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COVPCSI TI ON AND METHOD FOR SEWAGE TREATMENT USI NG FUNGAL AND BACTERI AL
ENZYMES Field OF The Invention This invention relates to cellul ose 5
degradation by fungal and bacterial enzynmes. The conbi nati on of enzymes is
useful for sewage treatment, particularly in septic tanks. Treatnent of
sewage with nicroorganisns is 10 known 4T t he art Many sewage treat ment
centers, as well as indi goMpalsITIoN @ c SEGAGE Cr oor gani snms for

t he degr adat i on of éﬁﬁ‘%’:&n "’et?ﬂﬁslﬁlm 0L gani c waste

(cont ai ni ng car bohydr&ate O ATprot e : 2 T Hutose from paper

products. Cellul ose may repreEhﬁhiuaiﬂﬁhﬂbbwzﬁﬂﬁ&me the solids in raw

(untreated) sewage. Typpead | dhvddei Ok gz?é‘l&aeé‘% diiRsde waste conponent
of sewage graded .t han el 1 ul ose cog%pnent

as I e
Carbohydréiesggﬁéﬁ a&ﬁ& KtéPﬁgaﬁaEPﬂggﬁﬁtﬁﬁéa r §RAVECRast d1fre fairly
easi |y di gest edmbynextxbacelfl ehaymesz seaskedudaged seiwagdetirbatsehk,of
sel ected bactggkgchQgrgggrgdggbg E eIIquse however, remains a problem
in many fornms~o

RO v /TNT
Treatment of sewage with microorganisms is
10 known in the art. Many sewage treatment centers, as
well as individual sepcic tanks, may employ
- microorganisms for the degradation of sewage.
Generally, sewage contains water, organic waste
(containing carbohydrates, fats and proteins), and
15 cellulose from paper products. Cellulose may represent
up to about 15% of the solids in raw (untreated) ’
sewage. '
T&pically, the organic, non-cellulosic waste
component of sewage is more easily degraded than the
20 cellulose component. Carbchydrates, fats and proteins
making up the organic waste are fairly easily digested
by extracellular enzymes released outside the cell of
selected bacteria. The degradation of cellulose,
however, remains a problem in many forms of sewage
25 treatment
The degradation of cellulose to glucose is a
stepwise process. First, cellulose is hydrolyzed by
the action of an endoglucanase that breaks bonds along
‘the amorphous regions of cellulose. This enzymatic
30 reaction carries out the cleavage of the beta (1 > 4)
bonds producing cellobiose which will be removed from
the nonreducing ends of the molecule by the action of a
beta (1 > 4) exoglucanase. After this, the cellobiocse
is hydrolyzed by a beta (1 > 4) glucosidase to glucose.
'35 Thus, the breakdown cf cellulose to gluccse involves a
complex of enzymes. Sufficient amounts of these
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25 treatnent. The degradation of cellulose to glucose is a stepw se
process. First, cellulose is hydrolyzed by the action of an endogl ucanase

t hat breaks bonds al ong the anorphous regions of cellulose. This enzymatic
30 reaction carries out the cleavage of the beta (1 > 4) bonds producing
cel | obi ose which wll be renoved fromthe nonreduci ng ends of the nol ecule
by the action of a beta (1 > 4) exoglucanase. After this, the cellobiose is
hydrol yzed by a beta (1 > 4) glucosidase To glucose. 35 Thus, the
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The problems stated above have been solved
with the discovery of a sewage treatment composition
comprising Bacillus spp. cultures in combination with

10 fungal cellulase. The combination of the extracellular
enzymes produced by bacteria cultures from Bacillus
spp. and fungal cellulase results in a synergistic
degradation of cellulose. Results show a significant
enhancement in the production of glucose as a result of

15 cellulose degradation when sewage containing cellulose
is contacted with the inventive composition. The
composition is a broad based system capable of breaking
down carbchydrates, fats and proteins in addition to
enhanced cellulose degradation. Because the

20 composition contains enzymes from naturally occurring
microorganisms, it is particularly useful as a septic
tank additive. .

The invention also pfovides_a novel method
for using the Bacillus spp. cultures and fungal

25 cellulase to degrade carbohydrates, protein, fat, and
cellulose, and mixtures thereof. |

B P T 12 B o MR,

Bacillus spp. are known naturally occurring
bacteria as identified on pages 1105 to 1139 of.the

30 eighth Edition of Bergey's Manual of Determinative
Bacteriology, published by The Williams and Wilkins

- Co., 1986. Preferred Bacillus species include B.
subtilis, B. licheniformis, B. megaterium, and mixtures
thereof. More preferably, the bacteria culture is a

35 mixture of B, subtilis, B. licheniformis, and B.

megarerium. As known by these skilled in the art,
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with the discovery of a sewage treatnment conposition conprising Bacillus
spp. cultures in conbination with fungal cellulase. The conbination of the
extracel lul ar enzymes produced by bacteria cultures fromBacillus spp. and
fungal cellulase results in a synergistic degradation of cellulose. Results
show a significant enhancenent in the production of glucose as a result of
cel lul ose .degradation when sewage contaim™ng cellulose is contacted with -
the inventive CoMpOSid | QM cuddl MBINNS g &b detl PRk dnesl exséean capabl e
of breaki ng down carbphydrates, fats and proteins in addition to nﬁ?nced :
cel I ul'ose degrEatPOntOBftfs £ Mo HIHFRS Hh Rt 7R ‘enz@'ﬁ%‘self%

nat Eraljljy 0CC Uf &t o &t Dext@@aro S et ordge s giee tBaad rdy appef Wdulsureseptic
tank additive. el [ ' ho r ' t he
Baci |  us spp. ac%?t%#%%% q?u%g%%?gﬁﬁéuﬁgzoeft%ogf?g%a e cgrr' %h@%{%s,
protein, fat, becone enswne PRARRGING WrEARIMNSoenVPARREIF cal Iy, the
‘invention provh@es; énCoNNa td PrsSFE | SivHer Bxposed eo Heuldafs [dns spp.

