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SILICA MICRO- AND NANO-CAPSULES AND METEODS FOR MAKING
THEM

Field of the Lyvention

5 The present invention relates © emulsion-templated silica micro- and nano-capsules and
methods for making them. o particular, the womplate ersulsion i3 stabilized by a8
biosurfactant that also assists i nuclesting the silice shell. Mingralizing biosurfactants and
siabilized wicro- and nanc-emulstons usefial in forming the evndsion-templated micro- and
nano~capsules, and methods for the use of the silica micro- and nanc-capsules are also

¥y desoribed.

Eaekgmuﬁd of the Invention
The fabricatinn of silica nanccapsules has attractad much research and industiial interest
owing feo their unigue morphology and diverse applications {Low, 2008, Guerrero-
15 Martinez, 2000, Schinll, 2010y The core-shell structure sliows eocapsulation of
fluorsseent matenials (Burns 2008), magnetic nanoparticles (Lu, 2007} and drugs {Barbg,
2004y i the core domain for moaging, seosing, and drug debivery, with a higher foading
capacity than an equivalent solid nanoparticle. The silica shell 15 coginesred around the
core to provide: (i) a profective envelope with chewical and wechanical stability for
20 storage and delivery, (i1} scoessible pathways for adscrption, separation, and sustained
release; and (11} ease of surface wodification with optical, magpetic, and/or biological
functionalitics enhancing the performance of nanceapsules for applicationy including

piolabeling, controlied release, and tarpeted delivery,

2% Hard- and soft-templating approaches are commonly emploved to constmcr silica
nanocapsuies. Hard templating of polystyress latex spheres, for example, has been
performed utilizing layver-by-laver assembly {(Caruss, 1998}, sodium silicars water-glass
methodology (Cornelissen, 2000} and the Stober synthesis (Kong, 2000} As an alternatve
t¢ hard particie cores, soft emudsion droplets offer 3 number of advantages. Harsh

30 processes {eg., theral decomposition and chemical dissclotion) necessary for complete
removal of the solid cote we avolded and loading of @ cargo is simplified as it can be

sodubibized in the core prior to shell formation (Havashi, 2011 Chen, 2008, L, 2010, Sol-
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geb routes, mcleding selftemplating of an organositics precursor (Havashi, 2011 and
infertasial polveondensation of hydrolvzed sihicon alkoade on ionie (Chen, 2008, Zhag,
2009, Li, 2010; Kuwaharg, 2012} and non-ionie surtactants {Underluil, 2002, Jovanovie,
20053 have been developed 1o synthesize silica shelly on otlin-water {O7WY emulsions
5 the nanpmeter range. However, these soft-templating approaches variously incorporats
steps generafing adverse effects on the environment and Mologically functional eargoes,
for exanple, the use of extreme pHy sadior clevated temperatores or pressures, and
involving chemical surfaciants and oils that bave Rmited pharmacauticsl corapatibility. An
alternative pathway o sthca microcapsules and nanocapsules using more benign reaction
19 conditons and biccompatible components would, for some applications, remove

setrictions inherent in current approaches.

Biomimetic templating offers mild processss (e, &t near-segiral pH and ambient
conditions) for the synthesis of silica-based materials as revealed by silics mineralization
1S im organisms (Morse, 1999) However, there are no current SMomimetic routes to enudsion-
templated silics micro- angd nano-capsules. A key Hmutanion seems to be the dentification
of iﬁsimmn};aff.ihia agents {e.u, blomoleonles) that can both stabilize an emudsion template

and catalyze g silisfication reaction.

20 There s a need tor a smple, less barsh method of muking silica mioro- angd nano-capsules
that can be used m ;ieiivm}r of drugs, proteins, nanoparticles, pesticides, horbicides, and
fhiorescent o spio-reaponsive molecules for therapsutic, diagnostic, agriculiural and

enviponmental applications.

o)

Sunupary of the Invention

3
L

The present invention i predivated v part on the discovery of blosurfactants that stabilize

nancemulsions can bg used © nucleste silica on the sisbilized nanogmulsion thereby

o

formsing sibica nanocapsuies

3 Inoa first aspect of the fnvention thers 13 provided @ mineralizing blosurfactant comprising
i} a surface-active polypepiide module at least 6 amino acid residues in

length and
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i) a charged peptide module S to 40 amino acid residues in length
R . ey o R P, - a S S5 | I < 8 g o 3 ¥
comprising at least oue hydrogen bond donating amine sctd residue and

at least one positively charged amino acid residue;

wherein the surface-sctive polvpeptide mothide and the charged peptide module avs

conjugated 1 one another,

In ancther aspect of the invention there is provided s stabilized micrcemudsion or
nancemulsion comprising an vil phase, an agueous phase and & mineralizing Boserfactant
of the tnwvention, wherein the nuneralizing blosurfactant s located at the tnterface batwaen

the ml and agueous phases,

In a fether aspect of the present invention, there ix provided a silica micro- O nano-
capsule comprising:
i) art oif core stabilized by a surface film of mueralizing biosurfactant of the
irvention: and

it} a stlica shell encapsulating the stalnlized ol core.

In another aspedct of the invention there is provided a method of making 4 stlica nucre o
gano-capsule covaprising the steps of

forming a sabilized micrcemulsion o nanosmulsion by muxine a
o - Pl

composition comprising:

2} an oil phase;
by an sgueous phase: and
o} a mineralizing biosurfactant of the invention; and
it} maxing the microentulsinn or nancemulsion with sihica or a silica precursor.

In g ver funther gspect of the invemtion there is provided a composition comprising the

migrn- of nane-capsules ofthe invendion and a carrier,

In another aspect of the invention there is provided a use of the wicro- or nano-capsules of

the invention to deliver & componnd $0 & buman, antmal, pest or envirenment.
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Brief Description of the Figures

Figure 1 15 2 schematic diagram showing the strategy for preparation of the emulsion-
templated silica nanccapsules comprising a mineralizing biosurfactant. The mineralizing
biosurfactant is comprised of a surface-active polypeptide module (Sury and a charged

5 peptide module {Si}\ Step (D sonigation of Mighvol® 812 ol in g Sur®i sobution followed

by ralysis;, Step {0 adduion of tetrasthoxysiiane {TEOR) 1o nanoemudsion (bottom paned
showing possible molecular interactions between peptide side chain groups and silica

speciea); Step (H1) nterfacial polveondensation of silica specien.

1 Figure Z i3 3 graphical representation of the effect of 7 N concentration (Croogt and
reaction time () on the diamster of the nanocapsules prepared from a nanpenulsion
stabilized by SEQ ID NOSS in 25 md HEPES buffer, pH 75 (lefi panel), A
photographic representation showing TEM mnagss of individual stlica nanccapsules fight
panci} produced at pH 7.5 after 50 hours reaction of the nancemulsion with 20 mM (op),

15 A0 M {vddie) and 30 mM (bottom) TEOS 1n 25 mM HEPRES buffer. Scale bars are 56

FENLER

Figure 3 is a photographic representation showing TEM images of silics nanccapsules
produced at pH 7.8 after 30 houss reaction of pancemulsion stabilized by SEQ D NOC 156
20 with TEOS in 25 ;oM HEPES buffer gt 2 TEOS concentraticn of a) 20 oM and b} 40 mM.

Scale bars are 100 nm,

Figure 4 18 a photographic representation of TEM lmages of silica nanccapsales produced
at pH 7.5 after a) 20 hours, b} 30 bowrs, ¢ 40 hours and d) 30 howrs resction of
2% nanoemulsion stabilized by SEG 1D NO1S6 with 80 mM TEGS 1n 25 mM HEPES buffer.

Scale bars are 100 .

Figure 5 i a photographic represeration of TEM images of silica nanccapsules produced
at pH a) 7.5 and by pH § after 20 hours reaction of naneemulsion stabilized by SEQ ID
3 NOCTSS with 0 mM THOS in 25 md HEPES baffer. Scale bars are 200 nm.
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Figure 6 15 a photographic represendation of TEM jmages of silies nanceapsudes loaded
with 0,05 mg/ml Apronil in Miglvol® 312 off produced at pH 7.5 after 30 hours reaction
of fiprontl-loaded nanoemulsions stabilized by SEQ ID KO T56 with a3 40 md, b)Y R0 mM

and ) 240 wh TEOS in 23 mM HEPES bufter, which resuliad fn silica nanccapsules

e

3

having 8 = 2 nm, 25 £ 3 nm and 44 £ 7 am shell thicknesy respectively. Scale bars are 200
By

=3

Figure 7 i3 a graphical representation of the efficacy of sihea vanccapsules loaded with
0.08 myg/mL fiprontl in Miglvol® 812 ol having 8 = 2 am (QO3F-NCBY 25 = 3 nm (G058
WOZ3Y and 44 4 7 pm (QOSF-NC44y shell thicknesses compared to Milli-Q water
{zomtroly, £.03 me/ml Spronti-loaded nancenulaion sabilized by SEQ 1D NO1S6 (G0O5F-
MEY and conuoercisily avaldable Teomidor® contaimng 005 myg/mi. Hprontl after direct

treaiment agatngt worker termites of Copfofermes acinuciformis,

Figure 8 is a graphical representation of etficacy of atlica nanovapsules loaded with 1
meimi. fipronil in Miglyol® 812 oil having 44 & 7 am slica shell thickoess (1F-NT44) as
compared to Mill-0 water (control} and commerciaily avalable Teroidor® contaning 1
mp/mbl fipronil after a Teeding troatment against worker and soliier fenmites of

Copoternes aoingoiformis

Figure 2 provides block flow diagrams of the purification processes nsed to obtain high
purity peptide of SEQ D NO: 157 (a) Precipitation-based murification process and
followed by () chromatography-based purification process,

Figure 10 15 g photographic representation ot SDS-PAGE analysis of SEQ 1 NG, 187
after heating/cell vsis, contaminant precipitation and ditute precipiiation steps, and IMAL
puriticgtion step. (Lane 1) Towal protetn; (Lane 23 Resuspemded presipitate and {Lane 3)
supernatant after heating/eell lysis and contarmuant precipitation step; (Lane 43 Splubilized
pricipitate after dilute preipitation step; (Lane &) Pass-through fraction, (Lang 6 washing
fraction and (Lape 7) collected clution fraction after IMAL purification step; (Lang 8)

Novex® Sharp Pre-stain MW laddar
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Figure 11 13 a graphical representation showing purification of SEG D Ne 1587 by {a)
imanobilized  metl o aflinily cdromatography (IMACY and (b)Y dessiting
chromatography.

5 Figure 12 is a graphicel representation showing analysis of high purity SEQ I NG 137
by using {8} reversed-phase bigh performance Hguid chromatograghy (RP-HPLO) and (B

mass spectromeatry (M8},

Figure 13 is & photographic representation showing TEM images of silica nanccapsules

3 NG 157-stahilized naposmulsions

{1 vyt Milgyod® 512 oil) with 80 sl TEOS in 25 ;b HEPES buffer. Scale baris 208

1 produced at pH 7.5 after 20 kowrs reaction of SEQG

RS N

Betailed desoription of the Invention
s 1 Prefinitions
Unless detined otherwise, all technical and scientific terms used herein have the same
meaning as commuonly understood by those of ordinary stall in the aot o which the
invention belongs Although say nsetheds and matenials similar or gquivalent o thoss
desertbed herein can be used 1 the prachee ot testing of the preseot wvention, preferred
20 methods and reatentals are desoribed. For the puwrposes of the present invention, the

foliowing terms are defined below.

The articles "o and "an™ are used berein to refor to one or to more than one (Le. to gt least
one of the grammatival object of the article. By way of example, “an element” means one

2% glement or more than one clement.

As used herein, the torm "ehow™ refers 0 & quantity, lovel, value, dimension, size, or

amount that varies by as mueh as 30%, 258%, 20%, 15% or 10% to 3 veference guantidy,

level, value, dimension, size, or amount.
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The tervo “appfopfalic” vefers 1o molecules baving both hydrophilic and hydrophobic
regions, The term amphiphilic i synonymous with "amphipathic” and these terms may be

used iterchangesbly.

Throughout this specification gnd the clainss which follaow, unless the context requires
otherwise, the word “copgedse”, and vanations such as “vomprises” and “comprising”,
will be understood to imply the mclosion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of inlegers or steps.

The term “pdrophilic” refers to a moleculs or portion of 8 molecute that 15 attracted to
water and pther polar solvents. A hydrophilic moleonle or portion of 2 moleculs is polar
and/or charged or has an ability 1o Torm interactions such as hedrogen bonds with water or

polar sofvents,

The term “Awfrophode” refers to g wolecule or porfion of a molenule that repels or i
repelled by water and other polar solvents. A hydrophobic meolesule or portion of a

motecude is non-podar, does not bear a charge and 18 attracted {0 von-polar solvents,

As nsed herein, the lerm “awdne acikd’ refers 1o an c-aminn acid or a Bamine acid and
may be g L- or D- isomer. The amine actd may have a naturally ocowring side chain {see
Table 1) or ¢ novengturally socorring side chain (see Table 2). The amino acid may also be
further substitoled s the o-position or the PB-position with a groap selected from
Ui, {UHRRUOR,, ACHDR,, -POSH, (CHy hetercovelyl o (O aryl whers
Ky is -OH, -NH,, -NHCO-Caalbyl, -O0-Caalkyl or -O-Caallod and Ry s -OH, -SH,
~S0-Csalkyl, T Lratkyd, SCs-Upoycloatiovl, -, ~NHEC ~Caalkyl or
SNHO(C=NE NI and where each alkyl, cvolealkyi, arvl or hoterocyelvl group may be
substitoted with oue or more groups selected from -QH, -NH;, -NHC;-Cialkyl,

O -Coalkeyl, -8H, -SU-Caalkyl, -COH, -CUG0-Caalkyd, ~COMNH, or -CONHC -Caallod,

Amine acld structre and single snd three letter abdweviations used thronghout the
spectiication are defined in Table 1, which lists the twenty naturally occurring amino acids

which ocour in proteins as L4somers,
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Aming Acid

Three-teiter

Abbreviation

One-fetter

symbol

Structure of side chuin
{1}

Alanine

Als

A

£ H

Arginine

Arg

R

ACH R NHOEN N,

Asparagine

Asn

HHL OO

Aspartic acid

Azp

D

~UHR OO

Cysietng

{ys

C

SCHLSH

Chutamine

{3in

Q

{CH RCONH,

Glutamio acid

Gly

E

SCH pCOH

Glyoine

Gly

G

~H

Hisidine

Hig

H

CHa{4-imidazolyd}

fsoleuoing

e

f

SCH{CHDCHCHY

{sucing

L

CHUHCH

Lysine

K

LCH W NH;

Methionine

M

S CH B SUH;

Phenvislanine

g

CH:Ph

Peolins

})

see formula (2) sbove for
sivacture of amino actd

Serine

SCHLOH

Thraonine

CH(CH,OH

Tryptophan

~CHo{ 3-indolyl)

Tvrosine

SCH{d-hvdrovyphenyl)

Vagltoe

CHICH: %
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The term “omanine acid” as used heretn, refers to 4 compound baving an anino group and
& carboxyl group o which the grotne group snd the carboxyl group are separated by a
single carbon atom, the g-varbon atom. An o-amine acid includes naturally cccurring and
aon-naturally ocourring Leansing acldy and their Dasomers and denvatives thereof such as
salts or derfvatives where functional groups are protected by suligble protecting groups.
The graminn acid may also be further substtuted n the a-postiion with 3 group selecied
from -Ci-Caalkyl, <CHOLOO0R,, {({CH LR, -POSH, UHy wbheteroovelyl or ~{({H waryl
where Ry is -0H, -NH,, -NHC-Caallod, -QC-Caallyt or C-Caalloyt and R, is -OH, ~SH,
-8S0-Cralkyl, SO0 - Caalkvl, ~23-Caoveloalkyl, DG, SNHC-Chatlont of
SNHC(C=NEDNH, and where each sibyvl, oycloalkyl, and or heteroovelyl group wmay be
substituted  wath one o more groups selected fom -OHL SDNHL, SNERC-Chatbyl,
O{;; wd BV? —%H %C; ‘%ﬁ{y. C@:gH? --CQ?_CQ*C;&H&*}’L COP&H? oF -(‘QNB{\(L@QE

As used heredn, the term “fhapung aodd” refers o an amino aoid that differs from an
o-aming acid in that thers gre two {2) carbon stoms separsting the carbesey! terminug and
the anuine wrmtnas, As such, B-aming achls with g specific side chain can exist as the X or
5 enantigraers at either of the o (C2) carbon or the B {T3Y carbon, resulting in & total of 4
possible 1somers for any gven side chain. The side chains may be the same as those of
naturally ccourring q-aming acids {see Table 1 above) or may be the side chains of

non-naturally ccurring aming aoids {see Table 2 belowh

O o

T
NS
=
%,
ses3dH I s
Aitined oo

//\‘\.\(/{} 2

P

Furthermore, the -aming acids may bave mono-, di-, i~ oF tetra-substitution at the {
and T3 carbon atoms. Mone-substitgion may be at the €2 or O3 carbon atom.

