Castillo Grau & Asociados A W

ABOGADOS
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Sefiores
DIVISION DE NUEVAS CREACIONES
SUPERINTENDENCIA DE INDUSTRIA Y COMERCH o parenmenceencas om noiarmmon  coserco

Bogot4, D.C. Rad: 05-128088- -00003-0000

Fax ANB-07-25 (0:39:1 Dep. DA
Tra. 11 PATENTEIYR * NUECRBAGIONES
Eve: 37T8 FASENACIONALI

ACt2D CTOINFORMACION  Folos: 83

Re.: Cédigo 011-379-444
Expediente No. 05-128.098
Fase Nacional de Solicitud
de Patente PCT
COATING SYSTEMS LABORATORIES,
INC. y NORTHERN FILTER MEDIA, INC.

En relacién con el expediente de la referencia y dando cumplimiento a la dltima
providencia recaida sobre este asunto por medio del presente escrito me

permito manifestaries lo siguiente:

1. La sociedad NORTHERN GRAVEL COMPANY cambié su nombre a
NORTHERN FILTER MEDIA, INC. por lo cual se adjunta el formulario de

modificacién de la solicitud.

2. Acompano copias auténticas de los poderes conferidos por las sociedades
solicitantes, debidamente legalizados con sus corespondientes

sustituciones a favor del suscrito.

3. Debido a que la solicitud estadounidense No. 60/472,429 de la cual se
reivindica prioridad es una solicitud provisional y en los Estados Unidos no
se requiere documento de traspaso de los inventores para este tipo de
solicitud adjunto los documentos de que acreditan el traspaso de los

inventores en relacion con la solicitud de patente estadounidense No.
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10/850,121 que a su vez reivindica la prioridad de la solicitud provisional No.
60/472,429, al igual que una copia certificada de la solicitud de patente No.
10/850,121.

4. Adjunto el formulario de solicitud con la fecha de la solicitud

PCT/US2004/15853 corregida.

5. El Examen Preliminar Intermacional no se encuentra disponible a la fecha

por lo cual no es posible anexario ni anexar la traduccidn correspondiente.

6. Se acompafia el comprobante de pago por concepto de modificacién de la

solicitud recibo No. ()4 - §4,11%

Renuncio al término faltante de traslado, y les solicito ordenar la publicacién det

extracto.

De Ustedes Atentamente,

T.P. No. 68.996 del C.S.J.
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Espancio resarvado pere ol adheivo de redioncién

FORMULARIO UNICO DE CORRECIONES Y MODIFICACIONES

2000-10
m SOLICITUD DE:
[] Comeccitn de Error Material [X] WModificacién a una Solicitud.
] Nombre: COATING SYSTEMS LABORATORIES, IDENTIFICACI N
INC. y NORTHERN FILTER MEDIA, INC.
SOLICITANTE Direccién: 221 East Chilton Drive y ce D NIT |:|
Pettibone Avenue
Taléfono: C.E. D Otro E:I
E-mall
Ndmero
Domicilio Chandel, Arizona y Muscatine, lowa
JELUA)

q 3] Nombre: [ UiS FELIPE CASTILLO GIBSONE IDENTIFICACI N
REPRESENTANTE |Direccion: Carrera 13 No. 37-43 Piso 12 cc [X] NT [
O APODERADO

Teléfono: 2857460 Fax: 285 92 87

CE. D Otro E]
E-mall info@castillograu.com
Nimero 78.387.878 T.P. 68985
de Bgotd del
Em’lmim de Expediente
05-1208.098

mnucrlp:ibn de la cormeceién o modificacién solicitada Cambio de Nombre de la solicitante

NORTHERN GRAVEL COMPANY a NORTHERN FILTER MEDIA, INC.

[¥7] Comprobants de pago N* 96 - SJ, 12¢ Fecha 015/9;/‘;00,

7] Anexos:

E Comprobante de pago de la tasa
[X] Poderes, si fuere el caso

[X] Certificado de existencia y representacién legal de lae partes, cuando sean personas juridices.

]

NOMBRE LUIS FELIPE CASTILLO GIBSONE  FIRMA

Iinstrucciones para el diligenciamiento del presents formulario, ver reverso de esta pigina.




BUPERINTERCIENDOA “m A ) ﬂm&
Rad: 05-128008- -00003-0000
Fet: 2M6-7-25 10:3021 Dep. 2000 NMIECREACIONES

Tm. t1 PATENTEIVI
Eva: 370 FASENACIONALI

At CTOINFORMACHON Follow: 83
SUPERINTEMDENCIA DE TXDUSTRIA Y COMERCID
#17 1+ B0CL76089-2
.HIII OFICIAL BECh & O - 34,207
FECHA ¢ JULI0 25 IE 2006
it CORSIENACION 1
HPOSITANTE TIPD PASD BANCO CUENTA Ho. PABO FECHA P30 Ur. PABI
ILLC GRAU Y ASCCIAECSCINSIGNACION  BAXCO POPILAR  039-0C11C-6 ST0TH 2570772006 323,000.00
MU CONCEPT D sad
CANT. RENTISTICO CONCEPTOD TaTA. CREEFTY
1 50005-01-C3 CAMBIC DE MODALIDAD Y KCEIFICA 12 NARCAS Y LEMAS COMERCIALES 5,000.00
. TCTAL & t 95,500.9

SCH:  NOVEMTA Y CINTO HIL PESOD

B0 BE CAsh APLICADD A EIPEDIENTE Mo.

43



" ARIZONA
Department of State

APOSTILLE
( Convention de La Haye du 5 octobre 1961 )
1. Country: United States of America
This public document
2. has been signed by CANDIS ANN STRUCK
3. acting In the capacity of Notary Public
6 ' 4. bears the seal/stamp of CANDIS ANN STRUCK - Notary Public

CERTIFIED

5. at Phoenlx, Arizona

6. on Thursday, March 23, 2006

7. by the Secretary of State, State of Arizona
8. No. 158671

VO
DS e

9. Seal / stamp _ 10. Signature ~

Fa
agd i le )

t‘:ﬁp:i[?:rn.ﬁgﬁ" % .-..:.-".
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1 Applicant's name

2 Applicant's Address
Pz,

3 Leave blank

4 Date

S Applicant's signature

The applicent’s signature
must be aitested by a No-
tary Public through the
NOTARIAL CERTIFICATE:
in the “(Individual)", when

the signer s & natunal

person; and in the
*(Corporations)*, when Is @
legal one. The Notary's
signeture must then be
Ingalized by a Colomblan
Consular Officer.

La firme del soliciante
debe ser atestada por un
Notario Piblico por madio
de la DECLARACION
NOTARIAL: en la "{Indivi-
dual)”, cuando el firmante
es una persona natural; y
on la de "(Sociedades)",
cuando es Una persona
juridica. La firma del
notario deberd ser lege-
lizada por el Consulado
Colombiano.

Castillo Grau & Associat

LAW OFFICES
P.0.BOX 251473 'G
BOGOTA, COLOMBIA

FOR PATENTS AND TRADE MARKS IN
COLOMBIA

PODER GENERAL

(). COATING SYSTEMS................

LABORATORIES, INC,

nombra al Or. (3) German Castiiio Gmu y/a Adriana
Castiiio Gibsone y/o Luls Fellpe Casiifio Glbsoma. . . .

...................... con oficinas en e
Carrera 13 No. 37 -43 Piso 12 en Bogoth,
Colombla como sus representantas con poder
especial amplio y suflciente, para recabar de
lag oficinas y autoridades Colomblanas,
adminletratives, judiciales o de policla, en
primera o segunda Instancla, la obtenclén’ de
Patentes de Invencién, Registro de Marcas, de
Modalos y de Dibujos Industriales, de Nombres
Comerciales y Enseflas, lo mismo dque

traspasos, extensiones, renovaciones, camblos

de nombre, registro ds licenclas de explotacién
y registro de licencias de uso referentes a tules
mctuaclones, a cuyo efecto les faculta pam dar
ente dichas autoridades todos los pasos
necesarivs al objeto Indicado, elevar
solicitudes, formulaer descripclones, enmiendas,
protestas, decleraclones, apelaciones vy
reclamos, solicitar la aplicacién de medidas
cautelares, aceptar en nuestro nombre y
representacidn la Cesién de derechos de
Invencldn y de patente de Invencidn que se nos
hage por cualquler persona, aboner todos los
Impuestos, cuotas y pagos determinados por la
ley, raciblr todos los documentos y vaelores
dando el descargo respectivo, llenar
cualesqulera ofros requisitos, desistir y tomar
en fin todas las medidas que creyeren
conducentes al resguardo de nuestros
intereses y en caso de presantarse oposiciones
para que intervengan como demandantes o
como demandados, con ftodas lae demds
facultades legales necesarias. Este poder
comprende sdemds las facultades de reciblr,
desistir, ftransiglr, comprometer, sustituir,
revocar sustituciones, nrecibir notificaciones y
nombrar apoderados judiclales o extra-
judiciales.

Dado y firmado en (4) . Febrero. 28,..2000. ..

GENERAL POWER OF ATTORNEY

0 COATING SYSTEMS

domicliedin 2. 21.1. Eagt. .Chilton....
Drive, Chandler, Arizona
85076-0386, USA, T

haraby sppoint Or. (3) Garman Castllo Grau ard/or
Adriana Castiic Glhsona and/or Luls Felipe Casiilio

.................................. With
offices at Carrera 13 No. 37 43 Piso 12 en
Bogotd, Colombla as our representatives with
special, ampie and sufficlent power to obtain
from tha offices and Colomblan authorities,
administrative, judicial and police, In first or in
second Instance, Patents of Invention,
registration of tmde Marks, of Models and
Industrial Drawings, of Commercial Names and
ensigns, as well as assignments, extensions,
renewals, changes of name, registration of
licencea of axplotation and of licences of use
refering to sald actions who are smpowsred to
take before said authoritles all of the necesary
steps for the purposes Indicated, to file
applicifions, to formulate descriptions,
corrections, protests, declarations, appeals and
claims, apply for precautionary measures, to
accept on our behalf and representation the
assighment of rights of invention and titles of
invention that may be done to us by any
person, to pay sll taxes, quotes and payments
prescribed by law, to receive all the documents
and proceads glving the respective acquitance
or receipt; to il any other requisies to desist
and take In fact eny other measures that may
be deemud conducive to the safeguard of our
Interests, end In case oppositions are
presented to Interevene as complainant and
defendant, with all neccesary legal facultles.
This powar of attorney Includes the faculties to
raceive, desist, compromise, transact
substitute It In all or in part, to revoke
substitutions, to recelve notifications and to
appoint extra-judicial or judictal aitomeys.

La declaracién Notarial a la vusita.
Notarial acknowisdgement on other side.




~——

DECLARACION NOTARIAL
(individual)
Algs. . ... dias del mes. . ... .. da_19. Cen
compared, . . . personaimente ante mi, No-
tafdoPdblico. ..................oontn e

a qulen{es) doy f4 de conocer y me consta que
ea (son) h(? persona(s) descritas y fir-
mante{s) de! documento que precedse, decla-
rando ante ml que otorga(n) el mismo para los
finea y propdsitos que en &l se expresan.

El Notarlo Piblico,

NOTARIAL CERTIFICATE

{Individuat)

appesred before me, a Notary Pliblic . .. ... ...

...Willlam R.. Petersomn.............
to me known, and known to me be the
person(s) desciibed In and who executed the
foragoing document, and he (they) duly ack-
nowledged to me that he (they) executed same
for the uses and purposes therein expresed.

Notary Public

{Socledades)

El Infrascrito Notarlo Certifica: que ia firma
que anteceda ydlee, . .................

Bavwauars. B QMU .......

ee auténtica; que «l signatario desempefia
actuaimente el cargo de .% 1REmI T |
de CoMT 0. SYSTmAS. LAGO >
saTeRied  loe. ...
que tiens facultad para olorgar este poder; y
que dichs compafia asti domiclllada en . .,
CoaOreR |, ARAZOLA V60 A
y actuaimete axiste y estd organizada de
scuerdo a lus loyes do . € Exxndo . ..
LDERARRSLOAL. ...
Todos los hechos anteriores le consian por
habar axaminado los documenton respectivos

y da todo ello da 4.

(Corporations)

The undersigned Notary Public certifias; that
the preceding sighature reading . . .........
.William.R.. Peteraon -............

Is authantic; that the signor at present fllls the
postof . .President.and Chief. .....
Executive Officer................
of. Coating. Systema. Laborateries,

and that he is ampowearad to grant this powaer;
and that said company Is domicllled in . ... ..
.Chandler, . Arizona.USA ...........

all the foregoing facts are known to the No-
tary due to his having axamined the respetive




June 05, 2006

SECRETAKY OF STATE

NORTHERN FILTER MEDIA, INC.
2509 PETTIBONE AVENUE
MUSCATINE, 1A 52761 USA
APOSTILLE
(Convention de La Hague du 5 octobre 1961)
Country: United States of America
Thia public document has been signed by: DEBRA A SHELANGOSKI
Acting in the capacity of: NOTARY PUBLIC

Bearing the seal/stamp: NOTARY PUBLIC IN AND FOR THE STATE OF
IOWA

CERTIFIED
et: DES MOINES, IOWA, UNITED STATES OF AMERICA
date: MAY 30, 2006

by: the Secretary of State of the State of Iowa, United States of America
No. 06-043048

Seal 10 Signatyze




1 Applicant's nrame

- 2 Apploant's Address

3 Laava biank

. 4 Dale

5 Applicant's signature

The lppleanl'a signature
must be aitasted by a No-
twy Publle through the
-, NOTARIAL CERTIFICATE:
in the *(Individual)”, when

the signer s a nstumal * ;

and In the
Corporations)’, when is a
. Ths Notary's

enh la de '(Sodnﬁdes)",
cusndo s una persona
juidica La fima del

notaric deberd :sar laga- .

lznda por e Consulado
Colombiano.

- nombrar apodar-don judicialea o

5]

" Castillo Grau & Associates
LAW OFFICES
P.O.BOX 251472
BOGOTA, COLOMBIA . ﬁ

- FOR PATENTS AND TRADE MARKS IN
' COLOMBIA

domicliedo an (2) 2509, Pettibone, ...
Avenue,, Mus.qe.ti.n.e. Jowa . .
32761, BlA........... Nerrrreeeriiaanean
nombre af Dr. (3) Garman Castiie Grau y/o Adrdana
Castfio Gibsone y/o Luis Felips Castilo Glbsone, . ..

--------------------------------------------

...................... con oficinas en ia
g mﬂ con podar
como sus
y suficlents, para recabar de
ias oficinas y autnrkhdn Cnlnniallrnn
edministretivas, judicialea- 0 de policia, en

ra o segunda instancie, Ia obtencién de
de Invencién, Registro de Marcas, de

Modelos y de Dibu Indualrhlu. de Nombres
Comerciaies y geflas, o mismo que
tmapasos, extensiones, nnwnelnnn camblow
de nombre, registro de llundas de upbhddn
y-registio de licancias de uso referuntes a tales
sctuaciones, a cuyo sfecto les faculta pars dar
ante dldnu autoridades todos lca

al ‘objefo Indicado, elevar

nnlldtudu formular descripdionas, ennianchs.
protestas, declsraciones, apelacionss y
reclamas, solickar ia aplicacién de medidas
cautelares, aceptar en nuesiro nombre y
representacién
invancion y de patents de invencién que se nos

‘haga por cuelquier persona, abonar todos los

Impuestos; cuotas y pagos determinados. pof Ia
éhz'd o d o podvo’.' ien
ndo- escargo  res . ar
cualesquiera otros requisitos, desistir y tomar
eh fin todsa les medidaa que creyeran
cohducenies 'al resgusmio de nuestrds
Inhmuyen-odopmmm oposicionss
pama que Intervengan como derrlmlantu (-]
como demandados, con todas fas demie

facuitades legales necssarias. Este poder ‘

comprends ademds jas faculiadea de rechi,
desistir, fransigir, comprometer, -uﬂur
revocar sustiicionsa, rechir notificacionss y
Judiciales. iy

Dldoyhnldonnﬂ) ........ Srmesrrienaees

applicitions, to formulate

.Cesién de derechos de-

GENERAL POWER OF ATTORNEY

(1. NORTHERN . ETLTER. MERFA. _ KNC

domioted in (2).. 2509, Pettibone....... .
nvenue, Muscatine, Iowa

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

héreby appoint-Dr. (3) German Castile Grau and/or
Adrfarm Casific Oibsone and/or Luls Felipe Castilo

With
o‘l'llucntCnmm 13 No. 37 43 Plso 12 en
Bogotd, as our with
lp.&l. ample and sufficlent power to obtain

the offices and Coiomblan authoriies,

. adnhlltlﬂw Judictal and police, In first or In

second hshnu Paterts of Invention,
n of tl'ndo Marks, of Models and

- Industrial Drawings, of Commercial Names and

ensigna, as well as sxsignments, edensions,
renswals, changes of name, registration of
nbﬁ'r;fw ctio mdlm. oito
g actions are ampowered to

take bsbrl sald authorities all of the
steps for the purposes Indicsted, to fle
deactiptions,
commections, protests, declarations, appeals and
claime, apply for precautionary measures, to
acoept on our behal and representation the
asaignment of rights of invention and tities of
invention that may be done. ta us by any
percn, to pey all taxes, quotas and payments
"""'"“’.‘3 Ging the respeciive acquiance
and proce o res acquitancs .
Mqﬂl other requlsitss to desist
and ke In fact dlher measures that may
bs desmead cohdu to the safeguard of our
interests, and In case opposifons are
presanted to interevens as Inant and
defendant, with all -neccesary legal faculties.
This power of attorndy Includes the faculties to
mchn. g Tlt. . eumpmmht transact,

it n al or

¢ rt, to revoks
. nl, to recalve n ons and to

kfxirs judiclal or judichal sttomeys.

