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Abstract of the Dissertation

Novel Silica Coated Lipid Nanocarriers for Diagnostics and

Therapeutics
by

Mukanth Vaidyanathan
Doctor of Philosophy in Chemical Engineering

University of California San Diego, 2017

Professor Sadik Esener, Chair

While enzymes of non-human origin are attractive for therapeutic and diag-
nostic applications like in cancer, viral infection and brain diseases, their clinical
use has been limited due to the immune response against foreign proteins. These
enzyme can been hidden and incorporated in particles that are capable of harness-
ing ultrasound energy such that focused ultrasound can expose the enzyme to its
substrate. However, the immune evasion and delivery specificity are key challenges
needing to be addressed.

We propose a silica coated enzyme encapsulated lipid nanoparticle (SiLi)
that protects the enzymes encapsulated within its hollow core of the liposome
from immune attack whilst allowing access to their substrates through its porous

secondary silica layer. The accessibility of the substrate to the enzyme is controlled

Xvi



through ultrasound.

In this dissertation, The unique fabrication process of the liposome is dis-
cussed whose intergrity can be exploited by the application of ultrasound. The
ability of the secondary coating prevents the proteases to neutralize the enzymes
in SiLii particles whist maintaining structural integrity. The residence time of the
liposomes and SiLi are also evaluated through intramuscular injections at the hind
limbs in vivo. Additionally different methods to fabricate silica on top of the
liposomes are also discussed.

Finally the application of Sili with different enzymes for therapy and di-
agnosis are also explored. Enzyme based oxidative therapy were investigated to
generate ROS at the site of injection. Glucose oxidase was used to test the ther-
apeutic efficacy in cells as well as tumor xenografts. Sili loaded with cocktail of
enzymes are fabricated to optically detect small molecules like ACh. ACh is an im-
portant neurotransmitter which play a key role in the manifesting Alzheimer’s and
Parkinson’s pathology. Thereby a nanoparticle optical probe to detect ACh plays
a pivotal role in brain mapping which could provide insights to disease progression

and possible therapeutic targets.
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Chapter 1
Introduction

Enzymes are protein reactors that conduct chemical reaction in the body.
Enzymes are globular proteins that catalyze alone or through the formation of
several complexes. Several enzymes are found in a living body which catalyze
different reactions which are necessary to facilitate, sustain and thrive life on earth.
There are several enzymes which are devoid in humans but present in several other
organisms that we have harvested for our benefits like the zymase which are still
being used to generated alcohol from sugar. However this has led to the discovery
of several enzymes which have been found to have a therapeutic and diagnostic
aspect in human.

Non human enzymes have been employed for the treatment of several dis-
eases especially cancer. Almost all the therapies in the clinic used so far includes
small molecules and radiation. Unfortunately, they lack the tumor specificity and
accompanies with severe side effects which undermines any therapeutic treatments.
Hence there is a need for the treatment techniques with improved specificity and
prolonged sustenance in the body. Enzymes offer this specificity by interfering
with innate immune mechanisms and regulated processes in the body like angio-
genesis, apoptosis. However, most of these promising enzymes are not suitable for
clinical use, since they fail to remain active inside the body without aggravating
the immune response which results in poor bio availability. Thus foreign enzyme
based therapies and diagnostics require an effective delivery platform that can al-

low stealth operation whilst preventing any access of antibody or serum proteases



to the enzyme encapsulated. The delivery method must be performed at low cost
and complexity without compromising the enzyme activity.

The most commonly used delivery platform without compromising the en-
zyme activity is with the use of nanoparticles. Several nanoparticles organic and
inorganic have been employed to release the drug or proteins at site of interest.
However, certain enzymes when exposed to the substrate which are ubiquitous in
the body might undermine the therapeutic efficacy of enzyme based therapies like
in oxidation therapy (The addition of enzyme to generate ROS in the presence
of substrate leads to systemic toxicity). In order to prevent systemic toxicity by
localizing the effect of these therapies to the site of interest and to achieve target-
specific release, the next inevitable step is for remote-triggered activated release.
Instead of depending on the biological local environment of the target tissue, re-
lease would be reliant on an independent external trigger. One of the strategies
used effectively in the clinic is the use of ultrasound. Ultrasound is desirable trig-
ger because there is no risk of exposure to ionizing radiation present and offers
area-specific penetration without being invasive in the body.

