METHOD AND COMPQCSI TI ON TO CONTROL THE GROWH OF
M CROORGANI SM5 | N AQUEQUS SYSTEMS FI ELD OF THE
wO DMERTII0EN [ 0001] The present invention rel at eBCT/0S2007/004096
conpositions and nethods to control the growth of
m croorgani sms i n agueous systens. More particularly,
the present invention relates to the treatnent of
aqueous systenms with |ysozyne al one or in conbination
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pool owners. It is very effective at killing bacteria,
amadodaen asfpsner |iving organisns. Chlorine is _
typically added to a swnmmng pool in tablet or liquid
formor is provided by a chlorine generator, which is
a device containing electrical cells that generate
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[ 0004] However, chlorine has many di sadvant ages t hat
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such as but not exclusive to: chlorine/bromine based compounds, biguanides, copper salts,
silver-based compounds, triazines, quaternary ammonium compounds and polymeric
compounds. Each of them has deficiencies related to pH and/or temperature sensitivity,
chemical stability and/or compatibility, limited effectiveness, and environmental and/or human
toxicity.

[0003] For example, chlorine is the sanitizer/disinfectant/oxidizer most widely used by
pool owners. It is very effective at killing bacteria, algae and other living organisms. Chlorine
is typically added to a swimming pool in tablet or liquid form or is provided by a chlorine
generator, which is a device containing electrical cells that generate chlorine from a bank of
salt added to the pool water.

[0004] However, chlorine has many disadvantages that lessen its desirability for use as an
exclusive disinfectant in swimming pools and other recreational water systems. For example,
chlorine can combine with ammonia to form chloramines, which are ineffective at sanitizing,
disinfecting, or oxidizing. Ammonia is commonly present in pool water- from either

environmental factors, a build up of fertilizers that are carried by wind and dropped into pools,



excl usi ve disinfectant in swi nm ng pools and ot her
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Lysozyne is known as a powerful antibacterial protein
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also present in human tears, saliva, milk, respiratory and cervical secretions, and it is secreted

by polymorphonuclear leukocytes. Lysozyme has been used for its antibacterial properties
both in the pharmaceutical and food industries and been regarded as very safe for human use.
In fact, lysozyme is one of the antimicrobial factors present in human miik.

[0007] U.S. Patent No. 5,069,717 to Sherba et al. describes microbicidal composition for
controlling algae containing synergistic mixture of a diphenylether and lysozyme.

[0008] Accordingly, it is desirable to have a method of preventing, killing, and/or
inhibiting the growth of microorganisms that is inexpensive and uses an ingredient that is
effective at a low concentration and that is easily available.

[0009] It is also desirable to have a method of preventing, killing, and/or inhibiting the
growth of microorganisms that does not use chlorine or other environmentally undesirable

ingredients.



In fact, lysozynme is one of the antim crobial factors
present in human mik. [0007] U.S. Patent No.

wW® 206098037 to Sherba et al. describes m crobi cPAEIS2007/004096
conposition for controlling al gae contai ni ng
synergistic mxture of a di phenylether and | ysozyne.
[ 0008] Accordingly, it is desirable to have a nethod
of preventing, killing, and/or inhibiting the growth
of m croorgani snms that is inexpensive and uses an
ingredient that is effective at a | ow concentration
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. drinking water systens, |eather-processing water
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system, such as, but not exclusively, a water system using a saline chlorination system. The
lysozyme can optionally act synergistically with sodium chloride to provide a composition to
control growth of microorganisms, particularly, for example, algae.

[0012] Additional features and advantages of the present invention will be set forth in part in
the description that follows, and in part will be apparent from the description, or may be learned
by practice of the present invention. The objectives and other advantages of the present invention
will be realized and attained by means of the elements and combinations particularly pointed out
in the description and appended claims.

[0013] It is to be understood that both the foregoing general description and the following
detailed description are exemplary only and are not restrictive of the present invention, as
claimed. All patents, patent applications, and publications mentioned above and throughout the

present application are incorporated in their entirety by reference herein.
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[0017] The present invention is particularly suitable for aqueous water systems that come
into contact with higher organisms, which are not harmed by lysozyme because of its low
toxicity. Therefore, the present invention may be used, for example, for controlling
microorganisms, e.g., algae, in swimming pools, spas and hot tubs and for controlling algae in
water systems used in aquaculture, including fish hatcheries, fish farms, shrimp ponds,
crawfish ponds, mollusk, and the like.

[0018] As an example, lysozyme can be added to a saline water system, such as a water
system using a saline chlorination system. For example, the water system may contain from about
2,000 ppm to about 8,000 ppm, such as 2,800 ppm to 6,000 ppm, of sodium chloride. The
lysozyme can optionally act synergistically with sodium chloride to provide a composition to
control the growth of microorganisms, particularly algae. Because of the activity of lysozyme

to control algae and/or other microorganisms, there may be a reduced need to run the chlorine
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leagi ane| migragrgapisal. ghe sradebaafgbe oficroprgamieni igiat Jeasf partially inhibited. In
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inveer%(t%rlrtpltﬁé products, material, or media susceptible to attack by the at least one
microorganism are at least partially preserved from this attack and the resulting spoilage and
other detrimental effects caused by the microorganism. Further, it is also to be understood that
"controlling" the growth of at least one microorganism also includes biostatically reducing
and/or maintaining a low level of at least one microorganism such that the attack by the
microorganism and any resulting spoilage or other detrimental effects are mitigated, i.e., the
microorganism growth rate or microorganism attack rate is slowed down and/or eliminated.
The compositions of the present invention preferably have a low toxicity.

[0021] Examples of these microorganisms include fungi, bacteria, algae, and mixtures
thereof, such as, but not limited to, for example, Trichoderma viride, Aspergillus niger, and
Chlorella sp. A further example is a gram-positive microorganism, like Bacillus species.

[0022] Lysozyme is typically designated in enzyme nomenclature as “EC 3.2.1.17 and is
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0021 anpl es of  these nicroorgani sns i nclude fungi,
F “‘IHEE‘?‘% rz%e g?stj’é ne fienicgt Jiaxs o xAEymEs difesqal- (figr instance, the

lys%g/tﬂglr (Ié teﬁéjre%ﬁ(r)xb ’ér{v’ce):xrltécﬂeﬁ gg}fp Le?\/e S-I‘-’/roI 1§sho929§1re rg%m\érl glleggn’t to 50% lysozyme

dimer present or more. For instance, the lysozyme dimer can be present in an amount of from
1% to 50% or 10% to 35%. The heat-treated or thermally-modified lysozyme can act as a
partial or complete heat denaturation of the lysozyme. As stated, any combination of the
lysozymes can be used in the present invention.

[0024] As described herein, the optional addition or presence of at least one quaternary
ammonium compound further enhances the antimicrobial activity when used with lysozyme,
and particularly enhances the antialgal activity. For example, quaternary ammonium
compounds such as alkyl dimethyl benzyl ammonium chloride are commercially available as
algaecides. The use of a quaternary ammonium compound may provide a broader spectrum of
antialgal activity or may provide increased efficacy against problematic algae. In particular, it

