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ABSTRACT

Primary cancer treatment often includes a combination of surgery,
chemotherapy, or radiation. Chemotherapy and radiation have limftegcgfdue to
their negative side effects. Recent research has moved towardievelopment of
therapies that are designed to specifically target matigcells only. The majority of
this work characterizes two novel enzyme prodrug therapies ussignf proteins
containing annexin V to target only tumor vascular endothelial aeliscancer cells,
reducing the burden of systemic toxicity in healthy tissue.thMeinase enzyme will
convert inert selenomethionine to toxic methylselenol and also dép&etancer cells
of methionine necessary for protein synthesis and continued growthtosirigy
deaminase converts 5-fluorocytosine into the well-known cancer thdiapg—
fluorouracil. Additionally, continued work using single-walled carbon nanstube
targeted to cancer cells by the F3 peptide was done.

Recombinant technology was used to express and purify methiominasgin
V and cytosine deaminase-annexin V fusion proteilmsyvitro testing of binding and
cytotoxicity were completed. Studies of both fusion proteins bindandguman
endothelial cells and two breast cancer cell lines were donabtain dissociation
constants in the range of 0.6-6 nM, indicating relatively strong fogndiCytotoxicity
studies revealed that methioninase-annexin V with selenomethionmdiltaghose
same cell lines in only 3 days; cytosine deaminase-annexircagudished the same
goal in 9 days using 5-fluorocytosine.

The remaining enzyme prodrug work involved testing the methionarasexin

V system in vivo. Pharmacokinetic testing revealed complete clearance of

XVi



methioninase-annexin V from the bloodstream to occur within 8 hours foliow
intraperitoneal injection. Selenomethionine levels up to 12 mg/kg stenen to cause
no apparent toxicity, while higher levels were lethal. Testewene with a maximum
of 10 mg/kg. The enzyme prodrug system demonstrated a significaumg of tumor
growth compared to untreated mice or mice treated only with thdryg or fusion
protein. Using a fluorescent dye, it was shown that the blood flaaghrthe treated
tumor was significantly reduced. The results obtainedvo with this enzyme prodrug
treatment are promising.

F3-targeted single-walled carbon nanotubes were tested foakhléy to bind
to and become internalized by endothelial cells and breast ceed®r Following
incubation with SWNT-F3, cells were irradiated with a near-refitdaser 980 nm. The
irradiation increased the cell death as determined by a cdlility assay. The
photothermal therapy produced promising resultsvitro, and tests with mice are

recommended.
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1. INTRODUCTION

Nearly every person knows someone that has been affectechdsr @ some
point in their life. Even though cancer death rates have been dagreasie ~1990,
the Centers for Disease Control and Prevention statistics fromi2@i@@te that nearly
570,000 deaths per year were the result of cancer, second only taliseage [1].
According the American Cancer Society, males have a lifetiskeof 45% of acquiring
some form of cancer and 23% risk of dying. Risks for femates38% and 20%
respectively. Prostate cancer for men is the highest riskcafrence at 17% with one-
sixth of those dying due to the disease. Breast cancer isatenpinantly occurring
disease for females with a 12% chance with one-quarter of those women2jying [

The vast majority of cancer deaths are caused by metdetadns that occur as
cancer progressebigure 1.1) [3]. There are several steps required for a primary tumor
to become a malignant cancer. Within the primary tumor, celist nose cell-cell
contacts and gain the ability to migrate. Tumor cells mhest breach the basement
membrane using matrix proteases to enter blood or lymphatic ve§gmsific cancers
circulate in vessels to reach particular tissue types wihene have to adhere to the
vessel wall and extravasate into the native tissue. For ttestagc legion to survive,
the tumor cells must be able to recruit a blood and nutrient suppfgribsyng new
blood vessels in a process called angiogenesis. The procesyagemesis has been
reviewed by Carmeliet and Jain [4].

Contrary to highly ordered healthy tissue containing mature bloatubzisre
[5], cancerous tissue exhibits structural abnormalities likgutee branching, vessel

diameter, and increased vessel leakage [6]. Once cells become maligndnt, rapi
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Figure 1.1  Schematic of the complex metastatic process. Epithelial-
mesenchymal transition (EMT) alters the cell phenotype tawalhtravasation
into the systemic circulation. Mesenchymal-epithelial tramsi{MET) occurs at
the site of distinct metastases (produced from Dotan et al.).



angiogenesis is essential to supply nutrients and oxygen for gnmeth and results in
variable vessel structure with increased distance between tloa vessels, which
leads to regions of hypoxia within the tumor [7, 8]. The limitedudibn of oxygen
into these areas tends to inhibit cytotoxicity of chemotherapagkats because the
cells are not rapidly dividing [9].

Standard clinical treatments of cancer include a combination of rgurge
chemotherapy, and radiation. Systemically-administered cherapth&lrugs reach
rapidly dividing tumor cells by the well-known enhanced permewghditd retention
effect [10]. Similarly, areas of rapidly dividing healthy setluch as cells of the bone
marrow and intestinal epithelial cells are also affectezjltiag in common severe side
effects including hair loss, suppression of blood cell production, ananimiion of
the intestines, among numerous other symptoms. The lack of spaafting results
in little drug accumulation in the tumor tissue and can be one ah#mgy causes of
drug resistance in tumor cells [11], making the cancer cells even difficult faHil

The next sections will focus on directed prodrug therapies andtieyvare
used to produce therapeutic drug levels without the inherent toxa€ityypical
chemotherapeutics. Exposure of phosphatidylserine to the bloodstrdathew be
described as a way to target enzymes to specific carssereti The mechanisms
employed by two specific enzyme prodrug systems, L-methioninash
selenomethionine and cytosine deaminase with 5-fluorocytosine, and hdulling is
expected to occur with each system will be discussed. A disnuss a different
approach to treating cancer, photothermal therapy using carbon nanotubfes is

given. The following section introduces the F3 peptide used to targetathen



nanotubes to the nucleolin receptor known to be expressed by proldetatimor
endothelial cells. Finally, the experimental hypotheses tegied are presented along

with the experimental design for each section.

Overview of Directed Prodrug Therapy

Enzyme prodrug therapy for cancer was designed as a way tbthe@ystemic
toxicity of chemotherapy. A type of enzyme prodrug therapy knas antibody-
directed prodrug therapy (ADEPT) was first proposed in the 1980s mgans to
confine the action of cytotoxic drugs to the tumor. In ADEPT, an antibimatybinds to
the tumors is linked to a drug-activating enzyme, and the mguitision protein is
administered systemically and preferentially accumulatéseiiumor [13] (se&igure
1.2, reproduced from Tietze et al [14]). A non-toxic prodrug is acdstened
systemically and is converted in the tumor to a toxic drug bytagme. The enzyme
should not have a human homolog to avoid prodrug activation in normal tissues.

Gene-directed prodrug therapy (GDEPT) is a related themagyses a specific
gene that codes for an enzyme of interest. The gene, usuallypfpartvector, is
administered to the patient by some means, and the gene is izenalicancer cells
and becomes part of the cell’'s DNA, enabling the enzyme to be mawdiycthe cell.
With the enzyme expressed, the systemic administration of dldeugy is done as with
ADEPT.

