gggt gaagt c

t gt gaaagcc
agaggagagc
t ggcgaaggc
caggatt aga
caaacccttt
ggct gaaact
cgaagcaacg
cgttccccct
tgagatgttg
gt t gggcact
t cat cat gcc
cgaacccgcg
act cgcct gc
gttcccgggce
gt gaggt aac
gt aacagggt

cacggct caa
ggaattccac
ggctctctgg
taccctggta
agt gctgcag
caaaggaatt
cgaagaacct
t cggggggac
ggt t aagt cc
ct aaggt gac
ccttatgacc
agggggagceg
at gaagccgg
cttgtacaca
cctttcggga
agcca 1495

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
<210> 4

<400> 4 gagaacgctg
tgatttggtc
taattccggg

aaaccggagmataakac ¢g6a st aac abngbscagagicgenizgy deetdchger Bgttk8Octtaaaggcgglc

tttggctgtc

accangucat EH oL ATAPoR Lo e LAt Aqaget

cggcccagag ttezkas 3garaggagtagesa tggraat cge ccgeras iy gecadtieaa

gaae

Aed

R

“Jact gadada
%80

aggeggettt
acggctcacc
tgagacacgg
agtctgacgg
tagggaagaa
cccggetaac
attgggcegta
ccgtiggagsgs
gtgtageggt
tctgtaactg
gtccacgeesg
ctaacgcgtt
gacggggscce
taccaggtct
agggtgacag
cgcaacgage
tgcegatgac
tgggctacac
aatcccaaaa
aatcgctagt
ccgeeegtea

gecagcecgcec

<210> 4
<211> 1493

ggctgtcact
aaggcgacga
cccagactcece
agcgacgccsg
gaagtaccgt
tacgtgccag
aagcgcgcegce
tcattggaaa
gaaatgcgta
acgctgaggc
taaacgatga
aagcactccg
cgcacaagceg
tgacatcccec
gtggtgcatsg
gcaaccctcg
aaatcggasgsg
acgtgctaca
agccgctcte
aatcgcggat
caccacgaga

gaaggtggss

tacggatggg cccgeggege attagetagt

tgcgtageceg
tacgggagge
cgtgagcgaa
tcgaataggs
cagccgeggt
aggcggtecece
ctgggggact
gagatgtgga
gegaaagegt
gtgctaagtsg
cctggggagt
gtggagcatg
tgacaaccct
gttgtegtea
accttagttg
aaggtgggga
atgggesggta
agttcggatt
cagcatgceg
gcttgcaaca
caagtgattg

gcctgagagg
agcagtaggg
gaaggtettc
cggtacggts
aatacgtagg
ttaagtctga
tgagtgcaga
ggaacaccag
ggggagcaaa
ttagaggggt
acggccgeaa
tggtttaatt
agagataggg
gctegtgtcg
ccagcattca
tgacgtcaaa
caaagggctg
gcaggctgca
cggtgaatac
cccgaagtceg
gggtgaagtc

tggtgaggta 240
gtgaccggee acactgggac 300
aatcttccge aatggacgaa 360
ggatcgtaaa gctctgtigt 420
acggtaccta acgagaaagc 480
ggcgagegtt gtccggaatt 540
tgtgaaagce cacggctcaa 600
agaggagagc ggaattccac 660
tggcgaagge ggctetetgg 720
caggattaga taccctggta 780
caaacccttt agtgctgcag 840
ggctgaaact caaaggaatt 900
cgaagcaacg cgaagaacct 960
cgttcceceet tcggggggac 1020
tgagatgttg ggttaagtce 1080
gttgggcact ctaaggtgac 1140
tcatcatgec ccttatgacce 1200
¢gaacccgcg agggggages 1260
actcgectge atgaageegg 1320
gttcccggge cttgtacaca 1380
gtgaggtaac cctticggga 1440
gtaacagggt agcca 1495



gaaagcct ga
t gt gagggac
agccccggct
“attattgggc
caaccgt gga
cacgt gt agc
t ggcct gcaa
gt agt ccacg
cagct aacgc

at t gacgggg
ccttaccagg

gacagggt ga

cggagcgacg
gaaggagcgc
aact acgt gc
gt aaagcgcg
gggtcattgg
ggt gaaat gc
ct gacgct ga
ccgt aaacga
gat aagcact
gcccgcacaa
tcttgacatc

caggt ggt gc

t cccgcaacglagdikaaccc
gact gccgas, 9agaadt £ % 3g93pgat 99

acct gggct & Cacacgtgct “acaat gggcg
gcgaat cccd0@adagccget ctcagttcgg

ccgcegt gage
cgtt cgaaga
cagcagccgce
cgcaggcggt
aaact ggggg
gt agagat gt
ggcgcgaaag
t gagt gct aa
ccgect gggg
gcggt ggage
ccct gacaac
atggttgtcg
tcgcctctag