is believed that lysozyme and a quaternary ammonium compound act synergistically to provide
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Chlorella sp. A further exanple is a grampositive
m croorganism |ike Bacillus species. [0022] Lysozyne
w0 go0vpgsosal |y designated in enzynme nomencl at ur BCHBES20ED04096
3.2.1.17 and isalso commonly call ed nuram dase. The
| ysozynme used in the present invention may cone from
any known source of |ysozyne, such as from any plant
or animal source and may be obtained by any nethod of
a FRIRINIMR]YIORUEAd Qdnohal aHtii¢tobial sy@ldkd. f i cation,
i ncluding reconbi nant neans. Lysozyne is commercially
[0e2R}i | abhe quitefidfyi hindfdnhaf RoRPodl AUy balusé# a8 Srovide additional
Typically, the purified enzyne comes in the formof a
symdrpisitic satirhidrobid) @8f8¢ts Ascordin® RS thepresbMEnthBi0d W KePbbtdified from any
a heat-treated |ysozyme or a thermally-nodifieéed
anliyedery neeurcEh®ot geaaplapthe ajuattenany lafeonyiR dndfRhnd TS be may be a
| ysozynme can be thernmally-nodified, for instance, by
copatridigvithhe kinglez yuseradryaamalbofivai egodpedPed Foliig@atemdSN ammonium
as heating in a water bath. The tenperature can be any
compnpek Examples of fuitable Ruatemaryoddihynitieolyp®0ZdsTReludfor example, N,N-
i nstance, to forma |ysozyne diner. For instance, a
digteyipedadasyeNdfengammosBINC or hehjdridde, can b, Nreaakth@a-botadecyl-N-
as 70 Cto 100 C, nore particularly, a tenperature of
(dig@thylbengyDastnaenivpochipridg, 94.N-@HorethpiNo stidecgfantienium chloride, N,N-
_present invention, nore than one type of |ysozyme can
digghyjr N dedidodeoylanimertivimc e, chderidew nnodiN, NedmietlybNyteradsaglammonium
be present with a thermally-nodified | ysozyne.
chi@aiflg H&Tbﬁﬁ?yé:NaNrfEmF%b%’y%réisrPékylb ammeairen ghlotde, N-(dichlorobenzyl)-
lLysoz s_present. For instance, the |ysozyme of the
Mﬁ?’é?&%ﬁﬁﬁ‘\?@?ﬁwmmurﬁ av ehiguds. y s B hexradedy lparidipiwms enchloride, N-
to 50% | ysozyne dinmer present or nore. For instance,

hexadseylpapbyna o PrAsRidean NokexadeskloN N Nritigmethydesumenism f bromide, N-
o R0y T T LR S5, ps i
Rt IR NRTEAT WS 1 —
chiBHi&S S MbdBYISIN-Qiiethy1-N~(C12-Cys alkyl) ammonium chloride, N-dodecyl-N,N-
dimethyl-N-ethylammonium  ethylsulfate, N-dodecyl-N,N-dimethyl-N-(1-naphthylmethyl)
ammonium chloride, N-hexadecyl-N,N-dimethyl-N-benzylammonium chloride or N-dodecyl-
N,N-dimethyl-N-benzylammonium chloride. The quaternary ammonium compound may also
be a polyquaternary ammonium compound. Antimicrobial polyquaternary ammonium
compounds which may be used include those described in U.S. Patent Nos. 3,874,870,
3,931,319, 4,027,020, 4,089,977, 4,111,679, 4,506,081, 4,581,058, 4,778,813, 4,970,211,
35,051,124, 5,093,078, 5,142,002 and 5,128,100 which are incorporated herein by reference
thereto. An example of a polyquaternary ammonium compound is poly(oxyethylene-
(dimethyliminio)ethylene (dimethyliminio)ethylenedichloride), which is commercially

available under the Trademark WSCP from Buckman Laboratories International, Inc.

{0026] As a method of killing, or preventing, or inhibiting the growth of microorganisms in
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[00R8] N- dihgwiniginaly sforienipinarpmpoundmeln be predent in the aqueous system in any
N- hexadecyl pyri di ni um chl ori de, Nhexadecyl pyri di ni um

effegtiypiameuntnsyciasde @yrange of fom 0. Gkepriny taaiponil,000 yponardepreferably in
Ndodecy! pyri di ni um chl ori de, N-dodecyl pyri di ni um

thepspangg| oS Rbeus 0. InprseteAapouN. Maweat y | - N, Nbi s (
bet a- hydr oxy- et hyl ) anmoni um chl ori de, _ .

(00821404 G congepiERtins ok lRoBimRAndyduatemsni emmonium compound as described

above or as described elsewhere in this application, may be the initial concentrations of the
components at the time that the components are combined or added to an aqueous system
and/or may be the concentrations of the components at any time after the components have
interacted with the aqueous system.

[0030] If both lysozyme and at least one quaternary ammonium compound are used in the
method of the present invention, the ingredients may be added separately to an aqueous system
or they may be combined to form a composition that is added to the aqueous system. If they
are added separately, the order of component addition is not critical and any order can be used.
[0031] The method of the present invention may be practiced at any pH, such as a pH
range of from about 2 to about 11, with a preferable pH range of from about 5 to about 9. For

an aqueous system that will be in contact with higher organisms, such as humans or fish, the
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chloride, N-benzyl-N Ndinethyl-N(C 2-C 8 al kyl)
anmmoni um chl ori de, N-dodecyl -N, Ndi net hyl -

wOoR@vgdoanmoni um et hyl sul f at e, PCT/US2007/004096
N- dodecyl - N, N-di net hyl - N- (I - napht hyl met hyl ) ammoni um
chloride, N-hexadecyl-N, N-di met hyl - N-benzyl anmoni um
chl oride or N-dodecyl- N, N-di net hyl - N-benzyl ammoni um
chloride. The quaternary annnniun1conpound may al so be

i tal .. .
pH%gP@h%g Wk NAo¥n m?Em s 6)?—9593(999 e @g#s mcrrnggbg gcgasted by adding

gquaternary a npounds

an h&ﬁg)‘glea bIRAES 39%51&5%%9 t}benaé'pgg% aEla gt T%&sle'\%ggd ShtlddS e scted to not

1, 319, 027 020

ol 508 55 S5 A55 B B0n ikt g o

optﬂfnﬁl J{J&@&Qﬁe{}? raﬁ‘ﬁrﬁﬂld?@ E@thod?M 18 Ghief @ﬂﬁ@uttcr}#&gﬁs%aelﬁn

exanpl e of " a pol yquat ef nary anmoni um

0082} Y ( DhY GhiNdL B he (prdsBRH iVdriBh M) & fk\éh%@ d
[ gj et hyl i m ni 0) efﬁw;ﬂseneldl Chl| nr Iag/ uWhl 13 ny m ustrial or recreational

aqt&@ﬁ@T@fs&h@ reyuifiN@ il i@Bbanise Rondrble Sﬂ—é}ﬁ&ﬁﬁﬁiié(s M 15519&@ but are not
Buckman Laboratories I'nternational, Inc. 3

limiged RQehetd] warking f‘l‘@udsoéodlﬁlg‘“(@igrlspﬁem&? tcoolihé QMe'ré" gntﬁl&ecoolmg waters
growm h of m croorgani snms i nan aqueous system the

and gfflogntroeoknlwae), voassd Witter §§$&mﬂ;&ﬁ£lﬁﬂiﬂ§Mﬁs&m&lslﬂmsamtatxon waters
compound, may be provided to the aqueous system under

undeegrding tressenh of dienwasie ih Yis0 AMERE afdseiuagt arcamiont, recirculating water
amoni um conpound act to provide an antim crobi al

sy tpg;;nsw'trlhahlgI{ioblsshotaubqg fedgmb@ssing sysidm ) idtiskih$ evatgr @ydtdims, leather-
of m croorganisnms in the agqueous system [0027] One of

progesding avajersistbmns, odriterwateli dystetie perprilneries hed efhkepdpermaking or paper-
anmount of |ysozynme and optional quaternary amoni um

proemmeweﬁems Inogengrabaanyi industrial ap pédreaiohanvigyr systepl yan benefit
testing various concentrations prior to treatnent of

fromnthe reseat gveetiane dhsymethed of dre presend rivesntiom nzgy alqudeused in the
system.to be treated, the concentration of |ysozyne

tregiggntind infake weééqrusv@ ¥#rioyp industrighpragessesorn redseational. fadilities. Intake

ppmto 5,000 ppm and when treating al gae, a preferred
waﬁelé??g)ebel @rslftfquﬁd by the method of the present invention so that the microbial growth i is

inhibited before the intake water enters the industrial process or recreational facility.
[0033] The present invention will be further clarified by the following examples, which are

intended to be exemplary of the present invention.