9
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Di-substiution imclodes two substituents at the {2 carbon atom, two substituents at the £3
carbonr atom or one substituent at each of the U2 and 3 cwrbon atoms, Triesubstitution
includes twe substituents at the €2 carbon atorn and pne substituent al the 3 carbon atom
or two substiiuents at the O3 carbon aiom and one subsutuent at the €2 carbon atom,
Tetra-substitution provides for two substituents at the €2 carbon atam and two substitients
ab the €3 cabon atom. Suitable substituents inchude -0 Ceaallow], {CH; 1 COR,, {UH LR,
-POGH, CHywheteroovelyl or (CHaryl where Ry s ~QH, -NH,, -NHC-Cialkyl, -
OC-Caalkyl or Cp-Cratkyl and By e A0H, SH, RCO-Chaliedd,  -0C-Chalkyd,
oL peveloalkyl, ~NEL, -MNBEC-Caalkyl or SNHOEC=NHINH: and where sach alkyl
cyeloallvl, arvt or heterooyelyl group may be substiioted with one or muore groups seleeted
from *()H, -NH:;Q NHE §_-C;&H~iy}g A{}{ig»(igai k‘,f ~S§f§5 N j.“{j;sﬁﬁijv’éf, -{:2{:}2}}9
nC&ng&;alk}*}, ~CQ‘\E‘{* o LONHT 1~C d”\}'

(ither suitable Pramine geids Inchude conformationally constrained B-amino acids, Tyl
Pramotoo acids are conformationally comstratped and are generally not accessible to
evywatic degradation. Suitgble cyelic Bamivo acids tnelnde, byt are not Tmited to, os-
and fremv-Zeaninooyvclopropy! carboxylic aads, Z-aminocyelobotyl and covclobutenyl
carboxylic  acids,  Z-aminocyclopentvt and  oycloponienyt  carboxylic  acids,
Zeaminocyolohexyl and evelohexeayl carboxvlic soids and Z-amino-sorbernane carhoylic

acids and their depivatives, some of which are shown below:

O

"o
“pe

By

COLH

10
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COpH

[ My

SN

Spitable dervatives of Pramine acids toclnde salts and may have fanctional gronps

protecied by sutisble protecting groups.

The term “won-awrally ovewrring oo acid as used hereln, refers o amino acids
having 2 side chain that dogs ned oecur in the nsturally ocowrring L-o-gminge goids,
Examples of non-natural amine acids and dertvatives tnglude, it are oot Hmited 1o, vse ol
nodeucing,  4-awine  butyre  actd,  4-amine-3-hydroxy-S-phenyipentanoic  acid, 6-
aminchexanote  acid, Hhutviglvoine, porvaline, phenylgiveine, omithine, citrulling,
sarcosing, 4-amino-3-hydroxy-6-methylheptancio goid, 2-thienyl alanine and/or I-isomers
of aming acids. A list of unnatural amsine acids that may be usethl herein is shown in Table

oy
e

TABLE 2

Men-conventional Code Nos-conventicnal Code

arnino acid aming acid

30 L-D-methvlalanine Nmala

Fegeh

graminobutyric acid A
gramine-emethyibutyrate Mgabn L-Nemsthylarginine Ninarg
aminocyclopropane~ Cpro L-N-methylasparagine Mmasn

carburxyiate L-Nemethylaspartic acid Nmasp
11
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amingisobutyric acid
aminonotborayi-
carboxylate
cyclohesyialanine
cyclopentvialapine
Dealanine
D-grginine
Tr-aspartic acid
Dpvsiete
Deghitamine
peglutamic acid
D-tustidivg
D-isolengine
D-leugiog

Ilysine
Doethionine
D-ornithing
O-phenylalanine
Degrotine

D-gerine
I-threoning
D-trypiophan

Dty roRing

Deyvaling
p-o-mgthyialarne
Pemethylarginine
Dea-aethylasparagine
Dea-msthylaspartate
p-g-mathyicysteine
Deg-methyiglataming
Deg~methyibistidine

D-methyhisoleucing

CA 02959201 2017-02-24

Py
Prmet
Dom
Dphe
Dpro
Prser
Dihr
Birg
Tityr
Troal
Pmala
Dmarg
Dimasn
Crnasp
Pamoys
Dmgln
Dmbis
Dimile

12
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L-N-methyloysteine
L-N-methylghtamine
L-N-methylglutamic scid
L-M-methyihistidine
L-M-methylisoleucine
L-N-methyilawine
L-N-mathyilysine
L-N-methylmethionine
L~-N-methylnorisucine
L-Nemsthylnorvaline
L-N-nsethylornithine
L-N-methylphenyialanine
L-N-methyiproline
L-N-methylserine
L-N-methylthreoning
L-N-msgthyltryptophan
L-HN-methyltyrosine
L-M-methylvaline
L-Nemethylethyighyoine
L-Nemathyl-t-butylaivoine
L-norlousine

L-norvaling
or-ethyl-aminoiscbutyrate
g-methyl-amincbutyrate

a-methyiovelobexylalanine

a~-methyiovivopsntylalanine

a-methvi-g-napthvialaning
aemethyipeniciiamine
N-{4-amincburyDglvcine
Ne{2-amivoethyDglyeine
K-{G-amivopropyvliglveine

Mamino--methvibutvrate

Nmet
Nmate
v
Pavom
Minphe
Nmpen
Nimser
MNenthr
MNmtrp
Mty
Nrwval
MNmetg
Mmthug
Mg
Nva
Mab
Mgabu
Mchexa
Mepen

Manap

Naigaby
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D-mmethylleucine
peoemathyilysine
Drg-methyimethioning
ep-methvicmitine
Dri-mathyiphenylalanine
Dg-methyiproline
Deg-migthyiserine
D-a-methytihreonine
D--methyiiryptophan
Degemethyltyrosine
p-a-pathyivaline
D-N-methyialamng
D-MNemethylarginine
D-Nemethylasparaging
DNemethylaspariate
D-N-methylcysteine
D-N-methylghutaming

O-N-1rethy

glutatnate
DNemethylhistidine
D-Ne-methylisoleucine
-M-methyHencine
D-M-methyllvaine
Nemsthvleyelohexvlalanine
p-Nemethylornithine
Memethviglveine
Ne-methylaminoisobutyrate
N-{ t-msthyipropyl jalvein
We{Z-methylpropylglvcine
p-Nemethyltryptophan
-hN-methyitvrosine
-Di-methyivaline

yaminebutyric geid

CA 02959201 2017-02-24

Thnleu
Prmdvy
Dmmet
Dimorn
Dmphe
Lhnpro
Dimisger
Dnthy
Bairp
Dty
Dmval
Domala
Damarg
Damasn
DPoomasp
Dameys
Duomgln
Damglu
Divnhis
Promile
Damileu

Domiys

Wcheza

Dmmorp
Mala
Nmaib
Nile
Niew
Pamtrp
Domdyy
Domval

rabu
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genapthyialanine Anap
N-benzyvliglycing Nphe
Ne{2-varbaravlethyljglvoine Meln
Ne{carbamyimethylalyeine Nas
MNe{3.carboxvethyliglyeing Nalu
M-{carhoxymethylglvoing Masp
N-gyclobutylglyrine Nebut
Neoveloheptylghvoins Nehep
Necyclohexvliglyeine Nehex
Negyelodenyiglyeine Moder
MN-gyleododeovighvoing Modod
N-pvelooctvlglvetoe Meoet
N-oyelapropylalveine Ngpmo
M-cycloundecylglveine Nound
N2 2-diphenylethelighvowne MNbhm

J-diphenvipropylizlveine MNbhe

{3 suandinopropy i iubyeine Narg
Ne{I-hpdroxyethyl jgiveine Nihy
Mo{hydroxyethelglvoing Nsar

N-{imidazoiviethylimlveing
N-{3-indolytvethyi jaiveine
Nemethyl-y-aminobutyrate
D-M-methyimethioning
N-methylovolopentylalanine
D-M-methylphenviglanine
D-Nemethylproline
O-Ne-mgthylsarine
n-Nemethylithreonine
N-{ I-methylethyi jglvemne
Nemethvlnapthyialanine
KNomethyvipenicillamine

M-{-hvdroxyphenyDglveine

Mg
Nhtrp
Nimgaby
Damimet
Minopen
Dnmphe
Divopre
Damser
Dronthr
Myal
Nmanap
Nopan

Nhier
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L-t-butviglyeine Thug M-{thiomethvhelycine Noys
Legthyigiveing Eig penivillamine Pen
L-homophenylalanine Hphe L-g-methylalanine Mala
Lecemethylarginine Marg Le-mnethyviasparagine Masa
L-g-methyiaspartate Masp Lse-methyi-c-butvielyeine Mibug
L~gemethyvicysteine Rioys L-methylethylglyroine ety
Lei-methyiglutaning AMgla L-g-methyvinlutamate Melu
L~g-methyinistidios Mbts L-o-methyvibomophenylalanine Mhphe
L-g~-methylisoleucing Mile Ne2-methyithioethylglveine Nuet
Leag~methyleucine Mleu L-g=methylbvsine Mivs
Lep-methylmethinning Mmet L-g-methyinorieusine Mnle
Le-methyinorvaline g L-o-methylornithine Morn
L-o-methyiphenylalanine Mphe L-g-methylmroline Mpro
L-g-methylserine Mser L--methelthreomag Mithy
Leg-uethyiryptophan Mirp L-g-methyltvrosine Mier
L~ip-methyivaiine Adval L-Ne-methythomophenvialanineg Mmhphe
N-{NAZ 2-diphenyiethyly  MNobhm N-{N-(3, 3-diphenylpropyl) Nubhe
carhamylmethyliglvoine carbamyimethyvhiglyeing

P-garboxy-1-402 2-diphenyl-  Nmbe

gthelaninopyeloprapang

The term “aflod” as used herein refirs to straight chain or branched hydrocarbon groups.
Sustable atkyl groups include, but are not limited to methyvl, ethyl, propyl, sopropyl, butyl,
isobutyl, pentyl, hexvl, hepivl, cotyl, sonyl, decyl, dodecyl, tetradecyl, hexadecyl and
octadecyl. The term alkyl may be prefined by a specified nomber of carbon atoms o
indicate the number of carthon atoms or a range of numbers of carbon aomis that may be
prasent in the alkyl group For example, C-Uhaliyl refers to methyl, ethyl, propyl and

isopropyi,

The term “cyveloalty? as used hereln, rofers fo oyclic hydrocarbon groups. Suitabls

cyeloailoyl groups include, but are not Bndted 1o, ovelopropyl, ovclobutel, oyclopentyd,

14
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cyclohewyl,  ovoloheptyl,  oyclooetyl,  ovclononyl,  ovelodecyl,  cyvcloundesyl  and

cyeiododecyl,

The term “Feferocyell” an used heretn refers o 5 or & membered saturated, partially
unsgiurated or aromatic evelic hydrocarbon groups in whick at Igast one carbon atom has
been replaced by N, O or 8. Opiionally, the beterocvelvl group may be fused 10 a phenyl
ring Suitable heterocyelyl gronps inclode, but are net Hmited to pyrrolidingt, plperidingl,
pyrrodyl, thiophenyl, furanyl, oxazolvl, tmidazolvl, thiseobyl, isowazolyl, pyrazolyl,
isothiazolyl, pyoding], quinolinyl, soquinclinyl, indolyl, benzofuranyl, benzothiophenyl,

oxadiazolvl, tefrazolyl, trigzoly] and pyamidingl.

The term Yary!l” as used hevein, refors to CorCre aromatic hydrocarbon groups, for example

phienvl aisd naphthsl.

The term “o-feliv frecking amno acld resadie” vefers to an anmino acid vesidue that has ¢
low frequency of cccurrence in known we-helical conformations and which promotes
termination of an orhelin, o-Helix bresking avtvno acid residues may lack an ande
hvdrogen o participate i hydrogen bonding within the helix or may e too
contormationally flexible or infexible fo form the constratned g-helical contormation tn an
energy efficient manner, Examples of a-helix breaking amino acid residues include, but are

not lmited to proline and glycine

The term “hvdrophilic oming acid rexidhee” as used herein refers to an amino acid residue
in which the side chain i3 polar o charged. Examples fnclude glycing, L-sering,
L-threoning, L-cystetne, L-tyrosine, L-gsparaging, L-glutaming, L-aspartic soid, L-glutanuc
acid, L-lysine, L-arginioe, Cbistidine, L-omithine, Deserine, Dothreonine, Dnoysteine,

Detyrosine,  D-asparagine

b3

Deglutamine, Deaspartic acid, Deglutamic acid, D-lysine,
Degrgining, Dehistidine and Deornithine, especially Leserine, L-threonine, L-oysieing,
L-tyrpsine,  L-asperagine, L-glutamuneg, L-aspartie acid, L-glutamic acid, L-lysine,

L~arginine, L-hisiidine and L-omithine.

15
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As used hergin, the lerin “hydrapdobic aming acid residue” velers o anoamino acd residus
i which the side chain s non-polar, Examples include, tut are not hmled o L-alanng,
L-vahing, L-leucine, L-isoleucine, L-proline, L-metliomne, L-phenylalaning L-tryptophan,
Leamminoisobulvric  acid, Dealanine, Devaline, D-leusine, Deisoleucing, Deproline,
f-methionine, D-phenylalanine, D-trypiophan, B-arminpiscbutyrnic acid,

L~gyclohenyisianine, De-oyelohexvialanine, L-gcyclopenivialanine, D-oyvclopentvialaning,
L-potdeucine,  Denorleucine,  L-norvaling,  Denorvaling,  Leerbutviglyeine, Dty
buiylgiveine, L-ethvighveine and D-ethylglyetne, especially L-alaning, L-valine, L-lsucine,
L-sclencine,  Leprodine,  L-methionine,  L-phenvialanine,  L-tryptophan  and

Leaminoisobutyric apid

As used herein, the tevm “postivedy chareed anng aold resicfue” refers 1 an amino agid
residue having a side chain capable of bearing g positive charge. Examples inclade, but are
not lpmted to Llysine, L-arginine, L-histiding,  L-oruthine, Delysine, Drarginiog,

Dehistidine and D-omithiang,

As used herein, the tenm “wegatively charged aming acid resichie”™ vefers to @ aming acid
residue having a side chain gapable of bearing & negative charge. Examples include, but

are wot Hmtled to Leaspartic actd, L-glutamic acd, Deaspartic auid and D-glutamic sad.