This dissertation elucidates a novel nanoparticle platform, Silica coated en-
zyme loaded Cationic Liposomes (SiLi). The enzyme encapsulated through the
emulsion process remain suspended in the hollow core remain active whilst being
protected through the secondary silica layer. Chapter 2 explains the synthesis and
fabrication of these Silica coated enzyme loaded Cationic Liposomes (SiLi), efficient
protection from antibody access and neutralization, protection from proteolysis,
stability with and without the application of ultrasound in vivo and "activation"
of the enzyme activity upon application of the ultrasound.

Chapter 3 discusses potential applications of Sil.i with therapeutic enzymes,
including Glucose Oxidase (GluOx) and Choline Oxidase (ChOx) for various types
of cancer through oxidation therapy.These enzymes have proven efficacy in wvitro
but fail to make it to clinic because of systemic generation of toxicity. However
this chapter explains the possible use of GluSiLi.

Chapter 4 discusses potential diagnostic application using multiple enzymes
with different size for detecting neurotransmitters. These enzymes are successful

in optical detection of neurotransmitter in vitro but suffer the same fate as other



enzymes because of the innate immunity generated against these foreign enzymes.

Chapter 5 explains the ATP detection nanoparticle mechanism using lu-
ciferase. The luciferase was loaded in Synthetic Hollow Enzyme loaded silica nano
spheres (SHELS). These were designed to detect ATP in tumor sites and in pericel-
lular cavity of the neurons. The synthesis and fabrication of SHELS are explained
along with the activity retention of the enzyme upon exposure to proteases. The
effect of different surface coating was explored for effective ATP detection. Lastly
the luminescence was captured in SHELS through high speed camera.

The dissertation concludes by examining the future potential applications of

SiLi for macromolecule delivery.



Chapter 2

Silica Coated Enzyme

Encapsulated Cationic Liposomes

2.1 Liposome

The name liposome is derived from greek works: "'Lipos" meaning fat and
'soma' meaning body. It is a tiny vesicle made out of the same material as a cell
membrane, phospholipids [1]. Under normal conditions, the vesicles are spherical
and contain more than one lamellae that are composed of amphiphiles[2][3]. In
nature, liposomes are formed by phospholipids which form stable bi-layer mem-
branes in which the hydrophobic part of the amphiphiles forms the interior of the
bilayer and the hydrophillic part (head group) is in contact with the aqueous phase.
There are several other components to a stable liposome, phospho lipids like phos-
phatidylcholines provide the backbone and structure to lipids, Cholesterol alters
the mechanical properties of the lipid bilayers [4] and the anionic dicetylphosphate
(3 dihexadecylphosphate) or the cationic stearylamine or DOTAP (1,2-dioleoyl-
3-trimethylammonium-propane) with the aim of preventing vesicular fusion[5].To
prevent rapid clearance from the blood, the lipid-polymer derivative of polyethy-
lene glycol (PEG) are used to synthesize liposomes[6]. The interior of the vesicle
is an aqueous core which is of the same chemical composition of the protein or
drug being encapsulated. In fact, they can contain a wide variety of hydropho-

bic diagnostic and therapeutic payloads (See figure 2.1). Thus providing a larger
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Figure 2.1: Schematic representation of a small monodispersed liposome eluci-
dating the versatility of liposomes by incorporating various compounds either by
encapsulation or by surface attachment of the lipid membrane [7]

encapsulation efficiency per particle and also protecting the encapsulated payload
from metabolic process and immune clearance[8] [9]. Liposomes are available in
many different sizes and shapes. In case of a bilayer structure encapsulating a
payload,is called a liposome, a monolayer structure is called a miCelle while a
multiple concentric bi-layers is called a large lamellar vesicles [10]. The size of li-
posomes vary from 50-1000 nm in diameter which serves as an convenient delivery

tool.