EXAMPLES

General Procedures

[0034] A. Evaluation of Algaecidal Activity. This test method provides a technique for

testing compounds for their effectiveness to inhibit (repress) algae growth. MIC values
represents the Minimum Inhibitory Concentration, defined as the lowest level of compound
required to completely inhibit (repress) the growth of a given organism.

Apparatus:



about 0.01 ppmto about 2,000 ppm and is preferably

in a range of fromabout 0.1 to about 500 ppm [0028]
wah@7M8a82r nary anmoni um conpound rmay be presePCT/US20011e04096

aqueous systemin any effective anmobunt, such as in a

range of from 0.01 ppmto about 1,000 ppm and

preferably in the range of about 0.1 ppmto about 100

ppm [0029] The concentrations of |ysozyme and

333%9; L 98 wegttaés%?esrca%msd above or as
“fero ﬁa e°%f’ ot PR e N

ReL lsawﬁ/[a?& onents are conbined or added to an
ueous system and/or may be the concentrations of the

conmnts at any tinme after the conponents have

i nt grzﬁgbed Wi th the agqueous system [0030] If both

I Y'S 4k ¢ at | east one quat ernary anmoni um comnpound

ar e pUS & dnﬂm’ié‘i?ra ggl lggnthe present invention, the

i ngredients nay e geparately to an aqueous
Stosk SbIRMRM: t hey rmy be conmbined to forma conposition

that is added to the aqueous system If they are added
sepgfoakggl orl r of conpone t
critical g%d %%fgg%er can be userétd/.z@?go 1?&%(?1%%& hod
.of kbgppyesent invention may be grfcticed at any pH,
. SuUCME®,a7ipld range of from about 120t 0 about 11, with a
.prefejap) e pH range of from aboutggdp to about 9. For an
.aqueaos. ayetemthat will be in cgyoact wi th higher

or ga|ISIOE 9Hswch as humans or fish,jgt hepH shoul d be
neucCitdt adigdr ound pH 7). The pH of itdee aqueous system
. mayPbemetdjsust ed by addi ng an acid(s) or a base(s) as
is known in the art. The acid or base added shoul d be
sel ected to not react with any conponents in the
sysNenEDFHAwever, it is prefexmble to gdd the |ysozyne
andFapi.i6bh@ quat er nary anmdiogm conpgund to wat er

OmmoOowp

wi t Mai. fH@Qid] ust nent . 0.041 g

ZnCl, 0.005 o

COClz. 6H20 0.002 g

Na,MoQ;4. 2H,0O 0.004 g

Deionized water 1,000.000 ml
Inoculum.

[0035] Cell suspension from a culture grown in modified Allen’s medium for 14 days or as
needed to attain a desired cell mass of Chlorella sp. (ATCC 7516) or Phormidium faveolarum
(UTEX 427). The inoculum is calibrated at 82% transmittance measured at 590 nanometers
wavelength before inoculation.

Procedure:

Medium preparation:

Modified Allen’s medium (Allen, A. A., 1968).
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[0032] The nethod of the present invention may be used
in any industrial or recreational aqueous systens
WO e@aio9d08y ni croor gani sm control . Such aqueousPGHESEIB004096
include, but are not limted to, netal working fluids,
cool ing water systens (cooling towers, intake cooling
wat ers and effluent cooling waters), waste water
systens including waste waters or sanitation waters
N4Nsler goi ng treatment of the waste in the water, e.g.

K3@0pge treatnent, recirculating vwaher Syslens tion A.
Mgy, Mg pool s, hot tubs, food Pr 9§ es §hGocRYsha8% s,
N#eobpki ng water systens, | eather Pro§es shiGobabiikon
CHEYSPRIG, white water systems, pubfos! Ybrdek sRHoPBNer
NaSiRer9HyBKi ng Or paperprocessing ygper rﬁb’s?&c‘i‘c@ﬁlutigr(‘E.
cigrnaeidal , any industrial or recreaﬁ@pnqﬁhﬁﬁk%guﬁﬁgﬁeﬁl
Pivasetdlenefit fromthe present inven@loqnhggﬁsgﬁh é 0
Ddidiizegm@E2Nt i nvention may al sojfg.disedyln the _
treatment of intake water for such various industria
[0036P C eSSiesliZeIthé RRaIRAT inARGhutdRive! bl 2EHinukddlRKE PIRIR pr&s@lle (121°C).
be first treated by the nmethod of the present

AfteR ¥@BE1bARe, 200l Addiuth A6 4505 §icOfadisfdh Y4 B stm:laﬂplin e} Rd tube, then add
before the i ntake water enters the industria rocess

theonpBaREAditMabodi@a! | 1 ty. [0033] The present invention
will be further clarified by the foll ow ng exanpl es,
whi ch are intended to be exenplary of the present
i nvention. EXAVMPLES Ceneral Procedures [0034] A

Compalnibintdporafiondl gaeci dal Activity. This test method
provi des a techni que for testing conpounds for their

[0037f ectRremanes Stotlosdlititintih twafer 6PhR TShpalrdias b8 1N ThM:Sncentration of
val ues represents the M ni mum | nhi BI tory

theGtaek solutiat is dependaftion @@ lagest d@apodRBéd o dstedl DERAEIILASEK solution
required to conpletely inhibit (repress) the growth of

to gbtginvdnsages gamallethan that chosen for the stock solution. A maximum amount of 100

microliters of stock solution or the corresponding dilution should be added per test tube.

Inoculation:

Add 100 microliters of inoculum per test tube, per type of medium and type of inoculum.

Incubation:

Place the test tubes containing the treatments in an incubator set at 24°C. Light is provided
by plant growth fluorescent tubes set to provide 16 h of light and 8§ h of darkness.

Rating of the tubes:

The test tubes with the treatments are rated positive or negative:
* Positive (contaminated) when the medium in the tubes shows algae growth (green deposit
at the bottom).
e Negative (not contaminated) when the medium in the tubes remains colorless.
The control is always positive. The minimum inhibitory concentration (MIC) of the
compound is the smallest dosage showing negative algae growth.
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Appar at us: Test tubes, 18 - 150 mm Sterilized test

tubes are required. Incubator, capable of a constant (
wago7pesvper at ure and |ight regul ati on. Reagent BCEI82007/004096

Mat erial s: KNOB K2HPO4 MySOH4. 7H20 Fe-ammoniumcitrate

(1% sol ution) Stock solutions : Stock solution

conponent g / 200 g deionized water A. K2ZHPO4 1.50 B.

MSH. 7H20 1.50 C. Na2CO3 0.80 D. Cad 2. 2H20 0.50 E.

Syh@’%?&g%l)&a‘g O01.16 F. Citric acid 1.20 G PIV netals

Na . /50 g Fed 3. 6H20 0.097 g Mnd 2. 4H20 0. 041
[0(938;”0 gyngrggroéfagmeasured by checkerboards dilutions (Yan and Hancock, 2001), in
which one compound is diluted along the rows of test tubes and the other is diluted along the
columns. This method focuses on looking for a reduction in the MIC of eac;,h component in the
presence of the other. The result is expressed as the Fractional Inhibitory Concentration Index
(FIC), calculated as follows:

FIC = [A}/MIC4 + [B)/MICg where,

MIC4 and MICg = MICs of the compounds A and B alone

[Aland [B] = MICs of the compounds A and B when in combination

[0039] An FIC index <1 indicates synergy; an index of 0.5 represents the equivalent of a
fourfould decrease in the MIC of each compound in combination.. An FIC index of 1.0
represents additive activity (a twofould decrease in the MIC of each compound in
combination), and an index >1 indicates antagonism; an index >4 represents true antagonism.

[0040] B. Evaluation of Bactericidal Activity. This method is suitable for use in evaluating

the antibacterial propérties of chemicals by determining their MIC value. The MIC value
represents the Minimum Inhibitory Concentration defined as the lowest level of compound

required to achieve a> 90% kill of a given organism.