---------------------

La declaracidn Notarial a la vusits,
" Notarll seknowladgiemaent oh other sida.



N

DECLARACION NOTARIAL
: (individual)
Als. ... diesdel mes.....: . de 1o, ...

- compared. . . . pereonskmente ants mi, No-

a quien{es) doy fé de conocer y me coneta que

L] -
et S hcbemere, et
rando ants ml qus otorge(n) ol mismg pam los
fines y propésitos que en & se expresan.

El Notario Pdblico,

' NOTARIAL CERTIFICATE
(rclividual)

On this. .. ... day of.. . ...10. . . personally
appeared before me, a Notwry Public ... .-......

hgdo«m’mﬂ.mdho(hoy)dﬂnds—'

El Infrasarito Notaric Certifics: qus ts firms

queuntecede ydiga. .. ............00q. .

LAMUR FL KCOSSORG:. ... ..

" e» suténtion; que ‘el t-lg 'hrlo'dugmp.ﬁl

s1psaTTe -

actuaimente #l cargo de .

que tiena faculiad ‘para otorgar aste poder;’y
que dicha compafila estd domiclliada en . . .
YAvscaTioz lowa  E.0.0..
Y ‘actuaimete existe y estd organizada de
scuerdo s las leyes de ¥l . e
.De lowase . ..ol e
Todos los hechos anteriores s constan por

ber sxaminado los dooumonto't raspactivos
3 due todo ello de fi.

bmmuth-(di;oy). same -
for the uses and purposes therein expresed.
_l
Notary Public
(Corporations)

The undersigned Notary Public certifies; that
the preceding sigheture reading...........

and tilut he Is ombmiod to grant this pawaer;
and that said company ls' domiclliedIn . ... ..

and actuelly m and s organized In accor-
dence withthe lsws of . ,................
all the foragoing facts are known to the N

o his having examined the respetive
s to which he, the Notary attests

T —




Castillo Grau & Asociados

ABOGADOS

Sefiores

DIVISION DE NUEVAS CREACIONES
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
Bogotd, D.C.

Re.: Expadients No. 05-128.098
Fase Nacional de Solicitud
de Patente PCT
COATING SYSTEMS LABORATORIES,
INC. y NORTHERN FILTER MEDIA, INC.

Por medio del presente escrito, y actuando en rﬁi calidad de apoderado principal, me
pemmito manifestarfes que SUSTITUYO en favor del Dr. LUIS FELIPE CASTILLO
GIBSONE identificado con Cédula de Ciudadania No. 79'397.879 de Bogotd y Tarjeta
Profesional No. 68.995 del C.S.J. los poderes que me han sido conferidos por las
sociedades COATING SYSTEMS LABORATORIES, INC. y NORTHERN FILTEE
MEDIA, INC. domiciliadas en 221 East Chilton Drive, Chandler, Arizona, E.U.A. y
Pettibone Avenue, Muscatine, lowa, E.U.A.

El Dr. Castillo Gibsone tendré todas las facultades otorgadas en el poder conferido por
la sociedad solicitante.

Ustedes Atentamente,

GERMAN CASTILLO Gi
C.C¥No. 17°017.671 de otd
2 1.P. No. 2.978 del C.8.J.

—— R

—

S2
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June 08, 2006

SECRETARY OF STATE

TOWNSEND TOWNSEND & CREW LLP
S. DOST

12730 HIGH BLUFF DR STE 400

SAN DIEGO, CA 92130 USA

APOSTILLE
(Convention de La Hague du 5 octobre 1961)

Country: United States of America
This public document has been signed by: P. MONHANA
Acting in the capacity of: NOTARY PUBLIC

Bearing the seal/stamp: NOTARY PUBLIC IN AND FOR THE STATE OF
IOWA

CERTIFIED
at: DES MOINES, IOWA, UNITED STATES OF AMERICA
date: JUNE 8, 2006

by: the Secretary of State of the State of [owa, United States of America
No. 06-043232

10 Signature

(it {

CHESTER J. CULVER { SECRETARY OF STATE |}

Priamt on
inayrind Popey

43232
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SECRETARY OF STATE

490 DP-000000594
NORTHERN FILTER MEDIA, INC.
ACKNOWLEDGEMENT OF DOCUMENT FILED

The Secretary of State acknowledges receipt of the following document#

Restated Articles of Incorporation

The document was filed on February 24; 2005; at 10:43 'AM, to be
effective as of February 24, 2005, at 10:43 AM.

The amount of £50.00 was received in full payment of the filing fee.




02/24/2005 THU 10:43 FAX 1 563 326 5266 STANLEY LANDE & HUNTER

ARTICLES OF RESTATEMENT 5 97/ ’

OF TRE ARTICLES OF INCORPORATION OF
NORTHRRN GRAVEL COMPANY
TO THESECRETARY OF STATE OF THE STATE OF IOWA:

Pursuant to tho provisions of Section 490.1007 of the lown Busioess Corporation Act, the
undersign2d corporation (the “Corporation™) has adepted the Restated Articles of Incorporation,
cousisting of thrce pages, which are attached and inoorporated by refercnce, and the undersigned
officer of the Corporation certifics as follows:

...  The preseot name of the Corporation is Northern Gravel Company. its name
under the Restated Articles of [ncorporation atteched is Northern Filter Medlia, Inc.,

2... Therostatemont of the Artlclcs oflncorpomtio:; does not provide for any
exchange, reclassification, or cancellation of issued shares.

3..  Tho Rextated Articics of Incorporation consolidate all amendments of the Articles
of Incorporation of the Corporation’into & single document

4.-  OnJunuary 15, 2005, the Restated Articlos of Incorporation were duly approved
by the shareholders of the Corporation in the mannor required by the lows Busincss Corperation
Act and by the Articlcs of Incorporation of the Corporation.

NORTHERN GRAVEBL COMPANY

Dated; Jt;uuy 21,2005 . By__M P Z!U-Mw;

Devid F. Reusmewig, President 6

QSAENIDAS el of Rovtalencnl 1-27-0%8

072764

Honmﬁs_
8

525101 RART10 %00.00SELF| 2274

&




02/24/2005 THD 10:43 FAX 1 563 26 5266 STANLEY LAFDR & HUNTRR Roow/ui™S
XA

RESTATED ARTICLES OF INCORPORATION
OF

NORTHERN FILTER MEDIA, INC.

The following Restated Artigles of Incorporation were adopted by the sharcholders of the
Corparatitn on tho 15th day of Jmnudry, 2005, in the mammer prescribed by the lown Business

Corporation Acl:
ARTICLE 1
SECTION 1.01. Namg. The name of the Corporation is Northern Filter Media, Inc.
ARTICLE2 |

SECTION 2.01. PURPOSES AND POWERS. The purposacs for which the Corporation is
organized include engaging in any or all lawfl] busincss. The Corporation shall have unlimited
power to engage in and tmnnct. nnd to do any lawitl act concerning or incidental to, emy or all
such buginess.

ARTICLE 3

SECTION 3.01. AUTHORIZRD SHARES. The agyregate numbor of sharcs which the
Corporuatidh shell have suthority to issuc is ten thousand (10,000) sharcs, consisting of onc class
of commoi stock, with no par valuc. The shares so authorized shall have unlimited voting rights.
The holders of such sharcs shall be entitled to reccive the net nisets of the Corporation upon
dissolution;

SECTION 3.02. RESTRICTIONS. The By-laws may contain sny provisions restricting the
tmnsfu‘ofmynnll shares of the Corporation. A restriction does not affoct shares issued before
the resiriction was adopted unless the holders of the shares arc parties to tlu: restriction agrecment
or voted in favor of the restriction.

- ) ARTICLE 4
SRCTION 4.01. NUMBER OF DIRECTORS, The number of Dircctors shall be fixed by the
By-laws. Thc By-laws may {ix the numbar of Direstors either by stating the number, or 8 maxi-

mum and minimur nunber, or by providing that the number of Directore shall be the number
detesrined by the shareholders from time to.timo as provided in the By-laws.

L T




02/24/2005 THD 10:43 FAX 1 563 326 5206 STANLEY LANDE & HUNTER @oes/006~7

X

SECTION 4.02. REMOVAI OF DIRECTORS. At any mee{ing of sharcholders, the share-
holdors may remove any or all Directors st will, with or without cause and with or without potice,
by the vote required by theso Articles of Tncorporation. The vacancy or vacancies in the Board of
Directors caused by such removal may be filled as provided in the By-laws,

SECTION 4.03. DELEGATION; INOEMNIFICATION. Any or all duties and powers of the
Board of Dircctors (including, without limitation, the duty and power to manage the business and
affairs of The Corparation and all dutics and powers imposod or conforred by the lowa Busincss
Corporation Act) may be dologated by the By-laws_or by the Bourd of Directors o onc or more
officers, committees, or persons. The By-laws may contain provisions for Indemnification and
advaneoment of cxpenses.

SECTION 4.04. LIMITATION OF DIRECTOR'S LIABILITY. No Director shall be Jiable to
the Corporation or its shareholders for monvy damages for any action taken, or any failure to take
any action, ax a Director, and the Corporation may indemnify a Director as provided in the
Bylaws for any such liability to the Corporation or its shareholders or any liability 16 any person
for such actiori or fallure to take any action as a Direclor, except liability for any of the
following:

(a)  Thoe amount of a financlal benefit raceived by a Dircetor to which the Director is
not entitled;

(t)  Anlotentionsl infliction of harni ox the Corporation or the sharcholders;
() A violation of Section 490,833 of the lowa Busincss Corporation Act; and
(d).  Anintcational violation of criminal law.

Nothing in this Section 4.04 ghall be construed to eliminate or limit the liability of a Dircetor for
tn act or omission ocourring prior to the dute when this Section 4.04 became cffoctive.

" ARTICLES

SECTION 5.01. VOTE REQUIRED FOR ACTION. The affinmative votc of the holders of a
majority of the total outstanding shares cntitled to vote shall be required and shall be sufficient to
adopt any motion or resolution or takc any action at any mecting of shareholders (including,
without [imilation, election or rcmoval of Dircctors; any amendment to these Articles of
Incorporation; and any matier which Is submitted 1o a vote st a mecting of shareholders, whether
or aot such submission is required by law, by action of the Board of Dircctors, or by agrocment).

However, the By-laws may provide that aotion may be taken on any or all procedural matters by
the votc of a Jesser proportion of the shares.

This Section shall not be construed to require that any mattor or action be submitted to a vote of
sharoholders ot be authorized by the shareholdcrs, if such submission or authorixation would not

2 ——— e
0 a -
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be required in the absence of this Scction.

SECTION 5.02. AMENDMENTS TO ARTICLES OF INCORPORATION, The shareholders
reserve the right from time Lo timé td amend these Articles of Incorporation, by the vote roquired
by thesc Articles of Incorporation and in the manncr now or hercafter permitted by the lowa
Business Corporation Act or other applicable law, whether or not the amendment coastitutes or
rcsults in a fundamentsl change in the purposes ar structure of the Corporation or in the rights or
privileges of shareholders or others or in any or all of the forcgoing. All rights and privileges of
shareholders or othars are subjcct to this reservation,

Any proposcd emendment to these Articles of Incorporation may be modificd or revised in any
manner aiid to any extent by the shareholders ot the meeting st which the proposed amondinent
to the Articles of Incorporation is submitted to the shareholders, 1f the proposed amendment a3
modificd or roviscd iz adopted by the sharcholders, it shall be effective cven though the
modificafion or revision is proposcd at the mesting and was not included in the notice or
summacy of the proposcd amendment.

Whorovor used in these Articles of Incorporation with respect to the Articles of Incorporation,
the word *amend,” "umendcd,” or "amendment” Includcs and apglies io the amendmont, alters-
tion, or repeal of any or all provisions of the’ Ar;lelu’dﬂnmrpnnnon or the adoption of new or

mted Articlcs of lmm-rrms—- “ pu-r- A "!-H"'-!“
q AWN 0 ATATZ on
SRGTIONS. Mmgeor.é_w OF mcomu ON-ANp nr-m  Bach ghare-
holdor, by thug_f_hgpming or rémalning a lhaﬂlmldg' o't' th'e Corpo umng addi-

tional sluq: dfithe Cusporatiot sihudlibddeeriedto haye lcceptctl med'm ui] provisjons
of those AriciéSPASEST M ihﬂlﬂk"aﬂlfw‘!.*‘u,mq:dod I‘tﬂin.?':ine bp t:lfte.

Asticles of 1 M& uw'u" shill Rhstitute’s ed'?lnqqlmon; tho gheycholders and
the Corponuon.. whi a&d"ds prowded.m ﬂwsgﬂﬂinlﬁ ﬂnmrpomh(m and the
Bydaws. | ~—iu . d\‘f"&. “,“ l]l;h e

4 -'
Any sharehol %m ﬂﬁﬂhnng'ﬂd\ ,N?"" il‘ Iu.ﬂ:m a shareholder,
shall bave the gi __ght to exoraine J.\__rt_lclu of]__ newgpoTY wi'0f the Cdrporation in
person or by SRl arAEDmoYs umsmms_ksam Upon.ritton request

of any ahmhulda'. tho Corpomnon shall mail a copy of the Asticles of Incorporation and By-
Jaws to him or hor within aTeasonable time.
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APOSTILLE %
(Convention de La Haye du 5 octobre 1961)

1. Country: United States of America

This public document
2. has been signed by H. L. Jackson

3. acting in the capacity of Certifying Officer

4. bears the seal/stamp of Patent and Trademark Office

Certified

5. at Washington, D.C.

6. the twenty-second of March, 2006

7. by Assisiant Authentication Officer, United States Department of State

8. No. 06015093-1

9. Secal/Stamp:




UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

February 03, 2006

THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE
RECORDS OF THIS OFFICE OF A DOCUMENT RECORDED ON

September 14, 2004

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office

it

Certifying Oﬂieer
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Attomey Docket No. 020511-000310US

For PTO-1998 (Rev. 0604) U.8. DEPARTMENT OF COMMERCE
1.0027 Uritnd Giaise Putend am Tradarmark Ofics
RECORDATION FORM COVER SHEET
PATENTS ONLY

To fhe Dirsctor of the ULS. Paisnt arel Tredumark Ofice: Plsess recond he sitsched documents or the new address{es) balow.