sel ected fromthe group consisting,of Bacillus suhtilis. Baci
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enzymes that are particularly effective in degrading
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cin extracelldﬁar

carbohydrates, fats and prcteins. The spore count of

10 Bacillus spp. employed in the composition may vary
greatly, depending upon the type of sewage to be
treated, the size of the sewage treatment facility, the
frequency of treatment of the sewage with the
composition, and so on. -

is5 As used herein, the active ingredient portion
of the composition is defined as the bacteria culture
and fungal enzyme. A concentration range of bacteria
cultures for a composition prepared as a typical septic
‘tank additive preferably employs at least about 104

20 spores/g of composition (active ingredient), with the

"upper limit concentration of spores generally limited

only by cost. More preferably at least 106 spores/g
and most preferably from 10% to 108 spores/g of
comrposition (active ingredient) is employed in the

25 composition.

The cellulase is isolated from Aspergillus
niger fungus. The enzyme may be extracted from the
fungal culture_ﬁy any known means, and is widely
available commércially from, for example, Novo Nordisk,

30 Ct.; Sigma Chemical, St. Louis, Mo.; and George A.
Jeffrey's Company, Salem, Va. Because the fungus is
aerobic, and sewage treatment is largely in a submerged
anaerobic environment, it is preferred that the
cellulase enzyme is separated from the fungus as

35 empioyed in this invention. The 3Bacililus spp. bacteria
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t hereof and 12) a fungal cellulase isolated from Aspergillus niger.
Substitute sheet - 15/3/99 -2a- The invention also provides a nethod of
treating sewaae whi ch conprises contacting said sewage with a conposition
conprising Bacillus spp. cultures in conbination with funaal cellulase to
degrade sewage conprising carbohydrates, proteins, fats, cellul ose or

m xtures thereof The invention also provi&tes use of Bacillus spp. cultures

In combinati o tih dWNGRL: F€! 4l 856oi s é&eg BEPAAIAD Of ngonposi L on
or use in degradln sewage conpr|3|ng 0 ates, proteins, fats,

cel lul ose, or GHB&SALLY t3RVALITHROR Q%NP%H%RW%ﬂQME§ﬁ§$@F%%ptIC t ank

addi tive conprising funasl wQQh' thasepand &BQﬁ@So@bﬁﬁénBchéﬁﬂhBaCI | 1 us spp.
cul tures select fron1t$hﬁfg Juﬁle)nmstjn cillus s tilis, Bacillus

l'i cheni form s,SBactiFus € e i UF% Y © LED
DESCRI PTI OBl muﬁﬁpmiml\&nﬂwdd ls: e compdainiromatair al | y

occurring widely variable and may be adjusted according to the
enzymatic needs of the system employing the
composition. For example, with waste systems having a
particularly high content of cellulose, large amounts

10 of the cellulosic enzymes would be preferred. For use
as a septic tank additive, the activity of the fungal
enzyme employed is nr+raferably at least about 1000 CU/g
of active ingredient portion of composition (with the
upper limit of concentration of enzyme generally

15 limited only by cost). For reasons of economy in
formulating septic tark additives the enzyme range is
more preferably from 1500 to 2533 CU/g and most
preferably from 1500 to 2000 CU/g of active ingredient
portion of composition.

20 The ratio cf bacteria cultdre to fungal
enzyﬁe may vary greatly. Preferably the ratio is
anywhere between about 10:%0 to about 99.99:0.01
percent by weight of active ingredient bacteria
culture:fungal enzyme. As kncwn to those skilled in

25 the art, the ratio may be adjusted depending upon the
type of material to be treated, the spore count and
specific activity cf raw materials, and so on.

The composition may also include optional
fillers and additives to facilitate storage or delivery

30 of the spores and fungal enzyme into the treatment
facility. Fillers that may be used include, but are by
no means limited to, alkali metal salts (such as NaCl,
NaSQO4. CaCO3z, mixtures thereof and so on), inert
preparations (such as milorganite), mixtures thereof,

35 and so on.



bacteria as identified on pages-1105 to 1139 ofthe eighth Edition of
Bergey's Manual of Determ native Bacteriol ogy, published by The WIIlians
and Wlkins Co., 1986. Preferred Bacillus species include B. subtilis, B.
licheniforms, B. negaterium and m xtures thereof. Mdrre preferably, the
bacteria culture is a mxture of B. subtilis, B. licheniforms, and B.
nmegaterium As known by those skilled insthe art, - 2a- The invention
al so provides a nethod of treating sewagé which conprises contacting said
sewage With a conpositiBif COMRASSHPBREY B PFEPar@d @ & iigwishbi nati on

with fungal CS&'bbﬁ&értBydﬁﬂyaﬁéaﬁQWﬁESWEOHBrtﬁbBS §RE DoAY di At Re Proteins,
fats, cellul ose m xtures thereof. The invention also provides use of

Baci | | us spp. EGItures in conbination with fungal cellulase in the
preparation of a conposid ippreviausiye desatddreadi m@amwesomﬁ.ils‘.iz@
car bOhydr%esmpiﬂlee%ﬂé-egﬁ%é cSS#E!&E’%gg ?&e”b%&&&@édt g x?géur%i'fy

i nvention "al sG provi Sept | Ve CONPFISin
cel | ul aseand §§§Pé§15§t9Fﬁéﬂlﬁmén1BEBPPIBBe compos~t1on is hserI

for many industrial applications where broad based
degradation of components typical of sewage (e.g.
carbohydrates, proteins, fats and cellulose) is

10 desired. _

As shown in the Examples section hereinafter,
the combination of Bacillus spp. enzymes and the fungal
cellulase has been found to be synergistic. A smaller
amount of bacteria and fungal enzymes used in

15 - combination was found to be more effective in degrading
cellulose than when a larger amount of_plain fungal
enzyme was used. The inventive combination offers a
broad based sewage treatment system as well as a means
of producing gluccse from cellulose, particularly

20 useful in industrial applications where cellulose is a
waste product.