Equipment:

. Test tubes, 18x150 mm disposable culture tubes- sterile

. Sterile 1ml and 10ml pipettes

. Incubator capable of maintaining a temperature of 37°C £ 1°C
. Autoclave

pH meter

1-200ul micropipette tips

. Eppendorf micropipette

. McFarland Standard #1

. Petri Dishes: Plastic disposable Petri-dishes, 100 x 15 mm size

VRONAU R WN -

3. Media Preparation:

1. Difco Plate Count Agar: Rehydrate the agar by suspending 23.5 gin 1-L
of deionized water and heat to boiling to dissolve. Dispense as desired
and sterilize in a steam autoclave for 15 minutes at 121° C.,

-12-



CoCl 2. 6H20 0.002 g Na2MoX4. 2H20 0. 004 g Dei oni zed
wat er 1, 000.000 m |Inoculum [0035] Cell suspension
wo e@mog8osul t ure grown in nodified Al en's nedi per/i82002804096
days or as needed to attain a desired cell mass of
Chlorella sp. (ATCC 7516) or Phorm di um faveol arum
(UTEX 427). The inoculumis calibrated at 82%
transmttance neasured at 590 nanoneters wavel ength
t Procedure Medi um pr epar ati on:
% %5@[9@1:&&)%%{;% %mrqredl um (Al lgg, A A, 1968).NaNd3 1.5
ngr}{@yl%%)@a@e m stock sol ut| rt% ‘%’l\/gsodf. HO 5.0 m
il

bé K IR th
T e R A
GRQode nM stock solution E. Ci§phgrafsi d 1.0 nl stock
Pepoheition F. PIV netal 1.0 nggt Qelkyssol ution G .
ArmbRbfizgitatsat er 1000. 0 ni [Op6 amat €rilize the medi um
Magnetilie: salfitoHeputiydrate 20 M NUG.2$ sRIMs15 pounds pressure
Calchid ©hloride 0.25 grams
Autoclave at 121°C for 15 minutes

[0041] C. Inoculum. Cell suspension from an 18 to 24 hour bacterial culture of
Staphylococcus aureus (ATCC 6538) or Bacillus subtilis (ATCC 6633) or Enterobacter
aerogenes (ATCC 13048) to attain a desired cell concentration. Using a McFarland
nephelometer barium sulfate standard or some other suitable method, adjust the concentration
of the bacterial suspension so that a final concentration of between 1 x 10* and 1 x 10° cells
per ml is achieved when 100pi of the inoculum is added to 5 m) of basal salts substrate.

[0042] D. Compound Incorporation. Prepare a stock solution in water of the compound to

be tested. The concentration of the stock solution is dependent on the largest dosage desired to
be tested. Dilute the stock solution to obtain dosages smaller than that chosen for the stock
solution. A maximum amount of 100u] of stock solution or the corresponding dilution should
be added per test tube.

[0043] E. Inoculation and incubation. Add 100ul of inoculum per test tube per type of

medium and type of inoculum, and incubate at 37°C for 18 hours.

[0044] F. Rating of tubes via plate count method. The Pour Plate Count agar was

prepared as described in Standard Methods (American Public Health Association; 1995). One
milliliter of the sample was placed on the center of a sterile petri dish (100-mm diameter) by
using a sterile pipette. Sterile, molten (44 to 46°C) plate count agar (pH 7.0; Difco ) was added
and mixed with the sample by swirling the plate. The samples were allowed to cool at room
temperature until solidified and then were inverted and incubated at 35 + 0.5°C for 48 + 2 h.

Colonies formed in or on the plate count medium within 48 = 2 h were counted as described in
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After autoclaving, cool nediumto 45-500C and di spense
5 m of nediumper test tube, then add the conpound

w@pa 7098832 nocul um Conpound i ncor porati on: [ 00BF/US2007/004096
Prepare a stock solution in water of the conpound to
be tested. The concentration of the stock solution is
dependent on the | argest dosage desired to be tested.
Dilute the stock solution to obtain dosages snall er

Staldid LMehof) Q6@ thd sultdiSvebd REIrtSP b IR mifiliERX WM applicable, this
amount of 100 mcroliters of stock solution or the

vebaer waspoltgliedbydink dilingsh BboridchREn aldeteREl CEERhifiHRe-
I nocul ati on: Add 100 mcroliters of inoculum per test
[00dFle, pethid tepethelf MIE AF tie) @RolYPR tBE coritertdtidMthat produced 90% kill.
I ncubation: Place the test tubes containing the
This satlvehitesl dsingahe followha) @fuatsal: at 24C. Light is
provi ded by plant growh fluorescent tubes set to
pr ovhebeagb@CI/0f] ihicghirolandvBradae OfF AL inassmedrat idty of
t he tubes:Avdraget @EU/nillibesntitild h the treatnents are
rated positive or negative: Positive (contam nated)
[O0#fdn t Ge SwiremEivaluation. t Sipegyshawsealgd dygheoteibdagiseRtions (Yan
deposit at the bottonm). Negative (not contam nated)
andridncedie 28845 imwhichtdne comipesnd ndiluts! daigtheasss of kst tubes and the
control is always positive. The m ninmuminhibitory
othes it dijttechilppmthe iplomnss Thisanesbedfvgusts os [ddkingstonk k@isttion in the MIC
dosage show ng negati ve al gae grow h. Syner gy
ofpgagh gg?PB‘}F:ﬂt f’bé’@g?l‘eﬁnﬁ@ o yhsnatherre I56 resitbly expressed as the Fractional

g.lgeckeé boards dil utions (Yan and Hancock, 2001), in
Inhibitory Concentration Index (FIC), calculated as follows:

FIC = [A]/MIC,4 + [B]/MICg where,

MICa and MICg = MICs of the compounds A and B alone

[Aland [B] = MICs of the compounds A and B when in combination

[0047] An FIC index <1 indicates synergy; an index of 0.5 represents the equivalent of a
fourfold decrease in the MIC of each compound in combination.. An FIC index of 1.0
represents additive activity (a twofold decrease in the MIC of each compound in combination),
and an index >1 indicates antagonism; an index >4 represents true antagonism.

This is a purely enzymatic system for controlling algae. Lysozyme is preferably used by itself as
the active ingredient in this invention.

. L)_rsozyrfxe (Sigma), Lysozyme Chioride (NutriScience), Lysozyme Chloride (MP
Btomedicals) were tested against Chlorella sp.(ATCC 7516). The incubation period was
14 days at 24 C under 16 h of light and 8 h of darkness.

Enzyme MIC (ppm product)
Lysozyme (Sigma) 0.4-~0.7
Lysozyme Chloride (NutriScience) 04-0.7
Lysozyme Chloride ( MP Biomedicals) 0.1-04

Lysozyme can also be applied in combination with quaternary ammonium compounds commonly
used in the water treatment and recreational water industries (e. g. BUSAN 77™ product) to
control algae.
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whi ch one conpound is diluted along the rows of test
tubes and the other is diluted along the colums. This
woreaohoeBosncuses on | ooking for a reduction in PEEUNC/004096
of each conponent in the presence of the other. The
result is expressed as the Fractional Inhibitory
Concentration Index (FIC), calculated as follows: FIC
= [AIM.CA + [B]/M CB where, MCA and MC B = M Cs of
ExXAmeprgnpounds A and B alone [A] and [B] = MCs of the
conpounds A and B when in conbination [0039] An FIC
[0048]leX RorhbinBtbsabe Lysyyaied¥hloAle | (VEEXBiBfaeficals) with Benzalkonium
represents the equivalent of a fourfould decrease in
CHidréleMTGe of gapdattea0dPas CHlor I LHIATOL 17816). THB xrﬁugatidi‘lqi:é}(lod was 18
of 1.0 represents additive activity (a twofould
daglesid dSenden 16 hef NkiE anll 8eastiiag@epound i n conbi nation),
and an index > 1 indicates antagoni sn an index >4
represents true antagonism [0040] B. Eval uation of
Bactericidal Activity . This nethod is suitable for

use i n Berghlkativmg t he antji bact erijgla}mumperti es of
LystwymieciaClgotige det €r i ni ng |t heir M|C val ue.| The M C

[AVal ue r[Bresent s |tiagnMa)i ity HiBIOMYGoncent r at i on

0 defindd macthe TOwesdo T EVIElogd CIMpeudd rlequired to

0.|achi evie a > 90% Kig.b500T & @hotEN dTsgy Sm| Equi pent :

04L. Testitubes, I8xghr&0 M esGPOS Y Hcut tjur e t ubes-

oBterill@Z. Sterilfgisy andg igd Nt (W PH+ey 3. | ncubator

1 Capabliey.pf nMai Nt Jigibge0 a [[EHRET atg &gor 37C  1C

2 MIC 0 1.000 0.000 1.000

MIC , = MIC of Lysozyme Chloride alone = 2.00 mg product/]

MIC, = MIC of Benzalkonium Chloride alone = 2.00 mg product/}

[A] = MIC of Lysozyme Chloride in combination with Benzalkonium Chloride (mg product/l)
[B] = MIC of Benzalkonium Chloride in combination with Lysozyme Chloride

(mg a.i./l)

* = A value <I denotes synergistic activity of both components used simultaneously.