1. Name of conveying party(las)/Exscution Date{s): {2. Name and address of receiving party(ies)
Wilam Peterson COATING SYSTEMS LABORATORIES,

Renee E. Barman - Name;INC.
intemad Address:
Exscution Date(s)_08/02/04 Strest Addreas: 211 E. Chilton Drive
Adcttonat names) of conveying party(ies) attschest? B ves [_] o
3. Nature of conveyance: . . Ohy: Cha
{X] Assipnment [ Marger _ ndler
] security Agreement [C] change of Name | State: AZ

D Government Intereat Assignment

.Hl:lammommmm- Country: United States __ Zip: 85078-0388

. L] other Addiional A addresa(es) attached? |_] Yes [X]No |
4. Appiication or patent number(s): [C] This document Is being fiied together with a new application.
A. Pstent Appiication No.(s) B. Paient No.(s)

1

P

10/850,121

[
u
D
O
b

Additional numbers sttached? [_Tves D<o
5. Name and address to whom coffespondence 5. Total number of fications and patents

concsming document should be mailed: Involved: }i
Name: Kenneth E. Jenkine, Ph.D, 7.Tolal fes (37 CFR 1.21(h) & 3.41) $ M___ ;C_j
intemnal Address: E] Authorized 1o ba charged by credit card o
TOWNSEND AND TOWNSEND AND CREW LLP Emmumwnummm 2

| Street Address:_Two Embaroadero Center [ Enclosed i
Eighth Floor Q None required (govemment interest not affecting titie) .
Chy: San Francisco 8. Payment Information =
: a Credk Card Lest 4 numbers
State: Calfomnia Zip: 84111-3834 Expiration Date
Phone Number:_(415) 576-0200 b. Daposit Account Numbar 20-1430
Fax Number:  (415) 578-0300 Authorizad User Nama Towneend and

Townaend and Crew LLP

gwnz

Kenneth E. Jenkiris, Ph.D. Total numbaer of pages Including cover] 4
Nmochmshnm Alty. Reg. No. 51,848 shest, sitschments, and doouments: IH
7 nhmmm "'au-uum.p.o.nmm.mm'fm
PATENT

700114415 " REEL: 016138 FRAME: 0696
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Atiorney Doclod No.: 02051 1-000310U8

ASSIGNMENT OF PATENT AFPLICATION

WHEREAS, Willism Potorson of 3126 B, Amber Ridge Way, Phoenix, AZ 85048; Renso E.
Borman of 1600 N. Sabs 5t., #1 10, Chendler, AZ §5225, harcinaiter rafinrod to an “Assignors,” are the foventors of
the invention described and set forth In the bolow-identifiod application for Unkad States Letteys Patent:

Title of Invention: ANTIMICROBIAL QUATERNARY AMMONIUM
ORGANOSILANE COATINGS

Date(s) of execution of Dulll'lull

Fillng Dute: May 19, 2004

Application No.: 10/850,121; and

WHEREAS, COATING SYSTEMS LABORATORIES, INC., a corporation of the state of
Arizxis, located st 211 R, Chilton Dyive, Chandier, AZ, 85076-0386, hereinafter rafirred to as “ASSIGNER,” is
m«mththmwhwuammmw
which mxy be granted on fhe same;

" Far good and vahmble conxiderstion, receipt of which 1s hereby acknowledged by Assignors,
Aﬁmmmwwhma-mmmmmmthuuq-
bavention and epplication and to il fhreign counterperts (incindisg pstent, atility mode! and industrial designs)), and
in and to mny Lotizes Putent and Rogistrations which may hecroafier be graxied on the same in the United States mnd
all countries thxoughout the world, and to cleim the priority from the application es provided by the Park
Convention. The right, title and intervst bs to bo hald and enjoysd by Assignee and Axsignse’s successoes and
muﬂlyndmhhulyuumuhwhnhuﬂqqdbymhdhmuhn
ronda, for the full term of sny Letters Patent and Registrations wiiich may be grantod thareon, or of axy division,
renswal, continoution in whale or in part, substitation, conversion, reissus, prolongation or extension theroof.

mwwummmwwmunmwmm
conpereis with Assignes in the prosecution of 1.5, Patent applications snd foreign counterparts on the investion sad
any tmprovements, (b) exsoute, verify, acknowiedge and deliver all such fisrther pepers, Incinding patent
applications snd Instroments of trangfir, mnd (o) panform sych other acts 23 Assignes lawfilly msy request to obtain
cmﬂnlﬂ:?ﬁnmﬂWhhmmwhmnﬂlﬂm&hﬂ
title thereto in Assignte, or Assignes’s sucoosscrs and assigna. .

Assignors hexeby suthorizn and request Townsend sad Townsend snd Crow LLP, Two
Embxrradoro Center, Highth Floor, San Franclsco, CA 94111-3834, to Insert herein shove the application mumber
and flling dato of sald sppliostion when known.

PATENT
REEL: 016138 FRAME: 0896
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Attorney Doaket No.: 020511-0003 10US
Page2

, IN TESTIMONY WHEREOF,
state o 2904
COUNTY or AUHCICHA
' on \BAremBer. 2, 2001 votoos wa, KAY
—— . William Pptaron , parsonally

parsonally known to me (or proved to me on the besla of
evidence) to be the person whose name is subacribed to the within instroment, md acknowledged to ma
that ho/she sxocuted the same In hisher suthorized cupacity, snd that by his/her sigoature on the instromont the

. pocson, or the extity upon behalf of 'which the person acted, executed the instrument.

WITNESS my band and official seal. f.-

o N

At tbtn—

NOTARY PUBLIC

My Comisston Expirvs: A7 [/

KAY I. CHEATHAM
NOTARY PUBLIC - ARZONA
MARICOPA COUNTY
My Commisalon Expirea
APRIL 27, 2007

PATENT
REEL: 015138 FRAME: 0697
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Attoensy Dockst No,; 020511-000310UB
Page3l

IN TESTIMONY WHEREOF, Amsignors have sigried thefi namos ou the dates indiceted.

Ranee B. Berman

counTy oF MARSCIPA ] - ®

Y/ 200K, vatue e, KNV T CHeATHAY _
percmaliysppowred _______ Renco E Berman, persaually known to me (or proved to me an the basis,
MM)bbhmmmhnwthmudsz
that he/sho exeomied the seme kn hivher sutharized capackty, and that by Ms/her signature an the instrument
person, or the eutity upon belmif of which the porson acted, exacuted the instrument.

WITNESS my hand snd official seal

60269382 vl

PATENT
RECORDED: 09/14/2004 REEL: 016138 FRAME: 0698



APOSTILLE
(Convention de La Haye du 5 octobre 1961)

1. Country: United States of America

This public document
2. has been signed by H. L. Jackson

3. acting in the capacity of Certifying Officer

4. bears the seal/stamp of Patent and Trademark Office

Certified

5. at Washington, D.C.

6. the twenty-second of March, 2006

7. by Assistant Authentication Qfficer, United States Department of State

8. No. 06015093-2

9. Seal/Stamp:
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

February 03, 2006

THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE
RECORDS OF THIS OFFICE OF A DOCUMENT RECORDED ON
January 12, 2005

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office

H. L. JAC ON
Certifying Offlcer
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Attomey Dockel No. 020611-000310US

Fagzo PTO-1898 (Rav. 06/04) U.S. DEPARTMENT OF COMMEROE
OMB No. 0681-0027 Unliod Staies Palent and Trademask Offics

RECORDATION FORM COVER S8HEET
PATENTS ONLY
To tha Direcior of the U.S. Patent snd Trademark Offica: Plasas racord e stisched documents o 919 naw sdéresa(ss) below.

1. Name of canveying party(les)/Exscution Dete{s): |2. Nama and address of recsiving party(ies)
COATING SYSTEMS LABORATORIES, | Name: NORTHERN GRAVEL COMPANY

INC. internal Addreas:
Exacution Date{s) December 15, 2004 Sirast Address: 2500 Petlibone Avenue
Adional of atmchad? | | Yes
3. Nature of conveyanca: City: na
<) Assignment [J merger

] security Agreamant DChangode State: A
[[] Govemment Intereat Assignment

] Exacutive Ordar 8424, Confirmatory License Country:_U.S. Zip: 52761
Ol |acduone nemeis) & addrea(es) atiached? [] Yas [X] o
4. Appiication or patent numbes(s); [C] This documant i being filed together with a new application.
A. Patent Application No.(s) B. Patent No.(s)
10/850,121

Additionsl rumbere atisched? [ Jyes PNo
5. Name and address to whom correspondance @. Total numbar of -Eluﬂnn- and petents

conasming documnant ashould be malled: Invoived:
Name: _Kenneth E. Jenkins, Ph.D. 7-Total foa (37 CFR 1.21(n) £ 3.41) $ 40.00
Intamal Address: [[] Authorized to be chargad by ared oard
TOWNSEND AND TOWNSEND AND CREW LLP | D{ Authorzad to b charged to deposit sccount
Straet Address: _Two Embarcadero Center, [[] enciosed
Elghth Floor D Nane required (govemment intarast not effecting filia)
Chty: San Francisco 8. Paymant Information
. . . Crodit Card Last 4 numbers
.' State: Callfomnia . Zip: D4A111-3834 Expiration Dats
Phone Number:_(856) 350-6100 b. Depoatt Account Number 201430
Fex Number: __ (415) 576-0300 Autharizad User Name_Townsend and
: Townsend and Crew LLP
January 12, 2005
Date
Kanneih E. Jenking, Ph.D. Total numnber of pages inakuding cover f
Name of Paraon Signing  Ally. Rag. No. 51,848 shast, uttachments, snd documenty:
—ﬁmmﬂthrmu EE—
Mall Binp Anslgremest Rescrdation Servises, Divestor of the USPTO, P.O Bax Alnugwirs, VA E2313-2009
PATENT

700146382 REEL: 016689 FRAME: 0009
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Aunmey Docket No.: 020511-000310U8

WHBREAS, COATING SYSTEMS LABORATORIES, INC., s corpomtion of the atare of
Arizona, locsted at 211 E. Chilion Drive, Chandler, AZ 33076-0386, hanainafier refirred to as “ASSIGNOR,” i the
owner of all righty in caatain new and usefal Improvemonts a3 described snd sat forth in the balow-identified
ipplication for Unhied States Lotiory Patent:

Tiile of Trrvention: ANTIMICROBIAL QUATERNARY AMMONIUM
ORGANOSILANE COATINGS

Piling Date: May 19, 2004

Serial No.: 10/850,121

WHEREAS, NORTHERN GRAVEL COMPANY, locsted at 2509 Pettibans Avenus, Musostine,
Towa 52761, bereinafter refiarred to as “ASSIGNEE,” wants to acquire a FIFTY PERCENT (50%0) intorest in the
invention and spplication and in any Letters Patent and Rogistrations that may be granted on the same;

For good and valuabls considerstion, receipt of which is hareby acikmowledged by Assignor,

has assigned, and by thess prasents does assign to Assignes a FIFTY PERCENT (S0%) ixterest in all right,
title and inteswet in md 10 the lavention and application snd to sll foreign countmparts (looluding patent, utility
mode] and indusirial designs), and in and to eny Letters Patent and Reglstrations which may bereafter bo grantad on
the same in the United Stetes and all countries thronghont the world, snd to claim the priority from the application as
provided by the Parls Convention. The FIFTY PERCENT (50%) right, titie and Interost ix t0 be held and enjoyed by
Asslgnes snd Assignes's mocessors and assigns as fully and exclusivaly as it would have been hald and enjoyed by
Assignor had this assignment not beon mada, for the full teem of any Lotters Pxtent and Reglstrations which may be
granted thereon, ar of my division, renowal, continustion in whole or in pait, substitinion, conversion, redssue,
prolongstion or sxtwnsion thereof.

AmwmmnmmmmwmmwmbNummw-m
(w) cooperate with Assignee In the prosecution of U.S. Patent spplications and forelgn countarparts on the lovention
and any Improvements, (b) execute, verify, scknowledge and daliver all such firther papers, including patent
applications and instruments of tranafer and (c) perfrm such other acts a3 Assignes lawfully may reqoest to abain
or maintain Letters Padent and Rogistrationy for the inveation and improvemenis In any snd sll countries, and to vost
title therwto in Axsignes. or Asslgnes's sucoassors and amigns.

Assignor hereby authorizes end requesty Townsand and Townsend and Crew LLP, Two

Embarcadero Conter, Bighth Floor, San Franclaco, CA 94111-3834, to Insert harein above the applicetion aumber
and fMing date of sald spplication when known,

IN TESTIMONY WHEREOF, this Assignment Is socuted this day of
Q;g.._. el 2009, _

BY:

PATENT
REEL: 0156689 FRAME: 0010
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Anomey Dockst No.: 020511-000310US

Page 2

sTATE OF QAidy gy v
DY ; ..
COUNTY OF YYYOAMEJP < )
Y
On \~S me, O\OIA <
persoually appouzed e , porsonally known to me (or proved to me on the basis of aatisfhctory
M)bhbmﬂmmhlmmdwﬂmum:mﬂnhmbmum

execated the seme i his/har sothorized capanity, and that by his/her signature on the ipstnnpent the parson, or the
entity upon behalf of which the person acted, executed the instrament.

WITNESS ray hand snd official sea).

60307352 v1

Page of 22

PATENT
REC RDED: 01/12/2006 REEL: 016689 FRAME: 0011
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VO AL TG WHOM THESE; ERESENTS) SHaId, wm
UNITED STATES DEPARTMENT OF COMMERCE

Unlited States Patent and Trademark Office

June 01, 2006

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT

f APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A ¥
FILING DATE UNDER 35 USC 111. o
e : APPLICATION NUMBER: 10/850,121
i FILING DATE: May 19, 2004

[ . f E

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY

APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS F‘: ) §|

. CONVENTION, IS US10/850,121 4

By Authority of the
g Under Secretary of Commerce for Intellectual Property \ ;

and Director of the United States Patent and Trademark Office
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E E ) . PTO/SA/DS (01-04) ﬂl
= = f UTILITY Aliornay Docket No. 020511-000310US N .
! S| PATENTAPPLICATION  [rewmewr  [Potoonwilem |
! 3 TRANSMITTAL ™ AMUONIUM ORGANOSILANE.
_ COATINGS
k (Only for new nongrovisions! applicalions under 37 CFR 1.53() Expross Mal LabeiNe. | EV 332111881 US /
APPLICATION ELEMENTS Comminatoner for Patnts

ADDRESSTO ~ Symmistion

See MPEP chaptar 800 concaming uliBly petent sppiicetion contenia. VA 233134450
1. E Fee Trensmittal Form (a.g., PTO/SBAT) T.I IGD-ROMHGD-RII‘IMW”U

{Sclunit an arigingl amd 8 duplicale for fee processing) Program (Appendix)

2. B3 Applicant clsime small entity status. 8. Nuciaatids and/or Amino Acid Sequence Submission
See 37 CFR 1.27. o , ol necossary)

3. [ Specification dmwm M )} . & []compuier Readshie Fom (CRF)
-‘mu-'u:-m b. Specification Saquence Listing on:
:Gﬂmmmm"nu 1. (] CD-ROM or CD-R (2 coples); or
) ..' “.-m' '“'M' '"'"::‘.:::‘ L. [ Peper number of psges
:“m-:?hm ¢ | | Sistaments of shave
- Erinf Description of the Drewings ( ¥ fle) ACCOMPANYING APPLICATIONS PARTS
- Claim{s) 9.[C] Assignment Papers (cover shest & document(s))
- Abstract of the Disclosure 10.0 nmm)s_mm ] Power of

{when an assignes) Alomey
4. B Orewing(s) (33 U.8C.113) [Total Shests o ]
[ Newly exacuted (original or copy) 12. Information Disclosure Coples of |
Statarnent
p. [ Copy from s prior spplication (37 CFR 1.63 (d) 0 (IDEYPTO-1449 Chations
continustion/dvisional completad) Prelminary Amendment
LE‘TMMMJB;" 14. Mmﬂrwwspsw
r'-_nllnnn-“rn—arm 16.] q;wmun;mrunm-}
6. [§ Application Duta Sheet Ses 37 CFR 1.78 1.0 Whﬂ;mugﬁ%w
or s equivaient
17.g Other:

18. i & CONTINUING APPLICATION, check sppvopriate box, and supply the requisiie information below and in the first sentance of the
speciiication following the fitie, or in an Application Data Shest under 37 CFR 1.70:
D Coninuation [ Divisionsl ] Continuation-in-past (CIP) of prior application Nez ____
Prior applicetion informetion: Exarningr AUt
For CONTINUATION OF DIVISIONAL APPS only: The entire disclosurs of the prior application, from witch an osth or declaration s suppliad
muunm-mdumummumunnummmhww
noarporation from the submitied

Name
Addross
oy Sisty Zip Code
Country Telaphone Fax
Name (Print/Type) M. Henry H |mmam 28,210

91 _~Af
| Skneture (ﬂ/% Datw | May 19, 2004 |

Cony provided by USPTO from the IFW imago Dainbase on 05/26/2008



PTO/SANT (1000 #

" FEE TRANSMITTAL Compiote f Knoan )
Efective 1091/2003. Palnt 7508 ary sulyjsct 5 annual reviskee. Firat Nemed Inventor | Peterson, Willlam
_@ Applicant claims small enilty ststus. Ses 37 CFR 1.27 Exsminer Name
Art Ukt
&mumor PAYMENT | (3) 457 Aftomey Doclet No. | 020811-000310US -/
FEE CALCULATION
Yy FEES
Sral)
oy P Fon. roach) Feo Description )
1080 10 [2051 Surcherge - lete fling fen o outh
1002 ® 052 28 Surcharge - inie provisional fling fee or
cover shast.
Townssnd and Tounsend and Grew LLP 083 130 1083 130 Non-English specification
w2 2520 [1012 2,620  Forfing a quest flor reaxaminetion
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Attorney Docket No.: 020511-000310US

ANTIMICROBIAL QUATERNARY AMMONIUM ORGANOSILANE
COATINGS

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application is related to United States Provisional Patent Application No.
60/472,429, filed May 22, 2003, and claims all benefits legally available therefrom,
Provisional Patent Application No. 60/472,429 is hereby incorporated in its entirety for all
purposes capable of being served thereby.