The enzymatic action of the inventive
composition may occur over a wide pH range. Optimally,
the pH range of the media to be treated falls within

25 about 4 to about 10, with more prefefably the pH having
a value between 6 and 8. The temperature range of the
media to be treated may vary greatly, although optimum
enzymatic action preferably occurs within a temperature
range of from about 10°C to about 45°C and more

30 preferably between 20°C and 35°C. Degradation of
cellulose may also occur with enzymes separated from
the Bacillus spp. and combined with cellulase of a
fungal origin (separated or unseparated from the
fungus). As known to one skilled in the art, the

35 fungus is an aercbic microcrganism znd the 2acillus

spp. a fzcuizztive gnasrokic microcroenism, thus the



spp. cultures selected fromthe group consisting of Bacillus subtills,
Bacillus licheniforms, Bacillus negaterium and m xtures thereof. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Baci'l | us spp. are known naturally
occurring bacteria as identified on pages 1105 to 1139 of the eighth
Edition of Bergey's Manual of Determ native Bacteriol ogy, published by The
Wl lians and W1 ki ns Co. 1986 PreferredsBaciIIus speci es include B.

subtilis, B. Ilchenlfornt at er nd m xtures thereof. Mre
ot oranl y ¢ R an APt B BEa e SuhERkaPE sfvErShiRet Fusthbe
l'i cheniforms, cand1Eeredgamepw@@arAsgknbancbmpohmseoek|Iled inthe art,

-3- bacteria cuI tures meys g, Eth,,a%se $HANeSd qne{%%n%ztthe t@ﬁrl od that

the cultures may be stored Prefera for conveni ence of storage, the
Baci | | us spp. BaFdfes LZPEUEPEYeRE Pﬁethéscﬁﬁbbs¢§|6hea§°§56PE§atIﬁé spor es
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depending upon the environment to be treated, the
concentration of particles to ke degraded, prior usage
of microorganisms, and so on. Adjustments to these
10 variables may be accomplished by routine procedures
known to those skilled in the art. For example, for
use as a septic tank additive (with the septic tank
typically having a capacity of about 1000 gallons), an
effective amount of the active ingredient portion of
15- the composition is at least abcut 10 g, more preferably
at least about 100 g (with the upper limit of the
amount used limited primarily by cost), and most
preferably from 150 ¢ to 10060 g.
The invention is furrther illustrated. but not
20 limiteé to, the following examples.
EXAMPLES

Cellulose degradation was measured by glucose
producticn, as determined by the Dinitrosalicylic acid
procedure (DNS), as described in Aibba, S., K. Kitai,

25 and T. Imanaka, Applied Environmental Microbiology,
Vcl. 46, pp. 1059-1065 (1983).

The compositions described in the examples
used spores isoclated from Bacillus subtilis, Bacillus
licheniformis, and Bacillus megaterium, and fungal

30 © cellulase isolated from Aspergillus niger. Both the
spores and cellulase were obtained from the George A.
Jeffreys Company. The culture has a count of 108
spores/gram of active ingredient portion of the
composition. The cellulase had a specific activity of

35 1600 CU/g of active ingredient gortisn 2f the

1
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enzynes that are particularly effective in degrading carbohydrates, fats
and proteins. The spore count of 10 Bacillus spp. enployed in the
composition may vary greatly, depending upon the type of sewage to be
treated, the size of the sewage treatnent facility, the frequency of
treatment of the sewage with the conposition, and so on. 15 As
used herein, the active ingredient portien-of the conposition is defined as
the bacteria c d o] n ran bacteria
cultures for agﬁifugs? |%% %ﬂ QE¥£€ aw S Qééféég%%?lea ggag rtive
preferably enp¢6y§ at I@hstmab@uganouezeas B@O¢b@$gdo£r@mnﬁeéWeubae(act|ve
I ngredient), vw&bréaewpaﬁrséwg@gé ﬁpaeemiatmpmeukéaorﬁf general Iy limted
only by cost. Mre prefera y a east 106 spores 0 and nDst preferably
from 106 to 108 SF 2 pOmBIrat Pyl 8ndad| oyed in
the 25 comgposition. Thesgatheha&eseaageowaeeﬂrépemeesp&m@nBﬁus ni ger
fungus. The en y r (o} C any known
neans, and is éf§§?£gav§?| %#ea%% 9 {{ f%%@ ;H@g€$ f@&g{§?8¥ VO
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aerobic, and sewage treatnment is largely in a submerged anaerobic
environnent, it is preferred that the cellulase enzyne is separated from
the fungus as 35 enployed in this invention. The Bacillus spp. bacteria
-4- are facultative anaerobic and thus thrive in the typically anaerobic
conditions of sewage treatnment. As with the spore count of the bacteria
cultures, the specific activity and anoixt of the 5 fungal cellul ase enzyne
enpl oyed in the conposition is widely variable and may be adjusted
according to the enzymati ¢ needs of the systen1enp|oy|ng t he conposition.
For exanple, with waste syst e HAthlvH gL v hi gh content of

cellul ose, large anmbunts 10 of t he ceIIuI05|c enzynes woul d be preferred.