As used hevsin, the term “polor wmino acid residue” refers to sn aming acid residue having
& side chain that has a dipols moment. Examples of polar aming asd residues, include, but
are not lmited to glveive, L-serine, L-threomue, L-cysteing, L-tvrosing, L-asparaging,

Luautamme e ‘i“‘”iﬂx? D~ TE‘H&C‘YIM& i3 CS’S*@EH@ Dty Eg‘ﬁiﬂiﬁ - v.i‘\“vpcﬁ’&dﬁ"}& and Beg &i{&ﬁ‘ﬂﬂ&

The term “wmine avid boving o sewell side chaied” vefers to amine acid residaes baving a
side chain with 4 or less pon-hydrogen atams, especially 3 or loss non-hvdrogen atons.

Examples include, bt gre not lmited to, glyeine, L-alsnipe, Levaline, L-leucing

£

L-isoleysine, L-methionine, L-saring, L-threoning, L-ovatging, L-agparaging, L-aspartic acid,

o

-alanine, Dwvaline, D-lewcine, Deisoleucine, D-methicuing, D-sering, D-ihreonine,

2

Degysicine, D-asparagine and D-aspartic acid, espocially glycing, L-alanine, L-valine,

L-sering, L-threomne gnd L-ovsteine

16
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The term “conservfive wning acld substitmion” refers (o substituting one anino acid v a

sequence with another amine acid that hes similar properties

arppnaticity and does not change the nature of activity of the peptide. For example, ong
podar aaving goid residus may be substinted with another polar amine acid residue or an
amine actd residue baving & sl side chain may be subsiituied with another amino acid

residue having a swall side chaia

The term “fguid-daguid bnerfoce” vefers 1o the region forming the common boundary

begween the lonmiscible Hguids, the oil phase and polar phase, 1 the pancemulsion.

The terms "seff~assemble”, “selfwusembled’ and "relfwsenthly” vefer 1o a populanion of
peptide bosurfactant molecules with an affinity fov the liquid-Hpuid inteface and which
redocate themselves from the bulk solotion to the hquid-liguid weerface.

The term "surface-aciive pofypeptide” refers to a polypeptide that has both hvdrophilic and
hydrophobie residues and that has an affimdy for the hguid-hgad intorfee and therstore is
capate of selfrasspmbiy at the higuid-liquid interface either with or without structural
muhification i osuch a way that the hydrophobic and hydrophilic residues are able fo

preferentially partition into their nuscible phases &t the hquid-higuid ierface.

As used herein, the term "mécregmpldon® refers o an ofl-in-water emulsion having an
average oil phase particle size of 900 nm to 100 g especially betwesn 900 nm and 50

wm, more especiatly betwesn 900 nm and 5 um,

Asnused hereln, the term “wiffow swfvrocapyide™ velers 1o a struciure comprising a core-shell
structure having an o core and a silica shell. The microcapsules have an sverage diamerer
of lesa than 130 wm, especially between 1 pm and 1Y wm, more especially 1 pmy and 38

wm, and most especially hetween §um and 5 pam

¢
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The term "nosoesudsion” refers 1o an oil-n-waler emulsion having an gversge ol phase
particte stze of less than 980 am, especially between 20 nm and 500 nmy, more expecially
between 30 nm and 300 nm.

The term "silice nasocopsnie” refers 1o a structure comprising core-shell structure having
an ol core and a stlica shell, The nanocapsules having an average dametsr of loss than |
wrn, espocially between 50 nm and 730 am, more especially between 70 mum and 300 mm,

ore especially between &0 nm and 440 nim.

2 Minerslizing Busurfacianty

be onve aspect of the invention, there is provided a mineralizing Mosurfactant comprising

1} a surface-active polvpeptide module at least & aming acid residues o length;
and
i) & charged peptide module 5 to 40 amino soid residues in length comprising

at fgast one hvdrogen bond donating amine acid residue and at least ong
positively charged amino seid residus;
wherein the surface-sctive polvpeptide module and the charged peptide modide are

conjugated 13 ong another.

The swrface-active polypeptide module may be any peptishe or protems that has a
hydrophobic region and a hydrophilic reglon and s capable of self-assembly at a Houwid-

fiquid interface, such as the interface batween an odl phase and a polar or agqueous phass.

In some embodiments, the surface-active polypeptide module s a polypeptide or protein
that has tertiary structure presenting defined hvidrophebic and hydrophilic repions either
before or affer adsorpiion at the lguiddiguid totesface. Typical proteins include food
biosurfactants or portons thereof such as casein and lactogiobulin and the commion protein

{ysoeyroe, all of which are knowsn w the art to be surfce active,

In embodiments whers the ewface-active polypeptide module s a peptide or polypeptide

rather than a protein, the polypeptide module may bave a limutation on the maximum

18
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wrnber of aming acid residues in the modude. For example, the surface-active polypeptide

module may be 610 130 amine aoid residues to lenuth,

I somg embodiments, the surface-active polypeptide Is 2 co-block polypeptide having =
sequence comprising blocks of hydrophilic amino acid residues and Biogks of hydrophobis

amine avid restdues, for example & soquence:

(OWWY or (WO

where £3 i¢ g hedrophobic amino acid restdue snd W is a bedrophilic amino acid restdue, g

arel v are at lsast each independently 1 and g + vis an tnteger of & 1 134

I some embodiments, the surface-active polvpeptide module compuises a peptide able o
structure 1 such a way a5 to form g hydrophiobic face and a hedrophilic face thus
imparting preferential absorption ab & hgud-hguid interface. In some embodiments, the

surface-active polypeptide module comprises an amphiphilic peptidde.

In these embodiments, the surlace-active polypeptide module comprises an amphiphilic
peptide comprising an amino acid sequence:
fabodd e f Lk

wherein o is an integer from 2 to 12;

amine actd residues 2 and d are hydrophiohic amine acid resides;

aning acid &' is shsont or iy any aming acid residus,

at least one of restdues b and ¢ and at teast one of restdues & and T ave hydrophilic

aming acld residues and the other of amiono acid restdes b and © and ¢ and £ are

any amino acid residus;

aming acid residue g is any amino goid restdue;

L ig a linking peptide sequence of 1 1o 11 amiono acid residues;

misor § and

pis an integer from 10 6

To some embodiments, nis 210 8 or 210 6, especially 2404,
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Aming avid residues @ and 4 ars hvdrophobic amine acid restdues, In some smbodiments,
aroine actd residues a and d are independently selected from L-alanine, L-valine, L-leucing,
L-methionineg, L-isoleucing, L~-phenyialanine, L-viosine, B-alaning, D-valine, D-lewcine, D~
methioning, D-isoleucing, D-phenyvialanine and D-tyvrosine, espeaally L-glanine, L

methioning, L-valine snd Tleugine

Amuno ackd residue & may be absent or may be any amino ascid residue. In sowme
embodinents, when present, d' 18 & hyvdrophobic amino acid residus. The residue 4 may be
included in longer seguences, for example, where nin 3, 6, 9 o 12, to counteradt
periustiatinons in belix turn when a3 helix is formed, that may result in misalignment of the
hyilrophobie reswdues on one face of the belix. In some embodivaents, & t9 presemt in the
third, sixth, ninth and/or welfth sequence of (ab o d d e f @ when n 18 3, &, $and 12, bt
is absent m the other {a b ¢ d 4 o £ g} soquences in the amphiphilic peptide module, In
some embodiments, when preseat, amino apid d7 may bo solected from L-alaning, L-valine,
I-leucine, Le-methlonine, I-iscleucing, L-phenvislanine, L-ivrosine, D-slaning, Devaling,
D-lensine, D-methionine, D-isolewcine, D-phenvialanine, D-tyrosine, oypociadly L-alanine,

L-maethioning, L-valine and L-leucine.

At lgast one of b and ¢ 18 g bvdrophilic smmoe acid resihee, such a8 L-senne, L-threoning,
L-oysteing, L-tyrosine, L-asparagine, L-ghetamine, L-aspartic acid, L-glutamio acid,
L-lysine,  L-histidioe,  L-omithise,  Desering, D-threonine, D-oysteing, D-tvrosine,
Degsparaging, Deglutamine, D-aspartic soid, D-glotamic acid, D-dysame, D-histidine and
D-grnithine, especially  Teserine, L-threonine, L-cysteine, L-tyrosine, L-asparaging,
L-glutamine, L-aspartic acul, L-glutamic acid, L-lvsdne, L-histidine and L-omithune, The
other one of amino acid residues b and ¢ 13 any anune acid residue, especially an amino
actd residue that has a propensity 1o form whelives, such gs alanivg, lystng, uncharged
glutamic acid, wethionine, leucine and amingisobutyrie acid or a small aming acid residue
siich as alaning, serine, valipe, leycine or iscleucing, or g hydrophilic amine acid residue

such a3 ghetamine, asparagine, serive, ghutamic acid and aspartie acid.

20
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At least one of ¢ and Fis a hydrophilic amino acld residue, such ag L-sering, L-threouing,

Lecydigine, Letvrosine, L-asparggine, L-glutamine, L-asparic acid, Leglotamic  astd,
Lysing, L-lustidine,  L-omuthine, D-senine, Dethreoning, Deoysteing, Defvrosine,
Degsparaging, D-glotamine, Deasparfic acid, D-glutamic amd, D-lysine, D-lustidine and
peornithing, especially  L-sering,  L-threonine, L-ovsteing  L-tvrosine,  L-asparagine,
L~ghutaming, L-aspartic acid, L-glotamie ackd, L-lyaine, L-histidine and L-owsithine, The
other one of amino acid residoes e and f is any amine actd residue, especisily an aming
acid residue that has a propensity to form o-helices, such as alanine, lvstve, wocharged
shtamic acld, methioning, lsucine and aminoisobutyric scid or 2 small amino actd residus
auch as alanine, serine, valine, lewecine or isolencing, or & byvdrophilic amine acid residane

such as glutamine, asparagine, serine, ghulamic acid and aspartiz astd.

Anvine acid residue ¢ may b any anine acld residue. In particular smbodiments, aming
acid residue ¢ 8 g residue that has a propensity to form aehelices, such ag alanine, lyvsine,
uncharged glutamic acid, methiomne, lencine and amincisobutyne avid, sspecially alamne,

tysine and unchargsd glutamic actd

In some pmbodiments, cach amine sad residue b is independently selected from a small
bvdrophobic amino aotd restdue, such as alanine, leucine, valine, wethionine and
isolgucine, or a hvdeophilic amine actid residue, espenially g polar or charged smimo actd
residue such as L-serine, L-threoning, L-Cysieine, L-tyrosing, L-asparagine, L-glutamine, L-

lysine, L-arginine, L-listidine, aspasiic acld and ghuiamic acid. 1o sowe embodiments, each

pect

b s independently selected from Glysing, Lhistidine, L-serine, L-alasine, L-asparagine and

L-ghutamine.

In some embodiments, each amino acid residue ¢ is independenily selected from a polar,
positively charged or gegatively charged amine actd residue, such as L-sering, L-threonine,
L-gysieine, l~byrosing, L-aspataging, L-glotamive, L-dysive, L-arginine, I-histiding,
Leaspartic scid and Leglutamic scid In some embodiments, sach o iv independently

sefected from L-glutamine, L-argining, L-serine, L~glatamic acid and L-asparagine.
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Each amine scid residus o v indepondently any amino aoid restdue and mav be
hvitrophobic o hydrophilic. In some embodiments, each e iy independently selected from
L-alanine, L-valing, L-eucine, L-iscleucinge, L-scrine, U-threonine, L-aspartic acid amd

L-glutamic acid, especially Lealanine, L-sering and L-ghstamic actd.

Tn some embodimente, each amino acid residue £ 18 a polar, positively charged
npgatively charged amine actd residus, such a8 L-serims, L-throoning, L-cysteing,
1-iyrosing, L-asparagine, L-glufamioe, L-lysine, L-arginine, L-histidine, L-aspartic aotd and
Leglutamsic acld. In some embodiments, each [ is independensly selected from L-aspartic
19 acid, L-glutamic acid, L-arginine, L-glutanmoe, L-histidioe, L-lysing and Leasparagine,
Amino and residue g lodependently any amino acid residue and may be bvdrophobic or
hvdrophilic, In some embodiments, the residue g is independently selected from g small
hydrophobic residoe or g charged or polar uncharged residue. In some ombodiments, cgch
1S g s dependently selocted from Le-alasine, L-valine, Ldeuoiwe, L-isclencing, L-seing,
L~threoning, L-asparagine L-lysine, L-glutamic aoid and L-glutamine, especially L-slanine,

Lesexine amd L-glutamine.

The hinking peptide sequence © may be absent (ro=0} or may be g sequence of any amino
20 soid residues. In some embodiments, the Honking sequence L obas 1 or 2 amine acid

residues, In other embodiments, the lnking sequences has ab least three amino acid

residues In some embodiments, the linking peptide sequence is present betwesn peptide

g of the p@pi’ide sequences{abodd elgd

<

sequences {a b o d e ¥, and coables foldin

allpwing the peptide sequences {a b o d 4" e § g}y to interact with one ancther and form

25 folded terfiary siractures such as 2, 3, 4 or 5 w-helix bundles,
In some embodinoents, the linkiog peptide sequence L has 310 9, 3 7, 3 9 3 amino acid
residues. In g particddar embodiment, the linking peptide seguence L hag 3 aming acid
rasidoes,

3

22



i

O

g

3

20

A

CA 02959201 2017-02-24

WO 2015/035475 PCT/AU2014/050234

Tn some embodiments, the peptide sequence {a b o d d' e £ @) 18 o-helical or has o~helical
progensity. In these embodinments, the linking peptide sequence L may comprise an aming

geid Tesidue that is an g-helix breaking amine acid residue.

This residue asgists i terminating any w-helical structure formed by the preceding peptide
fabedd el gy and allowing the Hnking amino acid residues fexibiitty for folding o
Helix bresking amino acid residuss inclode amine seid residues that are unable o
comiribute o a-helical stracture, such as proline, or have high fexibility, for example

serine. The charged group on asparfic acid is also known to bave tow balix propensity.

Coumon g-beli brealdng amivo acd residues include proline and ghycine.

The linking peptide sequence also may include one or more residues that allow flexibility
o that two adjacent peptides can fold so that they interact with one another. o particular
embodiments, the linking pepiide requence allows the peptides fab o d d' e F g to fold in
a manner 1o form a 2, 3, 4 or 5 hehix bundle, especiaily a 4-helix bundle, w bulk solution.
In some embodiments, the Hexibility s imparted by eng or move aminge acid residues
having a small side chain, for example, glveine, serine, slanme, valine, cysteine and
threpning. In some smbodiments, these sameé amino acids play & dual role of conferring
floxihilly to the overall sequence of hokisg amine acid residoes as well ag helix

fermination.

When more than one linking peptide seguence is present in the polvpeptide, for example,

where mis L and pis 2 to 6, each linking sequence may be the same or ditferent.