EXAMPLE 2
[0049] Combinations of Lysozyme chloride (MP Biomedicals) with Benzalkonium
Chloride. The organism tested was Phormidium faveolarum (UTEX 427). The incubation

period was 18 days at 24 C under 16 h of light and 8 h of darkness.

Benzalkonium [AYMIC4
Lysozyme | Chloride +
[A] [B] [AYMIC, | [B)Y MICg | [BYMICgs
0 2 MICgy 0.0 1.0 1.00
0.1 1 0.1 0.50 1.50
0.4 1 04 0.50 0.90 *
0.7 0.7 0.7 0.35 1.05
1 MIC4 0 1.0 0.00 1.00
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4. Autoclave 5. pH neter 6. |-200ul mcropipette tips

7. Eppendorf mcropipette 8 MFarland Standard # 1 9.
weetorjvdBshes: Pl astic di sposable Petri-di shesPCI/082007/004096

15 mm size 3. Media Preparation: 1. Difco Plate Count

Agar. Rehydrate the agar by suspending 23.5 g in 1-L

of deionized water and heat to boiling to dissolve.

Di spense as desired and sterilize in a steam autocl ave

for 15 m nut es at 121 C 2. Basal Salts Substrate,

HL. T
Mlg 05 -Ii Z%@(:Elﬂox)idz;& ;h;D l | R?gb 115 IT:):qu)f Btaﬁ:
]é' loédﬁ B omtn aﬁﬁngr arrs ept O%@R%;ﬁ%{deat ° (g
m K
i ﬁ%?@% e AR SR e

ah?evgl @énogeg }y&ggét?d’ acillslt}m)f‘%ﬁ §omponents used simultaneously.

EXAMPLE 3
[0050] Combinations of Lysozyme chloride (MP Biomedicals) with BUSAN 77™ product.
The organism tested was Chlorella sp. (ATCC 7516). The incubation period was 18 days at 24

C under 16 h of light and 8 h of darkness.

[AVMICA

Lysozyme | BUSAN +
[A] 77™ [AYVMIC, | [B) MICg | [BI/MICs

product

[B]
0 0.7 MICs | 0.000 1.000 1.000
0.01 0.7 0.005 1.000 . 1.005
0.04 0.7 0.020 1.000 1.020
0.07 0.7 0.035 1.000 1.385
0.1 04 0.050 0.571 0.621 *
0.4 0.04 0.200 0.057 0.257
0.7 0.04 0.350 0.057 0.407
1 0.01 0.500 0.014 0.514
2MIC4 0 1.000 0.000 1.000

MIC , = MIC of Lysozyme Chloride alone = 2.00 mg product/]

MIC ;= MIC of BUSAN 77™ product alone = 0.7 mg product/]

[A] = MIC of Lysozyme Chloride in combination with BUSAN 77™ product (mg product/l)
[B] = MIC of BUSAN 77™ product in combination with Lysozyme Chloride

(mg a.i./l)

* = A value <1 denotes synergistic activity of both components used simultaneously.

EXAMPLE 4
[0051] Combinations of Lysozyme chloride (MP Biomedicals) with BUSAN 77™ product.

The organism tested was Phormidium faveolarum (UTEX 427). The incubation period was 18
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[0041] C Inoculum. Cell suspension froman 18 to 24
hour bacterial culture of Staphyl ococcus aureus (ATCC
W@ 28398082 Baci | | us subtilis (ATCC 6633) or EntRCDDSZDE004096
aer ogenes (ATCC 13048) to attain a desired cell
concentration. Using a MFarland nephel oneter barium
sul fate standard or sone ot her suitable nethod, adjust
the concentration of the bacterial suspension so that
[ t i I x 104 and 1 x 10s
dagse%tl%a%g{r;%qg:ﬂs&g%h%\?gcp %he%}rll)@\%gbﬂ of the inoculumis
added to 5 m of basal salts substrate. [0042] D.
Conmpound I ncorporation . Prepare a stock solution in

wat er jof the conmpound tjo be tesfqd}/Mikmg toncentration
Lysbzyniee| BUSAN s¢l ution ifs dependﬁant an the | argest
[Adosage| BEYi r ed | {8])/BECH esiBIMICK || [B@/MIMg Bt ock sol ution

t o obtgmdgdsages smal ler than that chosgn for the

st ock sl#@lution; A maxi num amounf of |1 OO of stock

0 sol utijchMI€st he 006r r esplondliing dil wiwdoon shoul d be added

0.0der tels? tube. |P@I43] H. 1.0a600cul attiodn and| i ncubati on .

0.0dd | O of i n6@dl um per.oatest t ulpaoper ype of nedi um

0.6¢d tyjg of i np6W7um andodoncubatt®7at 37IC for 18

0.hours.|0.9044] Fo.1Rat i ng @350 ubes owvise* pl af e count

0.4ret hod.0.4he Polin.4Bl at e @200t agan.e08s priepared as

0."escriledl i n St andard MaLousds (4 5can [Public Health

LMEGocija@ i on; 199%p. One 0wdol 1 T7 {epoof the sanple was

pl aced on the center of a sterile petri dish (100-mm
M@} aeBT Of hysommhaiGhlaride alohd © 10pRE bdudfleril e, nol ten
MICi4= tMICGEBURADL BT producegate = B0 mgro@idito ) was
[AdaddUCaidysazymd Ghiloriietih eosbimpdicn With BUISAN ng™Mgredyk @h€ product/1)
[BT e M¥hel BYY S Abr ™ Iptogivettin kombinetioratvith Desozy siebi@ider €
(mg@atii’D solidified and then were inverted and incubated
* ot A%alug<bdendtersyn@gistic hetiviplof hothsofnponends dsad simultandoely.
plate count mediumw thin 48 2 h were counted as
descri bed i nStandard Met hods, and the results were

reported as CFUmH liter. Were applicable, this
EXAMPLE 5

[0052] Combinations of Lysozyme chloride (MP Biomedicals) with BUSAN 77™ product.
The organism tested was Chlorella sp. (ATCC 7516). The incubation period was 34 days at 24

C under 16 h of light and 8 h of darkness.
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value was nmultiplied by the dilution factor to obtain

the corrected CFUmIlliliter. [0045] In this test, the
wOr@709808he conmpound is the concentration thatP@r/oseere4096
90% kill. This is calculated using the foll ow ng

equation: Average CFU m in controls-Average CFU m
in treatment x 100 Average CFU m in controls [0046]
G Synergy Evaluation . Synergy was neasured by

checkerboards dil utions (Yan and Hancock 2001), in

whirchjome—conppund—s—gituted—=a i rows of test
;Foﬁ Fﬁe col ums. This

Lyldihes E%Aﬂe ot her is|diluted

[A]TE ?ﬁl d Heguses ﬁ’[]/l\l/ﬁ@ Eggfl\;ﬂ'ca éﬁﬂW§l gn in the MC
of eacti,rg&,rgpone resént ot her. The
resul [Bf EXPpre essed as(the Fractional Inhibitory