BACKGROUND OF THE INVENTION
Flield of the Invention
[0002] This invention relates to methods and compositions for reducing the number of
microorganisms in a liquid using a solid phase carrier coated with a quaternary ammonium
Degcription of the Prior Art
[0003] Quaternary ammonium organosilanes have been employed in a wide variety of
spplications. They have been used effectively in eliminating and reducing microorganismal
contaminstion when applied to a variety of surfaces including metal, glass, plastics, rubber,
ceramics and fabrics including cellulose, cotton, acetates and nylon.

[0004] Commercial quaternary ammonium organosilanes are available as 42% active
material in methanol under the trademark Dow Coming 5700 (3-(trimethoxy-
silyl)propyldimethyloctadecyl ammonium chloride) by Aegis Environmental Management,
Inc. of Midland, M1 and Requat 1977 (3-(trimethoxysilyl)-propyldidecylmethyl ammonium
chloride) by Sanitized Inc. of New Preston, CT. Octadecyldimethyl(3-trimethoxysilylpropyl)
smmonium chloride (Cat. No. S106620.0) as a 60% active solution in methanol,
tetradecyldimethyl(3-tri-methoxysilylpropyl) ammonium chloride (Cat. No. SIT7090.0) as a
50% solution in methanol and didecylmethyl(3-trimethoxysilylpropyl) ammonium chloride
(Cat. No. SID3392.0) as a 42% solution in methanol are offered by Gelest, Inc. of Tullytown,
PA. They are often applied from solvent solutions such as lower alcohols,

[0005] Organosilicon ammonium compounds were first taught by Roth in U.S. Pat. No.
3,560,385. The use of these compounds for antimicrobial purposes is taught in U.S.

p. 4
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Pat.3,730,701 to Isquith et al. They teach that neutral to alkaline pH values were more
effective in algae control, but no claims for stability of aqueous solutions were made.

[0006) Algae inhibition was also taught in U.S. Pat. Nos. 3,794,736 and 3,860,709. The
inhibition of algas growth on solid surfaces such as cellulose acetate following treatment with
organosilane quaternary ammonium materials was described by Abbott et al. in U.S. Pat. No.
3,817,739. Abbott et al. in U.S. Pat. No. 3,865,728 again describes algicidal reduction on
fibrous materials including polyesters as well as cellulose acetate. G. Kinstedt in U.S. Pat.
No. 4,005,025 claims organosilane quaternaries as being useful in imparting soil release
properties to hard surfaces in detergent spplications such as dishwashing liquids and genecal
hard surface cleaners, but makes no claims for antimicrobial activity.

[0007] U.S. Pat. 4,005,028 to Heckert et al. similarly teaches detergent compositions
containing zwitterionic or ampholytic detergents and quaternized organosilanes. Similarly,
U.S. Pat. No. 4,005,030 by D. Heckert and D. Watt tcach detergent formulations useful as
oven cleaners, window cleaners or toiler bow] cleaners. No antimicrobial claims sre present
in the "025, "028 and *030 Patents.

[0008] In U.S. Pat. No. 4,282,366 organosilicon ammonium compounds are used to render
paper substrates resistant to growth of microorganisms. Similarly, Klein in U.S. Pat. No.
4,394,378 claima 3-(trimethoxysilyl)propyldidecylmethyl ammonium chloride as effective
agninst bacteria and fungi on siliceous surfaces, wood, metal, leather, rubber, plastic and
textiles.

[0009] Other applications for thesc compounds include paint additives and shoe treatments
in U.S. Pat. No. 4,393,378, dentifrice additives in U.S. Pat. No. 4,161,518, and in contuct lens
disinfectant solution in U.S. Pat. No. 4,615,882. Canadian Patent No. 1,217,004 to Hardy
teaches these compounds are antimicrobial when added to bleach such as sodium
hypochlorite and can be used as hard surface cleaners.

[0010] U.S. Pat. No. 4,406,892 describes treatment of cellulosic fabrics to prevent the
growth of disease causing organisms. Similarly, Burril et al. in U.S. Pat. 4,421,796 teach a
method of treating textile fibers with a mixture of quaternized organosilane compositions in
an emuision containing polydimethylsiloxanes to improve removal of oily soil.

[0011] In U.S. Pat No. 4,467,013 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium
chloride is taught as being useful in the treatment of surgical gowns, dressings and bandages.

Copy provided by USPTO from the IFW image Database on 03/26/2008



Homan in U.S. Pat. 4,564,456 utilizes organosilicon quaternary ammonium compounds to
troat water and inhibit corrosion and metal deposition. Hair conditioning compositions
containing 3-{trimethoxysilyl)propyl-dimethyloctadecyl ammonium chloride, when applied at
pH 8-10 causing the hair to swell is taught by Stadnick in U.S. Pat. 4,567,039.

[0012] Adqueous emulsions formed by the use of certain organofunctional cationic silanes,
including quaternary ammonium organosilanes such as 3-(trimethoxysilyl)propyl-
dimethyloctadecyl ammonium chloride, are taught by Blehm et al. in U.S. Pat. No. 4,361,273.
The disclosed oil-in-water emulsions allow the transfer of water immiscible liquids and
silanes to the surface of certain substrates with the avoidance of any subsequent rewetting or
resolubilization of the silane or water immiscible liquid and its subsequent Ioss from the
surface. The water immiscible liquid utilized to prevent resolubilizing of the cationic silane
away from the substrate may be silicone oils, waxes, hydrocarbons, glycols or aliphatic
alcohols. The preparation of these emulsions utilize co-surfactants such as nonionic and
cationic surfactants and require a homogenizer using high shear conditions and teach that the
quaternized organosilane does not hydrolyze to the silanol while in its emulsion form and
thus does not polymerize to an insoluble siloxane. These emulsions require a water
immiscible liquid as described above with which the quaternized organosilane associates, and
that a sufficient shear force, requiring specialized mixers, is necessary to form the emulsion
they teach. Blehm et al. teaches the prepared emulsion is utilized to transfier the
unhydrolyzed quaternized organosilane to the surface where it is protected against
resolubilization by the water immiscible component.

[0013] The use of similar oil-in-water emulsion compositions in treating acne vulgaris and
ringworm is taught in U.S. Pat. 4,908,355 to Gettings & White. This patent teaches & method
of treating akin disorders through topical application to the epidermis of an oil-in-water
emulsion in which there is a quaternary ammonium orgenosilane, specifically 3-
(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride and a low viscosity, low
molecular weight water immiscible liquid silicone fluid, which causes the quaternized silane
to penetrate the follicular orifices. The volatile silicone fluid is for the purpose of driving the
silane into sebaceous glands and destroying the staphylococcal group of bacteria that may
reside there. mformaﬁonoftheuanulﬁonlmeumﬁ.dlytheformuhﬁmuugminthc
foregoing "273 patent. This patent teaches the quaternized silane can be used neat, in an
organic solvent or in aqueous solvent solutions. It further teaches a water immiscible
component such as an oil, wax or grease must be present and included in the compositions
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applied to the skin. It does not teach homogeneous aqueous solutions of the quaternary
ammonium organosilane nor demonstrate substantiveness and efficacy on skin. The ability
of the silane to be applied directly to the skin from aqueous solutions and the ability for the
silane to remain on the skin and continue to be antimicrobially active even after repeated
rinsings or washings is not taught.

[0014] Glass beads treated with orgenogilane quaternary compounds are described in U.S.
Pat. No. 4,682,992 as being used in air filters where antimicrobial qualities are desired. U.S.
Pat. No. 4,781,974 teaches wet towelettes having as organosilicon quatemary ammonium
compound substantive to the ﬁb.butdounottenchitbdngtrmferredbsuﬁcnorlki_p.
Bryant in U.S. Pat. 4,797,420 teaches a formulation containing an alkyl dimethyl benzyl
ammonium chloride, a nonionic surfactant and a lower alcohol such as isopropanol in water
which is used as a disinfectant formulation.

[0015] U.S. Pat. 4,847,088 to Blank teaches a quaternary organosilane composition such as
3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride when combined with an
acid in water will increase the antimicrobial effect. Similar antimicrobial properties are
claimed in U.S. Pat. No. 5,013,459 for a method and device to dispense ophthalmic fluids, the
porous medium of which has been previously treated with an organosilicon quaternary

[0016] U.S.Pat. 5,411,585 to Avery et al. teaches further methods for the production of
stable hydrolyzable organosilane quaternary ammonium compounds to render surfaces
antimicrobial when applied as ingredients in hard surface cleaners.

[0017] Stabilized aqueous organosilane solutions, including quaternary ammonium
organosilane compounds, with stability of weeks to months, aro taught by Elfersy et al. in
U.S. Pat. 5,954,869. These compositions contain a polyol molecule having at least two
hydroxy groups which are separated by no more than three intervening atoms and the
organosilane. These compositions may be used to coat a food article, a fluid container or a
latex medical article, Sugars are the most common stabilizer taught in this patent.

[0018] Antimicrobial skin preparations containing quaternary ammonium organosilanes are
taught by Peterson et al. in U.S. Patent 6,613,755, which is herein incorporated by reference
in its entirety for all purposes.
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[0019] The prior art and open literature disclose the antimicrobial properties of quaternary
ammonium organosilanes against a wide range of pathogens including, but not limited to:
Gram Positive Bacteria such as Citrobacter freundli, Citrobacter diversus, Corynebacterium
diptheriae, Diplococcus pneumoniae, Micrococcus sp. (I), Micrococcus sp. (1), Micrococcus
sp. (I1l), Mycobacterium spp., Staphylococcus albus, Staphylococcus aureus, Staphylococcus
citrens, Staphylococcus epldermidis, Streptococcus faecalis, and Streptococcus pyogenes;
Gram Negative Bacteria such as Acinetobacter calcoaceticus, Enterobacter aerogenes,
Enterobacter aglomerans (I), Enterobacter aglomerans (II), Escherichia coli, Klebslella
pneumoniae, Nisseria gonorrhoeae, Proteus mirabilis, Proteus morganii, Proteus wigaris,
Providencia spp., Pseudomonas, Pseudomonas aeruginosa, Pseudomonas fragi, Salmonella
choleraesuis, Salmonella enteritidis, Saimonella gallinarum, Salmonella paratyphi A,
Salmonella schottmuslieri, Salmonella typhimurium, Salmonella typhosa, Serratia
marcescens, Shigella flaxnerie Type I, Shigella sonnel, Virbrio cholerae; viruses such
Adenovirus Type IV, Feline Pneumonitis, Herpes Simplex Type I & II, HIV-1 (AIDS),
Influenza A (Japan), Influenza A2 (Aichi), Influenza A2 (Hong Kong), Parinfluenza
(Sendai), Poliovirus, Reovirus, Respiratory Synctia; Fungi and Mold such as , Alternaria
alternate, Asperigilius niger, Aureobasidium pullulans, Candida albicans, Cladosporium
cladosporioides, Drechslera australiensis, Gliomastix cerealis, Microsporum audouinii,
Monilia grisea, Phoma fimeti, Pithomyces chartarum, Scolecobasidium humicola,
Trychophyton interdigitale, and Trychophyton meniagrophyies.

[0020] The open literature and the prior art cited above do not teach the use of a solid phase
carrier coated with a quaternary ammonium organosilane coating to reduce the viable mumber
ofmiemm'ganiminlliquid:

BRIEF SUMMARY OF THE INVENTION
[0021] The present invention provides methods and compositions for use in a variety
spplications, such as water purification and reduction of harmful microorganisms in liquid
foodstuffs.

[0022] In one aspect, the present invention provides a method of reducing or eliminating
the viable number of microorganisms in a liquid. The method includes contacting the liquid
with a solid phase carrier coated with a quaternary ammonium organosilane coating.

[0023] In an exemplary embodiment, the quaternary ammonium organosilane reagent has
the formula:
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R‘
Aqen—Si n—+-a2- z
Rl

[0024] In Formula (1), A is selected from -OR", substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. Where more than onc A is present, each A is indcpendently
selected from the groups recited above or below.

[0025] R‘is selected from hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl.

[0026] R is selected from substituted or unsubstituted alkyleme, substituted or unsubstituted
heteroalkylene, substituted or unsubstituted cycloalkylene, substituted or unsubstituted
heterocycloalkylene, substituted or unsubstituted arylene, and substituted or unsubstituted
heteroarylene.

[0027] R',R? and R? are independently sclected from hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl.

{0028] Z is selected from fluoride, chloride, bromide, iodide, tosylate, hydroxide, sulfate
and phosphate.
[0029] Thesymbolnis1l,2or3.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] FIG. 1 illustrates the reduction in the viable number of bacteriophages by
quaternary ammonium organosilane coated zeolite.

[0031] FIG. 2 illustrates the reduction in the viable number of (A) X. zerriena bacteria and
(B) E. Coli bacteria by quaternary ammonium organosilane coated zeolite.

[0032] FIG. 3 illustrates the average reduction in the viable number of bacteria and
bacteriophages by quaternary ammonium organosilane coated zeolite.
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[0033] FIG. 4 illustrates the reduction in the visble number of algas by quaterary
smmonium organosilane coated zeolite.

[0034] FIG.5 _illu:irates the reduction in the viable number of protozoa parasites by
quatermmary ammonium organosilane coated zeolite. '

[0035] FIG. 6 illustrates an experimental apparatus containing a column packed with
quatemary ammonium organosilane coated zeolite for use in decreasing the viable number of
microorganisms in a liquid.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
[0036) As used herein, the term “"reducing the viable number of microorganisms,” means
reducing the number of microorganisms capable of growing, working, functioning, and/or
de_velopingldequﬂely. The term includes, for example, reducing the overall number of
" microorganisms, reducing the number of active microorganisms (j.e. inactivating
microorganisms), reducing the number of microorganisms able to reproduce, reducing the
number of intact microorgansims, reducing the number of infectious agents, removal of
microorganisms, inactivation of microorganisms; and/or and the like. "Bliminating the viable
number of microorganisms" means reducing the viable number of microorganisms to zero.

[0037] The term "microorganism,” as used herein, means an organism that, individually,
can only be seen through a microscope. The term microorganimm includes, for example,
bacteria, fungi, actinomycetes, algae, protozoa, yeast, germs, ground pearls, nematodes,
[0038] The abbreviations used herein have their conventional meaning within the chemical
and biological arts.

[0039] Where chemical groups are specified by their conventional chemical formulae,
written from left to right, they equelly encompass the chemically identical substituents that
would result from writing the structure from right to left, e.g., -<CH30- is equivalent to
-OCHa,-.

[0040] The term "alkyl," by itself or as part of another substituent, means, unless othexwise
stated, a straight (i.c. unbranched) or branched carbon chain containing at least one carbon,
which may be fully satursted, mono- or polyunsaturated. An unsaturated alkyl group is one
having one or more double bonds or triple bonds. An "unsubstituted alkyl" refers to branched
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or unbranched alkyl groups wherein the backbone carbons are attached to hydrogen and/or
other backbone carbon. The term "alkylene" refers to & divalent radical derivative of an

alkyl.

[0041] A "backbone carbon” or "backbone heteroatom,” as used herein, refers to a carbon
or heteroatom, respectively, that is not at the point of attachment of an alky! or heteroalkyl
group, and which forms part of a branched or unbranched chain containing at least one
carbon.

[0042] The term "alkoxy," refers to those alkyl groups attached to the remainder of the
molecule via an oxygen atom.

[0043]) The term "alkylether” refers to an alkyl having at least one carbon-oxygen-carbon
linkage.

[0044] The term "hydroxy-substituted alkyl" refers to an alkyl having at least one attached
hydroxyl group.

[0045] The term "amine-substituted alkyl” refers to an alkyl having at least one attached
primary, secondary, or tertiary amine group.