A large amount of prodrug is able to be converted to the correspondiggndr
the tumor tissue by every enzyme molecule bound or expresdkd bglls. Therefore,
a high drug concentration can be achieved within the tumor enviranareh tumor

cells are able to be killed in an efficient manner. Due to the formation of twese |



moiety
s Dng
Antibody-enzyme EEI w\ \
conjugate |
- YA
DEECPESRCI N,
L
Cancer cell with
Mnmur-e_l.ssmialed
e Cancer cell without
tumour-associated

antigens

Figure 1.2. Selective cancer therapv using antibody-directed enzvme
prodrug therapy (reproduced from Tietze, et al 2009 ).



molecular weight drugs in the extracellular environment, neighbaunmgpr cells that
may not express the desired antigen can be killed by drug diftudihis is known as a
bystander effect and is a way to eliminate tumors cellswbatd not be susceptible to
the treatment with traditional antibody—drug conjugates [15]. Inrotdehave an
effective therapy, a prodrug needs to maintain a low syst@Exicity and be soluble in
aqueous solution. To prevent prodrug conversion throughout the body, the enzyme
being employed should either be expressed at very low levels at aditin healthy
tissue and come from an exogenous source. The drug that resulthér@onversion
of the prodrug should have low molecular weight, high cell uptake, aotbxidity.
Furthermore, the enzyme complex needs to bind to only tumor-releitechnd should
have high enzymatic activity, should not be inactivated by the prodrtige alrug, and
ideally should have low immunogenicity. A potential problem with the afseon-
human enzymes in therapy is the possibility of an immune reacfiomay to reduce a
protein’s immunogenicity that has been well studied is the comungat polyethylene
glycol (PEG) to the protein [16].

To accomplish the goal of developing a new cancer therapy thas lthe
inherit toxicity of standard chemotherapeutics, a specific target recutdigand must
be identified. Much research has looked at antibodies or other probteindind
overexpressed proteins on the surface of cells within tumors. Howbkeeaeceptor is
usually expressed in healthy tissue throughout the body as wedlry Eell within a
given tumor does not express the same receptors, making itldifidarget malignant

cells in a tumor. For an enzyme prodrug system to be astiedfeas possible at



converting the prodrug to an active agent, the enzyme should beashsilyistered and

accessible for rapid prodrug conversion.

Annexin V Binds Exposed Phosphatidylserine (PS) in Tumor Vasculature

In healthy mammalian cells, most all anionic phospholipids, inotuéiS, are
known to reside exclusively on the internal leaflet of the plagtiamembrane with the
outer leaflet containing primarily cationic phospholipids [17, 18]. &kgmmetry of
the phospholipids is controlled by aminophospholipid translocase, an ATRedepe
enzyme that internalizes PS back to the cytoplasmic leafidtscramblase, a calcium-
dependent transporter that flips PS to the external surface plagrma membrane [19,
20]. Upon exposure to certain external stimuli, the PS getddcaisd to the outer
leaflet of the lipid bilayer in vascular endothelial cells,king it accessible to the
bloodstream. Various conditions, both physiological and pathologicéliding
platelet activation, cell aging, degranulation, apoptosis, necragismalignancy--are
responsible for the leaflet switching of the PS, which is cdattdly two enzymes [21-
24]. In malignant tissue, PS externalization can occur without stesali [19, 20],
and several carcinoma cell lines have been shown to expose up tdisegemore PS
than healthy cells. Vascular endothelial cells are also knowrpgose PS which may
be caused by acidity, hypoxia, inflammatory molecules, or oxygenespecThese
conditions can be stressful to endothelial homeostasis and resultiimcaptake and
subsequent aminophospholipid translocase inactivation or scramblasei@ct|2at
26].

Work published in 2002 confirmed the translocation of anionic phospholipids

including PS in mice bearing MDA-MB-231 tumors [25, 26]. A monoclonabadif



that is reactive towards all anionic phospholipids was developed. aftiteody and
protein annexin V were biotinylated and then injected intravenouslyetonice. EXx

vivo staining proved that both proteins were bound to tumor vascular endotleéta
tumor cells, and to necrotic regions of the tumor. Staining done othydesue
revealed no antibody or annexin V binding, thus indicating anionic phospholipids,
including PS, were not externalized.

Annexin is a family of proteins that bind anionic phospholipids and coiitai
mer repeat sequences. Annexin V (36 kDa, monomer) has four repeshsi@nd is
known to specifically bind to PS in a calcium-dependent marigure 1.3). Each of
the domains contains a calcium-binding site. As mentioned above ylatgihannexin
V was shown to be bound to vascular endothelial cells within a lraasér tumor and

to the tumor cells.

Mechanism of Cell Death via L-Methioninase and Selenomethionine

For the enzyme component, L-methionine gamma-lyase (accession
#AAB03240) that exists as a homotetramer, also known as L-methienifrasn
Pseudomonas putidavas chosen Higure 1.4). This enzyme catalyzes the alpha,
gamma-elimination of L-methionine and is not found in human tissue [27]. L
methionine is converted to methanethiol, a-ketobutyrate, and ammorathioNne is
an essential amino acid and has been shown to be very importanée foorttinued
survival and proliferation of cancer cells. Many tumor celldjrgich as those of brain,
colon, kidney, lung and breast, have been shown to be methionine-dependent [28-30].
All healthy cells are considered to be methionine-independent beafathear ability to

manufacture methionine from the precursor homocysteine [28, 31, 32]. Homocysteine



Figure 1.3. Structure of human annexin V protein from
RCSB Protein Data Bank (www.reshoorg).



Figure 1.4. Stucture of L-methioninase from Pseudomonas putida from
RCSE Protein Data Bank (www.resboorg). Each monomer making up the
homeotetramer is shown i a different color.
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lacks the methyl group that is attached to sulfur on the &idi@.c Below normal levels
and activity of methionine synthase, one of the enzymes that methylomocysteine
to form methionine, have been shown for many methionine-dependent cadhtirese
[33, 34].

The prodrug selenomethionine is also cleaved by alpha, gamma-élomimdo
toxic methylselenol, a-ketobutyrate, and ammonia [35]. Methylselmmbeen shown
to be approximately 200-fold more cytotoxic to various human caretlsr than the
prodrug [36] and is known to induce apoptosis in cancer cells [37, 38]. dBayadata
produced by Zeng et al. [39] indicated that cell cycle arreagoptosis were found to
be most common effects observed following fibrosarcoma tumorirmelbation with
methylselenol. It is likely that cell cycle arrest ammbptosis play a key role in the
inhibition of tumor cell invasion upon exposure to methylselenol. Otheortie
indicate methylselenol blocks cell cycle progression, induces apspéosl regulates
gene expression in prostate and mammary cancer cells [40, 41].

Several mechanisms of action of the methioninase-annexin V/seldmonmee
system are envisioned. The methylselenol generated at theesoffthe endothelial
cells in the tumor leads to destruction of these cells, which teadstting in the tumor
vasculature and a cutoff of the supply of oxygen to the tumor. Thus,ith&ryptumor
and distant metastases can be treated simultaneously. Méthylsis also carried to
the tumor cells by fluid permeating through the artery watlanee of the pressure
gradient across the artery wall. The destruction of the enddtloelis will release
tumor antigens directly in the bloodstream, which can cause the imgygtem to

mount a systemic attack on any remaining tumor cells angwimethe body; this
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immune response can be boosted by the administration of immunoadjudahts |
Finally, the L-methioninase will greatly reduce the supply ofhmoaine in the tumor,

which will weaken methionine-dependent cancer cells.

Mechanism of Cell Death via Cytosine Deaminase and 5-Fluorocytosine

The anti-metabolite 5-fluorouracil (5-FU) is widely used in theatment of
solid tumors, including those of the breast, gastrointestinal systew,amel neck, and
ovary [43]. It has been established that 5-FU is converted irsdeell to the active
metabolites fluorodeoxyuridine monophosphate (FAUMP), fluorodeoxyuridine
triphosphate (FAUTP), and fluorouridine triphosphate (FUTP) [44]. Thesabolites
misincorporate into RNA and DNA and inhibit the nucleotide synthesisyme
thymidylate synthase. Unlike using a drug that rapidly disrtip¢ membrane, 5-FU
requires DNA and RNA replication to induce toxicity. Cytotoxidid hon-cancerous
tissues limits the dosage and frequency of drug administraiommon side effects of
5-FU are bone marrow suppression leading to neutropenia and infections, and
gastrointestinal toxicities such as stromatitis, nausea, vomiting, anded §45j.