In some embodiments, the hoking sequence comprises D-F-X where X is g small amine
acid residue such as sering, glyvcine, cysieive or threonine. In some ambodiments, the

linking sequence comprises L-P-5, In sonie smbodiments, the Hoking sequence is B-P-8.

+ Ea

I some enchodiments, mis Land pis Vo 6, especiallv 2106, 3tobor 3o §

In other embodiments, m is ¢ and pis 1. In these embodiments, the surface peptide muoduls

comprises an amino acid sequence
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aboedd el
wherein n is an integer from 2 fo 12;
arnino aoid residues g and d are hvdrophobio amino actd restdues:
amsing acid residue & 13 absent or is any aminoe goid vesidue;
at feast one of residues b and ¢ and at least one of residues e and fare hydrophilic
arminge avid restduss and the other of amine acid residues b and ¢ and ¢ and are
arry ansng actd residue;

amine acid residue g is any amino acid residue
To some smbodinents, the sequence 2 b o d ' e £ g}y miay be shifted in sequence by one
amine acid residue to foroy the sequence {gabod d o f) Sequence abod d e f ghand

sequence (g a b o dd' e O are interchangeable.

In some embediments, the steface-aotive peptide module s selocted frome

SEQ ID N
SEQ IDNO:2
SEC D NGS
SEO 1D NO4
SHO 1D NO'S
SECY 1D NOH6
SECH T NO:7
SE D NO:&
SEQ 1D NO:S
SEQ 1D NOL 1O
SEG D NG
SR D NO 2
SEQ 1D NG 13
SRQ ID NO- 14
SEQ IDNO; 15
SEGIDNO:16
SEQ D NOOT
SEQ D NO:18

MKOLADSVSRLEHA
MKQLADSVSRLESA
LMOLAROVERLESA
MKELADSVDRLESA
MEKOQLADSVSHLEHA
MEELADSVERLESA
MEKLADSVEKLESA
FISALEKFEISALEK
KISALKEKISALKE
MEELADSVSRLEHA
AKSLAESVSRLEHA
MK ADSLHLARG
MEQLADSLMOLARQ
TMOLAROMEOLATIS
LMOLARGLMOLARG
MEELADSLMOLARD
MEDLADSLHQLANHG
MEELADSLEELARQ
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SEQ 10 NG 19
SEQ 1D NOL20
SEC D NO:2L
SEQ D NOR2
SEQ 1D NOH23
SHQ 1D NO:24
SEQ D NO;28
SEC 1T NO26
SEQ D NG
SEQ 1D MOS8
SEQ 1D NEL29
SEC 1D NO:30
SEC 1D NO31
SEQ 1D NO:I2
SEQ 1D N3
SEQ 1D N34
SECH D NO3s
SEO 1D NO 3
SHO 1D NO:3T
SECy 1D NO:28
SEC 10 NO:34
SECH 10 NO:40
REQ 1D NO-41
SEQ 1D NOa2
SEC 1D NO;43
SR I NO44
SEQ 1D NOG4S
SRQ ID NO4s
SEC 1D NO;47
SECHD NO4&
SR 1D NO49
SEQ ID N30

CA 02959201 2017-02-24

MKKLADSLERLARG
MKQLADSLHOLAHK
MEELADSLHELARE
MEFLADSLHOLARO
MEOLADSLHELARQ
MEELADSLHELARD
MEELADSLHOLARE
MECGLADSLHELARE
AKSLABSLHSLARS
LHOLARQVSRLEHA
LHOLARGVSRLEHA
LMOLARGVSRLESA
LMOLARQVDRLESA
LHOLAHOVSHLEHA
LEELARQVEELESA
LKKLARGVKKLESA
LHOLAHKVSHLEHA
LHFLAREVSRLEHA
LHOLARQVSRLEHA
LHELAROVSRLEHA
LHELAROVSRLEHA
LHOQLAREVSRLEHA
LHSLARSVSRLEHA
AKEVARSLHSLARS
AHSVAESLHSLARS
AHSVAKSLHSLARS
AHSVAESLHSLAES
ACEVACRLADLAG
AESVAESLAELAES
ANSVANSLANLANS
ADSVADSLADLADS
AQSVAESLAQLAES

25
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SEQ 1D NS 1
SEQ ID NOLs2
SEC D NO:33
SEO 10 NOS4
SEQ 1D NOSS
SHQ 1D NO:ST
SEG D NO; 58
SEC 1T NO:39
SEQ D NOE
SEQ 1D NO:S1
SEQ 1D NEL62
SEQ 11 NO:63
SEC 10 NO-64
SEQ 1D NO:6S
SEQ 1D NO:66
SEQ 1D NOI6T
SEC 13 NO68
SEQ D NOEY
SEQ 1D NO:T0
SEC 1D NO; 71
SECH D NOYT2
SECHD RO
SRQ 1D NO:T4
SEQ 1D NOLTS
SEQ DY NOLT6
SR D NOTT
SEQ 1D NOT8
SRO ID MOS0
SEC 1D NO;80
SEC D NO&I
SR D NOS2
SEO TD NO:ES

CA 02959201 2017-02-24
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AFSVAESLARLAES
ANSVAESLANLAES
ADSVAESLADLAES
MROLADSLHOLARGVSRLEHA
MKOLADSLHQOLARQVSRLEHA
MEKOLADSLMOLAROVSRLESA
LMOLARGMEOLADSLMOLARQVSRLESA
MEELADSLMOLAROVDRLUESA
MEDLADSLEOLAHOVSHLEHA
MEFLADSLEELARQVEELESA
MEKLADSLEKKLARQYKKLESA
MEGLADSLEOLAHE VEHLEHA
EISALEKEISALEKEISALEE
KISALKEKISALEEKISALKE
MKELADSLHELAREVSRLEHA
MKELADSLHOLARGVSRLEHA
MEDLADSLHELAROVSRLEHA
MKOLADSLHOLARQVSRLEHA
MKELADSLHELARIVSRLEHA
MEBLADSLHOLAREVSRLENA
MEGLADSLHELAREVSRLEHA
AKSLARSLHSLARSVSRLEHA
AKSVAFSLHSLARSVARLVEHA
AHSVARSLHSLARSVIRLVEHA
AHSVAKSLHSLARSVSRLVSHA
AHSVAESLHSLAESVSELVSHA
AQSVAQSLAQLAQSVSQLVSOA
AFSYAESLARLAESYSELVSEA
ANSVANSLAMLANSYSNLVSNA
ADSVADSLADLADSVSPLVSDA
AQSVAESLAGLAESVSELVSQA
AESVAESLARLAESVSELVSEA

26



10

20

30

WO 2015/035475

SEOQ 10 NO:34
SEQ ID NOL8S
SEC D NO:86
SEO 0 NOE?
SEQ ID NO:&8
SHQ 1D NO:SO
SEC 1D NG90
SR 1D NO91
SEQ D NOW2
SHQ ID NO:S3
SHQ ID NO9a
SEQ 1D NO:93
SEC 10 NO96
SEQ 10 NOH97
SEO D NOLOS
SEQ 1D NG99
SEC3 03 NO: 100
SEO 10 NO 1]
SHO 1D NO: 102
SEC 1D NO: 103
SEC 1D NO: 104
SEC 1D N0 105
REQ 1D NO: 108
SEQ 1D NO: 107
SEC 1D NO; 108
SR D RO 09
SEQ D NO 110
SEQ ID N1
SECQ IDNO; T2
SEGIDNO113
SEO D NO114
SEQID NOH1LS
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ANBVAFSLANLAESVSELVSNA
ADSVAESLADLAESVSELVSDA
MDPS-MEGLADSLHOLARQ-VIRLEHA-DY,
MIDPS-MROLADS-LHOLARQ-VSRLEHAD ),
MD{PS-AKSLAES-LHSLARS-VSRLEHA DY,
MDPS-AKSVAES-LHSLARS-VSRLVERA-D),
MIFS-AHSVAES-LHSLARS-VSRLVEHA-D),
MID(PR-AHSVAKS-LHSLARS-VSRLVSHA-D);
MINPS-AHSVABRS-LHSLAES-VSELVEHA-D)
MINPS-ADSVADS-LAQLADS-VSOLVSQA-DY,
MO(PS-ANSY ANSLANLANS- VENLVSNA-DY,
MIES-AQSVARS-LAQLAES-VSELVSOA-D)
MD(PS-ANSVABS-LANLAES-VSELVINA-T.
MD{PS-MEOLADS LMOLARG-VSREESA-II),.

MDPS-LMOLARG-MEQLADS-LMOQUARG-VSRLESA ).

MDGES-MKELADS-LMOLABRQ-VDRLESA- DL
MIPS-MEOQLADS-LHOLAHQ-VSHLEHA-D),.
MD{PS-MEELADS-LEELARQ-VEELESA-DY.
MDPES-MEKLADS-LEKLARG-VERLESAD),.
MINPS-MEOGLADS-LHOLAHK-VEHLEHA I},
MIDPS-EISALEK-EISALEK-EISALEK-O).
MDPSKISALKE-KIRALKE-KISALKE-D ).
MOPSMIELADS-LHELARE-VSRLEHA-D )
MOPS-MEELADS-LHOLARD-VERLEHADY,.
MDES-MEGLADS-LHELARQ-VSRLEHA-D L.
MDEPR-MEKELADS-LHELARG-VSRLEHAD ).
MIDPS-MEELADS LHOLAREVERLEHA-D),.
MOPESNMEKQLADS-LHELARE-VERLEHAD .,
MIHFS-ABSVAES-LAELAES- VEELVEEA-D.
MIPR-ADSVADS-LADLADS-VEPLYEDRA D,
MINPE-ABERVAES-LABLAES-VEELVSEA-DY,
MDHPS-ADSVAES-LADLAER-VIELVEDA-DY,.
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SEQID NG e MDPSMEKOQLADSLHQLARGVERLUEHADPS pMEQLADS-
FHOLAROQVYSRLEHA-EPS
AC-AAAAAAD

10

SEC D NO: 117
SBO D NOE
SEGQID NG 119
SEQ D NO: 120
SEQ IDNO 121
SR D NO 22
SEQ D NG
SEQ ID NO: 124
SHQ ID NO 125
SEQ 1D NO:126
SECHID NG12ZT
SEQ D NG 128

Ac-VVYVYVD

\Ag: ‘\."\‘yv‘\’? \V \‘myr{}‘i}

AcLLLLLLDD
Ac-GGGHEDD
Ac-GOLGGGGRD

Ac-GOGGOGHGGHD
Ae-GLGHOGOGGEDD

ACYVYVYVVKK
Ac-LLLLLLEK
Ac-AAAAAAK
AC-VVVVVVH

15 SEQID MO9S Ac-LLLLLLK
SHG ID NOI30 HHVYVYVY
SEGFHNG3T EVYVVVY
The charged peptide module may be any peptide that 13 capable of drivving formation of au

20 inorganic silica laver pear & Hauid-hiquid interface. Tn some enbodiments, the charged

peptide module is a positively charged peptide wodule.

fn some embodiments, the charged peptide module comprises 1 to 10 hydrogen bond

donating amine aclid residues, especially 1 to 8 hvdrogen bord donating amine acid
2% residues, In somwe embodiments, the hydrogen bond donating amine acid residues are

mdependently selected from serine and tyrosine.

Tn some embodivaents, the charged peptide modole comprizes 1 1o 15 positively charged
amine acid residues, sspecially 4 to 12 posttively charged aming acid residues. In some

3 ewbodiments, the posttively charged amino acid residues are jndependently selected from

fysine, argining, histidine and omithine, especially lysing, histidine and arginine.
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Tn some embodiments, the charged pepiide wodule comprses 1 to 10 mcharged or powe
hvitrogen bond donating amine acid rendues, sspeuially 110 5 unvharged or non-hividrogen
bond donating smino acd residues. In particular embodiments, the uncharged or aon-
hvdrogen bond donating are selected from polar aminn achd residuss and hydrophobie
aming acid residues. In some embodiments, the uncharged or non-hydrogen bond donating
amine actd vesidues are jndependently selected froms glycine, alanine, valine, leucine,
nipthioning, glutamine, pheovialaning, wyptophan  and

isnlgucine, ASPARTARIAG,

ansinvisobuiyric acid, especially glyoing, alaning, valive, leucine and isclencing,

To some embodiments, the charged peptide modale is selected fromy

SEQ ID NO,

SEQ I NQ:
SEQ NG

SEO 1D NO:

SEQ ID MO
SHG ID NG,
SEGHY NG

SEQ D NG,

132

SEQ 1D NGO 140

SEQ D NO:

SEH 1Ty NO:

SEC 1 WO

SEQ 1D MO 144

SEQ ID NO:
SEQ ID NO;
$EG D NO:
SEQ D MG 14

SEQ D NO; 149

SEG ID NG,
SEC D NG
SEG D NO:

SEQID NGO 1583

SEKKSGRYSOSKGSKRRIL
REKEREKBERKBEKROGGOY
SGSKGEKRRIL
KSGSYSGSKGEKRRBIL
SORKGSERR
SERESGHYSGEKGEK
LIRRSSEKSGEY

SSEKSGRYRRIL
APPGHHHWHINE
KPSHHBHHTGAN
MEPHPHPRHHET
MEPHHMHHSHGH
LPHHHHLHETKLY
APHHHHPHEILSR
ROGRRERLSCRLL
VEVEVEVRVYUPMPTR VK VK VK Y
VEVEVEVE VPP FTRVEVEVEV
KIAALKOKIASLKQEIDALEYENDALED®
KIRRLKQKNARLKQEIAALEYEIAALEQ?
CHLOH U0 AAAARKKK
CHE{CH OO AAAATIHEH

K
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SEQID NG 154 CKKCRR®

3 Self-gssorebling poptide fbees that e foreied by Block & RIAALKQEIANMEKSG wiich
complopents D (HIAALEVEISALEQy and B (FIDALEVEMDALEDY  conploments €
KIERLRNOKNARLKOY. This leads to siteky ond dimers that assenble funher lp fbos. The register of the

ansambly I8 partly wmintsined by the asparging wsidugs.