[0046] The term "heteroalkyl,” by itself or in combination with another term, means an
alkyl having at least one heteroatom within the carbon chain. The heteroatom is selected
from the group consisting of O, N, and S, wherein the nitrogen and sulfur atoms may
optionally be oxidized and the nitrogen heteroatom may optionally be quaternized. The
heteroatom(s) O, N, and S may be placed at any interior position of the heteroalkyl group or
at the position at which the alkyl group is attached to the remainder of the molecule. Up to
two heteroatoms may be consecutive, such as, for example, -CH;-NH-OCHj. Similarly, the
term "heteroalkylene” by itself or as part of another substituent means a divalent radical
derived from heteroalkyl. For heteroalkylene groups, heteroatoms can also occupy either or
both of the chain termini. '

[0047] An "unsubstituted heteroalkyl” refers to branched or unbranched heteroalkyl groups
whexein the backbone carbons are attached to hydrogen, other backbone carbons, and/or
backbone heteroatoms. The backbone heteroatoms are attached to hydrogen, backbone
carbons, other backbone heteroatoms, and/ or oxygen (in the case of oxidized sulfur).
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[0048] The terms "cycloalkyl” and "heterocycloalkyl”, by themselves or in combination
with other terms, represent, unless otherwise stated, cyclic versions of "alkyl” and
"heteroalkyl”, respectively. Additionally, for heterocycloalkyl, a heteroatom can occupy the
position at which the heterocycle is sttached to the remainder of the molecule. The tarms
"cycloalkylene" and "heterocycloalkylene” refer to the divalent derivatives of cycloalkyl and
heterocycloalkyl groups, respectively.

{0049] The terms "halo” or "halogen,” by themselves or as part of another substituent,
mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally,
terms such as "haloalkyl,” are meant to include monohaloalkyl and polyhaloalkyl.

[0050] The term "aryl” means, unless otherwise stated, a polyunsaturated, aromatic,
hydrocarbon which can be a single ring or multiple rings (preferably from 1 to 3 rings) which
are fused together or linked covalently. The term "heteroaryl” refers to aryl groups (or rings)
that contain from one to four heteroatoms selected from N, O, and S, wherein the heteroatom
occupies a ring vertex (also referred to herein as a "ring heteroatom™). The nitrogen and
sulfur atoms are optionally oxidized, and the nitrogen atom(s) are optionally quaternized. A
heteroaryl group can be attached to the remainder of the molecule through a carbon or
heteroatom. The terms "arylene™ and "heteroarylenc” refer to the divalent derivatives of aryl
and heteroaryl groups, respectively.

[0051] An "unsubstituted aryl” or "unsubstituted heteroaryl” refers to aryl and heteroaryl
rings, respectively, in which the carbon atoms occupying ring vertices that are not at a point
of attachment to the remainder of the molecule are attached only to hydrogen or other atoms
occupying ring vertices. Heteroatoms occupying ring vertices that are not at a point of
attachment to the remainder of the molecule are attached only to hydrogen, other atoms

occupying ring vertices, or oxygen (in the case of oxidized ring hoteroatoms).

[0052] The term “oxo" as used herein means an oxygen that is double bonded to a carbon
atom.

[0053] A "liquid,” as used herein, is a substance that flows freely, lacks crystal structure,
and, unlike a gas, retains the same volume independent of the shape of its container at
ambient temperature and pressure. An "aqueous liquid” refers to s liquid having a portion of
water. Aqueous liquids suitable for the practice of the present invention include, for
example, waste water and sewage water, fruit juices, milk, and medical fluids. Other suitable

Copy provided by USPTO from the IFW image Daiabase on 0G/a6/2008



fluids will be readily determined by those akilled in the art and are contemplated by the
instant invention. :

[0054] A "solid,” as used herein, is & substance that does not dissolve in water at ambient
temperature. Thus, 2 "solid phase carrier” is a carrier that is insoluble in water at ambient
temeperature. '

Methods

[0055] In one aspect, the present invention provides a method of reducing or eliminating
the viable number of microorganisms in a liquid. The method includes contacting the liquid
with a solid phase carrier coated with a quaternary ammonium organosilane coating. The
quaternary ammonium organoeilane coating may reduce the viable number of
microorganisms in a liquid by directly contacting the microorganisms.

[0056] A wide variety of solid phase carriers are useful in conjunction with the methods
and compositions of the present invention. The solid phase carrier may be any appropriaie
dimension or shape, including, for example, a planar surface, the lining of tubing or pipe, or a
roughly spherical particle. The solid phase carrier may also be any sppropriate size,
including, for example, a microscopic carrier, a carrier detectable with the naked eye, a
roughly planar carrier with dimensions that are centimeters to meters in length, and roughly
spherical carrier with a radius that is centimeters to meters in length,

[0057] The solid phase carrier is typically composed of one or more substance or material
that is insoluble in liquid media (e.g. organic media, aqueous media, water, etc.). Exemplary
materials include glass, silica, sand (e.g. manganese greengand and filter sand), quartz, flint,
zeolite, anthracite, activated carbon, gamet, ilmenite, berm, aluminum (including non-
hydrous aluminum silicate (e.g. filter AG)), oxides of iron and titanium (e.g. ilmenite),
diatomaceous carth, pozzolan (silicon/alumina material that occurs naturally and is produced
as a byproduct of coal combustion), metal (e.g. tin), ceramic, and/or organic polymers and
plastics (e.g. high density polyethylene (HDPE), polypropylene (PP) or polyvinyl chloride
(PVC)).

[0058] In an exemplary embodiment, the liquid is contacted with an additional solid phase
carrier. The additional solid phase character may be coated with a different quaternary
ammonium organosilane coating than the solid phase carrier. The additional solid phase
carrier may also be composed of a different material than the solid phase carrier.

10
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Quaternary Ammonium Organcsilane Reagents

[0059] The solid phase carriers of the current invention are coated with a quatemary
ammonium organosilane coating. The quaternary ammonium organosilane coating is
produced from a quatermnary ammonium organosilane reagent. The quaternary ammonium
organosilane reagent has the formula:

R"
Agn-S R-I:I-R’- 4
o3

n (1)
[0060] In Formula (T), A is selected from -OR®, substituted or unsubstituted alkyl,

substituted or unsubstitited heteroalkyl, substituted or unsubstituted cycloalkyl, subastituted or
unsubstituted hetet_ocyelonlkyl. substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. Where more than one A is present, each A is independently
selected from the groups recited above or below.

[0061] R*is selected from hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted

heteroaryl

[0062] R is selected from substituted or unsubstituted alkylene, substituted or unsubstituted
hetercalkylene, substituted or unsubstituted cycloalkylene, substituted or unsubstituted
heterocycloalkylene, substituted or unsubstituted arylene, and substituted or unsubstituted
heteroarylene.

[0063] R',R’, and R’ are independently selected from hydrogen, substituted or
unsubstituted afkyi, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl.

[0064] Z is selected from fluoride, chloride, bromide, iodide, tosylate, hydroxide, sulfate
and phosphate.

[0065] Thesymbolnisl,2or3.

{0066] In an exemplary embodiment, cach substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl, and substituted
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heteroary! described herein as possible A, R', R?, R?, and R* moieties are subatituted only
with at least one substituent independently selected from -OH, unsubstituted (C;-Cs)alkyl,
unsubstituted 2 to 5 membered heteroalkyl, unsubstituted (Cs-C7) membered cycloalkyl,
unsubstituted 5 to 7 membered heterocycloalkyl, unsubstituted aryl, and unsubatituted
heteroaryl. For example, where A is a substituted (C,-C,q)alkyl, the substituted (C,-C,o)alkyl
is substituted only with at least one substituent independently selected from -OH,
unsubstituted (C,-Cs)alkyl, unsubstituted 2 to 5 membered heteroalkyl, unsubstituted (Cs-C7)
membered cycloalkyl, unsubstituted 5 to 7 membered heterocycloalkyl, unsubstituted aryl,
and unsubstituted heteroaryl.

[0067] In arclated embodiment, each substituted alkyl, substituted heteroalkyl, substituted
cycloalkyl, substituted heterocycloalkyl, substituted aryl, and substituted heteroaryl described
herein as possible A, R', R? R?, and R* moieties are substituted only with at least one
substituent independently selected from -OH, unsubstituted (C;-Cs)alkyl, unsubstituted 2 to 5
membered heteroalkyl, unsubstituted (Cs-C7) membered cycloalkyl, unsubstituted 5 to 7
membered heterocycloalkyl, unsubstituted aryl, and unsubstituted heteroaryl. In another
related embodiment, each substituted alkyl, substituted heteroalkyl, substituted cycloalkyl,
substituted heterocycloalkyl, substituted aryl, and substituted heteroaryl described herein as
possible A, R, R?, R?, and R* moietics are substituted only with at least one substituent
independently selected from -OH, unsubstituted (C;-Cs)alkyl, unsubstituted (Cs-Cy)
membered cycloalkyl, and unsubstituted phenyl. In yet another related embodiment, each
substituted alkyl, substituted heteroalkyl, substituted cycloalkyl, substituted heterocycloalkyl,
substituted aryl, and substituted heteroaryl described herein as possible A, R, R?, R®, and R*
moicties are substituted only with at least one unsubstituted (C;-Cs)alkyl.

[0068] In another exemplary embodiment, each substituted alkylene, substituted
heteroalkylens, substituted cycloalkylens, substituted heterocycloalkylene, substituted
srylene, and substituted heteroarylene described herein as possible R moieties are substituted
only with at least one substituent independently selected from -OH, unsubstituted (C,-
Cs)alkyl, unsubstituted 2 to 5 membered heteroalkyl, unsubstituted (Cs-C;) membered
cycloalkyl, substituted 5 to 7 membered heterocycloalkyl, unsubstituted aryl, and
unsubstituted heteroaryl.

[0069] In a related embodiment, each substituted alkylene, substituted heteroalkylene,
substituted cycloalkylene, substituted heterocycloalkylens, substituted arylene, and

12

~ Copy provided by USPTO from the IFW image Database on 05/28/2008



substituted heteroarylene described herein as possible R moieties are substituted only with at
least one substituent independently selected from -OH, unsubstituted (C,-Cs)alkyl,
unsubstituted 2 to 5 membered heteroalkyl, unsubstituted (Cs-C;) membered cycloalkyl,
unsubstituted 5 to 7 membered heterocycloalkyl, unsubstituted aryl, and unsubatituted
heteroaryl. In another related embodiment, each substituted alkylene, substituted
heteroalkylene, substituted cycloalkylene, substituted heterocycloalkylene, substituted
arylene, and substituted heteroarylene described herein as possible R moieties are substituted
only with at least one substituent independently selected from -OH, unsubstituted (C)-
Cs)alkyl, unsubstituted (Cs-C;) membered cycloalkyl, and unsubstituted phenyl. In yet
another related embodiment, each substituted alkylene, substituted heteroalkylene, substituted
cycloalkylens, substituted heterocycloalkylens, substituted arylene, and substituted
heteroarylene described herein as possible R moieties are substituted only with at least one
unsubstituted (C,-C;)alkyl.

[0070] A may be selected from -OR*, substituted or unsubstituted (Cy-Co)alkyl, substituted
or unsubstituted 2 to 12 membered heteroalkyl, substituted or unsubstituted (Cs-
Cy)cycloalkyl, substituted or unsubstituted 5 to 7 membered heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl. R* may be selected from
hydrogen, substituted or unsubstituted (Cy-Cio)alkyl, substituted or unsubstituted 2 to 10
membered heteroalky], substituted or unsubstituted (Cs-C7)cycloalkyl, substituted or
unsubstituted 5 to 7 membered heterocycloalkyl, substituted or unsubstituted aryl, and
subatituted or unsubstituted heteroaryl.

[0071] In some embodiments, A is selected from -OR*, unsubstituted (C;-Cio)alkyl,
unsubstituted 2 to 12 membered heteroalkyl, unsubstituted (Cs-Cy)cycloalkyl, unsubstituted 5
to 7 membered heterocycloalkyl, unsubstituted aryl, and unsubstituted heteroaryl. In a
related embodiment, A is selected from -OR*, unsubstituted (C,-Cjo)alkyl, unsubstituted 3 to
12 membered alkylether, unsubstituted (C,-C;)cycloalkyl, and unsubstituted phenyl.

{0072] A may also be selected from -OR*, unsubstituted (Ci-C,)alkyl, unsubstituted 3 to 8
membered alkylether, unsubstituted (Cs-C;)cycloalkyl, and unsubstituted phenyl.
Alternatively, A is selected from -OR*, unsubstituted (C;-Cq)alkyl, and unmubstituted 3 to 8
membered alkylether.
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[0073] R*may be selected from hydrogen, unsubstituted (C;-Cio)alkyl, unsubstituted 2 to
12 membered heteroalkyl, unsubstituted (Cs-Cr)cycloalkyl, unsubstituted S to 7 membered
heterocycloalkyl, unsubstituted aryl, and unsubstituted heteroaryl.

[0074] In some embodiments, R* is selected from hydrogen, unsubstituted (C;-Cio)alkyl,
unsubstituted 3 to 12 membered alkylether, unsubstituted (Cs-Cr)cycloalkyl, and
unsubstituted phenyl. In a related embodiment, R* is selected from hydrogen, unsubstituted
(C1-Cg)alkyl, unsubstituted 3 to 8 membered alkylether, unsubstituted (Cs-Cy)cycloalkyl, and
unsubstituted phenyl. Alternatively, R* is selected from hydrogen, unsubstituted (C;-
Cs)alkyl, and unsubstituted 3 to 8 membered alkylether.

[0075] R*may also be selected from phenyl, methyiphenyl, substituted or unsubstituted

(Ci-Ca)alkyl, and (CHz),-O-(CHa),CHs. X and y are integers indspendently selected from 1
to 10.

[0076] R may be selected from substituted or unsubstituted (C,-C)o) alkylene, substituted
or unsubstituted 2 to 10 membered heteroalkyene, substituted or unsubstituted (Cs-
Cs)cycloalkyene, substituted or unsubstituted 2 to 7 membered heterocycloalkylene,
substituted or unsubstituted arylene, and substituted or unsubstituted heteroarylene.

[0077] In an exemplary embodiment, R is a member selected from unsubstituted (C;-
Cho)alkylene, unsubstituted 2 to 10 membered heteroalkylene, unsubstituted (Cs-
Cy)cycloalkylene, unsubstituted 5 to 7 membered heterocycloalkylene, unsubstituted arylens,
and unsubstituted heteroarylene.

[0078] R may also be unsubstituted (C;-Cio)alkylene.

[0079] R!, R? and R? may be selected from hydrogen, substituted or unsubstituted (C;-
Cao)alkyl, substituted or unsubstituted 2 to 20 membered heteroalkyl, substituted or
unsubstituted (Cs-Cy)cycloalkyl, substituted or unsubstituted 5 to 7 membered
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl.

[0080) In some embodiments, R, R?, and R? are independently selected from hydrogen,
unsubstituted (C;-Cao)alkyl, hydroxy-substituted (C;-Cao)alkyl, amine-substituted (C;-
Cao)alkyl, unsubstituted 2 to 20 membered heteroalkyl, unsubstituted (Cs-Cr)cycloalkyl,
unsubstituted 5 to 7 membered heterocycloalkyl, unsubstituted aryl, and unsubstituted
heteroaryl. In a related embodiment, R', R?, and R? are independently selected from
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hydrogen, unsubstituted (C,-C;g)ulkyl, unsubstituted alkylether, hydroxy-substituted (C;-
Cao)alkyl, amine-substituted (C,-Cag)alkyl, unsubstituted (Cs-C;)cycloalkyl, and
unsubstituted phenyl.

[0081] R’,R? and R’ may also be selected from hydrogen, unsubstituted (C,-Cao)alkyl,
unsubstituted alkylether, hydroxy-substituted (C,-Czo)alkyl, amine-substituted (C)-Cy)alkyl,
unsubstituted (Cs-C7)cycloalkyl, and unsubstituted phenyl. Alternatively, R!, R?, and R? is
selected from hydrogen, unsubstituted (C)-Cag)alkyl, unsubstituted alkylether, hydroxy-
substituted (C)-Cyo)alkyl, and amine-substituted (C,-Cao)alkyl.

[0082] In other exemplary embodiments, R', R?, and R? are independently selocted from
<{(CH2);OCHj, (CH;);OH, -(CH;)qO(CH2),CH;, (CH;){NHCHj;, (CHz)(NH,,
<(CH2)oN(CH3); and -(CH;){NH;(CH2)CHj, in which q and t are integers independently
sclected from O to 10. R, R?, and R® may also members independently selectad from the
group consisting of -CH;CH,OCH; and -CH;CH;OCH,CH,CH,. Altematively, R', R?, and
R® may also be independently selected from —CH,CH20H and ~CH;CH;CHaCH(OH)CH3.
R', R?, and R? may also be independently sclected from—CH;CHaNH; and -CH;CHaN(CHa)z-
Finally, R', R?, and R® may be members independently sclected from methyl, octadecyl,
didecyl, and tetracecyl.

