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BIOFILM CONTROL

BACKGROUND

[RO0D1]  Biofiims are mucilaginous communities of microorganisms such as basteria,
archaea, fungl, molds, algas or protozoa or mixtures thereof that grow on various
surfgces. Biofiims form when microorganisms extabiish themsseives on a surface ang
activale genes involved in producing a melrix that includes polysaccharides. This
malrix may provids profection of biofilm bacteria from biocides.

[C002]  Molecules called quorum-sensing signals help trigger and coordinate part of
the process of Rurming a biofiim via cell-o-cell communication/signaliing. Bacteria

constardly secrate low levels of the signals and sense thern either through receptors

Pk

an thelr surfaces, or internally, The receplors Yrigger behaviora! changes when thers
are enough bacteria fo sliow the signals’ concenirations 1o achieve a oritica threshold,
Onee this ocours, bacteria respond by adopting communal behavior, such as forming a
biofilm, and in the case of pathogenic bacteria, deploying virvlence factors such as
toxing. in adaition io communicating with mambers of their own speciss, bacteria also
conduct infer-species communications, such that a biofim may contain more than one
shecies of bacteria,

00031 For example, the bactetia Pssudomonas aeruginoss is widely distributed in
watsr, and also in soli, sewage and plants. Fseudomonas asruginosa Use acyiated
homossyine lactonas (H8L) as cell-to.cell signals to contral vanious functions of thelr

communal environment, &.g., to control biofilms harboring them. One wentified HSL

il
ol
o oy A
N < b 3
i i =
§ o § R
Y L
i 3

M"/\{/

3

rrrrirsies z‘

o

signal for Pseudomonas asruginosa s . which
represents an "altachiment” signal for Pseudomonas esruginoss when R is a propyd

group. Ancther identified HSL signal for Pseudomonas aeruginosa i

&

R

H Q@ ,whinh reprasents a "detachment” signal for Pssudomonas

aeruginosa when R & 3 propy groug.
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j0004] Biolims can develop into macroscopic structires several millimeters or
centimeters in thickness and cover large surface sreas. For non-living chiects, these
formations can play a role in reslricling or entirely blocking flow it plumbing systems,
decreasing hest transfer iy heat exchangers, of causing pathogenic problems in
murnicipal water supplies, food processing, medical devices {e.g., cathelers, orthopedic
devicas, implands}. Morgover, biofims often decrease the ife of materials through
corrpsive action mediated by the embedded microorganisms, This bivlogical fouling is
4 sefious sconomic problem in industrial water process systems, pulp and paper
production processes, cooling watar systems, injection wells for oil recovery, coaling
towars, porous madia {sand and soil}, marine environments, and air conditioning
systems, and any closed water recirculation system.  Riofiims are also a severe
problem in medical science and industry, said to cause dental plaaue, infections,
contaminated endoscopes and contact lenses, prosthetic devics colonisation and
biofiim formation on medical implants.

{0008)  In other areas, biofliims can be quite usefid. For example, biofilms are an
infegral part of the human body and arg especially beneficial in protecting the infesting
from allack by harmiud bacteria, One of the best examples of beneficial application of
bioHims o solve a major problem is in the cleaning of wastewater. Biofilms can also be
used o slean up oif and gasoline spiils. Bioremediation using biofims has amerged as
an optional technology for cisaning up groundwatar at many sites containing
hazardous wastle

{00081 Numerous publications describe compositions and methods directad &t
freating water it an sffort to destroy biofikns and the bacteria they harbor,
Dimethylhydantoln (MR} is used i some halogenated biocidal waler freatment

products. US Patent 6638958 describes the use of dibromodialkyihydantoin (DBDAH),

&.g., tibromao gémsihy@hydentm%n (DBDMH) o treat waler that is in contact with, or that
comss into © with, biofims.
{007 In spite of the cwrent body of knowledge regarding biofilms and celi-lo-cell
communication, there remains a need for commercially feasible means of utilizing cell-
t-cell communication to control biofims harboring bacleria and other contaminanis,
whethsr the contaminants ariginated i water or soms other madium. - Additionally, in
spite of the avallability of commercial halogenated biocides, there remains a nead for

improved halogenated biocides with snhanced bioliim conlrolling capabiiifies.
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THE INVENTION