To circumvent problems related to systemic administration, neiwvedgl
strategies have been studied to produce 5-FU at the site afinttoe tising an inert
prodrug. As part of an enzyme prodrug system, 5-fluorocytd®##€C), a common
antimicrobial compound known to exhibit high bioavailability [46], has besed in
combination with cytosine deaminase (Glgure 1.5 to produce biologically relevant
levels of 5-FU locally. CD has been used in ADEPT by conjagatito a single chain
fragment variable (scFv) antibody [47, 48]. In ADEPT, however, thbait-enzyme

complex must diffuse across the vascular wall to reach the tumor cellstudyeof the
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Figure 1.5. Structure of cytosine deaminase from Saccharomyces
cerevisiae from RCSB Protein Data Bank (wwworcsb.org). Both monomers
making up the homodimer are shown.
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local distribution of a monoclonal antibody injected i.v. in patients \mtlignant
melanoma, the antibody was found to be heterogeneously distributed tkmeitgmor,
which was not primarily due to heterogeneity of antigen expmedsit could have been
a result of differences in capillary wall permeability [4@ther studies have used CD-
fusions for suicide GDEPT [50, 514and viral-directed enzyme prodrug therapy
(VDEPT) [52, 53]. Gene delivery is limited, however, by an inabibt transfect large
number of cells efficiently, while viral vectors have the potérmdfainducing severe

immune responses and also suffer from a limited amount and size of plasmid ONA [54

Hyperthermal Therapy using Single-Walled Carbon Nanotubes (SWNT)

Many reports have proven that inducing prolonged hyperthermia is an ejpproa
that has been successmmlvitro andin vivo for killing tumor cells. The use of near-
infrared (NIR) lasers [55, 56], magnetic thermal ablation [57], RRdand microwave
ablation [58-61] have been reported to heat tissue. When occurriray dofficient
time, hyperthermia can cause severe tissue damage or congaeisis. Dissipation of
heat in healthy cells is critical when experiencing periofi®levated temperature.
Healthy cells and tissue are known to withstand hypertheb@ier than malignant
cells [62]. Vascular adaptation within healthy tissue causasdbVessels to dilate,
increasing blood flow to dissipate the heat. The lack of varoel organization in
tumors disrupts the adaption process and allows heat buildup inside trg@3in An
elevation in tumor cell temperature between 4848r at least 5 minutes has been
shown to induce protein coagulation, apoptosis, and necrosis [64]. However,
temperatures reaching 54°60require less than 1 minute to induce apoptosis, necrosis,

and lipid bilayer disruption [65].
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Photothermal therapy is one method to induce hyperthermia and hasdegen
in a number of clinical settings including cancer. In one typghotothermal therapy
of cancer, nanoparticles are delivered to the tumor and theheated by light at a
specific wavelength, which causes heating of the tumor. Wakbban done using
gold nanoshells [55], fullerenes [66], and carbon nanotubes [67-69].

Carbon nanotubes have several intriguing properties that make tlrezesting
candidates for biological research, including their electricalicalptand thermal
properties. For this work, the property of interest is their streay-infrared light
absorbance from 700 to 1400 nm [70, 71]. Human tissue is known to be hglative
transparent in this range of light and will allow the use of carbanotubes in
combination with NIR to produce thermal cell injury. Additionailyth their extreme
length to diameter ratio, carbon nanotubes are able to transversmaimiam cell
membranes with little effect on the cell [72]. Because , tbtarbon nanotubes have
been investigated as delivery vehicles for biological molecules.

Several studies have used carbon nanotubes combined with NIR lightags a
to treat cancer (see the review by Harrison .g78l). To prepare carbon nanotubes for
use as an injectable agent, usaully a surfactant must be e@wphth sonication to
mechanically break up aggregates [74]. Being made from &lbeatoms, the surface
of nanotubes is extremely hydrophobic which prohibits suspension in agueous
solutions. To circumvent the problem, conjugation of water-soluble pglgeth
glycol (PEG) to the nanotube surface [75] or use of heterobifunctional linkerbbarne
used previously [76]. Single-walled and multi-walled carbon nanotl8N{T's and

MWNTSs, respectively) have been employed in several cancerestudh 2005 study
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proved that HelLa cells cultured vitro could be killed using a combination of folate-
targeted SWNTs and NIR light while cells receiving no SWNEsemunharmed [71].
Studies targeting different moeities have also been done on neuroblastoma [Tafe pros

[78], and breast cancer cell lines [79].

F3 Peptide Binds Nucleolin Receptor Expressed on Proliferating Cells

It is known that vascular endothelial cells express specifitecales on their
surface depending on where they are located within the bodgndixe work has been
done using phage display technology in order to map these vasculassaddeand
identify targets that are specific to healthy organs or tunssudis. Phage display
techniques employ bacterial viruses, or phage, expressing shod and sequences
on their surface protein coat [80], and have discovered numerous pepétlasme to
specific tissues, both healthy and malignant [81, 82]. Some of gielg® also act as
cell-penetrating peptides as they become internalized byédite that express their
specific receptor [83]. One such sequence is the F3 peptide.

The F3 peptide is a 31-amino-acid peptide fragment of the high maipitityp
protein 2 [84]. Upon binding to its cell surface receptor, F3 becam@&nalized and
homes towards the nucleus. Tumor vascular endothelial cells and telladrawve been
used to demonstrate the F3 shuttling to the nucleus [84, 85]. Thesosgiitor that
binds F3 is called nucleolin and is sequestered in the cytoplasmatthyheells.
Nucleolin is known to have the ability to catalyze its own degraalatHowever, when
a cell receives the signal to begin proliferation, this 105 kDé&aolar phosphoprotein
[86] gets transported to the cell surface of and is exposed to xtiacedlular

environment [87, 88]. While undergoing proliferation, the ability of nutietd
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degrade itself is thought to be inhibited. A study done in 1991 proveddhsin the
process of actively dividing have a majority of intact nucleolirsug stationary phase
cells that contain higher amounts of fragmented nucleolin [89]. Addiyorthe
amount of nucleolin presented by proliferating cells is approxigndt@ times that
expressed by non-dividing cells [86]. To prove the shuttling of Féhaeonucleus,
MDA-MB-435 human breast cancer cells were found to internaliaerdscently-
labeled F3 and translocate it to the cell nucleusitro and in mice[84]. This was
confirmed by another group [90]. The expression of nucleolin on theswdtice of
tumor vascular endothelial cells and tumor cells provide an ertétieget for a new

cancer therapy.

Mechanism of Cell Death via Carbon Nanotube Heating

This therapeutic strategy reported here exploits the natwadurring deficit of
NIR-absorbing molecules in most tissue, permitting transmissid®flight through
tissue with little attenuation and minimal heating. Light withiis tspectral region has
been shown to penetrate tissue at depths around 1 cm with no observzde da the
tissue [91]. The combination of SWNTSs targeted to the tumawesire using the F3
peptide, which binds to nucleolin, and NIR laser light presents atherapy that

allows for a targeted delivery of heat to tumor tissue.

Overall Hypothesis and Experimental Plan

The hypotheses that are testes in this work are: 1) amgtdeaminase-annexin
V fusion protein can be expressedHEncoli and then purified, and this fusion protein
will have cytosine deaminase enzymatic activity; 2) the thmainase-annexin V and

cytosine deaminase-annexin V fusion proteins will bind to the crdh endothelial
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cells (non-confluent) and breast cancer ceéfisvitro with good binding strength
(dissociation constants under 10 nM); 3) L-methioninase-annexin V amsireyt
deaminase-annexin V fusion proteins will convert nontoxic prodrugsctive drugs
that will kill endothelial and breast cancer cells; 4) the étlmoninase-annexin
V/selenomethionine enzyme prodrug system will kill or inhibit theagh of a human
breast tumor in mice with the fusion protein and prodrug deliveredbinjection; 5)
targeting single-walled carbon nanotubes to the surface of endo#redifreast cancer
cells via the F3 peptide will cause internalization of the nanetui)eapplication of a
near-infrared laser in the presence of single-walled carbootulzes with F3 attached
will cause thermal injury and death to cells grawnitro.