[0083] In an exemplary embodiment, the quaternary ammonium organosilane reagent is
selected from (CHyO0)sSi(CHa)sN"(CHa)x(C1sHy7) (C1); (CHs
CH;0)Si(CH;)sN"(CH:)A(C1aHs37) (CI); (CH30):8i(CHa)sN'(CHs)2(CreHy) (Br );
(CH30)Si(CHz):N" (Ci0Ha1)a(CHs) (CI); (CH30):Si(CHz)3N" (CH3)2(CraHao) (CT);
(CH;30):8i(CHa)sN" (CHs)z(C14Has) (Br ); and (CH30):Si(CHz)sN" (CH3)a(CisHa) (CI). In
a related embodiment, the quaternary ammonium organosilans reagent is selected from 3-
(trimethoxyzilyl )propyldimethyloctadecyl ammonium chloride, 3-(trimethoxysilyl)propyl-
didecylmethyl ammonium chloride, and 3-(trimethoxysilyl)propyldimethyltetradecyl

[0084] In another exemplary embodiment, the quatermnary ammonium organosilane containg
an ammonium halide and a hydrolyzable alkoxy group bonded to silicon.

Quaternary Ammonium Organosilane Coatings

[0085] A variety of methods may be used to form the quaternary ammonium organosilane
coatings from quaternary ammonium organosilane reagents. The quaternary ammonium
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organosilane reagent may be applied to the solid phase carrier using any method known in the
art, including, for example, methods for covalently or non-covalently binding the quatermary
ammonium organosilane reagent to the solid phase carrier to form a quaternary ammonium
organosilane coating,

[0086] Solid phase carriers may be contacted (e.g sprayed, dipped, or otherwise applied)
with a solution preparation containing the quaternary ammonium organosilanc reagent. In
some embodiments, the quaternary ammonium organosilane reagent coated surfaces are
allowed to air dry at room temperatures for a sufficient period of time to complete a
condensation cure of the quaternary ammonium organosilane coating. Alternatively, heat is
applied to the coated surfaces for a sufficient period of time to effect cure, the duration and
temperature of such is known to those skilled in the art.

[0087] In an exemplary embodiment, the quaternary ammonium organosilane reagent is
covalently bound to the solid phase carrier. Typically, the quaternary ammonium
organosilane reagent is covalently bound to an accessible carrier reactive group that forms a
putofthosolidphmcaiﬁer. A variety of reactive groups are useful in covalently binding
the quaternary ammonium organosilane reagent. The quaternary ammonium organosilane
reagent may be covalently bound to the carrier reactive group through the silane moiety of
the quaternary ammonium organosilane reagent. The silane moiety, as used herein, refers to
the A ,-Si- portion of the compound of Formuia (I).

[0088] The silane moiety may be covalently bound to the carrier reactive group by allowing
the carrier reactive group to covalently bind to the silicon atom of the silane moiety. For
example, where the carrier reactive group is a hydroxyl, the oxygen atom may be allowed to
bind to the silicon atom to form a silicon-oxygen bond thereby covalently attaching the
quaternary ammonium organosilane resgent to the carrier molecule. In a related
embodiment, the silane moiety includes at least one -OR* that leaves upon attack of a
hydroxyl carrier reactive group. This reaction may be referred to herein as a condensation
reaction. Thus, the quaternary ammonium organosilane reagent may be covalently attached
to the carrier molecule via a condensation reaction.

[0089] The silane moiety may also include an A group that contains a reactive group,
referred to herein as a silane reactive group. The silane reactive group is capable of reacting
with a carrier reactive group to form a covalent bond.
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[0090) Silane reactive groups, carrier reactive groups and classes of reactions useful in
covalently attaching quatemary ammonium organosilane reagents to a solid phase carrier are
generally those that are well known in the art of bioconjugate chemistry. These include, but
are not limited to nucleophilic substitutions (e.g., reactions of amines and alcohols with acyl
halides, active estcrs), clectrophilic substitutions (e.g., enamine reactions) and additions to
carbon-carbon and carbon-heteroatom multiple bonds (e.g., Michael reaction, Diels-Alder
addition). These and other useful reactions are discussed in, for example, March,
ADVANCED ORGANIC CHEMISTRY, 3rd Ed., John Wiley & Sons, New York, 1985;
Hermanson, BIOCONJUGATE TECHNIQUES, Academic Press, San Diego, 1996; and Feeney ef
al., MODIFICATION OF PROTEINS; Advances in Chemistry Series, Vol. 198, American
Chemical Socicty, Washington, D.C., 1982.

[0091] Useful silane and carrier reactive functional groups include, for example:

{0092] (&) carboxyl groups and various derivatives thereof including, but not limited to, N-
hydroxysuccinimide esters, N-hydroxybenztriazole esters, acid halides, acyl imidazoles,
thioesters, p-nitrophenyl esters, alky), alkenyl, alkynyl and aromatic esters;

[0093] (b) hydroxyl groups which can be converted to esters, ethers, aldehydes, etc.

[0094] (c) haloalkyl groups wherein the halide can be later displaced with a nucleophilic
group such as, for example, an amine, a carboxylate anion, thiol anion, carbanion, or an
alkoxide ion, thereby resulting in the covalent attachment of a new group at the site of the
halogen atom;

[0095] (d) dienophile groups which sre capable of participating in Diels-Alder reactions
such as, for example, maleimido groups;

[0096] (¢} aldchyde or ketone groups such that subsequent derivatization is possible via
formation of carbonyl derivatives such as, for example, imines, hydrazones, semicarbazones
or oximes, or via such mechanisms as Grignard addition or alkyllithium addition;

[0097] (f) sulfonyl halide groups for subsequent reaction with amines, for example, to
form sulfonamides;

[0098] (g) thiol groups, which can be converted to disulfides or reacted with acyl halides;

[0099] (h) amine or sulfhydryl groups, which can be, for example, acylated, alkylated or
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[0100] (i) alkenes, which can undergo, for example, cycloadditions, acylation, Michael
addition, ezc;

[0101] (j) epoxides, which can react with, for example, amines and hydroxyl compounds;
and

[0102] (k) phosphoramidites and other standard functional groups usefiil in nucleic acid
synthesis.

[0103] The reactive functional groups can be chosen such that they do not participate in, or
interfere with, the reactions necessary to assemble the quaternary ammonium organosilane
coating. Alternatively, a silane or carrier reactive functional group can be protected from
participating in the reaction by the presence of a protecting group. Those of skill in the art
will understand how to protect a particular functional group ﬁomimﬂuingw;ithncholm
sct of reaction conditions. For examples of useful protecting groups, See Greene ef al.,
PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, John Wiley & Sons, New York, 1991.

[0104] Linkers may also be employed to attach the quaternary ammonium organosilane
reagent to the solid phase carrier. Linkers may include reactive groups at the point of
attachment to the quaternary ammonium organosilane reagent and/or the solid phase carrier.
Any sppropriate linker may be used in the present invention, including substituted or
unsubstituted alkylene, substituted or unsubstituted heteroalkylene, substituted or
unsubstituted cycloalkylene, substituted or unsubstituted heterocycloalkylens, substituted or
unsubstituted arylene, and substituted or unsubstinited heteroarylene. In an exemplary
embodiment, the linker group is selected from substituted or unsubstituted alkylens, and
substituted or unsubstituted heteroalkylene. In a related embodiment, the linker is selected
from unsubstituted alkylene, alkylene substituted with at least one oxy, unsubstituted
heteroalkylene, and heteroalkylene substituted with at least one oxy. In another related
embodiment, the linker is selected from unsubstituted (C;-Czs) alkylene, (C;-Cas) alkylene
subatituted with at lcast one oxy, unsubstituted 2 to 26 membered heteroalkylene, and 2 to 26
membered heteroalkylene substituted with at least one oxy.

[0105]) Other useful linkers include those having a polyester backbone (e.g. polyethylene
glycol), and derivatives thereof. A wide variety of useful linkers are commercially available
(e.g- polyethylene glycol based linkers such as thoze available from Nektar, Inc. of
Huntsville, Alabams).
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[0106] The quaternary ammonium organosilane reagent may also be non-covalently
attached to the solid phase carrier using any interaction, such as Van der Waals interactions,
hydrophobic interactions, dipole-dipole interactions, electrostatic interactions, and/or
hydrogen bonding interactions.

(0107] In an exemplary embodiment, the quaternary ammonium organosilane reagent
forms a polymeric network that partially or wholly covers the solid phase carrier. Where the
quaternary ammoniuvm organosilane reagent forms a polymeric network, the quaternary
ammonium organosilane reagent may additionally from a covalent and/or non-covalent bond
with the solid phase carrier.

[0108] The quatermary ammonium organosilane reagent typically forms a polymeric
network by covalently binding through the silane moiety. Where the silane moiety includes
at least one -OR? group, the quaternary ammonium organosilane reagent may form a silicone
polymer having a series of silicon-oxygen-silicon bonds. The silicones may be linear
polymers or cross-linked polymers. For example, where the silane moiety includes at least
two -OR* groups, the quaternary ammonium organosilane reagent may form a cross-linked
gilicone polymer wherein each silica atom forms part of at least two silicon-oxygen-silicon
bonds. Thus, polymerization may be achieved using silane reactive groups capable of
forming intermolecular covalent bonds \n_riih other silane reactive groups.

[0109] In an exemplary embodiment, the quaternary ammonium organosilane reagent is
contacted with an' aqueous liquid prior to application to the solid phase carrier. As discussed
above, useful quaternary ammonium organosilane reagents include those containing
hydrolyzable alkoxy groups bound to the gilicon atom. Upon contect with a water molecule,
the alkoxy groups (e.g. methoxy) may hydrolyze to form hydroxy substituted silicon atoms
(also referreil to herein as "silanols") with simultaneous liberation of alcohol as a by-product
of the hydrolysis (also referred to herein as condensation). The resultant compound formed
on addition of quaternary ammonium organosilanes of the above compositions are the
corresponding mono-, di-, or tri-silanol species. The reactive silanol species prepared upon
hydrolysis may form covalent silicon-oxygen-silicon bonds with other silanol species
resulting in polymeric coatings as described above. The resultant polymeric costing may be a
molecular network non-covalently and/or covalently bonded to the solid phase camrier.

[0110] It will be understood by those skilled in the art that the quaternary ammonium
organosilane coating may form three dimensional, cross-linked, water-insoluble, polymeric
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coatings which may contain some uncondensed silanol or alkoxy moietics. Monomeric,
dimeric and oligomeric specics may be present on the solid phase carrier following
application of an aqueous solution containing quatemnary ammonium organosilane reagent,
and these may bond to the solid phase carrier, whether by covalent or non-covalent
mechanisms.

[0111] The quaternary ammonium organosilane coatings formed on the solid phase carriers
retain their antimicrobial activity. They are substantive to the solid phase carriers and largely
insoluble in aqueous liquid. For example, in some embodiments, less than 10 ppb of
quaternary ammonium organosilane reagents is detectable in water after Standard 42 testing
as performed by NSF International, Ann Arbor, ML

[0112] In an exemplary embodiment, the quaternary ammonium organosilane coating has
the formula:

Aoy [ B
ISI R-I';I—R’-Z
W R

| ).

[0113] In Formula (II), A, R, R', R?, and R? are as dofined above in Formula (I). W isa
solid phase carrier as described shove. The solid phase carrier W may include a linker
moiety and/or the remnant of a reactive group. The symbol | represents an integer selected
from 1, 2, or 3. The symbols m and j represent integers independently selected from 0, 1, 2,
and 3, wherein both m and j are not simultaneously 0. The sum of m, j, and | is not greater
than four. In a related embodiment, 1is 1,2,0r3; mis 1,2, or3,andjis 1,2, 0r3. In
another related embodiment, lis 1; mis 1,2, 0rd, andjis 1,2, or 3.

Microoreanisms

[0114] The term "microorganism,” as used hercin, means an organism that, individually,
can only be seen through a microscope. The term microorganism includes, for example,
bacteria, fungi, actinomycetes, algae, protozoa, yeast, germs, ground pearls, nematodes,
viruses, prions, and algse. Thus, in an exemplary embodiment, the microorganism is selected
from bacteria, viruses (also referred to herein as bateriophages), fungi, algae, mold, yeast,
spores, and protozos parasites. The term "bacteria” includes both gram positive and gram
negative bacteria.
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[0115] Gram positive bacteria include, for example, Bacillus sp. (vegetative cell),
Corynebacterium diptheriae, Micrococcus lutea, Micrococcus sp., Mycobacterium
tuberculosis, Mycobacterium smegmatis, Propionibacterium acnes, Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus faecalis, Streptococcus mutans, Streptococeus
pneumonia, and Streptococcus pyogenes.

[0116] Gram negative bacteria include, for example, Acinetobacter

calcoaceticus, Aeromonas hydrophilia, Citrobacter deversus, Citrobacter freundi,
Enterobacter aerogenes, Enterobacter aglomera, Escherichia coli, Klebsiella oxytoca,
Klebsiella pneumoniae, Klebsiella terriena, Legionella preumophila, Morganella morganii,
Proteus mirabilis, Proteus vulgaris, Pseudomonas aeruginosa, Pseudomonas fluorscens,
Salmonella cholera suis, Salmonella typhi, Salmonella typhimurium, Serratia liquifaciens,
and Xanthomonas campestris.

[0117] Viruses include, for example, Adenovirus Type II & IV, Bovine Adenovirus Type [
& IV, Feline pneumonitis, Herpes Simplex Type I, Harpes Simplex Type II, HIV-1 (AIDS),
Influenza A2 (Aichi), Influenza A2 (Asian), Influenza B, Mumps, Parinfluenza (Sendai),
Reovirus Type I, Simian Virus 40, Vaccinia, MS2, and PRD1.

[0118] Fungi, algae, mold, yeast, and spores include, for example, Alterania alternate,
Aspergillus flavus, Aspergillus niger, Aspergillus sydowi, Aspergilius terreus, Aspergillus
versicolor, Aspergillus verrucaria, Aureobasidium pullans, Candida albicans, Candida
paeudotropocalis, Chaetomium globsum, Cladasporium cladosporioides, Chlorella vulgaris,
Dreschslera australiensis, Epidermophyton sp., Gliomastix cerealis, Gloeophyllum trabeum,
Microsporum sp., Microsporum audouinii, Monilia grisea, Oscillatoria, Penicillium
chrysogenum, Pencilllum commune, Penicillium funiculosum, Penicillium pinophilisumm,
Penicillium variable, Phoma fimeti, Pithomyces chartarum, Poria placenta, Scenedesmus,
Saccharonyces cerevisiae, Scolecobasidium humicola, Trichoderma viride, Trichophyton

interdigitale, Trichophyton maidson, Trickophyton mentogrophytes, and Trichophyton sp.

[0119] Protozoa parasites include, for example, Cryptosporidium parvum (ococysts) and
Giardi

[0120] For more detailed information regarding antimicrobial activity against gram positive
bacteria, gram negative bacteria, viruses, fungi, algae, mold, yeast, spores and protozoa
parasites, see Haino, Y. Chinese Pat. Appl., PCT/CN98/00207 (1998); Malek, J. et al., U.S.
Pat. 4,259,103 (1981); Klein, S., U.S. Pat. 4,394,378 (1983); Eudy, W., U.S. Pat. 4,406892
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(1983); Gettings, R. et al., U.S. Pat. 4,908,355 (1990) and U.S. Pat. 5,013,459 (1991); Blank,
L. et al., U.S. Pat. 5,145,596 (1992); Avery, R. U.S. Pat. 5,411,585 (1995); Blank, L. et al.,
U.S. Pat. 4,865,844 (1989); Battice, D. et al., U.S. Pat. 4,631,297 (1986); Higgs, B. et al,,
U.S. Pat. 5,359,104 (1994); Avery, R et al., U.S. Pat. 5,411,585 (1995); White, W. et al.,
Book of Papers, 12* Annual Nonwovens Tech. Symposium, pp. 13-46 (1984); McGee, J. et
al., Am. Dyestuff Rep. 6: 56-59 (1983); Dow Comning Technical Brochure; 22-994-83 (1983);
Gettings, R. et al., Book of Papers, American Association of Textile Chemists and Colorists
National Technical Conference, pp. 259-261 (1978); Dow Coming Technical Brochure, 24-
095-85 (1985); Taso, L ot al., Biotechnol. Bioeng., 34: 639-46 (1989); Taso, 1 et al., ACS
Synp.Ser. 419: 250-67 (1990); Klein, M.et al., Principles of Viral Inactivation, 3™ Ed., S.
Block, Ed., (Lea & Febiger, Philadelphia, PA) pp.422-434 (1983); Peterson, W. etal, U. S.
Patent 6,613,755; each of which is incorporated by reference in their entirety for all purposcs.