Because of their biocompatibility, biodegradability, low toxicity and multi
functionality to encapsulate both hydrophillic and hydropholic payloads and ease
in manufacturing has lead to its use in vaccines like Inflexal V for influenza [11],
chemotherapy and synthesis of anti-cancer drugs like Doxil [12],anti bacterial|[13]
and anti fungal treatments (Abelcet, Amphotec [14]), protein delivery like insulin
[15]. The critical factors for successful formulation of liposomes are their colloidal
and chemical stability of the lipid bilayer. Unfortunately, Vesicular aggregation,
fusion and creaming are the major concerns for the stability of the liposomes which
could lead to the increase in size and change in charge which could limit the applica-

tion of liposomes. It also suffers from physical instability during manufacturing and



storage. Phospholipids are sensitive to acidic or basic hydrolysis and unsaturated
phospholipids are susceptible to oxidative degradation which makes it unsuitable
for oral delivery[16]. Apart from oxidative degradation, chemical degradation and
hydrolysis of the ester bonds linking the fatty acids (Cholesterol) to the glycerol
backbone could lead to performance failure and peroxidation of unsaturated acyl

chains [17][18][19].

2.1.1 Silica Coated Liposomes

Extensive research have been conducted to improve the stability of lipo-
somes either by addition of lipid-PEG conjugate [20], polymers [21], polyelec-
trolyte layer-layer assembly[22] and colloidosomes[23]. However, the chemically
assembling Silica layer onto the external surface of the liposomes have been very
successful because it retains the fundamental properties of the free liposomes [24].
Silica coated liposomes act as nonporous spheres for larger molecules like protein
but extremely permeable for smaller molecules like glucose, ATP, vitamins. Silica
nanoparticles can be prepared from various process: noncovalently bound orag-
nic substrates (surfactants, lipids, polymers), cavitation, eletrodeposition, spray
drying, super critical fluid technology, self assembly and sol-gel polymerization
25][26] [27] [28].Due to the inert nature of Silica, it has been used for enhanced
oral absorption of hydrophobic drugs like CeLecoxib and indomethacin [29].

2.1.2 Active Targeting of the Liposomes

The stability of the liposomes to retain their payload on circulation have
been exploited to deliver drugs to disease tissues. Apart from passive targeting
through EPR, triggering the release of the payload upon reaching the target site
would vastly improve the therapeutic efficacy with minimal side effects. Two main
kinds of triggers have been studied, one is remote trigger through external source
like the heat, ultrasound, light and magnetism and second, endogenous triggers
that are mainly prevalent in the target site like through enzyme and pH.

To release the loaded payloads in the liposomes, one could change the tem-

perature to below the glass transition temperature of the lipids which leads to



aberrations in the lipid bi-layer packing, thereby creating transient pores [30], the
use of pulses of strong electric field to break the membrane apart [31], the use of
magnetic field to induced 2-4°C change in temperature leading to the phase tran-
sition temperature of the lipids used [32], visible light which could lead to photo
degradation of lipids or a photo sensitive molecule attached to the cholesterol [33],
pH [34] and use of ultrasound (US) to acoustically disrupt the bi-layer through
cavitation [35][36][37].