For use as a deptic tank additive,] the activity aof the fungal enzyne
enpl oyed is prieferably at |east alout 1000 CU g ¢f active ingredient
portion of conposi tInaxe@ientist he Ypper Weiight of ¢oncel@tkLanilon off enzyne
generally 15 Iinited onIy by cost).geEggnEEggons of £EANNY i nfformul ati ng
septic tank adqditives theenzymeange
Bacillus spp. 40% 200 ¢
Spores
NaCl 20% 100 g
NazSO4 15% 75 g
CaCoO3 24.5% 122.5 g
Cellulase 0.5% ' 2.5 g
(640 CU/g)
Total Volume 100% 500 g
.
Example 1

Composition A was diluted 10% with the waste
for a final cellulase concentration of 0.050% (64
CU/g). After 48 h glucose production (thus indicating
10 the level of cellulose degradation) was measured as
4.83 g/lt using the DNS method, as recorded in Table 1
below. :

Example 2
15 Example 1 was repeated with the exception
that Composition A was diluted 2.5% with waste for a
final cellulase concentration of 0.0125% (16 CU/g).
After 47 h glucose production was measured by DNS as

2.3%1 g/lt, as reccrded in Table I belcow.



nore preferably from 1500 to 2500 CU g and nost preferably from 1500 to
2000 CU/ g of active ingredient portion of conposition. 20 The
rati o of bacteria culture to fungal enzyne may vary greatly. Preferably the
ratio i s anywhere between about 10:90 to about 99.99:0.01 percent by wei ght
of active ingredient bacteria culture:fungal enzynme. As known to those
skilled in 25 the art, the ratio may be-@dj usted dependi ng upon the type
of material to be treated, the core_count d specific activity of raw
materials, and so on. The conposttiol Y de optional fillers and
additives to faC|I|tateEsampégelowadekaweaye30w1Dh the spoepsiand fungal

enzyme [ 110 L Rthd¢ SUIPN eI AL Yoo £1 4ASES {AndT oSl ddgluiter b

are by no neans limted salts (suc [err]
m xtures t her ebfCAMERF MO | Herd - B¥ ep2s At FHIR) '(SLftﬁrFears 4rﬁ IBrERRass |
m xt ures tHer afodds: i aandvan r&ﬂasured/%ﬁ%%% 1.41 g/lt, as

PCT/ US94/ 1352Q, s 85 ded in Table I.

Com tive Exam

Example 1 was repeated with the exception
that Composition A did not have any fungal cellulase
10 and CaCO3 and NaySO4 were replaced with an equi\falent
amount milorganite. After 48 h glucose production was
measured by DNS as 0.17 g/lt, as recorded in Table I.
Table 1 summarizes data obtained in Ekamples
1 and 2 and Comparative Examples 1 and 2. When the
15 fungal cellulase was added to the culture a significant
increase in the production of glucose was detected. As
Examples 1 and 2 show more or similar amount of glucose
was produced by the composition, once the cellulase was
added, than with the enzyme by itself though the
20 cellulase concentration in Examples 1 and 2 was
approxima:ely'ten times less than with the enzyme by
itself. Therefore, these major dl‘ferences between the
enzymes by itself and the combination of fungal and
bacterial enzymes were due to the synergistic effect of
25 Dboth bacterial and fungal enzymes. Similar results
were found'using raw sewage (Table 2).



The conposition may be prepared as a |liquid or powder by any neans known to
those skilled in the art. As previously described, the enzynes utilized 5
in the inventive conposition are produced by naturally occurring organisns.
~Thus the conposition is useful for many industrial applications where broad
based degradati on of conponents typical of sewage (e.g. carbohydrates,
proteins, fats and cellulose) is 10 degj%ﬁp. As shown in the Exanpl es
section hereinafter, the conbination of Bacillus spp. enzynes and the
fungal celtul ase has been found to be Zgbkeglstic. A smaller anount of
bacteria and fungal enz | 03 o7 ORI | d to be nore

effective in degradi ng celluloSe an en a targer a nt of plain fungal
enzyne was used. JThe-inventive conbination offers a broad bhased sewage

treatment systemps well as a neans of dr0dU%¥Eﬂxﬂ&%ﬁ2&ﬂ;ﬂLﬁ¥L$e||U|Ose1
particularly 20 puseful _n_rndusirral applicatlons wlere celrurjose is a
wast e product. The—eﬂzyn§§E$2§§Lien—9L-Lhe—Ln¥enLﬁv@§994pgsLLLgn may occur
over a wide pH rapnge. OpeEkemblg, 2t he pH|range of tithginmedia to He treated
falls within

Comparative Example 1 1.41
Comparative Example 2 0.17
5
ventiv mposition B
Ingredients |Weicht Percentace | Actual Amounts
Bacillus spp. 40% 200 ¢ ,
Spores
NaCl 20% _ 100 g
NayS04 | 15% 75 g
CaCO3 24.5% 122.5 g
Cellulase ' G.5% - 2.5 g
(640 CU/qg)
Total Volume 100% 500 ¢
Example 3
10 Raw sewage (obtained from the Ridgewood waste

water treatment plant, Ridgewood, N.J.) was placed into
a 35 ml tube and Composition B was diluted 2.5% for a
final cellulase concentration of 0.0125% (16 CU/g).