[0121] The terms and expressions which have been employed herein are used as texms of
description and not of limitation, and there is no intention in the use of such terms and
expressions of excluding equivalents of the features shown and described, or portions thereof,
it being recognized that various modifications are possible within the scope of the invention
claimed. Moreover, any one or more features of any embhodiment of the invention may be
combined with any one or more other features of any other embodiment of the invention,
without departing from the scope of the invention. For example, the features of the reagents
of the present invention are equally applicable the coatings of the present invention described
herein. All publications, patents, and patent applications cited herein are hereby incorporated
by reference in their entirety for all purposes.

Examples

[0122] The following examples are provided by way of illustration only and not by way of
limitation. Those of skill in the art will readily recognize a variety of non-critical parameters
that can be changed or modified to yield similar results.

[0123] ODTA: Octadecyldimethyl(3-trimethoxysilyl)propyl ammonium chloride.
Obtained from Wright Chemical Corp., Wilmington, NC as a 42% active material in
methanol. This material may also be named as 3-(trimethoxyzilyl)propyl-dimethyloctadecyl
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ammonium chloride. Also available as a 42% active material from Aegis Environmental
Management, Inc., Midland, MI marketed as Dow Coming® 5700.

[0124] REQUAT: 3-<(trimethoxysilyl)propyldidecylmethyl ammonium chloride. Obtained
from Sanitized Inc., New Preston, CT; Requat 1977 as a 42% active material in methanol.

[0125] TDTA: 3(trimethoxysilyl)propyltetradecyldimethyl ammonium chloride obtained
from Gelest, Inc., Tullytown, PA, Cat. No. SIT7050.0 as a 50% solution in methanol.

EXAMPLE 1.

[0126] A solution suitable for application was prepared by adding 4 parts ODTA to 100
parts deionized water with stirring. The resulting clear solution was applied to an open,
polyvinyl chloride (PVC) flat-type evaporation pan by atomized spray, insuring that all
surfaces were thoroughly wetted. The pan is allowed to air dry for 24 hours to cure the
quaternary ammonium organosilane reagents to the container surface to form a quaternary
smmonium organosilane coating. Water containing bacteria level previously measured at 107
total bacteria/ml using a BIOSPERSE® Test Kit was added to the pan in a ratio of 4.6 grams
of water per square inch of surface arca. After 30 minutes the water is sampled using a
BIOSPERSE® test kit. After incubation, 10” bacteria/ml was measured. Resampling of the
test water at 1 hour and 4 hours gave bacterial counts of 10* and <10°, respectively.

EXAMPLE 2.

[0127] A 4 oz. solution prepared according to Example 1 was added to a 1 pint tin-plated
metal test container having 3/4 inch screw top. The solution was agitated to cornpletely wet
the inside surface of the container for 1 minute and then decanted. The test container was
allowed to air dry for ons hour. Residual vapors were removed by an air purge for 5 minutes
and the container was then heated to 105 °C for one hour to cure the quaternary ammonium
organosilane reagents to the container surface to form a quaternary ammonium organosilane
costing. Water (300 g) having a high bacterial count of 107 bacteria/ml was added to the test
container. The test container was allowed to stand one hour at room temperature. After two
hours, the test water bacterial level was measured at 10’ bacteria/ml using a BIOSPERSE®
test kat.
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EXAMPFLE 3.

{0128] Two ounce containers of glass, high density polyethylene (HDPE), polypropylene
(PP) or polyvinyl chloride (PVC) were treated with an aqueous solution containing 1.5%
TDTA. The containers were heated to 100 °C for one hour to cure the quaternary ammonium
organosilane reagent to the container surfaces to form a quaternary ammonium organosilane
coating. Bach container was then rinsed with one oz. of deionized water. One ounce of water
containing 10° bacteria/ml was added to each containers and capped. After 24 hours at room
temperature, cach container was sampled and bacteria measured with a BIOSPERSE® test
kit. All containers indicated bacteria counts of 10° bacteria/ml following incubation for 24
hours.

EXAMPLE 4.

[0129] Coiled aluminum test tubing 8 fi. in length and having an internal diameter of 1/4
inch was treated with a solution of 8 parts REQUAT to 100 parts isopropanol. The tube was
filled with the solution, sealed and allowed to stand for 15 minutes. The tube was drained
and air dried with a stream of compressed air passing through the tube at a rate of 100
ml)minutefor%hom&cmthequatmnmyammoniumorgmoﬁ]mmgmtwﬂnmbm
surfaces to form a quaternary ammonium orgenosilane coating. An aqueous liquid
containing 107 unita/ml of bacteria and algae was passed through the coiled aluminnm tubing.
The agueous liquid was gravity circulated through the tubing at a rate of 5 ml/minute
resulting in contamination of <10? bacteria/ml.

EXAMPLE §.

[0130] An antimicrobial solution suitable for treatment of silicacous surfaces including
sand and zeolites was prepared by adding 67.5 grams REQUAT to a stirred solution
containing 3.375 kg deionized water and 3 grams of 3-aminopropyltrimethoxysilane. Oneo kg
of the clear solution was sprayed onto 50 pounds of #20 white silica pool filter sand over 5
minutes in a rotary mixer. The wetted material was mixed with agitation for an additional
hour and allowed to air dry 24 hrs to cure the quaternary ammonium organogilane reagent to
the sand surface to form a quaternary ammonium organosilane coating. The treated sand was
employed in a recirculating water system to reduce microbial contamination from 107
bacteria/ml to <10’ bacteria/m! in 30 minutes of operation as measured by a BIOSPERSE®
test kit.

Eopymhmhmhﬁlmmhb-mm



EXAMPLE 6.

[0131] Zeolites containing approximately 90% clinoptilolite (Ash Meadows Zeolites, LLC)
of 20-40 mesh were thoroughly wetted with a solution containing 7 parta ODTA and 93 parts
water. The wet zeolites were allowed to air dry 24 hours and then heated 2 hours at 110 *C in
a forced air oven to cure the quaternary ammonium organosilane reagent to the zeolite
surfaces to form a quaternary ammonium organosilane coating. The treated zeolites were
placed in a 2 inch PVC pipe having an overall length of 38 inches. As described below,
dechlorinated water containing known quantities of bacteriophages, bacteria, algae and
protozoa were passed through the PVC pipe containing the quaternary ammonium
organosilane coated zeolites.

[0132] The experimental apparatus consisted of a set of three filters (filter 1, 2 and 3)
sttached to « manifold, which included fittings for hose connections, and sample ports at the
inlet and outlet for each filter (see FIG. 6). An inline mixer was included in the pipe
assembly before inlet port to maximize microbial monodispersity. The challenge test water
was pumped into each filter at a flow rate of 330 ml/min using a thermally protected pump.

{0133] Prior o cach microbial challenge, the filters were flushed for 25 minutes with
dechlorinsted tap water. The flush water was dechlorinated using grarlar activated carbon
filter and chlorinc residual was measured before and after the dechlorination using Hach
method 8167.

[0134] The challenge test water was prepared by adding known number of microorganisms
into 20 liters of dechlorinated tap water in a polyprapylene container (Nalgene, Rochester,
NY). Microbes were washed with 1X phosphate buffered saline just before spiking in the
container. The challenge test water container was placed on a stir plate with a Teflon coated
stir ber and continuopsly mixed to provide homogenous distribution of microbes in the
influent water. The challenge test water was pumped into each filter using a thermally
protected pump (Little Giant Potent Pump, Oklahoma City, OK). The pump was primed
prior to use by recirculating the microbial stock solution. The hose was connected to the inlet
fitting of each filter. The pump was operated for twelve minutes for each filter. The flow
rate was measure using a 1000 mil graduated cylinder and adjusted to 330 ml/min as
recommended by CSL. Based on the hydraulic parameters of the system, each filter needed a
12-minute-run to stabilize. The cffluent samples were taken from each filter after twelve
minutes and a singlo influent sample was collected from the second filter after eight minutes,
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which represented influent concentration for the complete run. Once the experiment was
complete, the filters were again flushed for 30 minutes with dechlorinated tap water.

6.1 Bacteriophages

[0135] A series of experiments were conducted with the bacteriophages MS2 and PRD].
The effluent and influent samples were taken and diluted as described above. The samples
for MS2 and PRD1 were serially diluted and assayed using their respective bacterial hosts by
double layer agar method (Adams, M.H., Bacteriophages, Interscience, New York (1959)).
The plates were incubated at 37°C for 24 hours, at which time clear virus plaques were
counted. The results are presented in FIG. 1. The log removal and inactivation for MS2 and -
PRD1 ranged between 2.40 to 2.96, and 1.50 to 2.27 log, respectively. The over average
rernoval for MS2 and PRD1 were 2.8 and 2.0 log, respectively. The data shows that
quaternary ammonium organosilane coated zeolite can reduce the viable number of
bacteriophages in aqueous liquid. |

6.2 Bacteria

[0136] An independent series of experiments were conducted with the bacteria Xlebsiella
terriena and E. Coli (ATCC 25922). The effluent and influent samples were taken and
diluted as described above. The samples were assayed by membrane filtration techniques
using 0.4 pm pore size membrane filter. The membrane filter was placed on a selective
medium and incubated at 37°C for 24 hours, at which time bacterial colonies were counted.
The results are presented m FIG. 2(A) and (B). As shown in FIG. 2(A) and FIG. 3, consistent
removal for Xlebsiella was observed in all the filters, which ranged from 99.37% (2.2 log) to
99.60% (2.4 log) with an average of 99.50% (2.3 log). As shown in FIG. 2(B), the removal
for E. coli ranged from 99.96% (3.50 log) to 99.99% (4.39 log) with an average of 99.98%
(3.88 log). This study shows that quaternary ammonium organosilane coated zeolite can
effectively reduce the viable number bacteria in aqueous liquid.

63 Algae

[0137] Experiments were conducted with Chorella vulgaris to determine both the removal
as well as inactivation effects of the media against algae. The effluent and influent samples
were taken and diluted as described above. The samples were concentrated by centrifugation
before assaying for total removal and inactivation. Removal was determined by total
volumetric counts under microscope. The inactivation rate was determined by viability teat.
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The algal cells were digested with 2% trypsin (in hanks balanced salt solution) and stained
with Fluorescein Diacetate (Sigma Chemicals F-7378). Fluorescein Diacetate (FDA) is a
non-polar ester that passes through cell membranes. Once inside the cell, FDA is hydrolyzed
by esterases (an enzyme present in visble cells) to produce fluorescein, which accumulates
inside viable cell walls and fluoresce under UV light. A microscope equipped with both
white and ultraviolet light, was used to quantify live and dead algal cells. The results are
presented in FIG. 4. The average removal of 99.11% (2.05 log), 98.74% (1.90 log) and
98.74% (1.90 log) were observed for filter 1, 2, and 3, respectively. The average of three
inactivation measurements for filter 1, 2, and 3 were 11% (0.05%), 12% (0.06 log) and 22%
(0.11 log), respectively. However, based on individual measurements the over all range of
inactivation for the three filters was 5% (0.02 log) to 46% (0.27 log) and averaged at 15%
(0.07 log). It is clear that quaternary ammonium organosilane coated zeolite can effectively
reduce the visble number algae in aqueous liquid.

64 Protozoa Parasites

[0138] Cryptosporidium parvum oocysts were obtained from the Sterling Parasitology
Laboratory at the University of Arizona, Tucson, Arizona, and were used to determine the
efficacy of removal or inactivation of infectious cocysts. The removal of Cryptosporidium
parvum oocysts was determined by Hemacytometer counts on concentrated samples,
whereas, the number of infectious oocysta were determined by infection foci detection
method using cell culture technique with the most-probable-number assay (FDM-MPN)
(Slifko et al., Applied Environmental Microbiology, 65:3936-3941 (1999). The results are
presented in FIG. 5.

[0139] The cumulative removal/inactivation of infectious C. parvim ococysts averaged at
97.9% (1.68 log) for all three filters. The removal and inactivation performance by each filter
were 95.4% (1.34 log), 99.3% (2.15 log), and 98.9% (1.96 log) for filters 1, 2, and 3,
respectively. The removal (only) of oocysts averaged at 71.3% (0.54 log) with an individual
ramoval of 75.9% (0.62 log), 65.5% (0.46 log), and 72.4% (0.56) for filters 1, 2, and 3,
respectively. The study indicates that quaternary ammonium organosilane coated zeolite can
effectively reduce the viable number protozoa parasites in aqueous liquid.
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1. A method of reducing or eliminating the viable number of
microorganisms in a liquid, said method comprising contacting said liquid with a solid
phase carrier coated with a quaternary ammonium organosilane coating.

2. A method in accordance with claim 1 in which said quaternary

organosilane coating is produced from a quaternary ammonium organosilanc reagent
having the formula:
[ w

Aga” st:—n!a—n’- z
R~
wherein:

A is a member independently selected from the group cor sisting of -OR®,
substituted or unsubstituted alkyl, substituted or w1 substituted heterocalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or
unsubatituted heteroaryl,
wherein R* is a member selected from the group consisting of hydrogen,

substituted or unsubstituted alkyl, substituted or unsubstitutad
heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl;

R is a member selected from the group consisting of substituted or unsubstituted
alkylene, substituted or unsubstituted heteroalkylene, substituted or
unsubstituted cycloalkylene, substituted or unsubstituted
heterocycloalkylene, substituted or unsubstituted arylene, and substituted
or unsubstituted heteroarylene;

R!, R?, and R? are members independently selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, and
substituted or unsubstituted heteroaryl;
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iodide, tosylate, hydroxide, sulfate and phosphate; and

nis 1,2 or 3.

3 A method in accordance with claim 1 in which

A is a member independently selected from the group consisting of -OR",

substituted or unsubstituted (C;-Cig)alkyl, substituted or unsubstituted 2 to

10 membered heteroalkyl, substituted or unsubstituted (Cs-Cr)cycloalkyl,

substituted or unsubstituted 5 to 7 membered heterocycloalkyl, substituted .

or unsubstituted aryl, and substituted or unsubstituted heteroaryl;

wherein R* is a member selected from the group consisting of hydrogen,
substituted or unsubstituted (C,-C,g)alkyl, substituted or
unsubstituted 2 to 10 membered heteroalkyl, substituted or
unsubstituted (Cs-C;)cycloalkyl, substituted or unsubstituted 5 to 7
membered heterocycloalkyl, substituted or unsubstituted aryl, and
substituted or unsubstituted heteroaryl;

R is a member selected from the group consisting of substituted or unsubstituted

(C1-C)0) alkylenes, substituted or unsubstituted 2 to 10 membered
heteroalkyene, substituted or unsubstituted (Cs-C;)cycloalkyene,
substituted or unsubstituted 5 to 7 membered heterocycloalkylene,
substituted or unsubstituted arylene, and substituted or unsubstituted

heteroarylene; and

R', R?, and R? arc members independently selected from the group consisting of

hydrogen, substituted or unsubstituted (C,-Czq)alkyl, substituted or
unsubstituted 2 to 20 membered heteroalkyl, substituted or unsubstituted
(Cs-Cs)cycloalkyl, substituted or unsubstituted $ to 7 membered
heterocycloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl.

4. A method in accordance with claim 3 in which

each subatituted alky!, substituted heteroalkyl, substituted cycloalkyl, substituted

heterocycloalkyl, substituted aryl, and substituted heteroaryl are
substituted only with at lcast one substituent independently selected from
the group consisting of -OH, unsubstituted (C,-Cs)alkyl, unsubstituted 2 to
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A

S membered heteroalkyl, unsubstituted (Cs-C7) membered cycloalkyl,
unsubstituted 5 to 7 membered heterocycloalkyl, unsubstituted aryl, and
unsubstituted heteroaryl; and

said substituted alkylene, substituted heteroalkylene, substituted cycloalkylene,

substituted heterocycloalkylene, substituted arylene, and substituted
heteroarylene are substituted only with at least one substituent
independently selected from the group consisting of -OH, unsubstituted
(Cy-Cs)alkyl, unsubstituted 2 to 5 membered heteroalkyl, unsubstituted
(Cs-Cy) membered cycloalkyl, substituted 5 to 7 membered
heterocycloalkyl, unsubstituted aryl, and unsubstituted heteroaryl.