0 COTTCETLRE OT Qla (Ft ‘1’?000“‘1; c '.md—as follows: FIC

A_NA

0.0T, [AHNCA l';"g.()d) o™y ﬁjOﬁ’ i _}063“'” MHC B M Cs of

0.04/TE T lipounus g TAH #Yg (ol M Cs of the

O.O_VUHPU“@)U? A aITDI(): gl\n"rclr 035 otrbi ;,3‘8:!‘“" i9047] An FIC

OIIIIUI'U)\ b —reh
decrease in

Olcplc, rt-s—the _
4 LI An FI C i ndex

O7t re—v \010| —eac

1 of—1 OIFpI_CDC f wof ol d
S MRS ede T ther i of Teden—corPP +Aa-{conbi nat i on),
alllrcul?luut:/\ '0’6 "d‘i—C ?"s antago g.., n i ndex >4
eRr ) rue [ m bS | S ely enzymatic
hﬁﬁ%)?ﬂ ?“ts el7 lo (?e l { ﬁ@‘% efer ably
[A %h ¥t f_, $OF éﬁlotr 3 bl Natiofl ‘;7 uct (mg product/I)
SEN &'$° @ﬁ
Em]é N T Sel ence) bmz&é}% \K%Eys VRe bg)f'g ide
* = A value <I denotes synerglstlc activity of both components used simultaneously.

EXAMPLE 6
[0053] Combinations of Lysozyme chloride (MP Biomedicals) with BUSAN 77™ product.

The organism tested was Phormidium faveolarum (UTEX 427). The incubation period was 34

days at 24 C under 16 h of light and 8 h of darkness.
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Bi onedi cal s) were tested against Chlarella sp. (ATCC

7516). The incubation period was 14 days at 24C under
wagoon/oegdo3d i ght and 8 h of darkness. Lysozyne cRCI/EER07/004096

be applied in conbination with quaternary amoni um

conmpounds commonly used in the water treatnent and

recreational water industries (e. g. BUSAN

77(tm-product) to control al gae. EXAMPLE 1 [0048]

Conbi nati ons of Lysozyne chl oride (MP Bi onedical s)

wi th Benzal koni um Chl ori de. The organi smtested was

chtorgtasp—(ATEC 7516)7—The—t+net i peri od was 18
Lyg&@AfB%AQ unger 16 h jof |ight qng\gﬂﬁ;’ f darkness.

f 00
produc fifdgfc E %ng\ngﬁ W‘Eom o@@ﬁ [t derrgl one =

t
2.00 m;liparoduct 1Al = MC of Lygozyne Chlioride in
0_COmbI M3 @8, W tiToRppZal Kofihgam Cht ori g (g product / 1)

0.01BI = Ng C ot Be éﬁpgmrrum 56§ OT Téhsconbinati on with

0.04YSOZYTE CoT T Ug gof g & |1g. 7 ¥g+e T 1 denotes

d

50 ~

Mergisti T act Tyl of pt i conporEtsS—used
0.07Y I 03 Lb)~§%3r\49 07985

}§ gHorations of
)

0151 MU t[gEousty. 540 PEE 1% _
o hzal koni um

4LySDZ 4Tn| OT 1 95.20[)("3 Br

O7UI| OT1 =4 Ttreo aﬁéqul 2(%.1 VV(: :'5‘50'”. u1f—i,lm

1 faveot Qj'tllll_\ UtE 0%607 |a| ,.:Oidllﬂﬂ::.: LIOZSS Ei" pd was 18

21\51}@'5 gty 24— u”f'?;a 065 7% 06d gnt—¢ i"Ubd.o M i‘; _
dar kness: MEA=WtCof iyauq:m:m ge 1|x ong = I1 00
rh@ﬁ:u ori ae al one
II:I}I%; - gﬂ%@% %Erll %}:Hu (Chloride in
[AF an['l@ @? L9§)ngE Pﬂhﬁﬁ' %&%Hm ™ product(mg product/l)

[B] = MIC of BUSAN 77™ product in combination with Lysozyme Chloride

(mg a.i./l)

* = A value <1 denotes synergistic activity of both components used simultaneously.
EXAMPLE 7

[0054] Combinations of Lysozyme Chioride (MP Biomedicals) with BUSAN 77™

product. The organism tested was Staphylococcus aureus (ATCC 6538). The incubation

period was 18 hours at 37 C.

[AVMIC,
Lysozyme | BUSAN +
[A] 77™ [AVYMIC, | [BY MICg [BI/MICg
product
[B]
0 0.8 MIC; | 0.000 1.000 1.000
50 0.5 0.100 0.625 0.725*
100 0.5 0.200 0.625 0.825*
500 MIC4 (O 1.006 0.000 1.000

MIC 4 = MIC of Lysozyme Chloride alone = 500.0 mg product/]

MIC 5 = MIC of BUSAN 77™ product alone = 0.8 mg product/l

[A] = MIC of Lysozyme Chloride in combination with BUSAN 77™ product (mg product/I)
[B] = MIC of BUSAN 77™ product in combination with Lysozyme Chloride(mg product/I)
* = A value <1 denotes synergistic activity of both components used simultaneously.
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product/1) [B] = M C of Benzal koni um Chl oride in
conbi nation wth Lysozyne Chloride (ng a.i./l) * = A
WO 2000098031 denotes synergistic activity of botPCT/US2007/004096
conmponents used sinultaneously. EXAMPLE 3 [ 0050]
Conbi nati ons of Lysozyne chloride (MP Bionedicals)
with BUSAN 77(tnm) product. The organi smtested was
Chlorella sp. (ATCC 7516). The incubation period was
18 days at 24 C under 16 h of light and 8 h of
dar kness. M C A= M C of Lysozyne Chloride alone = 2.00
mg product/1 MC B= M C of BUSAN 77(tn) product al one
EXAMPLE®y product/1 [A] = MC of Lysozynme Chloride in
conmbi nation with BUSAN 77(tm product (ng product/1)
[04S8] = GdnibiodtidBISANYSOZYmerhlpridel(dP Biomedicdis) vdth BUSANtAT™ product.
Lysozyne Chloride (ng a.i./l) * = A value < 1 denotes
The presnigistested awas iBacilys odbtiio (ATCENEGRR NTis: ingashtion period was 18 hours
si mul t aneously. EXAMPLE 4 [0051] Conbi nati ons of
at3YSozyme chloride (MP Bionedicals) with BUSAN 77(tmn)
product. The organi smtested was Phorm di unfaveol arum
(UTEX 427). The incubation period was 18days at 24 C
under 16 h of light and 8 h of darkness. MC A M C of

Lysozyme Chlorjde alone 1.0Q ng productzl MC B= MC
of BUSAN 77(tn) product| al one =|2[8DMigGaprioduct ZI [A]
Lysozyme |HUSANozlme Chl orli de in cpmbi ndti on (with BUSAN
[AY7(t m)| BFbduct [ KHEMEroqUBYAIICs | [BYMICs
product
[B]
0 2 MICp 0.000 1.000 1.000
50 1 0.100 0.500 0.600*
50 0.8 0.100 0.400 0.500*
50 0.5 0.100 0.250 0.350*
100 1 0.200 0.500 0.700*
100 0.8 0.200 0.400 0.600*
100 0.5 0.200 0.250 0.450*
S00MIC, | O 1.000 0.000 1.000

MIC 4 = MIC of Lysozyme Chloride alone = 500.0 mg product/l

MIC g = MIC of BUSAN 77™ product alone = 2.0 mg product/I

[A] = MIC of Lysozyme Chloride in combination with BUSAN 77™ product (mg product/l)
[B]1 = MIC of BUSAN 77™ product in combination with Lysozyme Chloride (mg product/l)
* = Avalue <1 denotes synergistic activity of both components used simultaneously.