Ultrasound is widely used in medicine for many years mostly as a diagnostic
tool in gynaecology, obstetrics and cardiology[38]. Ultrasound can be categorized
as either low- or high-intensity. The High Intensity Ultrasound (HiFU) ( 1MHz)
are usually focused at a point of interest to increase the temperature to 60°C
which causes ablation[39] while Low Frequency Ultra Sound (LFUS) (20kHz to
IMHz) are used to imaging and improve the permeability of biological barriers
like the skin[40][41]. Ultrasounds contrast agent like air, gas and low diffusive
gases like perfluoro carbons was developed to enhanced the reflected signal from
the site of interest. These contrast agents were called as echo enhancers. Due
to low toxicty of the liposomes and the tendency of the lipids to expand under
low frequency ultrasound let to the usage of the liposome as carriers of the echo
enhancers. Thereby, Exposing the liposomes to low-frequency ultrasound causes
the formation of transient pores on the packing arrangement of the lipid bi-layer
within the membrane resulting in an increase in the permeability of the liposome
and thereby releasing the drug.[42][43].

Recently there has been growing interest in combining ultrasound and lipo-
some for triggered release of anti cancer drugs that have low release kinetics like
the cisplatin[41][44][45]. The advantages foreseen to encapsulating this drug within
a liposome was to achieve reduced toxicity and drug resistence. Since cisplatin and
doxorubicin in doxil are highly small neoplastic compounds, The liposome should
maintain enough structural integrity to retain the drugs and remain in circula-
tion so that it accumulates in the cancer tumors and release the payload upon
ultrasound exposure. Hence the lipid formulation plays a very vital role in this
combined treatment [46][47]. However with larger payloads like enzymes, the re-

leased enzymes upon application of ultrasound would be counter productive as the



Figure 2.2: A schematic representation of the formation of transient pores in the li-
posome membrane by ultrasound. The transient pores may occur due to formation
of small gas nuclei in the hydrophobic region of the lipid bilayer under the effect of
an ultrasonic field. The pores may be either hydrophobic (A) or hydrophilic (B) in
nature, and tend to reseal after short periods of time. The formation of transient
pores may free membrane fragments from the liposomes, which will then form into
smaller lipid aggregates. [41]

released enzyme would generate heightened immune response as the enzymes are
of foreign source. Hence liposomes loaded with enzymes require access to the sub-
strate in the serum but remain protected from antibody neutralization and hence
require additional secondary coating like Silica, whose structure and function re-
mains unaffected by the ultrasound[48].

This chapter would elucidate the combination therapy of liposomes coated
with secondary layer of hydrolyzed Silica and Ultrasound. The application of ul-
trasound triggers the breakage of the lipids and hence making the particle porous
to substrate. The enzyme remain active upon ultrasound with little to no immune
response. We specifically show the activation of the enzyme and its sustained activ-
ity upon treatment with the serine proteases. Subsequently section also compares
the bio availability of the Silica coated liposomes to the cationic liposomes through
the encapsulation of BSA conjugated fluorophore. We have also demonstrated that
upon subsequent exposure of the ultrasound doesn’t affect the bio availability of

the Silica coated liposomes in vivo.



2.2 Materials

L-Alpha-Phosphotidylcholine derived from egg yolk (Egg-PC) of 25 mg/ml
stock solution in chloroform, Cholesterol powder, 1,2-Distearoyl-sn-glycero-3- phos-
pho ethanol amine Poly-ethylene Glycol MW5000 (DPSE-PEG) powder and 1,2-
Dioleoyl-3-trimethyl ammonium-propanol (DOTAP) of 10mg/ml stock solution
in chloroform were purchased from Avanti polar lipids, USA. Diethyl ether and
Tetramethyl orthoSiLcate (TMOS) were purchased from Sigma Aldrich, MO, USA.
Phosphate buffer saline was purchased from Life Technologues, USA. Nucleopore
Track-Etch Whatman filters 13mm (800 nm, 400nm and 200 nm) used in the
extrusion process and 19mm Nucleopore Track-Etch Whatman 30 nm pore size fil-
ter were purchased from EMD Millipore, Darmstadl, DE. The magnetic dialyzing
cartridge: fast SpinDialyzer was purchased from Harvard Apparatus, Holliston,
MA. Lyophilized betalactamase (BLA) from Enterobacter cloacae was purchased
from Sigma Aldrich, St Louis, MO, USA. Bovine serum albumin conjugated with
alexafluor 680 (BSA-AF) was purchased from Thermo Fisher Scientific, Waltham,
MA. Nitrocefin was purchased from Millipore MD, Darmstadl, DE and used to test
the enzyme kinetic of BLA. Phosphate Buffer Saline (PBS) was purchased from

Hyclone Laboratories Inc,Logan, UT. All the chemicals were used as received.