LA

b The twn tripeptdes (CKED ar conneoted throuh o disuifide bridge (584

In some embodiments, the surface-sctive polypeptide module and the charged peptide
module are conjugied divectly 1o one another via an amide bond. In cther embodiments,
19 the surfgee-active polypeptide module and the charged peptide module are conjugated to
ons another by 3 linker, fn a particnlar smbodinvent, the surface-active polypeptide modute

and the charged peptide module are confugaied directly to cug snother via an amide bond,

In some embodiments, where the surface-active polypeptide and the charped peptide ars
15 conjugated to one another by a Hoker, the linker ¢ g peptide hoker of T to 10 aming agid
restdues i length, sspecially 1o 8 amino acid residues in length, The Hoker sequence may
be formed from any aming acid residue. Tn some embodiments, the amdne acid sequencs
finking the surface-active polypeptide module and the charged poptide module contprises
an g-helix breaking amine acid residue. This residue assists in tomunating any a-hehical
20 stocture n the surface-active polypeptide and may further provide Hexibility to the amino
aeid linking sequence to orlentate the charged peptide module away from the Hquid-Hquid
interface inte the aqueous of polar phase when the minerslizing bloswiactant is Tocated at
g hgud-linuid jnterfacs. se-Helix breaking anvne acid restdues welnde amtoo and residues
that are unable to coninbute to w-heltcal struvture, such as profine, have high fexitality, for
25 example, serine. The charged group oo aspartic actd iz alse hnows 1o have Tow helix

propensity Common e-helix breaking amnno acid residues include proline and glycine

The aming acid sequence linking the swiface-sctive polypeptide modole and the charged

polypeptide module may also include one or mons residues that tmpart flexibility. In some

L
7
et

enmpbodiments, the Dexibility is imparted by one or wovre amine avid residues having 2
small side chatn, for example, glycing, serine, alanine, valine, vysteine and threomne. In
somme emiboddiments) these sgme aming acids play a dust role of conferring fexability to the

overall sequence of linking amino acid vesidies as well as helix momination,
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n somne embodimentsy, the surface-active polyvpeptide module is located at the Neterminus
of the minerslizing bioswfactant and the charged pepiide wodule is located at the -
terminus of the minerdlizing blosurfactant In other emboduments, the surface-active
5 pdypeptide module is located at the Cmrminus of the mineralizing biosurfactant and the
charged pepiide module (8 locaied at the Neferminas of the nmveralizing Mosurfactant. In
particuiar snibodinents, the surface-aotive polvpeptide mrodnle is located at the MNetermuinus
of the mineralizing biosuwrfactant and the charged peptide wodule is located at the -
terminus of the mineralizing bicsurfactant.
19
in some embodiments, the charged peptide mioduls is attached to a side chain of an amion
actd residue of the surface-active peptide module. For example, the Conuinal carboxyhic
acid of the charged neptide module may be Haked o gn amine group of & lysine or
ornithine residue in the sweface active polypeptide via an amide bond, Alternatively, the N-
15 tenvanal aming group of the charged pephde moduls way be linked 1o 3 side cham
carboxylic agid of an amine acid residue in the surface-active polyvpeptida moduls via an

gratde bong

In some cmbodiments, the wineralizing biosurfactant bas a Treg Ntemnal amine group
20 and a free Cterminal carboxy group. In other embodiments, the Neterminal amino group is
capped with an N-terminal capping group andfor the C-termingl carboxy group 1y capped
with a C-termins! capping group. In particular embodiments, the N-terminal amino group
is capped with an Netermeival capping group and the Clerminal carboxy group is capped

with a C-teominal capping group.

Az used berein, the Neterminal capping group, when present, is any group that blocks the
reactivity of the N-terminal amine group. Sultable examples include acyl groups such as

acetyl {ethanovty, propanoyl, butanovl, pentanoy] and hexanoyl, sapecially acetyl

3P As used hereln, the CUsermniual capping group, when present, 8 any suitable gronp that
blocks the reactivity of the Cumrminal carboxyl group. Suitable examples inchude aming

groups thereby forming an anide. Bxamples include -NH:, -NH{alks1} and -NHalkylh.
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Suitable mineralizing biosurfactants include any combination of a éurfaée-active
pol\ypeptide of SEQ ID NO: 1 to 131 and a charged peptide of SEQ ID NO: 132 to 154;
especially: ' _ . '

SEQ ID NO: 155 Ac-MKQLAHSVSRLEHA-SSKKSGSYSGSKGSKRRIL-NH;

SEQ ID NO: 156 Ac-MKQLAHSVSRLEHA-RKKRKKRKKRKKGGGY-NH,
SEQID NO: 157 MDPSMKQLADSLHQLARQVSRLEHADPSMKQLADSLHQ
LARQVSRLEHADPSMKQLADSLHQLARQVSRLEHADPSMKQLADSLHQLARQ_VS
RLEHAEPSfRKKRKKRKKRl{KGGGY

Without wishing to be bound by theory, it is postulatéd that the surface-active polypeptide
module (Sur peptide module) self-assembles at the liquid-liquid interface to stabilize the
nanoemulsion droplet. In some instances, stabilization may be enhanced by intermolecular
interactions between laterally oriented side chains of adjacent surface-active polypeptide
modules at the interface. In cases where the charged peptide module has multiple charges,
the high charge on this module may provide additional DLVO stabilization at the interface.
While the surface-active polypeptide module is at the interface, the charged peptide
module (Si peptide module) extends into the aqueous phase of the micro- or nano-
emulsion. The amino acids of the charged peptide module, such as lysine, arginine, serine’
and tyrosine, interact with silica species in the aque:ous phase by providing cationic
charges and hydrogen bonding sites. These amino acids may act as the nucleation sites for
reactive silanolate (ESi-O')‘and silanol (=Si-OH) species that participate in silicification
and direct the silca growth through condensation of these species, forming siloxane (=Si-

O-Si=) at the oil-water interface. This process is schematically outlined in Figure 1.

The mineralizing biosurfactant or the surface-active polypeptide rhodule_ or charged
peptide module ﬁay be prepared by methods known in the art, such as solid phase
synthesis or solution phase synthesis using Fmoc or Boc protected amino acid residues.
Alternatively, the mineralizing biosurfactant may be prepared by recombinant techniques
as ‘known in the art using standard microbial. culture technology, genetically engineered -
microbes and recombinant DNA technology (Sambrook and Russell, 'Molecular Cloning;:
A Laboratory Manual (3 Edition), 2001, CSHL Press). | |

CA 2959201 2020-02-26
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fo brief, the genetically spnginsered microbes pontain a polynucledtide sequence that
comprises a nuclectide sequence that encodes the potypepiide. The pucleotide seguence is
operably hnked to a promotor sequence. The microbes may be any microbes saitable {or
5 use in cobturing processes such as fermentation. Examples of suitable microbes include £
i, Sovchavoprvees pevevisiae, Baciifiy subiilis, and Piccie pavioris, sspevially £ vofl.

Any culturing process may be used, for example, fermgntation. During the cubturing

process the microbes express the polypepiide,

1 Onee eultming is complete, the microbial cells may be fwrther weated o the culure
medinm, for example, the fermentation broth, or may be isolated and stored or resuspended
in the same or &itferont media. Cells may be isolated by commonly used 1echuiques such
as centrifugation or fliration. Opticnally cells may underge a csll-conditioning step after

§

coll recovery. For example, the cells mayv be gollected and re-suspended 1 water or

15 buffered solution prior to storage o use,

After colfuring, the microbial cells are divrupted to provide a dsmaplate composition
comprising scluble proteins and cell debris. Cell disruption may be achieved by means
known in the gt inclading mechanics! mesns and nonsmechanical weans. Small scale
20 disraption may be achieved by methods such g3 sonication or homogenization. Large scale
disruption may be achieved by wechanival means such as head milling, homogenization
and minrofluidization, of sow-mechanical means including physical weans such as

decompression, osmotic shock and thermolysis; chemical means such as amibiotios,

chelating agents, chactropes, detersents, solvents, hydroxide and hyperchiorite; and

2% enzymatic ngans such as Iytic enzyvmes, sutolysis and cloned phage tysis,
Optionally after the cell disruption stop, solid cell debris is removed by rechniques known
iy the st such as centrifugation or filtration. Removal of cell debris provides a selution of
soluble cell proteins that includss the polypeptide nuneralizing biosurfactant.

30

Purification of the poivpeptide from other contanuinating cell protelas and polvpspiides

nay e achivved by treating the cell distupiste, either directly from ool disruption or
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clarified by reraoval of insoluble cell debnig, with a kosmotropic st 1o an amouwd suitable

tos sabteout cell denived contaminants buf salt-in the manershizing surfactant.

The kesmotropie sall may be formed from a bosmotropic ion. Examples of kesmotropic
ions include sulfate, carhonate, phosphate, hithium, fluoride, calciuvm and acetate. The

counterion of the salt may be any witable conmerion of opposite chargs.

The amount of bosmotropic sali s an amount suitable {0 precipiiate coutaminating proteing
and polvpsptides but not the polypeptide mineralizing bicsurfactant of interest. This
amount can be readily determined by those skitled w the art by exposing 2 sample of pell
disrnaptate, with or without clarification, to a range of salt concenirations, separating the
precipiiate, and superngtant and snehbyring the supermatant o determine the amount of
contaninating proteing in the supernatant and pellet by SDS-PAGE or HPLL In soms
cmbodiments, the amount of kesmiotropie sali s 1w the range of 0.2 Mand 29 M. In some

mbodiments, the amount of kosmotropie salt @ in the range of 02 M and 0.5 M, for
gxample, sbout 025 M. In other embodiments, the amount of kosmotropic salt 15 in the

range oF 0.5 M and 2 9 M, for example, 1.0 M and 2.0 M, aspeaially sbout 1.5 M.

After treatment with the koswotropie salt, the precipitate containing cell contaminants and
the supematant cordamning the polypeptide may be separated by methods known in the ar

such a3 Gravi i» sedimentation, centrif ;mzmn or Hitration,

Alternatively, cstablished chromatography wethods may be used to separste the cell

contaminants and mineralizing bioswrtactant.

In soms embodiments, where the swface-active polypeptide modale has a folded terttary
structurs such s & J-helix bundle, the minerglizing Boswfactant or the surface-aetive
polypeptide way be prepared recombnvantty and punfied and isolated wsing a thermal
purification method in which the cell distuptaie 13 sxposed 0 a kosmotropic salt at an
elovated temperature such as above 453°C or above 6070 or between 8570 and 100°C, sueh

a purtfication method is deseribed i desail in WO 2012/079125.
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To particular embodivents, the mineralizing hosurfactant is prepared as one polypeplids

sequence optivnally tncluding aming acid hnking ssquences,

In other embodinents, the surface-active polypeptide module and the charged peptids

5 module are preparsd separately and conjugsted topether by methods known i the ot Far
example, the C-eomings of one modude may be conjugated to the N-erminus of the other
moduie by peptide bond formation (anide bond formation), as 13 well known in the ant. In
brief, the C-tenminal or side chain carbonvlic acid is activated by formation of & reactive
spacies such ag an aoyl chloride, anhydride, a carbodiimide. 2 phosphonium spacies and

19 the ke, and the sctivated carboxylie acid is resoted with the Noermival or aide chain

amine group to form an amide band.

3. BMicro~ and Nano-emulsions and Micro- and Nano-capsules
In another aspect of the present tovention, there 1§ provided a mucre- or nanc-emulsion

15 comprising the mineralizing bosurfactant desenbed above.

The micio- or nano-emulsion is typieally an oll<n-water micro- or nano-enulsion where
an oif droplet 13 dispersed in a polar or agueous phase. The micreemulsion las an average
ol droplet size of 900 v to 100 o, especially between 900 om and 3¢ wro, more
20 especially between 900 nm ad 5 pm. The nancemulsion has an average oil droplet size of
leas than 900 nm, especially in the range of between 20 and 730 nm or 30 and 300 nm,

meore especially tn the range of 30 1o 300 am.

The mipro- or nanc-emuisions wnclude g polar or aquscus phase and an ofl phase wherein

b
L&

the oil phase is immiscible with the polar or gqueous phase, Suitable polar or aguecus
phases inglude water, butfer, methanol, ethanel, propavel and mixtures thereol. Suttable
oil phasex includs noutal gsters of satrsted coconut and palm kemel oil-derived caprylic
and capric fatty acids and gﬁ cerine or propylene glveol such as Miglvol™ 810, 812, 818,
829 and 840, edible cils such as olive ofl, sunflower oif, safflower oil, grapesesd oil,
3 sesame o, coconut oil, canols ol com otl, flaxsesd odl, pabm ol palin kernel oil, peanut

oil and sovabean oil, or trighveerides felyin unsaturated fatty goidy or miixtures thersof,
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T some ernbodivoents, the off phase i3 present in the bntial emplsion inoan amowt bebween
- 5

0.5 1w 10% viv, espeaially 0.5 to 3% viv, more gspecially 1 to 3%6 wv, most especially

about 2% v/v.

5 The micro- and nanc-emulsions of the mvention may be garf:pared by methaods knowt in
the art for preparing micre- and nano-emulsions, for example, high energy mixing, couetie
shear, homopenization, somication, dropwise dispersion or the use of migrofluidic
platforos. For example, the micro- or nano-emulston way be prepared by mixing the ofl
and agueous phase where the agueous phase comprises the at least one minerslizing

19 bloswrfactan, by oltvasonication or kigh shesr mixing. Micro-ennudsions may be prepared
using lower concentrations of biosurfagiant and lower energy mixing than used for nano-

ergulsions,

In some embodiments, stabilization of the mincralizing biosurfactant at the Lgmd-ligmd
15 imerfzes resulis from DLV inferactions. In some embodinents, the agueons phase forther
compnsss @ component that enhances interaction of the side chains of the aming acid
residues of the surface-active polypeptide module in the mineralizing biosurfactant at the
boguid-liquid interface. This enhances the stability of the nuicro- or dato-cnwlsion against
coalescence Suitable components include metal tons which may form bridges between
20 two charged laterally oriented side chaing of the surface-active peptide which are located
on adjacent polypeptide bioswrfactants. Suitable metal iong include calocium ons and
magnesinm ons, transiton metal 1ons such as titaniom tons, vanadivm ions, chromium
ions, manganese wus, won ious, cohalt tows, wickel fons, copper lons, zine ons and

molybdenum ions, and lanthanide ions such as lanthavum tons, cerwm ions, praseodynium

b
L&

ions, neodynium ions, promethivm 1ons, SAMEIUM [00s, euromurn 1ons, gadelininm ong,
ferbium tons, dysprosiam jons, holmium jons, evbium fons, thulium {ous, yiterbium ions,

and lutetiun lons. In panicular embodiments, the metal 1oas are selecied fram one oF more
of calstum, magnesiurn and transition wetal 1ons, especially calclum, magnesium, coppes,

nickel and zing iong, maore especially mnc lons.

The meatal ions may be incinded in the micro- or nano-eonlsion aquecus or polar phase in

the form of a salt The salt may be selected for suitablility for the use of the micro- or
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gano~cmuision or subsequent micro- or nano-capsude. Boiable salts include hahdes, wuch
as fluorides, chilonides, bromides and rodides, phosphates, suifates and the like, expecially

chiondes such as zine chlonde

5 In zome embodiments, the ol core of the nancemudsion somprises a compound for
dedivery 1o g humag or aniomal body, such as a pharmacautieal or veterinary produgt, or g
caanpound for delivery to an environment, such as & household, industrial or agriculiural

environment, for example a pesticide, herbicide, microbicide and the ke,

10 In some embodiments, the compound to be delivered to the human o ammal body o
gnvironment is sparingly scluble, slightly soloble, very slightly soluble or practcally
imsoluble o water but 35 vory soluble in the ol phase of the micro- or seno-enwilsion. In
other embodiments, the pharpaceutically active agent is soluble, frealy solable or very
sefuble inowater and 18 wchuded 1o the micro- or nanc-emulsion gl phase on & nanoparticle

15 such as a dendnmer, mesoporous silica ngnoparhicle or a polymene vanoparticle such as
those made of polveaprolactone (PCLY or polviactic-co-glveolic goid (PGLA)Y, or i an
agueous micro- o nano-dropled within the ol phase, or by ofl-phase sclubilisation using &
surfactant ot polvraer to alter the surface properties of the pharmasceutically active agent

from hydrophutic to hydrophobie

20
Suttsble sparingly  soluble, slightly soluble, very slightly soluble and insoluble
pharmaceutically active agents include cancer diwgs such as taxol, paclitaxed, docstaxel,
carbasitaxel, camptothecin, 10-hydroxyoamptothedin, wonotesan, doxorubicin, eloposide,
temolzolomide, teniposide, amsacring, actinomyein 13, elliptictne and bis-dioxopiperasines
2% such as ICRP-1893, corticosterotds such as methylprednistione, predmsilone, predoisone,

betametasone and budesonid, metalloprofease inhibitors such as marimastat, and sferoid

hommanes such as estosterone, progesterone and levonorgestrel.