After 48 h glucose preducticon (thus indicating the

bt
N
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level cf cellulcse dzgredation) wasz msasured zs 0,271



25 about 4 to about 10, with nore preferably the pH having - a val ue
between 6 and 8. The tenperature range of the nedia to be treated may vary
greatly, although optimum enzymatic action preferably occurs within a
tenperature range of fromabout [err] to about [err] and nore 30
preferably between [err] and [err] Degradation of cellul ose may al so occur
with enzynes separated fromthe Bacillus_spp. and conbined with cellul ase
of a fungal origin (separated or unsepaféﬁéd fromthe fungus). As known to
one skilled irgthe wsingttke 3BNS frewhrsd i searesynded in cCTamkgahi sm and t he
Bacillus spp. wef@gul tative anaerobi c m croorganism thus the VO

95/ 15924 PCT/ US94/ 13520 - 6- oxygen
content of the substrat® ERAVEFBANKAE ALSP BBNeowBeHer@lu¢@sSereparing the

conposi tion. Asrdduidm wd®Sedsditd®dvithdlte tid prdieriesage, fr_equen]g:y ﬁf
ortion of the

Compos 11 o ol R b (SIEE At SH4U ‘ol 45 FEGPIRAsISn
- dependi ng uporFathee ehwindrgioss Was tdetadarkd tWheen samples were
. analyzed by the DN3 procedure.
m i E
Example 3 was repeated with the exception
10 that only cellulase was added to the sewage at a
concentration of 0.5% (640 CU/g). After 48 h glucose
production was measured by DNS as 0.128 Q/lt, as
recorded in Table 2.
Comparative Example 4
15 . Example 3 was repeated with the exception
that Composition B did not have any fungal cellulase
and CaCO3 and¥NaS04 were replaced with milorganite.
After 48 h glucose production was measured by DNS as
0.029 g/lt, as recorded in Table 2.

20
Table 2
G s b b w W
1 a (g/
Example 3 0.201
Control 0.000
Comparative Example 3 . 0.128
Comparative Example 4 0.029
25 The invention has been described above with

particular reference to preferred embodiments. A
skilled practitioner familiar with the above-detailed
description can make many modifications and
substitutions without departing from the scope and
spiriz ¢f zhes invention.
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conc s to be degraded, prior usage of m croorgani sns,

and so | dd o these 10 vari ables may be acconplished by routine
proted”mmaﬂgﬂ“m lmse skilled in the art. For exanple, for use as a
septic ta In th the septic tank typically having a capacity of
about 1000 gallons), an effective anmount of the active ingredient portion
of 15 the conposition is at |east about -1&-g, nore preferably at |east

about 100 g (w t p ' f.Lhe amount used limted prlnarlly by
cost), and no 0 1000 g. The invention is further
illustrated, but not 2031. nk eomMPesithienf somewilsd Nex BagHdd USEXRRPLES

Cel | ul ose degrg@gﬁbggsmgﬁdnggﬁgggdcgylglgggse production, as determ ned by
the Dinitrosalicylic acid procedure gescrlbed in Aibba, S, K

Kitai, 25 and T. |nanaka, ApSCre@sg &PPoﬁﬁ§ﬁF ROg EPoRLBRBYY, Vol . 46, pp.
1059- 1065 61983herdbm sabpobBattentallesclitbed i1 iheaespore efortsed spores

I sol ated from Bacillus subti,li Gil.Lus _Lli nifo d Baci | | us
nmegaterium and fungal 30 célF%ngglFég aFe&gggo#FAégggla?ﬂus ni ger. Both

t he spores andwhereanaéélde$éoo%¥a#n%d0b¢®h$€®e~{%@rééc¥ﬂ us spp.

cultures selected from the group consisting of Bacillus
subtilis, Bacillus licheniformis, Bacillus megaterium,

10 and mixtures thereof.

4. A composition according to claim 3
wherein said spores obtained are a mixture of said
Bacillus spp.

5. A composition according to claim 4

15. wherein said cellulase is isclated from Aspergillus
niger fungus. ' '

6. A composition accerding to claim S
further comprising a filler selected from alkali metal
salts and inert metal preparations.

20 7. A composition according to claim 6 wherein
said filter is an alkali metal salt or an alkaline earth
metal salt selected from the group consisting of Nacl,
NajSoy4, CacCOj3 and mlxtures thereof.

8. A composxtlon acco*d*ng to claim 1

25 wherein said cellulase is 1solated from Aspergillus
niger fungus.

9. A method of using a ccmposition
comprising Bacillus spp. cultures in combination with
fungal cellulase to degrade sewage comprising .

30 carbohydrates, proteins, fats, cellulose, or mixtures
thereof.

10. A method according to claim 9 wherein
said cultures are present in a spore form brior to
"cohtacting said composition with said sewage;

35 11. A method zaccoriing to claim 10 wherein

sa:¢ culrcurs

in
[11)

are szlected from ths group consiscing of

T
“This Sheet Hag

R



Jeffreys—€bﬁpany—_lhe_cuLLure has a count of 108 spores/gram of active
|ngred| the conposition. The cellulase had a specific
activit IHHQ‘]UWH [! of active ingredient portion of the conposition.
(As obtain act ual WO 95/ 15924

PCT/ US94/ 13520 -7- cellulase enzyme activity was approxi mately 128, 000
CU g.) The milorganite was purchased f+bin M| waukee Metropolitan Sewage

District, M Ivaukea1,l s Bamlses sbcald 2 nd,CaTpaialbyeskkamples 1 and 2

5 Synt heti.c sewage was prepared wt 5/oprofe|n 5%
cel l ul ose, and™EHELFERHMJER W%FFPF@dt%§F§P~ -The synthetic waste was

placed in a 35 mM test tithe formedndd cugmsiindond estadth 11 WHYENH VE

gﬁgﬁC?lTlCN A EQ?EegﬁﬂEﬁre is a mlxngg Bf said Baczﬁ&ugl . Per cent age

13. A method according to claim 9 whereln
said cellulase is isolated from Aspergillus niger
fungus. ‘

14. A method of producing glucose from
cellulose employing fungal cellulase and extracellular

10 enzymes produced by Bacillus spp. cultures.