2.3 Methods

2.3.1 Synthesis of Enzyme Loaded Cationic Lipid nanopar-
ticles (liposomes) (CeLi)

The cholesterol stock solution was prepared with 38.7 mg of lyophilized pow-
der of cholesterol in 1 ml of Chloroform. The DSPE-PEG stock solution was
prepared by mixing 50mg of DSPE -PEG in 1 ml of chloroform. All the lipid stock
solutions were prepared in chloroform and stored in —20°C freezer. Egg-PC and
DOTAP was used as received. Liposomes were synthesized through a modified
version of the reverse phase evaporation technique developed by Papahadjopoulos

[49]. It consists of three step process.
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Solution A: 295 ul of 25mg/ml of Egg-PC, 40 ul of 38.7 mg/ml of Cholesterol,
50ul of 10mg/ml of DOTAP were mixed in a glass vial and the chloroform was
evaporated using Buchi Rotavapor R-300 at 100 rpm at 25° C for 20 minutes to
form a thin lipid film. Then 1ml of diethyl ether was added to re-suspend the
lipids in ether.

Solution B: 40 ul of 38.7mg/ml of cholesterol, 50 ul of 25mg/ml of DOTAP
and 60 ul of DSPE-PEG stock solutions were mixed in 0.5 ml eppendorf tube. The
chloroform was evaporated under a gentle stream of nitrogen while vortexing the
open tube. 100ul of the PBS was added while making empty liposomes or 100 ul of
100mg/ml of BLA was added to make enzyme loaded liposomes. All the enzymes
were hydrolyzed individually using PBS. The lipid-payload solution was vortexed
thoroughly for 30 secs until all the lipids are constituted in the solution.

Solution C: 60 ul of DSPE-PEG stock solution was evaporated under gentle
nitrogen stream while vortexing in a 1 ml eppendorf tube. Then 1 ml of PBS was
mixed until all the lipids are evenly mixed in the solution.

Solution B was added dropwise in the glass vial containing solution A under
vortex. Then solution was allowed to vortex in high speed for 1 minute. This emul-
sion is homogenized to ensure proper mixing using the Power Gen 125 homogenizer
from Fisher Scientific for 2 minutes. The ether in the stabilized emulsion is evap-
orated under vacuum using Buchi Rotavapor at 100rpm at 30°C for 25 minutes.
This produces a sol-gel like precipitate. The sol-gel mixture is then hydrated by
addition solution C dropwise under gentle vortex. Gentle stream of nitrogen was
used to create vortex to break apart large chunks and then vortexed for 30 sec-
onds. This solution was placed in vacuum for 45 minutes under a water bath at
30°C. The liposomes are then extruded three times using a syringe extruder with
800nm, 400nm and 200nm filters respectively. The extrusion process was slow and
steady to ensure homogeneous solutions of liposomes are formed. To remove ex-
cess enzyme and lipids, the solution was dialyzed at 160 rpm at room temperature
overnight using the fast SpinDialyzer with 19mm whatman filters with pore size of

30nm. Schematic representation on the synthesis of CelLi is shown in the figure2.3.
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Figure 2.3: A schematic representation of the formation of liposomes through
reverse phase evaporation.(A) Solution A (B) Addition of solution B to Solution
A (C) Water in oil emulsion is formed to form stable micelles (D) Gel formation
upon solvent evaporation (E) Dissolution of the gel with solution C

2.3.2 Synthesis of Silica Coated Enzyme Loaded Liposomes
(SiLi)

The Celii are used as a template to precipitate Silica using sol-gel method as
shown below in figure2.4. 50 ul of the liposomes is diluted with 1 ml of PBS. 2 ul
of TMOS is added drop wise over vortex to this solution and mixed for 4 hours at
3200 rpm in a shaker at room temperature to form Silica coated Liposomes (SiLi).