The following experimental strategies were used to test the above hygothese

1. Creation of a cytosine deaminase-annexin V fusion protein

Nucleotide primers will be designed and manufactured for u$eipdlymerase
chain reaction. A flexible triple repeat glycine-serine Imkal be built in to fuse the
cytosine deaminase gene (N-terminal) to the annexin V denerininal). The linker
will allow for the enzyme to remain active by preventing iie@nce of the active site
and maintain available binding residues of annexin V.

The fused gene will then be cloned into a bacterial expresssotor for
recombinant expression iB. coli. The vector codes for a histidine tag at the N-
terminal, and a specific protease site will be added imegiptar to the fusion gene.
The fusion protein is expected to be produced as a soluble proteiramvitttive
cytosine deaminase enzyme and functional annexin V. The; (Higsyvill allow for use

of a purification column containing nickel for immobilized metal affini
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chromatography, followed by cleavage of the (klita}y using a protease to yield a high
purity fusion protein. The Bradford protein assay and an enzymaay asll be used
to track the protein quantity and enzyme activity of the fusiomutihout the
purification process. Denaturing sodium dodecyl sulfate polyacigéanygel
electrophoresis (SDS-PAGE) will be used to determine for durireg wvarious
purification steps.

Yeast CD was chosen since previous work has demonstrated er gitsaty of
yeast CD to convert 5-FC to 5-FU than bacterial CD [92].aW@mnous injection of this
fusion protein will allow annexin V to bind rapidly to exposed PS on endothelial ells i
the tumor vasculature, and the FP will also be transported from dloedbieam to
tumor cells via the well-known enhanced permeability and reterfiBR) effect [10].
Following clearance of unbound FP, 5-FC would be injected and converte&UWo 5-
within the tumor both at the surface of the tumor vasculature ati@ sturface of the
cancer cells.

2. Fusion proteins bind PS exposed on the surface of endothelial and cancer cells

To prove the methioninase-annexin V and cytosine deaminase-annexin V
proteins can be used to effectively target cancer cellseandin bound to convert the
prodrug to active drugs, binding tests will be done to determine fispbanding
dissociation constants for both fusion proteins on endothelial cells and7VeeH
MDA-MB-231 breast cancer cells using the interaction of biotin &mgtavidin tagged
with an enzyme to developed a colorimetric substrate for quantiicailhe duration

of binding to these cells is also going to be tested using a nubdifreling test in
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combination with a metabolic assay to produce binding data on-celpdrasis. This
will be important to aid in designing sebsequent experiments.

3. Fusion proteins convert specific prodrugs into active drugs that kill canter cel

A metabolic activity assay will be used to determine cytot@ffects of the

fusion proteins, their prodrugs, and the combination of fusion proteins tigih
prodrugs. Following binding of the fusion proteins to the surface of eridbtard
cancer cells, the prodrug will be added and cell viability detexrafiter a given period
of time specific for each system. Comparison of treated toatatteells is expected to
result in significant cell death of cells treated with theyere prodrug combinations
with minimal effect of the prodrug alone.

4. L-methioninase-annexin V with selenomethionine will reduce obihiMDA-
MB-231 tumor growth in immunodeficient mice

Using a mouse xenograft model, MDA-MB-231 breast cances eell be

inoculated in the flank region of immunodeficient mice. Once the tistoyw signs of
growth, three consecutive cycles of treatment with methioniaasexin V and
selenomethionine will begin with each cycle lasting 4 days. tidament is expected
to produce toxic methylselenol that will rupture endothelial deliag blood vessels
within the tumor and cause clotting that will cut off the supplgxafgen and nutrients
needed for continued tumor growth. It is anticipated that the tumbhaltl or even
reduce the size of the tumor.

5. Carbon nanotubes functionalized with the F3 peptide are internaltiged

endothelial and MCF-7 breast cancer cells
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The F3 peptide has been shown to be internalized in previous repgyts.
attaching the peptide to the surface of single-walled carbon nanptule£xpected
that the conjugate will be taken up by the cells following indohatvith endothelial
and cancer cells. Fluorescence and confocal microscopy beillused for that
determination.

6. Application of near-infrared light will heat internalized carbomatabes to
induce death in endothelial cells and 4T1 and MCF-7 breast cancer cells

The use of near-infrared light at specific wavelengths Iesn shown to
produce heat when absorbed by carbon nanotubes. Endothelial and theabocea
cells will be incubated with the SWNT-F3 conjugate for varyinges followed by NIR
light to induce heating of the nanotubes. The amount of toxicitybeilletermined by
a metabolic activity assay and is expected to be increasedashebining the SWNT-

F3 with NIR light.

Note: Some of the information presented in the following sectiosagleviously been

published [56, 93, 94].
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2. MATERIALS

Bacterial Plasmids, Strains, and Mutagenesis

L-methioninase-annexin V was previously constructed and cloned iathis
(reference Naveen’s thesis) using the linear pET-30 Ek/LICovefrom EMD
Chemicals (Gibbstown, NJ). Cytosine deaminase-annexin V alselaraed into the
linear pET-30 EK/LIC vectorFigure 2.1shows the layout of the vector and some of its
general features and ligation independent cloning sequence. Nova@Rjasingles
were used for the amplification of the pET-30 Ek/LIC plasmid coimtg the two
fusion genes (EMD Chemicalsk. coli BL21(DE3) cells were used as the expression
host of the fusion genes (EMD Chemicals). Site-directed mutagepeoducts used

XL10-Gold Ultracompetent cells from Agilent Technologies (Santa CGa,

DNA Manipulation and Protein Purification

Oligonucleotide primers were synthesized by Integrated DNAhA@ogies
(Coralville, IA) with standard desalting. The polymerase cheaction was done using
the Expand High Fidelity PCR system (Boehringer Mannheim, IndadisapN). The
DNA sequences encoding for the cytosine deaminase-annexin Vinggaeamplified
from pQE30Xa/CD [95]obtained from Dr. Maurizio Cianfriglia at the Superior Health
Institute, Rome, Italy) and pET-22b(+)/STF-ANX (obtained from Dua& Lind at the
University of Colorado). T4 DNA polymerase and HRV 3C proteasee obtained
from EMD Chemicals. BamHI restriction enzyme and T4 DNAdig were purchased
from New England Biolabs (Ilpswich, MA). The Qiaquick PCR purifara kit,
Qiaquick agarose gel purification kit, and Qiaquick plasmid purioakit were

purchased from Qiagen (Vista, CAyeaKem® LE agarose was purchased from

22



Dora 1115157}

BeplU11 i3zha)
Sap 3T}

Bst1 107 I0es)

Tent 11 K303

T7 promoter primar s80348-2
TT promater

EE T upsaeam primer B9G214-3
——

Lic gt aton

AT EEATET DEATEE EEEE LAY AR AL EAET CALT AT AGCEEAAT 16T CACCEGATAAL AATTEL LL

Nge | HimsT.
TATALATATEIALCATCATCATCATCATTENTE
HetHi sl M 2 sHs gl s Serder
LIC site
Kpnl § 5