{0008] This invention meets the above-desciibed needs by providing
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in contact with biofiim comprising a microgrganism, wherein

@‘ smuiates a celi-io-cell signal molscule of the microorganism, R
comptises a hydrogen atom or & hydrocarbyl radical having from 1 to about 14 carbon
atoms and R independently comprises a hydrocarbyl radical having from 1 to abowt 14
carbon stoms. Molecules of ﬁ:ﬁés,émamém are designed 1o be physically and
siectrically similar to celido-cell signal moleculas for micrporganisms such that the

motscules of this nwvention emulate the celitlo-cell signal molecules. Also provided ave

/j |

o)

methods for synthesizing © suitable for controtling biofiim,
wherain R’ comprises a hydrogen atom or a hydrocarby! radical having from 1 fo about
14 carbon atoms and R° independently comprises & hydrocarbyl radical having from 1
o about 14 cabon aloms; the methods comprising converting a kelone to a
cyanohydrin by combining the kelone with sodium bisulfate, sodium cyanide and
ammonium carbonate. Also provided are methods for controliing biofilm on substrats

in contact with liquid medium, wherein the biofiim comprises 8 microorganism, the

methods compris

ing introducing inte the liquid medium

smulates a pell-to-cell signal molecule of the microorganiem, wherein R’ comprises a

e
3
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hydrogen alom or a hydrocarbyl radical having from 1 to about 14 carbon aioms and
R* independently comprises a hydracarby! radical having from 1 to about 14 carbon
atoms. R’ and RY can be the same or different. In some embadiments, when R
andfor R? comprise a hydrocarbyl radical, the radical has from 110 abowt 8, or 210 8,
catbon atoms.

{0008 As used hereln () "biofim” means 8 mucilaginous cormmunily that can grow

o

on various subsirates, said community comprised of one or more microorganisms,
such as, for example, bacteda, archaga, fungl, molds, algae or protozos, or the ike; {§)
“substrate” means any swface onvwhich 2 biofilm can form or has formed, and

includes, but s not imited {o, hard or soft surfaces such as polymaers, plastics, tubing,

3

eramios, metals, glass, hydroxyapatite, skin, bong, tissues, and geclogical formations
such as tayers of sand; {il) "o controlconirolling” & bioflim means o cause
dissolution of at lsast a portion of a bioflim, to prevent formation of 8 biclim or
additional growth of an existing biofilm, andior to cause & biofilm W form in & mors
desived manner of location. Celdo-cell signal molecules for microorganisms
camprising & biofiim contral the biofiim by sending appropriate signals. For example, a
“detachment” signat of 2 microorganism signals the microorganism o detach from a
biofin and may cause dissolution of at least 3 portion of the biofim: a "do not attach™
signal or "remain plankionic” signal of a microwrganism signals the microorganism fo
remain plankionic and may prevent formation of a biofiim or additional growth of an
existing biofimy; an "attachment” signal of a microarganism signals the microorganism
to sttach, e.g., to 8 biofiim, and given at appropriste tmes and locations may cause 8
biofilr o form in & more desirad manner or jocation; and & "do not detach” signal or
remain sessiie” signal of 8 microorganism signais a microorganism 1o ramain sessile

and may prevent af least & portion of & biofilm from dissolving.
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{00481 This invention aiso provides X in contact with biofiim
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comgrising 8 microorganism, wherein e emulates a celi-to-cell
signal molecuie of the microorganiem, R? comprises 3 hydrogen atom or a hydrocarby]
radical having from 1 fo about 14 carbon atoms, R? independently comprises a
hydrocarbyl radical having from 1 to about 14 carbon atoms, and sither (i} %
comprises a hydrogen atom or & halogen alom and X2 indspendently comprises a
halogen atom, or (i) X% comprises a hydrogen atom or a halogen atom and X'

indspendently comprises a halogen atom This embodiment of this invention is

3
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directed toward novel X having combinations of RY, R*, X' and X*

that have heretofore not been known 1o emulate celMo-cell signal molecules for
microorganisms: and dibromadialkyihydantoing (DBDAH) and