To terminate the hydrolysis of TMOS, the SiLi solution was washed three times
in PBS using a centrifuge at 3000 rpm for 15 minutes at 25°C.
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Figure 2.4: A silica formation process using PBS and TMOS
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Figure 2.5: A schematic representation of the formation of silica on CeLi

2.3.3 Synthesis of Calcium Phosphate (CaP) Coated En-
zyme Loaded Liposomes (CaL)

50pul of Celi is diluted with 1ml of 0.1X PBS. 100ul of ImM of calcium
chloride (CaCly) is added dropwise under vortex to diluted CeLi mixture. The
mixture was mixed for 30 mins to 1 hour at 3200 rpm at room temperature. To
terminate the deposition, the solution was washed three times in PBS using a

centrifuge at 3000rpm for 15 minutes at 4°C.

2.3.4 Characterization of the CeLi, SiLi and CaL

The size and surface charge of the liposomes were characterized using Ze-
tasizer Nano from Malvern Instruments, Malvern, UK. The size was also char-
acterized using electron microscope images using the Helios NanoLab DualBeam
from FEI. The particle count was analyzed using ViewSizer 3000 from Manta, San
Diego, CA. The activity of the enzyme was optically detected using Spark M20

from Tecan, Mannerdorf, SUI.
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2.3.5 Nitrocefin Assay for the Measurement of BLA activ-
ity

For the colorimetric determination of penicillinase activity, 100ul enzyme

solutions were transferred onto a 96-well microtiter plate. 25ul nitrocefin working

solution was added to each well. 5 milligram nitrocefin was dissolved in 500ul

DMSO, and 9.5 mL 1X PBS was added to obtain the working solution. Absorbance

at 486 nm was measured at 37°C using Infinite 200 PRO Plate reader and Spark
M20 Tecan (Switzerland) .

2.3.6 Measurement of in vivo Activity

Athymic, nude mice were purchased from the Jackson Laboratories (Stock
number: 002019). Mice were housed in high-efficiency particulate air (HEPA) cages
in a specific-pathogen free (SPF) facility at OHSU. Mice were fed a diet of PicoLab
Mouse Diet 20 (LabDiet, 5058) ad libitum and started one week prior to imaging.
10 week old male nude mice were given a single 100ulL intramuscular injection
of either SiLi, CeLi and Free BSA-AlexaFlur in the both high leg muscle. Mice
were imaged for fluorescence (excitation wavelength = 680nm, emission wavelength
= 710nm, exposure = 0.2sec) after correcting for background fluorescence using
the IVIS Lumina XRMS Series III (PerkinElmer). All experiments performed
were approved by the Institutional Animal Care and Use Committee (IACUC) at
OHSU.

2.3.7 Measurement of Activation of the CeLi and SiLi us-

ing Ultrasound

For in wvitro ultrasound activation, The BLA encapsulated in the liposomes
and Sili were treated with 50KHz bench top sonicator. The samples were treated
with pulsed ultrasound at 2 second on and 1 second off intervals for 2 minutes at
40% amplitude under ice bath to prevent overheating of the sample and therefore
leading to enzyme denaturation.

For in vivo ultrasound activation, SiLi, CeLi and unencapsulated BSA-Alexa
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Flur were injected on the left and right hind leg muscle. The left hind leg was
exposed to ultrasound at 25-55MHz for 30 seconds and the region of injection was
scanned at 100frames/second using (write this equipment down ). The fluorescence
was measured using IVIS Lumina XRMS Series III (PerkinElmer) as described

above.