15. A method according to claim 14 wherein
said Bacillus cultures are a combination of Bacillus
subtilis, Bacillus licheniformis, and Bacillus
megaterium _ _

15 16. A method according to claim 15 wherein
said fungal cellulase is isolated from Aspergillus
niger fungus.

17. A method to degrade sewage comprising
contacting said sewage with an effective amount of a

20 composition comprising Bacillus spp. spores and fungal
cellulase sufficient to degrade carbohydrates, '
proteins, fats, cellulose, and mixtures thereof.

18. A septic tank additive comprising fungal
cellulase and spores obtained from Bacillus spp.

25 cultures selected from the group consisting of Bacillus
subtilis, Bacillus licheniformis, Bacillus megaterium,
and mixtures thereof. '

19. A composition according to claim 18
wherein said spores obtalned are a mixture of said

30 Bacillus spp.

' 20. A composition according to claim 19
wherein said cellulase is isolated from Aspergillus
niger fungus

21 A composition according to claim 20

35 further comprising a filler selected frem alkali metal

salts and inert mscal sIregpararions.
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Baci | | 0% -~ 200 g Spores NaCl 20%
100 g [ 15% 75 g CaC33 24. 5%

122 m"”ul"e"ﬂ”"ggm, 0. 5% 2.5 g (640 CU g) Total Vol une
100(V nple 1 Conposition A was diluted 10% w.th
the waste for a final ceI I uI ase concentration of 0.050% (64 CU g). After 48
-h gl ucose production (thus indicati ng 1(114t..he I eVeI of ceI I ul ose

degr adati on) was maasur;'(% as 4. 83 usi n % S et % recorded in
Tabl e | bel ow. Exanple A comp s"tloﬁx& 0GR & O ith the

exception thatwhenpbsi sadd Aibdherdis ualedaJst% vmehaitvasaktfse’actedal

‘cel | ul ase concgpgﬁé{:hgnggé‘ig ?%ggl/%é}tr@%% g}adc}m;]t %ﬁ% hc‘gb?gosgn@roductl on

was neasured by
mixtures thereo

5

\
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-9 Conparative Exanple 1 Exanple 1 was repeated with the exception that
only cellulase was added to the synthetic waste at a concentration of 0.5%
(640 CU/g). After 48 h glucose 5 production was neasured by DNS as 1.41
g/lt, as recorded in Table |I. Conparative Exanple 2 Exanple 1 was repeated
wi th the exception that Conposition A %5% ICave any fungal cellul ase 10
and CaCO83 and Na2SO4were replaced with %%ﬁ al ent anmobunt mlorganite.
After 48 h glucose production was neasured by DNS as 0.17 gilt, as recorded
in Table |I. Table | sunmmarizes data obtained in Exanples 1 and 2 and
Conparative Exanples 1 and 2. When the 15 fungal cellul ase was added to the
culture a significant increase in the production of glucose was detected.

As Exanples 1 and 2 shom1nggﬁggﬁgégﬂ#£§§ggggﬁg¥ f UEOSE. VS produced by
t he conposition, once the og %éiﬁé%ﬁ a%ne enzynme by -
itself though the 20 IE N 1GcHUNE ; EQAEREAL ENZ]

approxi mately ten times Iess thanimﬁth the enzyne byrltself Ther ef or e,

these maj or differences between
J Sxtracei?ular enzymes from Bacillus spp.

5 cultures in combination with fungal cellulase have been
found to synergistically degrade cellulose. The
composition is also useful in degrading carbchydrates,
fats and proteins thus lending its usefulness to sewage
treatment. '

10



1

enzynes by{i tsel f and the combination of fungal and bacteri al enzyng’sm’\'ﬂ%r‘%"
due to the synergistic effect of 25 both bacterial and fungal enzynes.
Similar results were found using raw sewage (Table 2). Substitute sheet

- 15/3/99 -12 - 1. A conposition conprising (1) Subgttwe sHeddacl$5I3/99spp.
selected fromthe group consisting of Bacillus subtilis, Bacillus

l'i cheniform s, Bacillus megaterium and m xt ures thereof and (2) a fungal
cellulase isolated from Aspergillus ni.qer : A corrp05| t ion according to

clalmlwher or talndar ture said Bagcillus s 3.
A conpositiD zﬂ%‘%% gF p Pﬁgﬂ-ﬁ]"f ofc §| éﬂfﬁ%%” ‘T%afng a fi Floer
sel ect ed frbacterini nﬂ‘h&l lagkt efalsdflfmemanlceteaﬂzymaapa:r AGTANELLY . is A
conposi ti 0%&.6@9&&1391&0e%abah?»z.wr'@&sh?csah Klsl,| Wede L ALIG4d netal

salt or an alkaline eafrth sal ecte romt e ‘group consisting of
NaCl, [err]S% ®t &Sc2 PREPisM. New methods to reduce the

- cellulose sediment in raw sewage are needed.
SUMMARY OF THE INVENTION .

The problems stated above have been solved

with the discovery of a sewage treatment composition
' comprising Bacillus spp. cultures in combination with
fungal cellulase. The combination of the extracellular
enzymes produced by bacteria cultures from Bacillus
spp. and fungal cellulase rfesults in a synergistic
degradation of cellulose. Results show a significant
enhancement in the production of glucose as a result of
cellulose degradaticn'when sewage containing cellulose
is contacted with the inventive composition. The -
composition is a broad based system capable of breakzng
down carbohydrates, fats and proteins in addition to
enhanced cellulose degradatzon. Because the
composition contains enzymes from naturally oceurring
microorganisms, it is particularly useful as a septic
tank additive. . : .