bromachiorodialkyihydantoing (BCDAH) are excluded from this embodiment of this
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invention, Also provided are methods for synthesizing 5*1“ suitable
for controlfing biofim, wherein R comprises 3 hydrogen atom or a hydrocarby radical
having from 1 to about 14 carbon atoms, R independently comprisss 3 hydrocarby
radical having from 1o about 14 carbon atoms, and ether {§) X' comprises a hydrogen
atom or 8 halogen atom and X7 independently comprises a halogen atom, or (i} X
comprises a hydrogen atom or a halogen atom and X' ind lependently comprisss a
halogen atom, the methods comprising converting a ketone fo a cyanshydrin by
compining the ketane with sodium bisulfate, sodium cyanide and ammonium
carbonate. Alsg provided are methods for controlling biofiim on substrate in contact
with figuid medium, wherein the biofiim comprises a microorganism, comprising
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introducing inte the liquid medium X according fo this embodiment
that srmulates a celido-cell signal molscule of the microorganism, whersin RY
compriges a hydrogen atom or 2 hydrocarind radinal havé.ﬁg from 1 to about 14 carbon
atoms, RY independently comprises a hydrocarbyl radical having from 1 to about 14
carbon atoms, and either (i) X' comprises a hydrogen atom or a halogen atom and X
independently comprises a halogen atom, or (i) X7 comprises a hydrogen atom or a
halogen atom and X' independently comprises 2 halogen atom. R® and R can be the
same oy diferent. in some embodiments, when R and/or R* comprise a hydrocarby
radical, the radical has from 1 1o about 8, or 3 to 8, carbon atoms. X' and X2 can be the
same or different.

8011 This ivention also provides compaositions iy contact with biofilm comprising a

microorganistn, the compositions comprising 8 molecule capable of killing the
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microorgansimand @ that emulates a celi-to-cell signal molecuie
of the microorganism, wherein B’ comprises a hvdrogen atom or & hydrocarbyt radical
having from 1 % about 14 carbon atoms and R® independently comprisas a
hydrocarbyl radical having fom 1 fo about 14 carbon atoms. As used in this
embodiment, the molecule capable of killing bacteria can comprise any mokoule
capabile of killing the bacteria, including withow! limitation dibromodialkylhwdantoing

R4 ‘{

{DBDAN), bromochiorodialkyihydantaine (BCDAMY, and X
whereln R® comprises a hydrogen atom or a hydrocarby! radical having from 1 to about
14 carbon atoms, RY Independently comprises a hydrocarby! radical having from 1 to
about 14 carbon atoms, and either ) X comprises 8 hiydrogen alom or 8 halogen
atom and X° ammps:m}ewti\s comprises a halogen atom, or () X° comprises a hydrogen
atorn or & halogen atom and X' independently compiises a halogen atom. Also
provided are mathods for xilling 8 microorganism such a8 bactera, af least e portion of
which is harbored in biofin on substrate in contact with fiquld medium, comprising

infroducing into the figuid medium at least one molecule capable of killing the

L\ oH
e N;%‘iﬂ__ﬁ'“ N\
J=G
; /
; N
microorganism and O H that emulates g celi-lo-cell signal molscule

of the microorganism, wherein R' comprises a hydrogen atom or a hydrocarbyl radical
having from 1 to about 14 carbon aloms and R? independently comprises a
hvdrocarbyi radical having from 1o about 14 carbon atoms. Each of R', B, B and

R* can be the same or diffsrent.

~nf
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I01E]  This ivention is described in connection with specific embadiments. fis

understood that this invention s not limited {o any ene of these specific embodiments.

ZI
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Weesl in acoording to this invention, R and R are

independently selected to have the length and slectronics needed to enable the
molecule o emulate the desired call-to-cell signal molecule, For purposes of example
only, either or both of R’ and R can comprise a carbony! or an alkyl.