2.4 Results

The proteins (BLA and BSA-AF) are encapsulated during the formation of
water-oil emulsion during the formation of the liposome nanoparticles. The size of
the nanoparticles are of atmost importance to ensure higher circulation or retention
time in the body. The size of the nanoparticles synthesized was measured before
and after dialysis as well after coating it with Silica. The figure2.6 shows the size
distribution of CeLi (before and after dialysis) and Silii particle to around 215 nm

irrespective of the coating.
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Figure 2.6: The size of the non dialyzed Celi (Blue), Dialyzed Celi (Orange) and
SiLi (Grey) were all measured at the same dilution in 1X PBS with 12 runs for
each measurement using disposable clear size cuvettes

The CeLi particles are cationic and with an average charge of around +15mV.
This cationic charge is due to the presence of DOTAP in on the lipid bilayer. Since
Silica (from TMOS) is anionic, it would preferentially deposit on the cationic Celi
particles thereby changing the charge of the particles to shift from +15mV to
-36mV as shown in 2.7.
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Figure 2.7: The change in the surface charge between non dialyzed CeLi (Blue),
dialyzed CeLi (Orange) and SiLi (Grey) were all measured at the same dilution in
DI water with 12 runs for each measurement using disposable clear zeta cuvettes

For characterization of the nanoparticles, BLA was encapsulated in the CeLi
and SiLi.BLA (43kDa) is a member of the family of beta-lactamases that catalyze
the hydrolysis of the beta-lactum ring [50][51]. BLA was selected for the char-
acterization of Silica coated liposome (SiLi) because sensitive chromogenic and
fluorgenic assays were available[52]. The encapsulation efficiency of the nanoparti-
cles was determined by incubating all the samples with 0.1mg/ml of proteinase K
(28.9kDa) overnight at 37°C while mixing. Proteinase K is a broad spectrum serine
protease that cleaves at the peptide bond adjacent to the carboxyl group of the
aliphatic and aromatic alpha amine groups [53][54][55]. The activity of the enzyme
which is encapsulated by the particles can be determined using nitrocefin assay.
Nitrocefin being a cephalospoin contain beta-lactum ring which is susceptible to
BLA mediated hydrolysis .Once hydrolysed, nitrocefin rapidly changes color from
yellow to red which can be measured as an increase in absorbance at 486nm using
UV-Vis spectrometer. Figure2.8 demonstrates the protection of the enzymes which
are encapsulated within the SiLi particles upon sustained exposure to proteinase
K.

The purpose of DOTAP while forming the emulsion was to provide a cationic
charge to the CelLi particles thereby providing an oppositely charged template to
drive preferential silica deposition. Hence, Silica,an FDA approved inorganic mate-
rial could be electrostatically and chemically deposited on the CelLi surface. Silica

can be precipitated on any surface especially nanoparticles using many different
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Figure 2.8: Activity plots of unencapsulated and encapsulated BLA in Sili with
and without incubation with proteinase-K for 24 hours at 37°C in 1X PBS in
bench top shaker. 0.5 mg/ml of nitrocefin in 1mM phosphate buffer was added to
measure the increase in absorbance at 486 nm.

substrates [56]. APTMS, TMOS and Silicic acid (highly reactive and acidified form
of TMOS) was the choice of precursor for the formation of synthetic silica shell on
the CeLi particles along with CaP. Figure2.9 shows all the different surface coating
techniques were employed on BLA loaded CeLi and tested for BLA activity after
encapsulation and also after treatment with proteinase K.

Sonication of the CeLi and SiLi particles were performed for 2 minutes at 40%
amplitude at 2 seconds on and 1 seconds off using 500W 20kHz sonicator attached
to a cone to prevent sample contamination from the insertion of the probe. As
seen from figure 2.10 the sonicated and non sonicated samples were incubated with
the PK. The BLA-CeLi particles showed an 700% increase in the activity of the
sonication while BLA-SiLi showed an 800% increase in activity. However, upon
incubation of the samples with proteases, BLA-CeLi showed 97% loss in activity
and upon sustained sonication did not revive the activity of the BLA. Whereas,
the BLA-SiLi retained 97% of the enzyme activity and upon sustain