The invention also providés a novel method
for using the Bacillus spp. cultures and fungal '
cellulase to degrade carbohydrates, protein, fat, and
cellulose, and mixtures thereof.

(1) spores of Bacilius spp. selected from the group
 Sonsisting of Bacillus subtilis, Bacillus :
thereof a.nd | '

1 cellulase isolated from Asperg:.llus m.ger.

RE?LAE‘LMLN r SI 1EETS SG
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5. A nmethod of treating sewage which conprises contacting said sewage
with a conposition conprising Bacillus spp. cultures in conbination with
fungal cellul ase to degrade sewage conprising carbohydrates, proteins,
fats, cellulose, or mxtures thereof. 6. A met hod.agcgrding to claim5
wherein said cultures are present in a spore form|ﬁ34%ﬂ4¥Lé§ﬁﬁﬁsﬁﬂﬂéﬂﬁaid
conposition with said sewage. Substitute sheet - 15/3/99 - 13 - culture
is a mxture of said Bacillus spp. 9. A nethod according to any one of
claims 5 to 8 wherein said cellulase is dsxated from Aspergillus niger
fungus. 10. A nethod of produ0|ng qucosé‘TT6h1ceIIquse mhlch conprlses
contacting said &8 dnyentdonh alsoqpirordde - vele 532 282 =125 4
produced byyBaeh! sy @9& e':leﬁ.@rdlan_g@déﬂiraﬂo

wher ei n sai I nati.on o aC|I us s Q{l
Bacillus [i SN e

proteins; fats, cellulose, or mixtures thereof.

_ The invention also provides use of Bacillus spp.
cultures in combigg;ign with fungal cellulase in the
gregaration of a composition for use in degrading sewage
cogprlsiancarbohydrates. g;g;g;gs. fats, cellulgse. or
mixtures thereof.

The invention a _;g_p_:;gg;.ggs__a._sgp_tm_:ams_addi:m__

@MWW&MM
spp. cultures selected from the group consisting of Bacillus
subtilis, B ' ium, and
mixtures thereof, '

I : E PREFE )

Bacillus épp. are known naturally occurring
bacteria as identified on pages-1105 to 1139 of_the
eighth Edition of Bergey's Manual of Determinative
Bacteriology, published by The Williams and Wilkins
Co., 1986. - Preferred Bacillus species include B.
subtilis, 3. licheniformis, B. megaterium, and mixtures
thereof. More preferably, the bacteria culture is a -
mixture of B. subcilis, B. licheniformis, and B.
megaterium. . As known by those skilled in the art,

This i the replacement sheet
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12. A nethud‘atcordlng to claim10 or claim 11l wherein said fungal
cel lul as nﬂlu m Aspergil lus niger fungus. 13. Use of Bacillus
spp. cul; m“‘m“mt ml j on wi th fungal cellul ase i n the prepar ation of a

conposition fortus® ih degradi ng sewage conpri sing at Siq in
fats, cellulose, or mxtures thereof. 14. Use acco e|n
cultures are present in a spore form <4512 Use accordlng to claim13 or
claim 14 g@greiﬂ saig iultures are selected fromthe group consisting of
Baci | | us % |icheniforms, and Bacillus Substitute sheet

- 15/3/99 - 14 - wherein said cellulase is isolated from Aspergillus niger
comr i ses a 11 1or okl ectb AR THEn SRIFEEREL;  ng of al kali metal
salts, aklalinddartsponasioSBacibiusisrer: selectedcfremt thasgrovp Use
according to clai m kord $ish dbesdkil fis subtilis, Bacillus
~licheniformis, Bacillus megaterzum and mixtures.
thereof and
(2) a fungal cellulase isolated from Aspergillus niger.

2. A composition according to claim 1 wherein
said spores obtained are a mixture of said Bacillus spp.

3. A composition according to claim 1 or claim 2
further comprisxng a filler selected from alkali metal salts
and inert metal preparations.

4. A composition according to claim 3 wherein |
said filler is an alkali metal salt or an alkaline earth
metal salt selected from the group consistiﬁg of NaCl,
Na,S0O;, CaCO; and mixtures thereof. '

5. A method of treating sewage which comprises
'contacting said sewage with a composition comprising Bacillus
spp. cultures in combination with fungal cellulase to degrade

sewage comprising carbohydrates, proteins, fats, cellulose,
or mixtures thereof.

6. A method according to claim 5 wherein said

cultures are present in a spore form prior to contacting said
composition with said sewage.

This is the replacément sheet
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IS an aI ﬂﬂwu an al kaline earth netal salt selected fromthe
group co m",” m !! [err] and m xtures thereof. 20. A septic tank
addi-ti ve Conprisi mg fsun cel lul ase and spores obtained from Bacillus spp.
cultures selected fromthe group consisting of Bacig Es §%btnlls Eggillus
l'icheniforms, Bacillus negaterium and nmpgures th ve
according to cIa|n120 wherein said spores o tained are a mxture-of said

Baci | | us sppulitire Al alGhiitier &GOS B £l AigN P or ¢l ai m 21. wherein
said cellulase is isolated fromAspergillus niger fungus. This is the

repl acenent sheet Date: 17 MAR 1 Substitute sheet - 15/3/99 -15- 23. An
additive according to any one of clains 20 to 22 further conprising a -

filler selected from kaI a| ml% erel nr}%a%e JTP&,{:Q ﬁeéﬁﬁﬁé%"sto%

An additive according to
: wherein said cellulase is isolated from Aspergillus niger

fungus.