AN
\,::::(j}

g ) a"f
V2
a
in X according to this inventior, R° and R* are independently

sgigciad fo have the length and eleclronics needed {o enable the molscule o emulate
the desired cel-o-ceill signal molecule.  For purposes of example only, sither or both of
R and R can comprise & carbonyt or an alkyl. YWhen the molscule is infendad to kil
bacteria, sither or both of X' and X7 can comprise 3 halogen atom capable of kifl ing the
bacteria, including without imitation a bromine atom, & chiorine alom, or an iodine

atom,

, according to this invention, the hy’fianmm fucieus
relains the ability {o siabilize the halogen atom(s) X' andior X? attached 1o the N atoms
within the rng. Depending on the composition of X' X? R® and R?, this stabiiization
can be increased or decreased. When either or both of X! and X i a b fomine, the

5

product bromaming s not only capabils of holding the halogen and siagbilizing #, but it s

ey ]
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aiso capsable of relgasing # as active HOBr in aguegus soludion according to the

following acid-based squilioriuam reaction

. o ‘
/"f‘M HOBr==sg—= _NBr 4+ HOH
Base Al Salt Water
R@ %
. A s
ROL\\A&*"“”N
G
P
/ N
© \
10015 X according to this hvention may be synthesized by

converting a ketons molecuie o g molecule having the same ligands groups on the 5-
carbon, as werg intially present as flanking groups at the ketone carbonyl. Other
routes are also possible and should not be considered o be axcluded from this

invention,

I0048]  In the molecules of this invention flustrated i the following examples, R’ and
R wers selected for size, length, and electronic character, to make molecules that are
egsentially indistinguishable from legitimate bacterial molecular signals.

Sxample & SMethyl-S-Ethyihydantoin

{0047]  2-Butanone was converied to an intermediate cyanohydrin {f) by reatment

with sodium bisulfite followed by sodium cyanide. The ntemmediate cyanohydnin {i)

was admixed with ammonium carbonate and warmed to form the crude Somathylb-
ethyihydanmin {11}, which was isolated and purified by standard crysiailization and res

rysiallization cparations.
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Example 21 §-Methyl-8-Fropyihydantioin

{DO18]  Using & method similar to that used in Example 1, 2-Pentanone was

# ZHQQ + Sl

converted o an intermediste cyanchydrin (M) and finally fo the desired S-methyl5-

propyihydantom V)

4,0

o O % N
¥ AN ,«/ Hy CH OOt - \\

S v (NHC0 e
HAOHCHLET oy /ﬁc\w
o 2
(i 6V

Example 3 §.5-Disthyihyvdantoin

{0018] Usihg a method similarto that used in Example 1, 1, 3-Pentanone was

f s’

+ 2H0 ¢ N

gonverted o a symmelrie, intermediate cyanchydnin and finally {o the desired 5 &

disthyihydantolh.

Example 4 §-Methyl-S-Haptylbydanioin

100287 Using a method sinilar fo that used in Example 1, 2-Nonanans was converted

o the desired product S-methyl-S-hepivihydantoin.

Example & §-{1.4, 1riflvoromethyi}-8-methythydantain

[3621]  Using a method similay {o that used in Exampie 1, an intermediale 111

{rifluorcacetone cyanohydrin was converted to, 5-{1,1, 1-trflucromethyi}-5-

methylhydantoin (), when R is a normal methyl group.
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00221 Example § Blustrates that this invention includes the incorporation of
fluorinated alkyl groups, such as the rifluormethyl substituent shown, oy other, sven
rore complex madifications. # s belleved that the presencs of profoundly
alecironegative groups in the ligands of the substituted hydanioin will have squally
striking pertubations on the type of signal being relayed in the treated binlogic systems.
00231 Compositions according o this invention have the ability to behave as
oxidizing biocides, in thelr own righl. For example, bromamines are biocidal, Other
smbodimeants, such as chioramines, while not nearly as sffective bipcides as
bromamines, are still brifants o bacteria, and under some condition may also pravide

biocidal action. Chiprinated or mixed chiorine and other halogen species are expected
T

to provide siow, or long-tenm, residual biocidal control effects,

00241  While the presant invention has been desciibed in terms of one or more

pooy

preferred embodiments, # is (o be understood that other medifications may be made
without departing from the scope of the invendion, which is set forth it the ¢laims

nelow.

i
ik
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1 G v in contact with biofiim comprising 8 microorganism,
R2 ’
N
:;i H

wherein W emutates a cel-lo-celf signal molecuie of the
mé’:r*arga“ssm R somprises a hydrogen alom or a hydrocarbyl radical having fram 1
to about 14 carbon atoms and R independently comprises a hydrocarby! radicat
having from 1 1o about 14 carbon atoms

2. A methaod for controlfing biofilm on subsirate in contact with liguid medium,
wherein the biofiim comprises a microorganism, the method comprising introducing

R-ﬂa

Ri“‘-Aﬂ,«f"’ 3\5

into the Hquid medium atleastone 0 that emulates a celf-o-cell
signal molecule of the microorganiem, wherein R’ comprises a hydrogen atom or a
hydrocarbyl radical having from 1 1o about 14 carbon atoms and R independently

comprises a hydrogarby! radical having from 1 to about 14 carbon atoms.