O TACL LA TE AL CACEAr AACAEI L EOEL TICTEL T

Sl yThr iypiuplypleplysierProl |yTheler &

T AL AR I AL A A RS TR T TEEL TELTESL
| AR AR AfGkAAGL T ELET T TRl T L

sease. Thboes

BACTRETEENE 3
fiaiazhssa: §

l T4 DfA pol & dATP

SAUACTACRATA D manua. Dl
ke

#

'illll'.r.:lz:l'.n'r
ERLIC waior
ERLIC overhangs

hal -
TCTAGLANTART TTTETT TALL T TANSALES ABS
5-Tag provar
STy  MNspv

] ATTRRES

STTETrTY

Bgin_

Sy ilya Dl wl hed

TEEOTECALAADT TTOICCT

Sall ul Eﬁ:g:

Hind A |

LRITOSAL

£ ===
erierialplydiechiotiall ol eull v

Bput 12| TT termeimator

CTEGTATCASAGARLLLEL TECTGC TAMATT OEAACECE AGCATA TCGACASE [CAGATLTE

of ekl al ya PRed | uhe gl sl afet Lipder

Frefipleu

=

R TE ARE L AT R AT T RAT AT AL FE D B A T
CCL TEACCAATAALTARTATAAL COCT TEGGEE T

Aol e e e
T7 seeminator prmes 923337-3

-
ETA

Figure 2.1. pET-30 EK/LIC vector map. A general diagram of the featurdisirwi
the vector and the ligation independent cloning sequence (Novagen, 2012).
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Cambrex Bio Science Rockland, Inc. (Rockland, ME). LB medium cowtajeast
extract Hy-Yest 412 and tryptone from Sigma Aldrich (St. Louis, MO). IPTG, TPCK,
PMSF, B-mercaptoethanol, pyridoxal phosphate, MBTH, acrylamide, and Triton X-114
were all from Sigma Aldrich. HisTrap HP columns containing Hislepharose were
purchased from GE Healthcare Biosciences (Piscataway, Mijazole, BCA protein
assay kit, and cellulose acetate filters were from TherrabeFiScientific (Waltham,

MA). The Bradford protein reagent was from Bio-Rad (Hercules, CA).

Mammalian Cell Lines and Culture Media

HAAE-1 endothelial cells were from Coriell Cell Repositor{€&mden, NJ).
MCF-7, MDA-MB-231, and 4T1 cells were obtained from the American Typkure
Collection (Manassas, VA).F-12K (Kaighn's modification of Ham's F-12 medium),
Eagle's minimum essential medium (EMEM), Leibovitz's L-15 mediand RPMI-
1640 medium were also purchased from American Type Culture Colled@i@mium
heat inactivated fetal bovine serum and trypsin were from Atl@itdogicals
(Lawrenceville, GA). Heparin sodium salt was from Polyscisrmoen (Warrington,
PA). Endothelial cell growth supplement, bovine insulin, and matrigel puehased
through Fisher Scientific.  Penicillin/streptomycin was from eLifTechnologies
(Carlsbad, CA). MDA-MB-231 cells expressing GFP were fronii Bmlabs (San

Diego, CA).

In Vitro Binding, Binding Duration, and Cytotoxicity Assays

SureLINK chromophoric biotin and streptavidin-HRP was purchased KB
(Gaithersburg, MD). Bovine serum albumin, EDTA, O-phenylenediamine pphtes
citrate buffer, fluorescein isothiocyanate (FITC), 5-fluorocytesiand 5-fluorouracil
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were obtained from Sigma Aldrich. Alamar Blue solution was inbth from
BioSource (Camarillo, CA). Selenomethionine and Fluoro-gel wesen fFisher
Scientific. Chambered microscope slides, streptavidin coatedeB@lates, dialysis

tubing, and dialysis cassettes were from Thermo Fisher Scientific.

In  Vivo Pharmaokinetics, Enzyme Prodrug, Phosphatidylserine Detection,

Biodistribution and Tumor Blood Flow Assays in Mice

Inbred NU/J and outbred SCID mice were purchased from Jackson(Babs
Harbor, ME), and outbred athymic nu/nu mice were from Charles RiVémington,
MA). Mice were maintained on a 5053 lab rodent diet 20 from Lab Suppl
(labsupplytx.com, Fort Worth, TX). Modified L-amino acid defined Lombaldiline
and methionine deficient diet with 1.7 g/kg DL-homocysteine addedeipe!
#518787GI) was purchased from Dyets, Inc (Bethlehem, PA). Anti-humaniannhex
antibody produced in rabbit was purchased from Abcam (Cambridge, MWagen 20
and anti-rabbit 1gG (whole molecule)-horseradish peroxidase secondalppdsnt
produced in goat were from Sigma Aldrich. The DAB reagentvkis bought from
KPL and hematoxylin was from Fisher Scientific. DyLight 680 fasment dye was

from Thermo Fisher Scientific.

In vitro Assays for Single-Walled Carbon Nanotubes with F3 Peptide

CoMoCAT® Single-walled (SG 6,5) carbon nanotubes were providedesyurt
of Dr. Daniel Resasco and SouthWest NanoTechnologies (Norman, DBRE-PEG-
maleimide (1,2-distearoyl-sn-glycero-3-phosphoethanolamine-polgethyl glycol-
maleimide) linker was obtained from Creative PEGworks (Win&alem, NC). The
F3 peptide (KDEPQRRSARLSAKPAPPKPEPKPKKAPAKKC) with FIT&lded to
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the N-terminus was synthesized by Biomatik, Inc (Wilmington, DE¢lIMask™ deep
red plasma membrane stain was bought from Life TechnologiesroFgel was from

Fisher Scientific.
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3. METHODS

Primer Design for PCR

Primers for the construction of the cytosine deaminase-annexisidh fgene
were designed to contain the reverse complement of a regiemplfate DNA. In order
to insert the fusion gene into the pET-30 EK/LIC linear vector,itigaindependent
cloning (LIC) sites needed to be incorporated at the N- and @in&lis of the gene.
The cytosine deaminase gene was positioned at the N-termintd, fsoward primer
contained the ligation independent cloning sequence and also the HRV 8&sprsite
sequence to allow for removal of the histidine tag during the paitiic process. The
reverse primer for the cytosine deaminase gene and the forvilauer por the annexin
V gene contained BamHI restriction enzyme sites to fuse thesgmmyether. The
forward primer for annexin V followed the BamHI site witheygence encoding a 6-
amino acid flexible linker before the start of annexin V.rétgerse primer added the C-
terminal ligation independent cloning. The following are the comppetmer
sequences.

Sequence of the primers for amplifying the cytosine deaminase gene:

Forward primer :

5’-gAC/ gAC /gAC/ AAg/ ATg/ CTT/ gAA/ gTC/ CTC/ TTT/ CAg/ ggA/ CCC/
gTg/ ACA/ gga/ ggA/ ATg/ gCA/ AgC -3’

Reverse primer:

5'- gC/ CgC/ ATT/ggAl TCQ AgA/ ACC/ gTC/ gCC/ CTC/ ACC/ AAT/ ATC/
TTC/ AAA/ CC -3’

Sequence of the primers for amplifying the annexin V gene:
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Forward primer :
5’- Cg/ ATT/ CgCl/ggA/ TCQ gCA/ CAg/ gTT/ CTC/ AgA/ ggC -3’
Reverse primer:

5’-gA/ ggA/ gAA/ gCC/ Cagg TTA/ gTC/ ATC/ TTC/ TCC/ ACA/ gAg/ C -3

Notes: _Underlined Ligation independent cloning sites
BOLD = HRV 3C protease site
Italics = BamHI sites