5, A method in accordance with claim 3 in which

each substituted alkyl, substituted heteroalkyl, substituted cycloalkyl, substituted

heterocycloalkyl, substituted aryl, and substituted heteroaryl are
substituted only with at least one substituent independently selected from
the group consisting of -OH, unsubstituted (C;-Cj)alkyl, unsubstituted (Cs-
C;) membered cycloalkyl, and unsubstituted phenyl; and

said substituted alkylene, substituted heteroalkylene, substituted cycloalkylene,

substituted heterocycloalkylene, substituted arylene, and substituted
heteroarylene are substituted only with at least one substituent
independently selected from the group consisting of -OH, urisubstituted
(C1-Cs)alkyl, unsubstituted (Cs-C;) membered cycloalkyl, and
unsubstituted phenyl.

6. A method in accordance with claim 3 in which

each substituted alkyl, substituted heteroalkyl, substituted cycloalkyl, substituted

heterocycloalkyl, substituted aryl, and substituted heteroaryl are
substituted only with at least one unsubstituted {(C;-Cj)alkyl; and

said substituted alkylene, substituted heteroalkylene, substituted cycloalkylene,

substituted heterocycloalkylene, substituted arylene, and substituted
heteroarylene are substituted only with at least one (C,-Ca)alkyl.

7. A method in accordance with claim 3 in which

A is a member independently selected from the group consisting of -OR,

unsubstituted (C,-C)o)alkyl, unsubstituted 2 to 12 membered heteroalkyl,
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unsubstituted (Cs-Cy)cycloalkyl, unsubstituted 5 to 7 membered

heterocycloalkyl, unsubstituted aryl, and unsubstituted heteroaryl,

wherein R* is 2 member selected from the group consisting of hydrogen,
unsubstituted (C,-Cio)alkyl, unsubstituted 2 to 12 membered
heteroalkyl, unsubstituted (Cs-Cy)cycloalkyl, unsubstituted S to 7
membered heterocycloalkyl, unsubstituted aryl, and unsubstituted
heteroaryl;

R is a member selected from the group consisting of ungubstituted (C;-
Cio)alkylene, unsubstituted 2 to 10 membered heteroalkylene,
unsubstituted (Cs-Cy)cycloalkylene, unsubstituted 5 to 7 membered
heterocycloalkylene, unsubstituted arylene, and unsubstituted
heteroarylene;

R', R?, and R? are members independently selected from the group consisting of
hydrogen, unsubstituted (C,-Cao)alkyl, hydroxy-substituted (C,-Cxo)alkyl,
amine-substituted (C,-Cap)alkyl, unsubstituted 2 to 20 membered
heteroalkyl, unsubstituted (Cs-C7)cycloalkyl, unsubstituted 5 to 7
membered heterocycloalkyl, unsubstituted aryl, and unsubstituted
heteroaryl.

8. A method in accordance with claim 3

A is 8 member independently selected from the group consisting of -OR*,
unsubstituted (C;-C)o)alkyl, unsubstituted 3 to 12 membered alkylether,
unsubstituted (Cs-C;)cycloalkyl, and unsubstituted phenyl,
wherein R* is a member selected from the group consisting of hydrogen,

unsubstituted (C,-C)o)alkyl, unsubstituted 3 to 12 membered
alkylether, unsubstituted (C,-C-;)cyploa.lkyl. and unsubstituted
phenyl;

R is unsubstituted (C,-Cio)alkylene;

R', R?, and R? are members independently selected from the group consisting of
hydrogen, unsubstituted (C;-Cao)alkyl, unsubstituted alkylether, hydroxy-
substituted (C,-Cao)alkyl, amine-substituted (C;-Cao)alkyl, unsubstituted
(Cs-C;)cycloalkyl, and unsubstituted phenyl.

9. A method in accordance with claim 3 in which
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A is a member independently selected from the group consisting of -OR*,
unsubstituted (C;-C4)alkyl, unsubstituted 3 to 8 membered alkylether,
unsubstituted (Cs-C;)cycloalkyl, and unsubstituted phenyl,
wherein R* is a member selected from the group consisting of hydrogen,

unsubstituted (C;-Cg)alkyl, unsubstituted 3 to 8 membered
alkylether, unsubstituted (Cs-C7)cycloalkyl, and unsubstituted
phenyl;

R is unsubstituted (C,-C,g)alkylene;

R!, R?, and R? are members independently selected from the group consisting of
hydrogen, unsubstituted (C,-Czg)alkyl, unsubstituted alkylether, hydroxy-
substituted (C,-Cazo)alkyl, amine-substituted (C;-Cag)alkyl, unsubstituted
(Cs-Cy)cycloalkyl, and unsubstituted phenyl.

10. Amdinmﬁﬁcm3inmcil
A is a member independently selected from the group consisting of -ORY,
unsubstituted (C;-Cy)alkyl, and unsubstituted 3 to 8 membered alkylether,
wherein R* is a member selected from the group consisting of hydrogen,
unsubstituted (C,-Cs)alkyl, and unsubstituted 3 to 8 membered
alkylether,
R is unsubstituted (C,-Cio)alkylene;
R!, R?, and R? are members independently selected from the group consisting of
hydrogen, unsubstituted (C,-Czo)alkyl, unsubstituted alkylether, hydroxy-
substituted (C;-Czo)alkyl, and amine-gubstituted (C,-Cag)alkyl.

. 11. - A method in accordance with claim 10 in which R', R?, and R? are
members independently selected from the group consisting of —(CHa){OCHj3, {(CH;);OH,

~CH3),O(CH;)CHj, (CH){NHCH;, {CHa);NH3, (CHz)N(CH;); and
«CH3){NHz(CH,)/{CHa, wherein q and t are integers independently selected from 0 to 10.

12. A method in accordance with claim 10 in which R, R?, and R’ are
members independently selected from the group consisting of -CH2CH,OCH; and
-CH,CH2OCH2CH2CH;,
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13. A method in accordance with claim 10 in which R!, R?, and R? are
members independently selected from the group consisting of ~-CH2CH0H and
-CH,CH;CH;CH(OH)CHi.

14. A method in accordance with claim 10 in which R', R?, and R® are
members independently selected from the group consisting of -CH;CH;NH; and
-CH,CH;N(CH,),.

15. A method in accordance with claim 10 in which R!, R?, and R® are
members independently selected from the group consisting of methyl, octadecyl, didecyl,
and tetradecyl.

16. A method in accordance with claim 2 in which said quaternary
ammonium organosilane reagent is 3-(trimethoxysilyl)propyldimethyloctadecyl
smmonium chloride.

17. A method in accordance with claim 2 i:iwhichuidquatanﬂ'y
ammonium organosilane reagent is 3-(trimethoxysilyl)propyldidecylmethyl ammonium
chloride.

18. A method in accordance with claim 2 in which said quaternary
ammonium organosilane reagent is 3-(trimethoxysilyl)propyldimethyitetradecyl
ammonium chloride.

19. A method in accordance with claim 1 in which said liquid is
contacted with at least one additional solid phase carrier coated with a different
quatemary emmonium organosilane coating.

20. A method in accordance with claim 1 in which said
microorganisms are member selected from the group consisting of gram-positive and
gram-negative bacteria.

21. A method in accordance with claim 1 in which said
microorganisms are viruses.

22. A method in accordance with claim 1 in which said
microorganisms are fungi.
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23. A method in accordance with claim 1 in which said
microorganisms are a member selected from the group consisting of algae and mold.

24, A method in accordance with claim 1 in which said
microorganisms are yeast.

25. A method in accordance with claim 1 in which said
26. A method in accordance with claim 1 in which said liquid is a
member selected from the group consisting of water and aqueous solution.

27. A method in accordance with claim 26 in which said solid phase
carrier comprises a material selected from the group consisting of glass, silica, sand,
quartz, flint, zeolite, anthracite, activated carbon, gamnet, ilmenite, berm, non-hydrous
aluminum silicate, oxides of iron and titanium, diatomaceous earth, pozzolan, metal,
ceramic, and organic plastic.

28. A method in accordance with claim 1 in which said liquid is
contacted with an additional solid phase carrier, wherein said additional solid phase
carrier comprises a different material than said solid phase carrier.

34

Copy provided by USPTO from the IFW Image Database on 05/20/2008



108
&b

Attomney Docket No.: 020511-000310US

ANTIMICROBIAL QUATERNARY AMMONIUM ORGANOSILANE
COATINGS

ABSTRACT OF THE DISCLOSURE
The present invention provides novel solid phase carriers coated with a
quaternary ammonium organosilane coating for use in reducing or eliminating the viable
number of microorganisms in a liquid. The invention is useful in a wide varicty applications,
such as water purification and reguction of harmful microorganisms in liquid foodstuffs.
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)
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e acknowiedge the duly to discioss to the Unked States Patent and Trademark Office a information known to me/us to be
matarial to patenisbiity as defined In 37 CFR 1.58, Inchuding for continustion-in-part applicetions, material information which
becemes avaliable hetween the fling dele of the pror applicstion and the natlonsl or PCT Intemnstional fiing date of the
continuation-in-part sppication.

All stetwmants made herein of myfour own knowlsdge ane true, afl stetements made harein on information and beliaf are belisved
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patent asuing thereon.
FULL NAME OF INVENTOR(S)

Inventor 1 Wiliam Peterson Date:

Signetura: ' Chtizen of _ United States
Irventor 2 Renes E. Barman Daie:

Signature; Clizen of: _ United States
dnventor 3 Date:
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Inventor 4 Date:
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Copy providad by USPTO fram the IFW image Database on 08/20/2000



Applicant Information
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Applicant Authority Type:: Inventor
Primary Citizenship Country:: us
Status:: Full Capacity
Given Name:: William
Middle Name:: _
Family Name:; Peterson
Name Suffix::
City of Residence:: Phoenix
State or Province of Residence:: AZ
Country of Residence:: us
Street of Mailing Addreas:: 3126 E. Amber Ridge Way
City of Malling Address:: Phoenix
State or Province of mailing address:: AZ
Country of mailing address::
Postal or Zip Code of mailing address:: 85048
Applicant Authority Type:: Inventor
Primary Citizenshlp Country:: us
Status:: Full Capacity
Given Name:; Renee
Middle Name:: E.
Family Name:: Berman
Name Suffox::
City of Resldence:: Chandler
State or Province of Residence:: AZ
Country of Residence:: us
Street of Malling Address.: 1600 N. Saba St., #110
City of Mailing Address:: Chandler
State or Province of mailing address:: AZ
Page 2 Initial 5/19/04

Copy provided by USPTO from the IFW image Datsbass on 05/28/2008
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Country of malling address::
Postal or Zip Code of mailing add_mss:: 85225

Correspondence Information

Cormreapondence Customer Number:: 20350

Representative information
Representative Customer Number: 20350

Domestic Priority information

Application:: Continﬁity Type:: Parent Application:: Parent Filing Date::
This Application An Appn claiming 60/472,429 May 22, 1003
benefit under 35 USC
119(e) of

Foreign Priority information
Country:: Application number:: Filing Date::

Assignee Information

Assignee Name::

Stréet of mailing address::

City of mailing address::

State or Province of mailing address::
Country of maliling address::

Postal or Zip Code of mailing address::

Page 3 Initial 5/18/04

Copy provided by USPTO from the IFW image Dalsbase on 05282000
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UNITED STATES PATENT AND TRADEMARK OFFIGE /’//J‘// -4 c/?//yfﬁ.ﬂ

SITED STATES DEFARTMENT OF

Ustteml Hustim Putont sotd Tredumark Offim
m%ﬁm FOR PATENTD
Alnuclrs,

-“MP 1313-14%0
APPL NO, F'”g)"n%‘g" ART UNIT { FL FEE RECD ATTY.DOCKET NO lnnmnnaa TOT CLMS | IND CLMS
10/850,121 05/19/2004 1615 522 020511-000310US 6 28 1
CONFIRMATION NO. 9980
%%ﬁngEND AND TOWNSEND AND CREW, LLP /UPDATED L R
TOSEND D TOUSEND M CREW. T
EIGHTH FLOOR

SAN FRANCISCO, CA 84111-3834

Date Mailed: 10/04/2004

Recesipt Is acknowledged of thiz regular Patent Application. It will be consldered in its order and you will be
notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. Fees transmitted by
check or draft are subject to collection. Please verify the accuracy of the data presanted on this receipt.  an
error Is noted on this Flling Recelpt, plsase write to the Office of Inltial Patent Examination's Filing
Receipt Corrections, facsimlle number 703-746-9195. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you recelved a "Notice to Flle Missing Parts” for this application, please submit
any comractions to this Filing Recelpt with your reply to the Notice. When the USPTO processes the reply
to tha Notice, tha USPTO will generate another Flling Receipt incorporating the requested corrections (if
appropriate).

Applicant(s)
Wiiilam Peterson, Phoenix, AZ;
Renee E. Berman, Chandler, AZ;

Assighment For Published Patent Application
COATING SYSTEMS LABORATORIES, INC.

Power of Attorney: None

Domestic Priority data as claimed by applicant
This appin claims benefit of 80/472 428 05/22/2003

Foreign Applications

If Required, Forelgn Filing License Granted: 07/19/2004

The number of your priority application, to be used for flling abroad under the Paris Convention Is,
US10/850,121

Projected Publication Date: 01/13/2005

Non-Publication Reguest: No
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Lwdustriny Comercio
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FORMULARIO UNICO DE SOLICITUD DE PATENTE

PCT
ENTRADA EN FASE NACIONAL
1 SOLICITUD DE:
[[x] Patents de invencién [ ] Patente de Modelo de Uitlidad
[] Ccopludal [X] Copittot
Nombre: COATING SYSTEMS IDENTIFICACION
2 LABORATORIES, INC. y NORTHERN
GRAVEL COMPANY
SOLICITANTE  |Direccion: 221 East Chilton Drive y cce [ v []
1) Petiibone Avenue
erdamldad o domicifio: Chandel, Arizona y cE. [] oo D
. Muscatine, lowa
(E.UA) Cual
iLuglr de Constilucién: Nomero
[Nombre: LU FELIPE GASTILLO GIBSONE IDENTIFICACION
3 cc E NIT
IDireccion:  Carrera 13 No. 3743 Pea 12
REPRESENTANTE ce. [] owo []
APODERADO  [Teldfono: 28574680 Fax 2859267 Cual
ﬁE-m-II info@@castilogray.com

Ndmero 76.397.879 de TP 66.985 del

Bogot C.8.J.
INombro: Willam PETERSON - Renee E. BERMAN
4
INVENTOR(ES) {Direccidn: 3128 E. Amber Ridge Way - 1600 N. Saba St #110
72)
INldonalldad o Domiclio: Phosnix, AZ. - Chandler, AZ. (E.U.A)
[ P }]
Solicitud Intemacional No. PCT/US2004/15853 Fecha: 18/05/04
Publicacién intemacional No. WO 2004/105687 A3 Fecha: 08/12/04

] Thulo (64) RECUBRIMIENTOS ANTIMICROBIANOS DE ORGANOSILANO AMONIO CUATERNARIO

1zl

(4 Clasificacién Intemnacional (1) ASIK /14

5 Prionidad B3] Pais deorigen . 1 32 Tocha T31T Namero do Sotiofud '
EUA 22.05.2003 60/4T2 420
s K] n []
' ) Comprobante de pago N°: . Fecha:

instrucciones para el diigenciamiento del presente formulario, ver reverso de esta pigina.

2020-F08 (01-11-15)



ANEXOS
Comprobante de pago de la tasa de presentacidn de la solicitud
Documento que acredita la exdstencla y raprhentndén legal cuando el solicitante sea persana juridica.

Poderes, s fuere el caso

Certificado de existencia y representacidn legal cuando el solicitante sea persona juridica
Documento de Cesidn del Inventor al solicltante o a su acusante

Declaraciones

Copia de la solicitud Internacional. (Resumen, descripcidn, reivindicaciones, dibujos)
Traducclén de la solicitud intemacional el castellano. (Resuman, descripcidn, relvindicaciones, dibujos).
Copla del examen preliminar efectuado por la IPEA.

Traduccién del examen preliminar efectuado por la IPEA.

De ser el caso, copla del contrato de acceso.

De ser el caso, documento que acredite la licencla o autorizacién de uso de conocimientos
tradicionales de las comunidades indigenas.

De ser el caso, certificado de depésito de material biolégico.

Arte final 12 x 12

De ser ol caso, informacién sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el
mismo titular o su causante, relacionadas parcial o totaiments con la invencién de esta solicitud.

O 000 0000300000068

Otros
1 FIGURA CARACTERISTICA
12 Solicito la concesidn de m.

NOMBRE: LUIS FELIPE CASTILLO GIBSONE

FIRMA:
C.C. 70'397.879 " T.P. 68,905
de Bogoté del C.8.J.

Iinstrucciones para (a presantacién de low anexos, ver reverso de ests pigina

020-F06 01-11-18)

122