:RE

3 The method of claim 2 wherein the grnulates a celldo.
cell signal moleculs that signals the s *mc,mcsrggamnm o detach from the biofidm
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4, The method of claim 2 wherein the C@ amisiates & celi-lo-

cell signal molecule that signals the microorganism to altach o the biofiim.

5. The methad of claim 2 whereinthe  © amudates g cellde-

cell signal molscuie that signals the microorganism to remain plankionic,

RZ
o
N
H

g, The method of claim 2 whersinthe © emulaies a celido-

cell signal molecule that signals the microorganism {o remain sessile.

7. A composition in contact with biolilm comprising one or move

! S Y
S/
N
microorganisms, whersin the composition comprises {f}  © ‘ that

emulates a celi-to-cell signal molscute of one of the microorganisms, whersin R’
comprisas a hydrogen ator or 8 hydrocarbyl radical having from 1 1o about 14 carbon
atoms and B independently comprises a hydrocarbyl radical having from 1 o sbout 14

i
[55]
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carbon atoms, and (i) X that emulstes a cell-io-cell signal

molscule of one of the microorganisms, wherein R comprises & hydrogen atom of &
wdrocarbyt radical having from 1 {o about 14 carbon aloms, R? independently
comprises a hydrocarbyl radical having from 1 to about 14 carbon atoms, and either ()
X' comprises a hydrogen atom or a halogen atom and X° independently comprises a
halogen atom, or (i} X* comprises a hydrogen atom or a halogen atom and X

independently comprises 3 halogen atom.

8. A mathod for controlling biofilm on substrate in contact with iguid medium,

wharein the biolim comprises one of more microorganisms, the method comprising
QE
Y H
R?Q‘ N
\;:@
R
3 s kS SEe ¢ H . o H : & S
infroducing bto the Squid medium atleastone © thatemulates &

ceti-to-call signal moleculs of one of the microorganisms, wherein R comprises a
hydrogen atom or @ hydrocarby! radical having from 1 to about 14 carbon atoms and
R? independently comprises & hydrocarby radical having from 1 1o about 14 carbon

}(1
g g

B\
\\I,M ;\}:O
~

sloms, and &l lzast one ‘,}((z that emulates a celi-to-cell signal

molecule of ong of the microorganisms, wherein R comprisas & hydrogen atom or &

hydrocarby! radical having fram 1 fo about 14 carbon atoms, R independently

somorises & hydrocarbyl radical having from 1 to about 14 carbon atoms and either {i)

X' comprises & hydrogen atom or a halogen stom and X° independently comprises 8
14
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halogen atom, or () X¥ comprises & hydrogen atom or & halogen atom and X'

maependanily comprises a halogan afom,

8. A composition in contact with biofiim comprising a microorganism, the
composition comprising a2 moleculs capable of killing the microorgansim and
®?

H

., :"’\_"N

o :
N T -
-

that emulates a ceilo-cell signal malscule of the
microorganism, wherein R’ comprises 3 hydrogen atom or 2 hydrocarbyt radical having

from 1 to about 14 carbon atoms and R® indepsndently comprises a hydrocarbyl

radical having from 1 to about 14 carbon atoms.

10, A mathod for kiling & microorganism, at least a portion of which is harbored in
biofiim on substrate in contact with liquid meadium, comprising introdusing into the liquid

medium af least gne moescule capable of killing the microcorganism ang

that emuistes a cellto-cell signal molecule of the
microorganism, wherein R’ comprises & hydrogen atom or a hydrocarby! radical having
from 1 to about 14 carbon atoms and R? independently comprises & hydrocarbyl

radical having from 1 {o abowt 14 carbon atoms.,
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