10. A method of producing glucose from cellulose
which comprises contacting said cellulose with fungal
cellulase and extracellular enzymes produced by Bacillus spp.
cultures. .

11. A‘method-according to claim 10 wherein said
Bacillus cultures are a combinetion of Bacillus subtilis,
Bacillus lichez;ifomis, and Bacillus megaterium.

12. A method according to claim 10 or claim 11
wherein said fungal cellulase is isolated from Aspergillus
niger fungus.

13. Use of Bacillus spp. cultures in combination
with fungal cellulase in the preparation of a composition_for
use in degrading sewage comprising carbohydrates, proteihs,
fats, cellulose, or mixtures thereof.

14. Use according to claim 13 wherein cultures are
present in a spore form.

15. Use according to claim 13 or claim 14 wherein

said cultures are selected from the group consisting of
Bacillus subtilis, Bacillus licheniformis, and Bacillus

This is the replacement sheet
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filler is am salt or an alkaline earth netal salt selected
frommﬂmum;l ng of NaCl, [err] [err] and m xtures thereof. 25. A
met ho Iﬂﬁ“ﬂ,ﬁm. m9 in which the conposition further conprises a
filler selected®*frdmt he group consisting of al kaléu t,al salts, ne
earth netal salts and inert netal preparatlons 26—&3%%%3&—8@&3% J to
claim25 in which the fiIIer is an al katil%etal salt or an alkaline earth

Thereof . 2PRoeHnpRtd GheCulege techonietad Paou depabiited Hebhki ci n

descri bed vﬁlmgusf erence to any exarrpl e thereof. 28. A nethod as defined in
claimb5 of treating sewage substantially as herein described with reference
to any exanple thereof. 29. A.nethod as defined in claim 10 of_ producing

gl ucose from cel | ul ost8subdsanacerrding terelaimetdrinewhifRnthef erence to

any exanpl %dﬁ?ﬁ@ﬂﬁioﬁofufﬁﬁeﬁfcéﬂﬁtiéﬁ épﬁilréftgéséceéddei-bﬂedhen claim

13 substantialiy ESnlfLelhg S8 AiREr: hilal °IST 00 CakPa Pla X 2R Cnb S °O"

salts and inert metal preparations.

19. Use according to claim 18 in which the filler
is an alkali metal salt or an alkaline earth metal salt
selected from the group consisting of NaCl, Na,SO,, CaCO; and
mixtures thereof.

20. A septic tank additive comprising fungal
cellulase and spores obtained from Bacillus spp. cultures
selected from the group consisting of Bacillus subtilis,
Bacillus licheniformis, Bacillus megaterium, and mixtures
thereof.. | '

217. An additive accordinq to claim 20 wherein said
spores obtained are a mixture-of said Bacillus Spp.

: 22. An additive according to claim 20 or claim 21
wherein said cellulase is isolated from Aspergillus niger
fungus.

“This is the replacement shegt
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Substitute sheet- 15/3/99 - 16 - 31. A septic tank additive as defined in
claim 20 substantiralTy as herein described with reference to any exanpl e

t her eof . mllllﬂm“mmllmleadditive according to any one of clainms 20 to 22
further, r selected from al kal i cﬁm‘%@v#wdw £137 _
nmetal preparati bns” . *An additive according to stififte st 1 ég"'-
filler is an alkali rretal salt or an al kaljine earth netal salt selected
fromthe group consisting of Nad, [err}.d%d-mixtures thereof. 25. A nethod
according to claim9 in which the conposition further conprises a filler

selected fromthe group consisting of alkali netal salts, alkaline earth
metal salts and inert 23t al ApraddtEtvenccctiling ma ARy ansef Rlaids 28 m

25 in which ghe§iklfEnds Bomkdg FIA11E (sdectpd! ft NAIGA Metallal
| salts and inert metal preparations.

24. an additive according to claim 23 wherein said
filler is an alkali metal salt or an alkaline earth metal
salt selected from the group consisting of NaCl. Nazso., CacCo;
and mixtures thereof. .

25. A method according to claim 9 in which the
composition further comprises a filler selected from the
group consisting of alkali metal salts, alkaline earth metal
salts and inert metal prepa.rations.

.~ 26. A method accordinq to claim 25 in which th.e :
filler is an alkali metal salt or an alkaline earth metal
salt selected from the group consistinq of Na.Cl. Na,S0,, Ca.CO;
and mixtures thereof. ' '

27. A composition as defined in claim 1
' substa.ntially as herein described with reference to any’ X
example thereof

_ 28. A method as defined in claim 5 of treating
sewage substantially as herein described with reference to
any example thereof.

_ 29. A method as defined in claim‘10 of producing
glucose from cellulose substantially as herein described with
reference to any example thereof.

| 30. Use of Bacillus spp. cultures as defined in
claim 13 substantially as herein described wit_h reference to
any example thereof. '

This is the replacement sheet
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salt sel_iedﬂem%—h?gm—p consisting of NaCl, [err] and m xtures

t her eof . as defined in claim1l substantially as herein
descri. be'd “ﬂ“ﬁ m%“m“g any exanple thereof. 28.- A nethod as defined in
claim5 of xsewage substantially as herei @uﬂ?ﬁﬂtbbéf@e\e‘ tfg@@gr ence
to any exanple thereof. 29. A nethod as defined i product ng

gl ucose fromcellul ose substantially as herein described with reference to .
any exanple thereof. 30. Use of. Bacillus gp cultures as defined in claim

13 substantially as herein described W|th reference to any exanple thereof.
- 16 - 31. A septigqlank paddpli e taardabiaied ve a8 aéfﬁfé@thmlw as

herein desc j bed vmtt]]- reference to any exanpl e thereof
stantia ly as herein described with reference to any

example thereof.

PNy
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