Suiigble pharmaceutically active agent scluble in agueoas solution include protein antigens
3 orsiRNA Ip some embodiments, the profeln antigens may eliclt an trununogenic response
agatnst an invading pathogen, for example, in infectious dissase. In other embodiments,

the profetn antigen may elicit g tolerogenic response it an gutoimmune disease or in organ
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teplagcement or repair, Suitable protein antigens toclude tumour-associated cell lysates,
D1, CB3, CDa, CDS, CB8, Ch5, D27, CB30, CL31, OB, O47, LRRCIG and
prostaie specitic antigen (PSA) or other proiein antigens associated with autcimmunity or
infectious disease. Tumounr vell lvsates are denved from 2 patient’s fumour and contain

5 antigens specific to the wmiour fromm which they ame derived optionally together with
cytokines, allowing for the wse of wicre- and nanc-emulsions directed 1o personal

medicing approaches.

In some embodiments, where & tolerpgenic response s required from the pharmaceuticatly
1 active agent, the miero- or nano-enulsion Rurther comprises st least one tnhibitor of NF-wB
i an ampunt sufficlent to inhibit the NF-«B pathway of the antigen presenting cslis o
which the amigen {5 bomg delivered. Suitable NEB wnhibitors inchude sntioxidants,
proteosonre and protease inhibitors of REL/N¥-gB, phosphorviation andfor degradation
inhibitors and other NF-«B indubitors. Sutisble antioxidants tnclude g-lipoic agd, o
15 tocophercl, aged galic extrapt  (allicin),  2-Amino-lamethyi-Gephenviimidarof4,5-
bipyriding (PhIF), allopurtnol, 56,3 5 <etramethoxy-7, 4 -hydreyflavong, bis-eugesnol,
butvlated  hydroxvamisole  {(BHA),  34-dibwdroxvennamic  acd,  curcamin,
diethyldithiocarbamate, ethyl pyruvate, folic acid, glutsthione, hvdroguinone, melatonin,
Meaceiyvl-cysicine, quercettn, sprronplactone and vitanmin €. Suitable profeosome and
20 prowase  inhibitors  of  REL/NF-AB  ndude  Meacstyi-levcimyl-lencinyi-noreucingd
{(ALLAL), W-acetvl-leucinyl-ieuctnyl-methiony] (LLM), corbobenzoxyl-eucinyl-leucinyl-
narvalinyl (Z-LLaVy,  carbobensoxyvi-lensinyl-lenciovi-tencinyl {£-LLIL), boresomib,
cyclosporine A, iﬁ&{{ﬁiﬁiu@, disulfiram, Neacetyi-0-pheovialanine-Bonaphityl ester, K-
Brenzov] L-tvrosine-sthyl ester, 3 d-dichloroisocoumarin, dilsopropyl flucrophosphate, N-a-
2% tesyl-Lephenvialanine chloromethyl ketone and Neg-tosvi-L-bysine chloromethyl ketone,
Sutiable phosphorvlation or degradation inhibitors include deslorabiadine, salmeterol,
tuticasong propionate, LY29, LY 30, evodiamine, geldanamycin, 4-{I -aminoethyl jamino-
{ &-dimethyimidazo{ 1, 2--quinoxaline, cobrotoxin, aitric oxide, thienopyriding, 2-aming-
a-f 2-{cyclopropylmethaxy)-6-hydroxyphenylf-d-piperidin-d-l  nicotineninile, N4
3 hydroxyphenylretinamide, soviosemin, zerumbone, silibinin, sulfasalazine, quercetin,
rosmakinic  acid,  stawrosporine, panuma-iocottiencd,  thalidomide,  ansthole,

benzylisothioovanate, digitexin, inferferon-g, metholrexate, capssicin, genistein and
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ursodeoxyehelio acid. Other NF-KB imbubitors tndude o-pinene, ndole-3-catbhinol,
12,3 4 6-penia-O-gallovl-B-Dhglucose,  selenomethionine, newmyeln,  rapamvein,
ethvlpyruvate,  2-acefylaminofivorene,  T-amine-d-methylcoumarin,  camptothecin,
cinpamaldehyde, clarithromayetn,  ervithromyvein,  glveyerlusin,  hooleie acd,  2-
5 methoxyestradiol,  prosteaglandin B2, rapomyein,  raloxifens, obavuin,  ritonavir

resighttazone and xyhiwh

In some smbodiments, the cowpound to be delivered I8 8 vetertoary compound. In some
embodinents, the veterinary compound 15 @ protetn associated with andmal dizease, such as

1 VIrBSL, or other proteings aseociated with animal dissases, such as cattle disesses.

In sowe ombodiments, the compound o be delivered s 2 compound suitable for use as a
diagnosiic agent, including but aot Hmitad to, uorescant agents, magnatic particles and
other imaging agents. Switable fuorescent agents inelude fluerophores such as green
15 fluorcecent protemn, Boorescein, thodamine, costn, indecarbooyaning, merceyanine, nile
ed, nile bBlue, cresyl violet, proflavin, scridine omnge. ascriding yellow, auraminpe,
malachite green, orystal violet and porphin. Suitable contrasi agents for unaging includs
gadolintum compounds such as gadoterate, gadodiamide, gadopentetate, gadoteridel,
gadoversetamide, gadoxetste,  gadobutrol,  gadobenate  and  GA-DBOTA,  techtinham
20 compounds such as techtiroum sestarnibi, techtinium bicisate and techiiminm tetrafosnds,
iodine compounds such as metrizamide, ioxaglate, toversol, topamidel gnd obexol, indium
componnds such as indium petrectide, fluorine compounds such as fluorodeosyglueose or
Huorine 19 ron oxides such as foridex) resovist, sinenem, lwwirem and clariscan, and

others such as gold nanoparticles and soding.

25 In some ersbodients, the sompound to be delivered is 2 pesticide such a8 ap acaricide, an
avicide, algicide, aptifouling agent, antimicrobial, antifepdant, bactericide, bincide,
chemisterifant, fungicide, beshicide, herbicide safener, insect attractant, tnaect repelient,
mansmal repellent, bird ropeliont, insecticide, fumigsnt, disinfoctant, sanifiser, mating
disapier, ymiticide, molluscicide, nematioide, ovigide, pheromone, plant activator, plant

30 growth regulator, rodenticide, synergist, tepmiticide or virucide Suitable pesticides
inelude, but are wnot lmited fo, Bprondl, organochlorides such ag aldon, chlordane,
chivrdecone, DIXY, disidin, endosulfan, endsin, heptachlor, achlorobanzene, Hndans
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{gamma-hexachlorooyclohexane), methoxyoblor, mirex, pentachlorophencl and TDE,
oreasophosphates  such  ay  acsphale,  szinphos-msthyl, beosplide,  chiorsthosylos,
chlorpyrifos,  chlorpyriphos-methyl,  diazinon,  dichlorvos  (DDVP),  dicrotophos,
dimgsthoate,  disulfoton,  ethoprop, fenamiphos, fonivothion, fenthion, fosthinzate,
malathion, methamidophes, methidathion, wevinphios, monocrotophos, naled, omethoste,
oxydemston-methel,  parathion,  parathionsmethyl,  phorate,  phosalone,  phosmet,
phostebupirini, phoxiny,  pirimiphos-methyl, profenofos, terbufos, tetrachlorvinphos,
mbutos and tichlorfon, carbawates such as aldicash, bendincarh, carbofuran, carbaryd,
dioxacark, fenobucarh, fenoxyearh, isoprovard amd methomyl, 2-(-Mathyvlpropyhiphenyl
methylcarbamate, pyrethroids such a3 allethnin, bifenthan, ovhalothrin, lambdas
eyhalathrin, cypenmethria, evfuthrin, deltamethrin, etofenprox, fenvalerate, permetiuin,
phenothrin,  pmllethrin,  resmethrin,  retramethrin,  tralomethrin and transfuthein,
neonicotingids such as acetamipnd, clothiamdin, imidaclopaid, nitenpyram, nithizzine,
thigelopnid and thiamethoxam, ryancids sach as rynasypyrn nsect growth regulators
ncluding benzoylureas such a3 diftubenzoron asd fufenoxuron, methoprene, hydroprene
and tebutenczide. Suiiable hevbicides nclude svnthetic auxins such as 2,4-1, dicamba,
furoxypyr and pelovam, peridine herbicides such as clopyralid and amtoopyralid, triazioe
herbicides such as atrazinie, and other herhicides such as glufosinate ammaomurn, Huasifop,
glyrhosate, imazapyr, imazapic, ingzamox, metolachiorn, paraquat pendimethalin, sodinm

chlorate and triclopyr.

In some embodinients, the micre- or nane-emulsion formed may be concentrated prior to

use by methods known in the art inchuding gravitational or centrifugal separation.

I wet anciber aspect of the present nvention, there i provided a silics nilgre- or nano-
capsube comprising an ol drople stabilized by & mineralizing bicanrfactant as described

ahove and & siliva shell encapsulating the stabilized ofl core.

The oil droplet may be any ol suitable for solubilizing or carrving the campound t© be
dediversd. Suitable ol phases inchude neutral esters of safurated covonut and palm kermnel
oti-derived capryiic and capric fatty acids and glyeering or propylene glyeol such s
Miglyol® 810, 812, 818, 829 and 844, edible ails such as olive ofl, sunflower oil, safflower
ol grapese.ed pil, sesame oil, coconut o, cannia ail, comn oil, Haxseed oil, pabm oil, palm

40



10

20

b2
L

CA 02959201 2017-02-24

WO 2015/035475 PCT/AU2014/050234

berned oil, peanut ol and soyabesn oil, or tnglyveerides rich in wesaturated fatty acids or

mintures thereof,

In some embodiments, the il droplet further comprises a vompound for dehvery 1o an
environment, such as a household, industial or sgncultural envitonment, for example g

pesticide, herbicide, migrobicide and the Hke as deseribed above.

The microcapsules have an average dtameter of Tess than 150 wm, sspecially between 1 um
and 100 um, more espacially between 1 um and 30 pm and most especially bewtesn 1 um

and 5

The nanocapsules having an average diameter of less than 1 pm, especially between 50 nm
and 750 nin, more especially between 70 ooy and 500 mm, more especiadly betywwesn 80 am
and 400 nim.

The thickness of the silica shell may be adapted 1o assist with the release of the corapound
1o be delivered. o some embodiments, the sihica shell hay a thickness dn the range of 5 to
OO amy, 10 40 60 am or 10 10 50 am. In einbodiments where relogss 15 léss inhiboed, the
sitica shell thickness may be i the range of 10 © 40 nm, 10 © 30 pm, 10 0 20 nm,
gspecially 10 to 20 am. In embodioients where release s desired 1o be dlower or inhibited,
the thickness of the silica shell may be I the vange of 30 to &0 nm, 4010 70 nm oy 40 to 60

mim, especially 4010 50 sm

T some embodiments, the silica shell is av amorphous silica shell,

In some embodiments, the nanocapsule further inclodes a phatmacokinetic modifyving
agent andlor a targeting agent located on the surface of the micro- or nano-capsule, The
pharmacokinetie agent and/or targeting agent are atisched w the surface of the micve- or
nano-capsile psing methods koown in the art. For example, cwrboxylic acids on the
pharmacolinetic agent or targeting agent may be covalently linked tw the hydroxy groug of
sifanol groups on the silica shell surfhve. Alternanively, the surfsce of the silica shell may

be coated with amive Rwmctionality, for example, with {Saminopropel daethorysilane
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{APTES) and thetr pharmacokinetic agents bearing » carboxyiic soid may be coupled by

methods known for aming formation, such as with 8 carbodiinnide and bass, for exampls,
Lepthyi-3-3-dimethvlaminopropyly  carbodinmide (EDCY  and  N-hydroxysuceinamide
{(NHS1 In somwe embodiments, the pharmucchinetic modifving agent 1s a polvalbyviens

5 glveol, a polyalkyloxazoline such as polvethvioxazoline (PEOX), or polyvinylpyrolidone,
sspecially 2 polyaliovlens glveol such as polyethylene glveol or polvpropylene glyeol,
morg espectatly polvethyiene glveel (PEG) The polyethvlene glvoo! may have & molecular
weight between 2300 and 25000 Da, especially 2300 and 20060 Da In a particalar
embodiment, the PEG has 2 molecular weight of about 3000 Da. The targeting agent may

19 be any molecule that binds to a el sweface receptor In the target dasus o organ to which
the nancecapsule is o be delivered For sxample, the targsting agent may b a small
motecule such as folate or an pestrogen, peptides such as tumor-targeting pepttde of may

be an antibody of antibody fragment such as an soFv or diabody, divectad o 4 particular

coll surface receptor,

Suttsble tarpefing pepiides  inclnde  Lyp-l {(CGRRRTRGT), Bombesin  peplide
{(QURLGNQWAVEGHLM) and suitable tumor-targeting peptides include RGD peptides
such as RGIR, cyclic RGD dimer and CRGDERGPDELD GRGDY

20 Sutiable antibodies or fragmends thereof wchide anb-PSMA and ant-HERZ, target
receptors for Th-6, WM, VEGEF, EGF, CA-125, Clee®d, CleciZA, TNFw, CD4, D3,
19, Ched, D3, CD2S, CD40. CD326 and (D20 {dhuxkimabl, or mwnocional
antibodies torgeting  cancer-sssociated  proteoglyeans such  as melanoma-associated

protecedveans, or cancer-assoviated ganpliosides, for example, GDZ and GBS,
The silica micro- and nano-capsules of the present invention may be prepaved using the
misro- oF nano-erulsion of the invention 35 g waplawe © nucleate silica onto the stabilized

wiiern- or nano-enugl o,

3¢ In another aspect of the present invendion, there is provided s method of making a stlica

migrg- of nane-capsule coraprising the steps of)
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A} forming g sabilized micro- or nanp-emulsion by miking s composition

comprising

at an ol phase;

[y an aguecus phase; and

23 a mineralizing bioswfactant according 3 the invention; and
3% miaxing the micro- or nanc-emulston with siltea or 8 ailica precursor.

The micro- or panc-emulston formed 18 a micro- ot nanc-emulsion of the invention as
described above.

The silica or silice precursor 15 any stlica contrining compound that will react with the
positively charged peptide module of the mineralizing blosurfactant and foro the silica
shell,  Suitable silics or silica precursors include  alboxylated silapes such  as
tetracthoxysilane,  tolramethoxysilane, mothyltiethosystiang,  phenyioiethoxysilane,
trimethviethoxysilane, sodium siligate (Ma:Si:(y), dipotassium. silicon iniscatecholate
(Kol ST HO . 2H0), silica sof {(silica nanoparticles with diameter of 10-12 nm, 40%

Sith, 0.4% Na,0), sthylene glveol maodified sifane (BICHOG:u), and the like

The concentration of silica or sthica precursor used 1 the reaction will vary depending on
the desired thickuoess of the sthica shell Inoressing the silica o silica precursor
concentrabion can increase the thickness of the silica shell. Suitable concentrations of sthica

or sihca precursor are i the range of 10 to 100 M, especially 2010 8¢ mML

The reaction tinte can also be used to vary the thickness of the silica shell of the
nanocapsuie. Increasing the reaction fime may incrsese the thickness of the sitica shell.
Reaction fimes may range from 1 bour to 100 hours, for example 10 hours to 80 hours, 20

te 70 hours or 30 1o 50 hours, tncluding &l mumbers of hours snd parts thereof tnbebween.