The melting temperature §J of primers and the dimer formation with itself were
calculated by using a program provided by the website Ritpwi/basic.
northwestern.edu/ biotools/ oligocalc.html. All primers were desigwéh these
criteria: 1) length of primers were 17 bases, 2) G + C composition was at least 50%,
3) 3’ end of primer was G or C, or CG or GC, 4) af primers was between 5580

and 5) ability of primer to form secondary structure was mirachizIntegrated DNA

Technologies synthesized all the primers with standard desalting in aquagimsol

Construction of Cytosine Deaminase-Annexin V Fusion Gene

The polymerase chain reaction was used to amplify the cytdsamainase gene
from the pQE30Xa/CD plasmid obtained from the Cianfriglia lab ahylusing the
above-mentioned primers. The annexin V gene was amplified frompHEie
22b(+)/STF-ANX plasmid previously obtained. The Expand High FidBIEyR system
was used for all reactiond.able 3.1contains the composition of the PCR reactions for
cytosine deaminase and annexin V. The difference in the site @pecific primers
caused the amount of each primer to vargble 3.2gives the PCR cycling parameters
that were used. Following the PCR reactions, the Qiaquick p@Rcation kit was

used to remove reaction components to retain pure DNA (Appendix B has the complete
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PCR Reaction Mixtures for Yeast Cytosine Deaminase (pQE30Xa/CD)

Mix 1 Volume (ul) | Mix 2 Volume (ul)

PCE nucleotide mix 1 Enzyme mix 0.75

Sense primer 1.1 10X Buffer, w/ MgCl:z 3

Antisense primer 14 ddH:0, Sterile 19.25

Template DNA 1

PCR grade water 20.5

TOTAL 25 25
PCR Reaction Mixtures for Annexin V (pET 22b/STF-annexin)

Mix 1 Volume (ul) | Mix 2 Volume (ul)

PCPE. nucleotide mix 1 Enzyvme mix 0.75

Sense primer 1.2 10X Buffer, w/ MgClz 5

Antisense primer 1.2 ddH:0, Sterile 19.25

Template DNA 25

PCE grade water 19.1

TOTAL 25 25

Table 3.1. The polymerase chain reaction setup for cytosine deaminasze and

annexin V construction.

Step # of Cycles |Temperature| Time
Initial Denaturation 1 94°C 2 min
Amplification E3 |
-Denaturation 94°C 15 sec
-Annealing (CD) 55°C 30 sec
{annexin V) 55°C 30sec
-Elongation 72°C 90 sec
Final Elongation 72°C 7 min
Cooling 1 4°c o

Table 3.2. The polymerase chain reaction sefup for cytosine
deaminase and annexin V construction.
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protocol). [96] To verify the PCR amplification was successhgarose gel
electrophoresis was performed (see Appendix B). Both correzdg-genes were
digested separately with the BamHI restriction enzymel for at 37C to make them
compatible. The Qiaquick PCR purification kit was used again toretdy digested
genes. T4 DNA ligase was used to fuse the digested cytosinerdese and annexin V
genes together for 10 min at room temperature. Another agatosagyein to confirm
the ligation work. From the gel, the band of the appropriate sizecutaout, and the
DNA was purified using the Qiaquick gel extraction kit (see AppeBji Sticky ends
were created on the LIC portions of the fusion gene by treatmeht @ DNA
polymerase at room temperature for 30 min followed by inactiydtia polymerase by
incubation at 7% for 20 min. Table 3.3 gives the reaction composition to create the
sticky ends. The sticky ends were used to anneal the fusionayreegET-30 EK/LIC
vector. Table 3.4 shows the annealing reaction. An agarose geuw#o confirm the
successful annealing to the linear vector, which will closevdwator into a circular
plasmid. The pET-30 Ek/LIC/CD-Anx plasmid was transformed into Bta
GigaSingles for amplification. Following an overnight liquid cuwtun LB media
containing 30 mg/L kanamycin, the cells were harvested by aegdtibn, and the
plasmid was extracted using the QlAprep spin mini-prep kit Agg@endix B). The
plasmid was sent for gene sequencing using the T7 promoter andriiifater primers
at Oklahoma Medical Research Foundation (Oklahoma City, OK). &uithrmation
of the correct fusion gene sequence, the plasmid was transfamted=. coli

BL21(DE3) cells that are used as the expression host.
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Component Volume (pl)
0.2 pmol purified PCR product 4
10% T4 DNA Polymerase Buffer 2
25 mM dATP 2
100 mM DTT 1
MNuclease-free Water 10.6
2.5 Ufpl T4 DNA Polymerase 0.4
TOTAL 20

Table 3.3. Composition of the T4 DNA polymerase reaction.

Component Volume [pl)
PET-30 EK/LIC vector 1
Treated Ek/LIC insert (0.02 pmol) 2
Incubate for 5 min at 22°C, then add:
25 mM EDTA 1
TOTAL 4

Table 3.4. Annealing of cytosine deaminase-annexin V to the
pET-30 EK/LIC wvector.



Site-Directed Mutagenesis of L-Methioninase-Annexin V Fusion Gene

It was determined that the methioninase-annexin V fusion gene wdsstr
previously in this laboratory contained two separate point mutationsthidhinase
arginine 326 (CGC) needed to be corrected to glycine 326 (GGC), andiraihex
phenylalanine 11 (TGC) needed to be corrected to cysteine 11 (TH@hers were

designed as follows with the correct sequence:

Forward primer for methioninase 326 mutation:

5- gAg/gCC/ggg/CgaigC/TTC/ATg/AAT/gC -3’ Tn =69.6°C
Reverse primer for methioninase 326 mutation:

5- gCA/TTC/ATg/AAg/CCC/CgC/ICCg/gCC/TC -3’ T =69.6°C
Forward primer for annexin V 11 mutation:

5'- ggC/ACT/gTg/ACT/gAC/TT C/ICTT/ggAITTT/gAT/gAg -3’ Tm = 63.1°C
Reverse primer for annexin V 11 mutation:

5'- CTC/ATC/AAAITCC/AgY/gAA/gTCIAGT/CACIAGT/gCC -3’ T, = 64.3°C

The Quikchange Il XL site-directed mutagenesis kit was ueethdke the
corrections. Tables 3.5 and 3.6 contain the composition of the mutagenesis PCR
reactions and thermocycling conditions, respectively (see Appendor Bomplete
protocol). Following thermocycling, thBpn | enzyme (10 U) provided was used to
digest the parental plasmid for 1 hr af@7 E. coli XL10-Gold ultracompetent cells
were transformed with the mutated plasmid and plated on agar Witk #ad X-gal.
The plates were allowed to incubate for at least 16 hr %@.3Beveral colonies that

appeared blue in color were selected, and an overnight liquid culture of each was done
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Component Volume (jl)
10X reaction buffer 5
dsDNA template 4
oligonucleotide primer #1 1.25
oligonuclectide primer #2 1.25
dNTP mix 1
QuikSolution 33.5
ddH, 0 3
Then add:
Pfullltra HF DNA polymerase 1
TOTAL 50

Table 3.5. Site-directed mutagenesis polvmerase chain
reaction composition.

Segment Cycles |Temperature| Time
1 1 95°C 1 min
2 18 95°C 50 sec
60°C 50 sec
1 min/kb of
68°C plasmid
3 1 68°C 7 min

Table 3.6. PCR thermocycling parameters for site-
directed mutagenesis.




to amplify the plasmid for extraction using the mini-prep protocbhe plasmid was
sent for sequencing.

The length of the methioninase-annexin V fusion gene (2268 hasgsjes an
additional set of primers to sequence the middle section of the gPneners can
identify approximately 600 bases from each end with accuracy. eT$eguencing

primers were used to detect the middle of the gene:

Forward sequencing primer 1:
5'- ggC/TTg/ICCg/TCg/TTT/gCC/CAQ/TAC/g -3’ 1 =66.2°C
Forward sequencing primer 2:

5'- g/TTT/gAT/ggC/TCT/CAQ/TTC/TTCIAgg -3 T.=57.7°C

Sequencing of Fusion Proteins

All DNA samples requiring sequencing were sent to Oklahoma ddkedi
Research Foundation (OMRF) DNA sequencing core facility. ABh 3730 capillary
sequencer analyzed all samples. The T7 promoter and T7 tesmprahers were
provided by OMRF. Primers were made to overlap by 30-60 basessure quality

sequencing.