EXAMPLE 9
[0056] Combinations of Lysozyme chloride (MP Biomedicals) with BUSAN 77™ product.

The organism tested was Enterobacter aerogenes (ATCC 13048). The incubation period was

18 hours at 37 C.

-20-



[ B]

Wi th Lysozyne Chloride (ng a.i

M C of BUSAN 77(tm) proc iUct

1)

in conb

* = A val

i nati on
ue < 1

waelenwenes3xsyner gi stic activity of both conponeneGT/USEA7/004096
si mul t aneously. EXAMPLE 5 [ 0052] Conbi nati ons of
Lysozyme chl oride (MP Bionedicals) with BUSAN 77(tm

pr oduct .

7516) .

16 h of
Lysozyme Chl ori de al one

The organismtested was Chlorella sp.

( ATCC

The incubation period was 34 days at 24 C under
light and 8 h of darkness.MC A = M C of
2.00 ng product/1 MC B MC

OT' BUSA

¢ of

77t

Toduct 3

e Chlorid

A val ue 4

ug
[ gl“g\c:gvlnb@Anc t[

a
r 1 denot

Fome—2
e in com

B/ MicE

fion wth

eS syner gi

66 10y

R v

= @Bf
9802yﬂE

0 activity

@8 vpetn

EOOOTIE

[13)0@5 ed—

duct/1 [A]

i t h BUSAN

BUSAN
Chl ori de
stic

ST B0 tarmeousl y.

S0EXAMPLE

Bo 5 0053]

6-0%TDi at

o5 _of

y g5y TTE T

10891 OnMedi

c

p.§) with

BUSAN

0&62@7 pr

ggsy= T

s0p€ested

Wag 5 Phor

rgisumfave

@l@gum ¢

|@&5421r

> 10§ e} |

Of1_peri

Tvvas 3%

Bays at

=

+Qbo UTIUET

hl ori de (MP
or gani sm
The

16 h of

Tght

anid

8—trof

darknmesg

MC A=

ViiCof Lys

ozyme

Chioride atone =2-001g
MIC7{ £ MIAPSAdNEEy i ORBride AoPd

Notla.YEeMg 8.y OCHIE @ apafhst €dREnEY

ino
cong

|9 oductI—mMEC =

C of BUSAN
M C of

aﬁ@ rgggﬁg&/ Mﬂiﬁxmmge shown, however

{Uprghgd Pertirettdped yxis), BYas shoivairafer tBUBIMhe Bibutivhich was the highest

MI& d = MIL of BUSAN 77™ product alone = 0.8 mg product/l
[A]= MIC of Lysozyme Chloride in combination with BUSAN 77™ product (mg product/l)
[B] =MIC of BUSAN 77™ product in combination with Lysozyme Chloride (mg product/l)

*

EXAMPLE

[0057]

10

6?"8‘(5’&8?‘“’! n conbination with L Chlorid
ysozynmne oride (ng

= A value <1 denotes synergistic activity of both components used simultaneously.

Combinations of Lysozyme chloride (NutriScience) with Sodium Chloride. The

organism tested was Chiorella sp. (ATCC 7516). The incubation period was 14 days at 24 C

under 16 h of light and 8 h of darkness.

Sodium [AYMIC4
Lysozyme | Chloride +
[A] [B] [AI/MICa | [BY MICg [B/MICg
0 30,000 0.000 1.000 1.000

MICp
0.1 30,000 0.050 1.000 1.050
0.4 30,000 | 0.200 1.000 1.200
0.7 6,000 0.350 0.200 0.550 *
1 6,000 0.500 0.200 0.700
2MICy 0 1.000 0.000 1.000
MIC , = MIC of Lysozyme Chloride alone = 2.00 mg product/l
MIC , = MIC of Sodium Chloride alone = 30,000 mg product/l
[A] = MIC of Lysozyme Chloride in combination with Sodium Chloride (mg product/l)

[B] = MIC of Sodium Chloride in combination with Lysozyme Chloride (mg a.i./D)

*
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* A value < 1 denotes synergistic activity of both

conponents used sinultaneously. EXAMPLE 7 [0054]
w@ooniovsas: ons of Lysozyne Chloride (MP Bi onedi BEl/B$2007/004096

with BUSAN 77(tm) product. The organismtested was

St aphyl ococcus aureus (ATCC 6538). The incubation

period was 18 hours at 37 C MC A = MC of Lysozyne

Chl oride al one = 500.0 ng product/1 M C B= M C of

)%Q%@ﬂ 7A(tm product alone = 0.8 ng product/1 [A] =
B F]Llysozyrre Chl oride in conbination wth BUSAN

[OE%Jt mCQI{]B U ns(cgfgL %g tc{ll:(lb}ldé HtrﬁMegcegfw1§xU§odlum Chloride. The

uct 1n co ation

org}xllé?ﬁ {egé& RLhs thQQHz%J }a]ye(blan@ @n’ponent L ulgglaba%on period was 14 days

Synergistic activity ©o f

t Sh EUHaRNROY 5t NorE 4B hBr8akfQe>]  Conbi nati ons o

: Lysozyne chl org| de (MP Bi acl)me cals) with BUSAN 77(tm
product. The orgam smtested was Bacillus subtilis
(ATCC 6633). The incubation period was 18 hours at 37

C MO &aat € of Lyspzynme—Chior ul?\ i e T 500.0 ng
%q;éctq’;gqop{b@ B = M Cjof BUSAN 77( +produc_t al one =
[A?r my) grjoduct (Aylafe, Fs el Lysomisic! oride in

0 conbi naig, @30 W 60 BUSAN] ¢(TTM pregiact (g product/ 1)
[B] = I\Mfcgf BUSAN 77(tm product in conmbipation wth

0.LYSOZYMR) 660 O H§€ (rrg pBERUUTT T gg0= A vatge < 1

0.4lenot 3 60T UHhATT C arhlyl 1Y Of [g@pT component s used

0.8 MUT T[a1660IST Vo.7EXAVPLE 3§ 1.00

1 MICa 0 1.0 0.00 1.00

MIC , = MIC of Lysozyme Chloride alone = 2.00 mg product/l

MIC , = MIC of Sodium Chloride alone = 20,000 mg product/l

[A] = MIC of Lysozyme Chloride in combination with Sodium Chloride (mg product/)
[B] = MIC of Sodium Chloride in combination with Lysozyme Chloride (mg a.i./l)

* = A value <1 denotes synergistic activity of both components used simultaneously.

[0059] Applicants specifically incorporate the entire contents of all cited references in this
disclosure. Further, when an amount, concentration, or other value or parameter is given as
either a range, preferred range, or a list of upper preferable values and lower preferable values,
this is to be understood as specifically disclosing all ranges formed from any pair of any upper
range limit or preferred value and any lower range limit or preferred value, regardless of
whether ranges are separately disclosed. Where a range of numerical values is recited herein,
uniess otherwise stated, the range is intended to include the endpoints thereof, and all integers
and fractions within the range. It is not intended that the scope of the invention be limited to
the specific values recited when defining a range.