The pH of the reaction conditions for mixing the composition comprising micro- oF nano-
ennibaion and silica precurser may be determyined by the mineralizing biosurfactant used
for stabiliving the wicro- or nano-enzulsion. In some embodiments, the pH used is suimble
to maximise the charges on the charged peptide wmodule and the bvdrogen bounding

propensity of the charged peptide module of the minerglizing blosurfsctant, In some
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~

cmhodiments, the pH ie between 7 and 9, especially 7 and 8 5 0r 7 and 8, mune espeiatly
about 7.5 Varving the pH of the reaction compesition comprising micms- of nano-

eraulsion and silica precursor may also beused o vary the thickness of the stlica shell.

The thickness of the silica shell may be tned for a particular thickness by varying the
concentration of the silica or silica precursor, varving the pH of the reaction composition

and/or varying the reaction time,

In spme embodiments, the silica shell has a thickness in the range of 3 1o 100 nm,
especially 540 20 am. In some smbodimenis, the release of the compound 1o be delivered
is by ditfusion of the wmpm}nd through the silica shell, In some embodiments, the relerse
of the compound to be deliverad 13 released at least in part, by the breakdown of the sdHea

shell Tn some embodiments, the thickness of the silica shell allows contel of the rate of

redeane of the active pavlead.

The silics or silica precursor s mixed with the stabilized nancemulgion by gentle stirring
Suttable a’?.%rring methods will be koown to those in the art, for example, mschanical

stirring or magnetic stirring.

In yet ancther emwbodiment, there is provided a composition comprising a micro- oF nano-

capsnfe of the invention together with a suitable carrier.

Soitable carviers are determined by the use of the composition. For example, compositions
for use in pharmacentical or diagnostic apphications will include s pharmaceutically
acceptable carnier, compositions for we in velerinary applications will inchude & veterinary
acceptable carfier, compositions for use W agriculinral, household o environmental
applications will include camiers accepiable for use in these environments. A person

skilled tn the art could determine suitable carviers for 2 specific use.

4. Applications
The ndgre- of nano-capsules of the present invention can be wed to dehiver one or more
compounds such as pharmacseutical or veterinary products, sgncultural products such s

herbicides or insecticides or environmenta! or household products such gs insectivtides.
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o some cases, the npucro- of nano-capsule will be deliversd to an envirsnment that will
cause raptd breakdown of the silica shell and immediate release of the active paylcad ag a
bolus dose. In other cases, the nanccapsule will be delivered  an envisonment which will

cause gradual breakdown of the silica shell causing delaved release of the active pavioad
Ts vet other cases, the nanocapsule enables slowed release of the avtive payioad over s
peried of ime. In some emvbodiment, the active pavioasd diffuses out of the micro- or nano-
capsnte over a peried of time. Tn other embodinents, the active pavioad is released by

diffusion at different times as the siticy shell breaks down,

he minro- oF nano-capsules of the wvention may be uselid in delivery of pharmacentical
componnds, partficalatly compounds that have limited solubility in sgueous or polas

solvents. The micro- or nano-gapsules may be tailored to have & particular stlica shell

:.;

thickness o allow controlled release such as tmmediate release, delayed release or slow
relense of the pharmacentical compound. In some ewbodimenis, 8 composiiion comprising
muttiple mioro- or nano-capsules having different silica shell Bucknesses o provide an

extended relzase or slow release profile.

In some ambodunents, the active pavlcad 13 a diagnostic agent which 15 deliverad to allow
imaging such a5 magnetio resonance mmaging or Huorescent imaging. o these
ewshodimenis, the nicre~ or nano-capsule may have a silica shell thickness that i suiiabls
for delivery of the imaging agent a8 & bolus. Upticnally the micro- or nano-capsule may he
further modified to include a targeting agent such that the imaging agent is debivered to the

target HEsUL OF OTEAN,

In soime embodisaents, the active payload is an immusogenic componnd such as an antigen
to provide 3 vaceine. In some embodiments, the antigensloaded microe or nano-capsule 13
stable uptil 1t s delivered to the individual 1 nged of vaccingtion. Advantageously, these
nanocapsule vaceing compositions may have an extended shedf Bife compared to solutions
of antigen andfor may be stable withowt refrigeration allowing sterage without cold chain
The thickness of the sihica shell on the nanccapsule shell may alse be
tatlored to give a rate of delivery of antigen over a periced of time and thereby providing a

"single shot” vaccine, In some embodiments, the kinetios of release of the active
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compound may be further controlled by incorporsting the compound in nanoparticles tha
are relzased from the micro- or nano-capsules and then the compound iy relessed from the

ﬂaﬂhlpxﬁ"‘ cigs,

To some embodiments, the active pavload is a small molecule such as g metalloproease
inhitbiior, optionally incerporaied into # nanoparticle, that iy released fo treat 3 ey or

animnal disease, for example, laminits in horses,

In some embodiments, the active payioad s a pesticide such as an inseclicide

combination of nsecticides. The pesticidal micro~ or nano-~capsule compositions may be
tailored to provide storage stability vet allow rapid release of the pestivide © provide fhast
knock-down” of the invading pest, or may twlode g thick sifea shall allowing slow
releass of a pesticidal amwunt of compound over a perind of tmg to give long torm
protection of an ggricubursl, indastial o houschold ecovironment. In parbicolar
smbadiments, the aciive pavioad i3 & teroviticide and the composition is suitable fur

preventing or controdling termite infeslations

T some erebodinments, the active pavioad s a pestioide such as 8 horbcide or combingtion
of herbicides. The bherbodal nanpcapsuls compositions may be tailored w0 allow
immediate release of the herbicide to provide rapid control of weeds or nnwanted plants, or
may include & thick silica shell allowing slow release of a herbicidal amount of compound

over a periad of time 1o give long erm contral or prevention of weed infestation.

EXARMPLES

SECE T MO 1SS (M 3043 2) and REQ 1D NOUIRS (84 3632 4) peptides wath 95% punity
were custont synthesized by Peptide 2.0 Ine (Chanuilly, VA, USAL The peptides wers
dissolved 1o water and fvophilized priov fo use, and the covcentrations were determined by
reversed-phase high-performance lguid chromatography (RPHPLO). Miglyol™ 812 (Axe
Industry 5A, Wavre, Belgiam) was punfied by passing the o through dry silica gel
column prior to use 4-{Z-hydroxyvethylpiperazine-l-ethanesulfonic acid buffer (HEPES,

28954y, zinge chloride (ZaCh, >98%) and tetrasthonysilane {TEGS, 2990 were obtained

from Sigma aod used as received. Water was obtained from a Milli-) {Millipore, New
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South Wales, Ausiralia} systers with a (.22 wn 8iter and had a resistivity of >18.2 M2

~

cra. Pivasba solution for acld washing of glassware was prepared from eqgusl volurses of
30% hvdrogen peroxide {(Rows Sclestifie Pty Lad, Qusesstand, Austmiia} and 98%
sulfurie aold {Chem-Supply Pry Ll South Auvstralia, Auvstealia), Al glassware used to
hold peptide solubion was {3 soaked i 1% detergent solutive {Decon 90, Decon
Laborstories Lid, East Sussex, LUKy (i) rinsed with & volumes of Mul-Q water, (i)

soaked for 15 ming in piranha solotion, and (v} rinsed with 10 volumes of Muh-( water,

The size distnbution profile of the nancemudsions and nanccapsules was determined by
dynanic Heht scattering (OLS, Malvern Zetasizer Nano 28} and the samples were diluted
by a factor of 100 prior to the measurement. The worphology and shell thickness of the
nanocapsuies were examined by transtssion electron microscopy { FEM, JEOGL 1018, 166
¥V accelerating voltage) Saroples (2 pl) were taken directly from the reaction mixtures,

deposited ooto Formvar-coated copper grids (200 mesh), and lefl to atredry pricor 1o
examination. Samples were also analveed for high-resolution (HR) TEM JEGL 2104, 200
kV accelerating voltage} equapped with an energy dispersive Xeray spectroscopy (B8}

;

detector. The formation of amorphous silics was venfied by selected area electron

diffraction (SAEDY in HRTEM.

Example 1: Precipiistion of silica by bloswrTactanis

To test whether blosurfactants SEQ 1D NOGUISS and SEG ID NO:156 werg ghle 1o
precipitate silica, separate agueous solutions of SEC {0 NGRS and SEG ID N 136 (400
s in HEPES buffer (25 ;M) at pH 7.5 and 8.0 were prepared and TEOS 830 mM) was
added. A sclution of each bicsufactant was retained without TEOS as a control, The
mixtwes wers gently atirted at room temperature. A transparent gel-like precipitate formed
within a fow minutes in those compositions which had TEOS added whereas the control
remained a solution. The procipitate was solated and exiensively washed with waier and
vacuum dried. The previpitate was analvzed by clementgl analyss using EDS
eonjunction with scanning electron mimoscopy {SEM, JEGL 66181 The analysiz showed
the procipitate 1o be sifica {510;). Excoss oxvgen, carbon and sulfur also found in the
analysis were consistent with entrapped pephide. This demonstrated that the peptides of

SEQ ID NOU1ES aud SEQ D N6 can nocleate silica.
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Example 2: Formation of Nanoemulsions with 350 1D NGy IS8 and SEQ 1D Nk 184

Separgte solutions of SEG I NGuLSS (400 uM) and SEQ D NG 156 (400 M) m HEPES
buffer (23 mb, pH 7 0¥ in the presence of Zull (8O0 u M) were nnived with Miglyol® &12
{2%% vivy by sonication (Branson Sonifier 4350, 10 W, 4 X 30 & borst and interspersed with
cooling in an toe bath for 60 s After sonication, the compositions were macroscopically

identical and honpgensgous with cloudy appearance,

The nanoemudsions were analyead by dynamie hght wattenng (DLS), The nymiber-average

diameter () of the ol droplets in the nancemulsions were ~80 mm {polvdispersity index

(P = 0329 for SEQ ID MR 155 and ~40 no (P = 0293 ) for SEG D NG Ss,

The nanoemuision compositions (L wl) were dialvzed agatast HEPES buffer (300 mi, 25
midd, pH 7.5 or 8.0} using a 10 kiDa celluloss membrane 10 adjnst pH of each nancenuision
and to remove residual peptide. After dialysis for 20 bours theve was only g shght inorease,

approximately 5%, in the munbet-average diameter of nanoemuisions stabilized by either
SEQ 10 NGS5 o SEQ HY KO0 156 and the PR remabnad similar The nancemulsions

were stable to dialysis,

Example 3; Formaton of nanocapsules from nancemulsions

Each of the dialyzed sancemulsion pompositons from Example 2 at pH 7.5 or 8.0 werg
divided inio a number of separate glass vials, Owne compostion of sach peptide
nanoemulision at each pH was retained as & control, To the other compositions, three
concentrations of TEOS were added to separate vighs, 20 mM, 40 mM and 80 ;M| and the
compaositions ware gently stirred for 20 to 30 hours. The compositions weve then anabyzed
by DLS and 2 size wcrogse consistent with the formation of a thick laver surrounding the
ol droplet corg in THOS-containing solutions was olserved. The resudts for nunocapaules
comprising SEQ D MO 156 are shown in Figures 2 to 5

Y

Figure 2 demonstrates that the size of the nanecapaules formed wish SEQ ID NO» 156

wereases with concentration of TEOS added angd the seaction timie. These resulty were
confirmed by TEM where the presence of the sthiea shell was shown and an mncresse in
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LA

thickness with igcreasing TEOS concentration (Figure 3) and Inoreasing reachion time
{Fiore 43 was demonstrated. SAED indicated the silica shells exhibit amorphous form as

indicaied by a diffuse ring pattern for the silica shell.

After 20 hours silicification of peptide nsnoemulsions with 80 mM TEGS in 25 mM
HEPES buffer, DLS resuliy ravealed 3 decrease o the polydisperstty indexes of the
nanocapsules formed with SEQ 1D NOISS at pH 7.5 (PDL = 0.242) and SEQ D N 156
ar pH 7.8 (PD = (1146} and pH B0 (PDYE = 0.233) This suggests the mineralizing
biosurfactants are covered by a condensed silica network after stlicification vielding
umform siractures. An increased P was observed for SEO By Ne» 155 at pH B (PDI =
£.794) suggesting Hlocculation of the nanpcapsules.
The shell thickiess of at least 100 mdividual sanocapanies were measured by TEM (a dark
ning around the perimeter of the bright corel. The silica layer formed on SEQ I NGOIISS
and SEQ I NOUIS6 pancemulsions ab pE 7.5 was 224 S wy and 12 4 2 v thigk
respectively and at pH 8.0, 35 £ 5 nm and 27 £ 6 um respectively, This demonsteates that
the thickness of the silica shell can be tuned by adjustiog pH a3 shown on REQ 1D NO156

nancemupisions in Figare 5.

Varying reaction time and TEOS concentraion alse affected the thickness of the silica
shell, As expected, the nasocapsule sitica shell thickness increased regularty with TEOS
concentration {Figure 3} and reaction tme (Figure 4) For example, after 30 howrs
silicification of SEOQ I NG 156 vancemulsions with 20 mdM, 40 md and 80 M TEOS in
25 mM HEPES butter, pH 7.5, the thickness of the siliga shell was measured at 5 £ 1 nm,
10+ 2 and 16 £ 3 am respectively (Figure 3% Onee the nanocapsules reached about 20
am {Cyng = 83 mM, ¢ = 40 br) Socculation of the nanocapsules started to oocur. This
demonstrates that well dispersed nanocapsules having different siliva sheli thicknasy may

be obtained by an inderplay between THOS conceniration and reaction time

Example 4: Syutheyis of biocide-Toaded silica nanocapsules
Nancesnulsion was prepared by homogenization of fipronil-oaded Miglvol® €12 at 2%

viv in HEPES buffer (25 oM, pH 7.5} comaining the biosurfactant pephide Aco-
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MEKOLAHAVARLEHA-RKKREKREKBREGGGY-CONH, (REQ 1D MG 158, 400 ub)
and ZaCly (800 M) using an wltrasonicator {(Branson Sonifier 450, 10W, 4 X 30 s bursis
and interspersed with cooling in an ioe bath for 80 53 The fipronil-loaded nanoemulsion {1
mi ) was dialyvzed agmnst HEPES buffer {500 mi, 25 mdd pH 7.5 using 19 ¥Da cellulose

membrane o adjust pH of the nancemulsion and to remove residual peptide,

Aligucds (400 gL of the naposmulsions were transferred toto 4 mi glass vials and TEQS
at concentrations of 40 mbd, SO mM and 240 mM was added. The compositions were
gently  stirred a8t room  tomperature for 30 howrs o provide  oib-coredsilica-shell

ganovapsuiss

The loaded nanocapsules have devse core under transmission election MICIRSCope a8
showt in Figure 6, in contrast to the Hehd pore shown by unloaded vanovapsoles (Frgures
2-53. Nanorapsules with three different sitica shell thicknssses of 8 2 Zam, 25 £ 3 om and
44 = 7 noowere produced using 40 mM (Figure 6a), 8O mM (Figure 6b) and 240 M

{Figure 63 TEOS, respectively.