Fusion Protein Expression, Purification, Analysis, and Storage

The E. coli BL21(DE3) expression host was transformed with the pET-30
Ek/LIC plasmid containing methioninase-annexin V or cytosine deamarasxin V
and kanamycin resistance. Luria Bertani (LB) medium containiagtyextract (5 g/L),
tryptone (10 g/L), NaCl (10 g/L), and kanamycin (35 mg/L) was usegrdw the

bacteria. A 10 ml pre-culture was done for ~10 h &C3and shaking at 200 rpm
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before being added to the remaining 990 ml of LB medium. Theulture was split

into four 1-L Erlenmeyer flasks and grown for ~4 h to achieve logdphase growth
(optical density in the range of 0.6-0.8). Fusion protein production ivdagsed using
isopropylp-D-thiogalactopyranoside (IPTG) at a total concentration of 0.4withithe
temperature lowered to 3D and shaking at 180 rpm for 5 h. Cells were harvested by
centrifugation at 1,000 xy for 10 minutes and resuspended in sonication buffer
containing 0.05 mM Ns-tosyl-L-phenylalanine chloromethyl ketone (TPCK), 1 mM
phenylmethylsulfonyl fluoride (PMSF), 1% HPLC grade ethanol, 0.0B%
mercaptoethanol, and 20 mM sodium phosphate dibasic and adjusted to pH 7.4. The
methioninase-annexin V fusion requires 0.02 mM pyridoxal 5’-phosphateaacior
throughout to maintain enzymatic activity but is not included for ayeosieaminase-
annexin V purification. Sonication of the suspension was done to lyse the cells in an ice
bath at 4.5 W for 30 s followed by 30 s of rest and repeatedifoes.t Centrifugation

of the entire suspension at 12,009 for 30 min separated the soluble proteins from the
cell debris.

All the following purification steps were performed 8€4 Samples were taken
during each step to track the protein concentration and enzymeyactivi absorbance
detector at 280 nm and fraction collector assisted throughout the atiography.
Imidazole (40 mM) and NaCl (500 mM) were used to reduce non-specific binding when
the soluble protein lysate was fed into the 5 ml HisTrap hi®noatography column
with immobilized Nf*. Wash buffer #1 containing 20 mM sodium phosphate, 40 mM
imidazole, 500 mM NaCl, and 0.02 mM pyridoxal phosphate at pH 7.4 wastased

equilibrate the column prior to applying the lysate. With théfugrotein secured to
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the column by the (Higttag, 70 column volumes of wash buffer #2 (wash buffer #1
plus 0.1% Triton X-114) removed endotoxin bound to the protein. The column was
washed with 20 column volumes of wash buffer #1 to remove residual Tritbid X
detergent. By applying elution buffer (20 mM sodium phosphate, 500 mMzoiéja
500 mM NaCl, and 0.02 mM pyridoxal phosphate at pH 7), the fusion prote&in wa
removed from the column. Eluted fractions were pooled and dialyz@&hf@against 20
mM sodium phosphate and 0.02 mM pyridoxal phosphate at pH 7.4 to remove NaCl
and ready the protein for cleavage using the HRV 3C proteaseprdtease was used

at 10 U/mg of fusion protein with the addition of 10X cleavage bpffevided with the
protease for 16 h at’@ with gentle agitation. Again, imidazole (40 mM) and NaCl
(500 mM) were added to the cleaved protein to reduce non-sgaaifimg and applied

to same HisTrap HP column that was regenerated. Lacking the-{&tisthe cleaved
fusion protein flows through the column. Any uncleaved fusion protein andRhe

3C protease remained in the column because both have thetédis) The cleaved
protein collected from the column was dialyzed against 20 mM sodiunplpéues 100
mM NaCl, and 0.02 mM pyridoxal phosphate at pH 7.4 for 3 h’@t 4The protein
solution was sterilized by passing the protein solution through a 0.Zgllolose
acetate filter. The final purified protein was put into 1-ml aliquots in caysand flash
frozen in liquid nitrogen. The HisTrap HP columns can be used mares tif the
regeneration is done after each use and then stored in 1 M igRIdeé ethanol to
prevent the nickel sepharose resin from drying out. Regeneratiba oblumn is done
using 25 ml of 1 M KCI, 1 M NaOH, DI water, and then 1 M HPgfade ethanol.

Samples were taken at each step to track the purificatiohe protein
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concentration of each sample was determined using either the Braddbein assay or
the BCA protein assay. Bovine serum albumin was used as thdastafor both
protein assays. Methioninase activity was determined by dimyenethionine tan-
ketobutyrate and developing it with colorimetric substrate 3-ni&tienzo-
thiazolinone hydrazone hydrochloride hydrate (MBTH). Cytosiraiiease activity is
measured by the change in absorbance as 5-FC is deaminatétlto Samples were
analyzed for size and purity by denaturing gel electrophotesigy the SDS-PAGE
method with Coomassie blue staining method [97]. The Limulus Amebbygiae
(LAL) QCL-1000 testing kit was used to determine the amount of enitiotemaining
in the fusion protein samples at the conclusion of the purificationieflysr the
endotoxin converts a proenzyme to an enzyme, which then converts atsuivgtr a
peptide and p-nitroaniline that is measured. Appendix B has the cempi¢bdcols for
methods of analysis.

Flash frozen proteins underwent lyophilization to convert the liquid solutto
a dried powder. Holes were punched in caps of cryovials to dllevwnbisture to be
vacuumed out. Protein samples were freeze-dried overnight, redagpece no holes,

and stored at -8C.

Binding of Fusion Proteins to Exposed Phosphatidylserine on Endothelial acdrCa

Cells

Human HAAE-1 aortic endothelial cells were grown in F-12K medwith 2
mM L-glutamine and 1.5 g/L sodium bicarbonate and supplemented with 18% fe
bovine serum (FBS), 0.03 mg/ml endothelial cell growth supplement, anddiml m

heparin. MCF-7 human breast cancer cells were maintained asay@noultures in
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Eagle’s minimum essential medium containing Earle’s balanckdssltion, non-
essential amino acids, 2 mM L-glutamine, 1 mM sodium pyruvate, 1L.5aidium
bicarbonate, and supplemented with 10% FBS and 0.01 mg/ml bovine insulin. MDA-
MB-231 human breast cancer cells were grown in Leibovitz’'s L-1%iume
supplemented with 10% FBS and 2 mM L-glutamine. Penicillin (1001)U&amnd
streptomycin (100 pg/ml) were also added to each medium. HAARI MCF-7 cells
were grown at 3T in a 5% CQ atmosphere, while MDA-MB-231 cells were grown
without additional C@ at 37C, as recommended by the American Type Culture
Collection. Each cell line was grown to 70-80% confluence in T-8kdlaCells were
transferred to 24-well culture plates (5%1@ells/well) and grown to 80-85%
confluence. Cells were fixed to the plate using 0.25% glutaradigeimybinding buffer
(phosphate buffer saline, or PBS, with 2 mM*Q:a Excess aldehyde groups were
guenched using 50 mM NBI in binding buffer. Varying concentrations of biotinylated
fusion proteins, using SureLINK Chromophoric Biotin in a 60 molar exdessg
biotinylation (see Appendix B), were diluted in binding buffer contaiririifo BSA
and incubated at 8C for 2 h. After washing with binding buffer with 0.5% BSA,
streptavidin-HRP was added at 2 pg/ml and incubated at room teomeefor 1 h.
Following washing with binding buffer, HRP was measured by addinghtwnogenic
substrate O-phenylenediamine (0.4 mg/ml) and hydrogen per@id&2 vol.%) in
0.05 mM phosphate-citrate buffer (pH 5.0). After 30 min at room termyera the
dark, the solution was transferred to a transparent 96-well phateha absorbance was
read at 450 nm on a BioTek Synergy HT microtiter plate re@fl@rooski, VT). All

experiments had a blank that was subjected to the same probedwréh no fusion
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protein added. To determine non-specific binding, the same procedupeMasned
with no C&" and 5 mM EDTA in the binding buffer, with the addition of a 1 h BSA
(0.5%) pretreatment for the cancer cells prior to adding the fusioteipr The
complete protocol for measuring fusion protein binding is given in Appendix B.