[0060] Other embodiments of the present invention will be apparent to those skilled in the
art from consideration of the present specification and practice of the present invention

disclosed herein. It is intended that the present specification and examples be considered as
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[ 00560 Conbi nations of Lysozynme chloride (WP
Bi onedi cal s) with BUSAN 77(tm product. The organi sm

W0 e®remBodms Ent er obact er aerogenes (ATCC 13048pCT/Tkz07/004096
i ncubation period was 18 hours at 37 CMC A = M C of
Lysozynme Chloride al one: > 1000.0 ng product/| Note:
The M C of Lysozyne Chl oride agai nst E. aerogenes was
not determined within the concent rati on range shown,

cxBBHNP S, N 5 R B eSSBSy o oowing
' d MCB =
oS SR BB, concntat on Lo e s

[A] =M C of Lysozyne Chloride in conbination with
BUSAN 77(tm product (ng product/1l) [B] = MC of BUSAN
77(tnm) product in conbination with Lysozyne Chl oride
(mg product/1) * = A value < 1 denotes synergistic
activity of both conponents used simnmultaneously.
EXAMPLE 10 [0057] Conbi nations of Lysozyne chloride
(Nutri Science) with Sodium Chloride. The organi sm
tested was Chlorella sp. (ATCC 7516). The incubati on
period was 14 days at 24 C under 16 h of light and 8 h
of darkness. MC A = MC of Lysozyne Chloride alone =
2.00 ng product/1 MC = MC of Sodium Chl oride al one =
30,000 ng product/1 [A] = MC of Lysozynme Chloride in
conmbi nation with Sodium Chloride (ng product/1) [B] =
M C of Sodium Chloride in conbination with Lysozyne
Chloride (ng a../1) * = A value < 1 denotes
synergistic activity of both conmponents used

si mul t aneousl y. EXAMPLE 11 [ 0058] Conbi nati ons of
Lysozynme chloride (Nutri Science) wi th Sodi um Chl ori de.
The
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organi smtested was Phorm di unfaveol arum (UTEX 427.

The i ncubation period was 14 days at 24 C under 16 h
w@Roozioges2 and 8 h of darkness. M C A= M C of LBGDE§I987/004096
Chl oride alone = 2.00 ng product/1 MC = MC of Sodium

Chl oride alone = 20,000 ng product/1 [A] = MC of
Lysozyne Chloride in conbination with Sodi um Chl ori de
(mg product/1) [B] = MC of Sodium Chloride in

M@gqbig‘@% EA%E% f&) Lysozyne Chloride (ng a.i./l) * = A
5 synergistic activity of both
COoNnpo (1l I 9 j t.Ss .
S orRORRSE, AoBRLELI REEAUS! U of AL BRLESA g i an s

Sy@,ﬁ,qgeﬁlg{hggg&g?ﬁsiﬁég this disclosure. Further, when an
amount, concentration, or other value or paranmeter is

gi VS{bvﬁﬁn% &d?ﬁ;‘}osﬁioh%G%stin@%@s{eﬁfiil%ﬁ%gfrg%FU thg a%lx.ie%{xs Qfstem.

upper preferable values and | ower prefe e val ues,
this is to be understood as specifically disclosing
all ranges forned fromany pair of any upper range
2. | 1 Mrhe Blethdl OF 8P, WAt 1RO fleMBY chRWRY the 3RARN o Tlphe Athe aqueous
preferred val ue, regardl ess of whether ranges arg
syskgpar ately discl osed. Were a range of nunerical
values is recited herein, unless otherw se stated, the
range is intended to include the endpoints thereof,
and all integers and fractions within the range. It is
3. not Theiettide dfchdh 1t RbefaDRRd Bisodyiee is AVIRAL-iréled6r thermally-modified
limted to the specific values recited when defining a
lysogymgee. [ 0060] Ot her enbodi nents of the present
invention will be apparent to those skilled in the art
from consideration of the present specification and
practice of the present invention disclosed herein. It
4. | s The mathed of blaim 1 hehgpeie saidlysepané fsiadgsdzgme dirger.
exanpl es be considered asexenplary only with a true
scope and spirit of the invention being indicated by
the follow ng clains and equi val ents thereof. WHAT IS
5. CLATMEmept®d of claim 1, wherein the lysozyme is added to the aqueous system to

provide a concentration of lysozyme of from about 0.01 to about 100 ppm.

6. The method of claim 1, wherein the lysozyme is added to the aqueous system to

provide a concentration of lysozyme of from about 0.1 to about 10 ppm.

7. The method of claim 1, wherein the aqueous system is a swimming pool, hot tub or spa.
8. The method of claim 1 wherein the aqueous system is a re-circulated water system
containing a chorine generator and wherein the re-circulated water system contains about 2,000

to about 6,000 ppm of sodium chloride.

9. The method of claim 1, wherein the aqueous system is a medium for aquaculture.
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1. A nethod of controlling the growth of at |east one
m croorgani smin an aqueous system the nethod

W@ 09po$BNg: provi ding a conmposi tion consi sti NRCT/US2007/004096
essentially of |lysozyrne to the aqueous system 2. The
met hod of claim11, wherein the nmethod controls the
growm h of algae in the agueous system 3. The nethod
of claim1l, wherein said | ysozyne is a heat-treated or
thermal | y-nodi fied lysozynme. 4. The nmethod of claiml
wherein said |ysozyne is a |ysozyne diner. 5. The

10078t 0@ Béthéd 8f Blakn 1VABERIN tHeNRUENROZYER isS RUAGRHIalA water system
t he agueous systemto provide a concentration of

frol\TRIZY BRlofthe hdsBRERRMHve®. 01 to about 100 ppm 6. The
met hod of claim1, wherein the |ysozyne is added to

t he aqueous systemto provide a concentration of
| ysozynme of from about 0.1 to about 10 ppm 7. The

11.met Roghettod Cdfadaitrblliigemhei glowtheoRat! BRMS orfy $1i@Bdbrignidm in an aqueous
swi nm ng pool, hot tub or spa. 8. The nethod of claim

syslentfike getholl bempasienus systemis a re-circul ated water

system contai ning a chorine generator and wherein the

r e- pioviingd ednpaition comptising 6 combdinatorabfitlleadt dH3Qydo@yme and at least

about 6, 000 ppm of sodiumchloride. 9. The nethod of
ongdwtemdry amfremainn cothpoumgdueous systemis a nedi um for

aquacul ture. 10. The nethod of claim1l, wherein the

aqueous systemis a re-circulated water system from

whi ch chl orine has been renoved. 11. A nethod of
12.conThonethad ethelair dWt Whereinathe| lysczymenie adided oo thgamjusons system to

i n an aqueous system the nethod conprising:
provide a concentration of lysozyme of from about 0.01 to about 5,000 ppm.

13. The method of claim 11, wherein the lysozyme is added to the aqueous system to

provide a concentration of lysozyme of from about 0.1 to about 500 ppm.

14. The method of claim 11, wherein the quaternary ammonium compound is added to the
aqueous system to provide a concentration of the quaternary ammonium compound of from

about 0.01 to about 1,000 ppm.

15. The method of claim 11, wherein the quaternary ammonium compound is added to the
aqueous system to provide a concentration of the quaternary ammonium compound of from

about 0.1 to about 100 ppm.

16. The method of claim 11, wherein the lysozyme and quaternary ammonium compound
are added to the aqueous system to provide a concentration of lysozyme of from about 0.1 to

about 500 ppm and a concentration of the quaternary ammonium compound of from about 0.1
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providing a conposition conprising a conbination of at
| east one |ysozyne and at | east one quaternary
w@noospsea2 conpound. 12. The net hod of cl ai m 11PCTIS2087/604096
the | ysozyne is added to the aqueous systemto provide
a concentration of |ysozyne of fromabout 0.01 to
about 5,000 ppm 13. The nethod of claim11l, wherein
the |l ysozyne i s added to the aqueous systemto provide
to dbdu@NeEpprhat i on of |ysozynme of from about 0.1 to about
500 ppm 14. The nethod of claim 11, wherein the
guat ernary ammoni um conpound i s added to the aqueous
systemto provide a concentration of the quaternary
172MTTRE UARMBEITRO WRGmOf 1,f WiiRia DAL tm&h &L chRraAd Y adovRDQr algae in an
ppm 15. The nethod of claim1l, wherein the
aqupoas systeaf Y anmoni um conpound is added to the aqueous
systemto provide a concentration of the quaternary
amoni um conpound of from about 0.1 to about 100 ppm
16. The nmethod of claim 11, wherein the | ysozyne and
guat ernary ammoni um conpound are added to the aqueous
systemto provide a concentration of |ysozyne of from
about 0.1 to about 500 ppm and a concentration of the
guat er nary ammoni um conpound of from about O0.1to about
100 ppm 17. The nethod of claim 11, wherein the
nmet hod controls the growth of algae in an aqueous
system
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