The fipronil-loaded vanoeapsules formed at each congentration of TEDS were analyzed
directly by TEM. Samples of cach thickness nanocapsules were also dialyzed against

Mill-Q) water to remove unreacied THOR

Example 5t fa vive efficacy of fiprenii-containing silica navocapsules on termites

Termites were collected from a Coplotsrmes aoinaciforsis ootony and achive worker
fermites were selected for the experiment. Prior fo expenimeny, the termites were incubated
at 28 = %0 1o Petri dishes conteining Whatman® celluless filter paper o asesss termits

survival nnder incubation condidons. After 4 days, 26 & 8% mortality was observed.

Six samples were prepared and analveed for response of fipronil,

Control: WA water

Termdor®: commercially-avatlable Termidor® containing 0.08 mg/ml fipromi
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0OSEF-NE: vanpemulsion containing 005 mghml Bprow! {av prepared in
Example 4 without biosihiciltcation step)

OO8F-NCB. silica nanocapsules loaded with 0.05 mg/mL fipronil having a silica
shell thickness of 8 £ 2 mm {as prepared in Example 4)

QOSF.NC2E silica manceapsules loaded with 0.0% mg/mL fipronid having g silics
ahell thickuoess of 258 & 3 nm {as prepared in Example 4)

G.05F-NC44: silica nanocapsules loaded with 0.05 mg/ml fiproni! haviog a silica

shell thickness of 44 = 7 o {as preparved in Example 43

Treatmend with each fipronil formulation or water aganst a gronp ol termites was
conducted in five replicatss. Termite response {(mortality} was examined during the
treatmiont. Ten getive worker fermiles were placed into a Petrt dish (82 « 16 mm), Prioe in
reatment, termites in the Potin dishes were incubated at 2 °C for 2 wins o slow termiie
movernent, Bach of the Bproail formulations or water (5.5 1) was topically applied on the
dogsal thorax of termites. In cases whers a droplet was misplaced or ran off, the reated
terpute was excluded from testing. Topically-dosed tenmites were feft in Petri dishes undl
the dmp}u dried Termites were then fransferred to clesn Peirt dishes hined with a filter
paper {425 mm, Whatman®y Each Petrt dish was placed tnte g controlied environment
chawmber, The chamber {65 » 47 x 373 om) contatuing a thevwmowmeter, 2 Ud and a 11.3-L
metal container with water and hester, maintained the tomperature at 28 & 1°C, high
humtdity and, onee govered with insulating material, totl darkness {except duning
observation . Prelimivary study showed that fermites eould survive under these conditions
for at least 4 days Mortality was recorded at 1, 2, 3, 4, 5, 6, 10, 22, 24 and 27 h after
trsatment {(Figure 7). The Peird dishes wers removad from the chamber wheaever nesded
and the lds were opened with the least possible distubance. A termite was considered
dead when it was on its back or side (not supported by legs) and not sble fo move even

sfier prodding with a soft brush,

Rapid mortality of termiles was obssrved when they were treated with commercially-
avatlable Termidor® contaioing fpronit or LOF-NE Termidor® gave a burst release of
fipronid duriog the frst howr tesulting in 30% wortality with 100% monality at 4 h (Flgwes
Ty 0.O3F-NE exhibited g two-step release profile. The fist age of fipromd release showed

2 significant initial burst etfest, reflected by the mortality of almost 50% within the first 4
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b, and followed by 3 more sustained velease over 22 b (Figure 7). 0.08E-NE gave a slightly
reduced moriality within the time fame as compared to Termidor®. In contrast, silica
nanocapsuies showed more sustained release as 2 result of the silica shell, First mortality
was found afler 4 B {6%6), © R {4%) and 10 & {825} for L.O5F-NCS, GL.OSF-NUZS and 0.080-
NC44, respectively (Figute 7). Mortality then gradually increased in a way dependent on
shell thickness, suggesting that the slica shell provided an effective bamier for the

coatrotied diffusion of encapsulated Hprenil,

Example 6
Fipronil-loaded siliva nanccapsules with 44 4+ 7 nm shell thickuess was evaluated for the
glow release perdformance by remote foeding trestment on termites {ynaiormes

vol® 812 was

acingciformiy. For foeding treatment, 1 mg/md fiprontl solubilized v M
used as oil phase and fipronti-loaded nanocapsule having a 44 ooy shell (IF-NC44) was
then prepared using 240 mM TEQSR as previonsdy described in Example 4. Three samples
were compared, icluding Mul-Q water as a control, commercialiv-available Terssdor®
containing 1 mg/mil fiprond and 1F-NO44 Treatment of cach fipronil formulation o
water was condudied In four or two rephicates, respectively Termute response (oortadity}

was exgmined during the treatment

O

Termites (7.5 g = 1,308 workers and soldiers of Coplofermes acinoeiformsy were placed

nto 750 mb containers with 1580 g roasted Masntétermes magnus moond material and 50 g
batled water. The mound material was roasted in an oven at 200 °C for &4 minates 1o
reduce the neidence of sicrobes avd then grouod with g mortar and pestle. The watenal s
& shighily nutriticus building substrate and was included to minuc the termite natural
envirgranent. A clear vinyd tubing (150 X 6 mor digweter) connected the container to a 70
ml feeding vial Fach vial was filled with mwist a-celluinse batt (50 g boiled water and 20
g a~cellulose) Hach assembly was placed tnte 3 controlled-eovivonment chambear, The
chamber (65 x 47 x 37 5 ¢m) contaning & thermometer, a 1d and 2 1130 metad container
with water and heater was maintained at 26 & 19, high bumidity and, once covered with
insudating material, total darkoess {except during obwservation). The termites n the ten
assernblies were allowed to acclimatize to these condittons fir 4 days and began feeding
ou the bait as indicated by the presence of enclosed funnels and chawbers alt o the

celluloss. On day 4, 0.5 ;b Termider®, (.5 wmbl IF-NOM or 0.5 ml water was tranaferred
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wnto esch feeding vial The sssembled feeding devices were removed from the chamnber

and observed whenever npeded with the least possible disturbance, Observation of each
gssembly was made datly using a Termatrac® T3: device {Termatrac® Pry Lid, Beenieigh,

Cusenstand, Australia} to detect movement of Hving termttes. Lack of movement indicated

100% mortality of termites and destructive inspections were made © confirm. The weomite

colomy in one Termidor™ container fout of four) rematned alive at 7 days because termites
did not onter into the vial containing Termidor™ treated cellulose. Similarly, two 1F-NC44
containers {out of four} were stll alive at 7 davs because the ube entrance fo the vial
confaining 1F-NCdd-treated celluloss was blocked with mud built by termites. Thess
containery wers not included for further constderation. The vwo control eolonies aurvived

throughont the study,

it was observed that termites built owd and cslinlose surrounding the connsctor tubes as
well ag gallevies within the baits, indicating that termites were responding to the cellulose
As termites carmied the celloloss from the feeding via% back to the comiamer, they
transferced it to other ermites within the colony. TermidorS-treated cellulose cansed 100%
mortality to termite colovies after 3 days, whereas more delayed mertality (6 days) was
ohserved after tregtiment using IF-NCd4dreated cellulose (Figure 8}, Delaved mortality as
for the siiica vanoeapsule increases the hikelihood of hortzontal fransfer of fiprowt hence

aHlowing inproved argz-wide control of ternite populations.

Example 7: Design and production of & recombinant proiein capable of making silica
nsnccapsuiss
To develop a scalable and sustainable technology to make silica nanccapsules, a
mineratizing biosurfactamt peoteln (MDPR MEQLADS LHQLARQ VERLEHA DPS
MEGLADS LHOLARQ VERLEHA DPS MEGQLADS LHGLARG VSBLEHA DPS
MEKGLADS LHOLARG VERLEHA FPS-RKKRKKRKERKKGGEY, SEQ ID NG 187,
which can be produced directly frow recombioant INA, was designed cousisting of one
srface active pobvpeptide module (MDBPFS-MEQLADS-LHOLARG-VERLEHA-D),
SEC D NO: 86 capable of stabiliving navcemulsions and another positively charged
peptids module (REKREKREKRRKKGHGY, SEQ ID NGO 1331 induging biosilicification
at oib-water nterfaces at near neutral pHL BEQY 1D NO: 157 can be produced at kigh level

of splubility in penstically-modified of the industrially refevant bacterium Escherichine coli.
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With gn aimn of obtaining high purity of SEG 10 NG 157, 5 precipitation-based process
has been developed based on pusification method of SEG 1D NG 86 desoribed in WO

20127079185 (Figure %a) coupled with chromatography technique (Figure 9b).

Fxpression constreet and fransformation, pET-48b(+) plased with nucleotide sequence
encoding for REQ D WG 187 {1 pbl) Prowin BExpression Facility, The University of
Chueenstand) was added imo 2 coli BLZI{DEY) comperanyt cells (30 pL} annd incobated on
ice for 30 min, heat-shocked gt 42 °0 for 45 ¢, and incubated on ice for further 2 min
Then, 095 ml Lurig Bertanl (EB) medium (10 &/L NaCl, 10 /L wrypiong, § o/L veast
exiract, water) was added into the cell suspenston and incubsated at 37 °C, 220 rpm for T b,
The cell suspension (100 ply was plated on LB agar {18 }f"L Nall, 10 ¢/l uwyprong, & /L
veast exteact, 15 oL agar, water) and tooubated at 37 °C, 180 rom for 16 h Following
wransformation, & single volony was picked from the plate, plavad in 3 mL 27 veast exiract
and tryptone (YT medives (5 /L NaCl, 16 g/ tryptone, 10 ¢/ veast extract, water), and
incubated af 37°C, 180 rpm for 16 k. All media for culiures were supplementad with 13
ugiml. antibiogic (Lo, kanamycln sulfate). To preserve the clones, the overnight culturg

{105 mb) and 60 viv¥e gigf‘cﬁrisi {038 ml) were mixed well, frozen 1o hgwd mitrogon, and

stored at ~RO°C for later use

Frodein expression: A single colony from a freshly streaked plate was incoulated into S mib
2YT medivw and incubated at 30 SC, IR0 ypm for 16 b YT medion (800 mL) was
nocuigted with 800 il of the overnight culturs (00w = 2) in g 2.5 L-baffled shake flask
and incubated at 37 U, 130 rpry untl O reached spproxinately 0.3 Profein exprossion
was ioduced by adding isopropyl BeD-l-thicgelactopyranoside {(IPTGY to a final
comeentration of 1 oM and then incubated 8t 37 °C, 180 rpm for forther 4 b, A final OB
of 2 was routinely obtained. Cell pellet was barvested by centrifugation at 4 °C, 6250 xg
for 10 min, washed with the superaatant (30 mil) and then contrifiged ar 4 °C, 4700 =g for
0 min. The cell pellet was stored at -80 *Countil further grocessing. All media for cultures

were supplomented with 15 pfml kanamyein sulfate.

Heating:codl Iysis, cresicomingn precipilegion and dilie precipitotionr. The el peliet was
resuspended in 80 ml bvsis buffer (25 mM sodivm phosphate, 1.2 M MaCl, 1 M Na:80,,
pH 7,53 The mixture was transforred into a 250 mb-ponical flask and then mcubated at 90

S with stirring st 1000 vpm for 30 win in a thermostativ bath equipped with an electronic
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contact thermometer { A Werke GribH & Co. KG, Germanyy, During the hegting, the
opeping of the flask and the bath were coversd with aluminium feil o minimize
gvaporation. The cell lysate was then centrifuged at 20 °C, 51300 xg for 5 min. The
supernatant was cotledied and dituted S-fold with water, and the pHlwas adjusted to pH 3.5
by adding 10 N HOL to gllow pregipatation of SEQ I3 NG 157, Then, the mixture was
cenfrifuged at 4 7, 33730 xg for 30 min. The precipitaied sample was resuspended in
euuilibriven bufter (23 wM sodium phosphate, 1.2 M NaCLL 20 mM imidarole, pH 7.5) and

solubilized by adjusting the pHto pH > 10 wing S N NaOHL

The protein solution produced afler heating/cell lysis, contamination wecipitation and
dilute precipitation constsied of SEQ 2 NO: 157 based on the SDS-PAGE result (Figure
10, lane 43 Although the profetn could be wsed o facilitate formation of nancemulsions,
the nanosmulsions gave negative surface charge due to the presence of significant amount
of IXMNA contamination at a concentration of 63,18 ¢ 6 14 ng DNA/mg SEQ ¥ RO, 187,
andd, a5 2 result, silles shell could not be formed at the ioterfices. Therefore, a further
purification process using chyomatography methnd was developed to ramove DINAS from
SEQ ID NGO 137 (Figure 9h).

e

Chrrgmatography: Trmobilized metal 1on affinity chromatography (MACY was condugted
by using an AKTA Explorer 10 system {GR Healthears, Sweden) with Ni™™ charged IMAC
Sepharose High Performance resin (GE Healtheare, UR) packed nto a 15 mm diameter
Cmvmifit glass columy (Omnifit, NI, USAJ to 2 bed beight of 73 gun which is equivalent to
5.5 mb column velume (CV) Prior to loading, the protein solution was filtered using &
045 pm syrings fiter with ME-MR pﬁi‘ﬁ% mixed cellilose ester membrane (Millipore,
Australia), and the coluwmn was squlibrated with 3 OV of soguibibriom bufter (25 oM
sodivn phosphate, 1.2 M MNaCl, 20 ;M imidarole, pH 753 The protein solution was then
loaded into the column at 2 How rate of | mil/imin. Uinbowid components including DN As
as indicated by higher UV abserbance at 260 nm than at 280 nmt were washed out with 2
CV of equilibrism buffer. Bound protein was then eluted using 2.5 OV of elution hutfer
{25 wd sodium phosphate, 1.2 M NaCL 300 oM tnudazole, pH 7.5} (Figwe gy The
eluted fraction was mainly SELY 1D NE 157 based on the SDS-PAGE analyais (Figurs 10
lane 7y with sigmficantly reduced DINA fraction of 1.90 £ 048 ng DNA/mg SEQ ID NOG:

157 To chelate Niv"ions leaked afier IMAC step, the pH of the collected fractions wes
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adinsted (o pH 5 B by adding 10 N HOL and sthvlenedisminetetraacetic soid disodiwn sal

{EDTA Y was added to a final concentration of 20 mAd

Following the IMAC process, desalling of the protein solution with water was conducted
by using an AKTA Explorer 10 systemn with a Sephadex G-25 resin (GE Healtheare, UK}
5 packed into o 20 vun diameter Ot glass cobwmn o 3 bed height of 129 o OV =
228 mb) The protein solution was loaded into the column pre-equilibrated with water at g
flow rate of 1 ml/min. The protetn fracton after desaliing provess was collected {Figure

11bY and lyophilized at -35°C, 008 mbar for 16 h

After the chromatography purification steps, DMA fraction v SEQ 1D NGO 157 solution is
10 182 £ 046 ng DNA/mg SEQ ID MO 187 with final vield of SEQ ID NGO 157 of
approvimatelty 722 myg. As analyzed by reversedophase high porformance Bouid

chromatography (RP-HPLLD and mass spectromedry (M8}, bigh pzm’fy NECH D NGO 15T

can be obtained (Figure 123}, and the caleulated owlecular weight of SEQ I NG 157
based on the mass specrrum (Frgure 126} 38 1330816 Da which is very close to s

1S theoretical molecular weight te, 1329931 Da.

Example & Formatios of nanecapsules from nancemulsions using recombimasnt
profein

SECG D MO 157 was used to facilinte formation aud stabilization of nanocemulsions, and

subsequentty divect nucleation and growih of silica shel