gaagaaggcc
gggcggegeg
ggt aat acgt
tccttaagtc
act t gagt gc
ggaggaacac
cnt gdggegc
gt gt t agagg
agt acggccg
atgtggttta
ccaagagat t
tcagctcgtg
ttgccagcac
ggat gacgt c
gt acaaaggg
at t gcaggct

ttcgggt cgt
gt gacggt ac
aggggcgage
t gat gt gaaa
aggagaggag
cagt ggcgaa
aaacaggatt
ggt cacaccc
caaggct gaa
att cgaagca
gggcgttccc
t cgt gagatg
gaangt gggc
aaat cat cat
ct gcgaaccc
gcaact cgcc

aaagct ct gt
ct cacgagga
gttgtccgga
gcccacggct
agcggaattc
ggcggctctc
agat accctg
tttagtgctg
act caaagga
acgcgaagaa
ccttcggggg

ttgggttaag
act ct agagg

gccccttatg
gcgaggggga
t gcat gaagc

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1880

cggaat ngg‘agga%gé-ﬁé CO5Q : 9A-CROGAL AL o6 CHGYGRR chacaht &C et ggaatt gt ac
acaccgcc caccacg a agcttgca acacccgaag tcggfg%bgt aacccttacg

ggagccagd@agﬁfggb{agm&‘&cg@@c&%g@@a@t@ééb%gé&% age ¥ag6t8fcca 14é§@<2 10>
5 <211>

cctgcctcag <21

aaaggcggcc
gtaacggetc
gactgagaca
gaaagcctga
tgtgagggac
agccccgget
attattggsgc
caaccgtgga
cacgtgtage
tggeetgeaa
gtagtccacg
cagctaacgc
attgacgggg
ccttaccagg
gacagggtga
tccegeaacg
gactgccegge
acctgggcta
gcgaatccca
cggaatcget
acaccgeccg

ggagccagece

<210> b
211> 20
<212> DNA

g&gﬁa%ﬁlaﬁt&éggﬁl fGiadhccBeaUabaR A bdb LBt tE agagt tiBfat

tttggetgte acttgcggat gggccegegg cgeattaget agttggtgasg 240
accaaggcga cgatgegtag ccggectgag agggtgaccg gecacactgg 300
cggeccagac tcctacggga ggeageagta gggaatcttc cgeaatggge 360
cggagegacg ccgegtgage gaagaaggee ttcgggtcgt aaagetetgt 420
gaaggagcge cgttcgaaga gggcggegeg gtgacggtac ctcacgagga 480
aactacgtge cagcagccge ggtaatacgt aggggegage gttgtecegga 540
gtaaagcgeg cgeaggeggt tccttaagtc tgatgtgaaa geccacgget 600
gggtcattgg aaactggggg acttgagtgc aggagaggag agcggaattc 660
ggtgaaatge gtagagatgt ggaggaacac cagtggcgaa ggeggctcte 720
ctgacgetga ggcgegaaag cniggggage aaacaggatt agataccctg 780
ccgtaaacga tgagtgctaa gtgttagage ggtcacacce tttagtgcts 840
gataagcact ccgcctgggg agtacggecg caaggetgaa actcaaagga 900
gcccgeacaa geggtggage atgtggttta attcgaagea acgegaagaa 960
tcttgacatc ccctgacaac ccaagagatt gggegttcce ccttcegggss 1020
caggtggtgc atggttgtcg tcagetcgtg tcgtgagatg ttgggttaag 1080
agcgcaacce tcgectetag ttgccageac gaangtggge actctagagg 1140
gacaagtcgg aggaaggtgg ggatgacgtc aaatcatcat gecccttatg 1200
cacacgtget acaatgggeg gtacaaaggg ctgcgaaccc gcgaggggsga 1260
aaaagccget ctcagttecgg attgcagget gcaactcgee tgcatgaage 1320
agtaatcgeg gatcagecatg ccgeggtgaa tacgttceceg ggecttgtac 1380
tcacaccacg agagcttgea acacccgaag tcggtgnggt aacccttacg 1440
gccgaaggtg gggcaagtga ttggggtgaa gtcgtaacag ggtageca 1498

<213> Artificial Sequence



<212> DNA <213> Artificial Sequence <400> 6 ggctaccttg ttacgactt 20 19

5/5

<400> 5
agagtttgat cctgectcag 20

210> 6

211> 19

<212> DNA

<213> Artificial Sequence

<400> 6

ggctaccttg ttacgactt 19