To assess how long the fusion proteins remain bound to the surfabe of t
endothelial and cancer cells, a modified binding assay was usells oGe24-well
plates were first incubated for 2 hr afB7n a saturating concentration of biotinylated
fusion protein (100 nM) in complete growth medium with 2 mM*CaThe Alamar
Blue assay was done on separate sets of cells at days O—8etmide viability,
followed by fixing with 0.25% glutaraldehyde in binding buffer. Excekkelayde
groups were quenched by incubation in a 50 mM@IHh binding buffer. The binding
of fusion protein was then quantified using streptavidin-HRP and &P&bove. The
complete protocol for quantifying the stability of fusion protein bigdis given in
Appendix B.

To prove the fusion proteins bind to the surface of the cells and nog @4t
well plate surface, a visualization procedure was used. Cadle \plated into
chambered slides at 80-85% confluence. Fusion proteins tagged With (B¢e
Appendix B), were diluted to 100 nM in binding buffer and incubated with tihefoe
2 h at 37C. Cells were washed with binding buffer to remove unbound protein. The
chamber was removed from the slide, a drop of fluoro-gel in TESrbwte placed
over the cells, and a coverslip was applied. Alternatively, 35 mmdighes could be
used with 22 mm square coverglasses with the cells seeded on topcovEnglass

would be removed from the petri dish after the protein binding, fluoreygaled, and
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then flipped over onto a microscope slide. A Nikon Eclipse E800 floenes
microscope with a Nikon DXM1200F digital camera was used to docum@éd@ F
fluorescence on the cells. The complete protocol for visualizingrfymotein binding

is found in Appendix B.

Cytotoxicity of the Enzyme Prodrug Systems to Endothelial and Cancer Cells

The experiment was carried out over 3 days for methioninase-arviensing
the same cells for each of the days. Cells were grown aretipfa@4-well plates with
respective growth media using the same procedure as for the basdiang (see above).
Each medium was supplemented with 2 mM*Gand 0.02 mM pyridoxal phosphate
and the level of L-methionine was adjusted to 1000 uM. On day 0, tlsewssie
incubated in medium containing 100 nM methioninase-annexin V for ZW@t The
plates were washed, and medium containing selenomethionine vargmgfto 1000
MM was added. The Alamar Blue assay was performed on ab wellday 1. The
Alamar Blue assay was performed by adding Alamar Blue soltdieach well to give
10% Alamar Blue and then incubated for 4 h at°@7 The solution (250 ul) was
transferred to an opaque 96-well plate, and the fluorescence wiaatrg80 nm using
excitation at 530 nm. The blank consisted of wells containing only meatnahAlamar
Blue solution. After the fluorescence reading, the plates wesshed, replaced with
fresh medium containing appropriate levels of selenomethionine, anedpilacthe
incubator. The readings were taken every 24 h for the duration ekplegiment. The
complete protocol is given in Appendix B.

The experiment with cytosine deaminase-annexin V was carrieaveu® days

using the same set of cells. Cells were grown and plateth &4-well plates with
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respective growth media using the same procedure as for the binding assaytdmive
medium was supplemented with 2 mM?Ca On day 0, the cells were incubated in
medium containing 100 nM cytosine deaminase-annexin V for 2 h’@t 3lhe plates
were washed and medium containing 5-FC or 5-FU varying frdm ZD00 uM was
added. Cells receiving 5-FU did not receive cytosine deamimeseda V. Each day
throughout the experiment, the medium was replaced with fresh medntaireng 5-
FC or 5-FU. The Alamar Blue assay was performed on alswaldays 3, 6, and 9 (as
above). After the fluorescence readings on days 3 and 6, the pEtsvashed, and
the cells were incubated with new cytosine deaminase-annexirsing the same
procedures as before. The cells were washed again, and frealmmeontaining

appropriate levels of 5-FC or 5-FU was added before further incubation.

ELISA for L-Methioninase-Annexin V Detection in Mouse Serum

All work involving the use of mice was done in accordance with the Institutional
Animal Care and Use Committee at the University of Oklahomealtil Sciences
Center. The complete ELISA protocol is presented in Appendix B/J Mike were
injected i.p. with 1 and 10 mg/kg of biotinylated methioninases@nné. At 1, 4, 8,
and 24 h post injection, four mice for each dosage level were sadrifollowing a
cardiac blood draw. As a blank sample, four mice did not receivéngegion. The
blood was centrifuged, serum was collected, and flash frozenng lsstreptavidin-
coated 96-well plate, serum samples were added and allowed to étubath at 37C
to allow the biotinylated methioninase-annexin V to bind to the strelita Wells
were washed with wash buffer containing 0.05% Tween 20 in PBSycl®uhl anti-

annexin V antibody was diluted in diluting buffer (0.005% Tween 20 and 0.2586 B
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in PBS) and added to each well. Plates were incubated for 1 AGabA@ washed as
above. Anti-rabbit IgG-HRP conjugate was diluted in diluting buffet added to the
wells and incubated for 1 h at 7 and washed. O-phenylenediamine was added,
incubated for 30 min at room temperature in the dark, and the abservas read at
450 nm.

The strain of mice used was changed to SCID mice. To prbae t
methioninase-annexin V was cleared from the bloodstream inilarstrme as in NU/J
mice, the above procedure was done using three mice that wefeeshd4 hr post-
injection. Serum samples were compared to mice that did noveecethioninase-

annexin V. The complete protocol for the ELISA is given in Appendix B.

Dose Safety Injections of Selenomethionine

Selenomethionine is known to have a toxic limit, so the appropeagt nust
be determined. Thirty total NU/J mice were injected willersemethionine at varying
dosages to determine the level of prodrug that could be toleratbe lnyice. Dosages
of 0, 6, 12, 24, and 60 mg/kg were administered via i.p. injection every 24ttréer
consecutive days to simulate the anticipated enzyme prodrigpéraschedule. Mice
were monitored for three days after the injections to determaimeacceptable

selenomethionine level.

Development of Tumor Xenografts in Mice

MDA-MB-231 breast cancer cells expressing GFP were grat®”C. For
each mouse to be injected, two 150-mm petri dishes containing ezfsgnow to give
~7-8x10 cells. The day prior to the cell injections, the medium wasg#thto contain

no penicillin/streptomycin. Cells were lifted using typicall aellture procedures and
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resuspended so each mouse will receive 100 pl of cell suspensamigdalibasement
membrane matrix was thawed overnight in a water batfiGit €ell suspension was
mixed with matrigel at a 1:1 ratio and immediately injedted the flank of mice under
anesthesia using a 25G needle. The needle was left in the flank-fomin to allow
for the matrigel to solidify. Tumor volumes, in cubic millimetesing V = (widtH x
length/2, were measured every 3-4 days thereafter usingldigiipers. The detailed

protocol for the injection of cancer cells into mice is given in Appendix B.

Detection of Externally Positioned Phosphatidylserine in MDA-RE- Tumor

Vasculature

This enzyme prodrug therapy is based on binding of the methioninasgha
V fusion protein to phosphatidylserine exposed on the surface of endotedls that
line the blood vessels within a tumor. SCID mice were inject€AMIB-231/GFP
cancer cells as above, and the tumors were allowed to develop.inyBieid
methioninase-annexin V was injected i.p. at 10 mg/kg. One h gféetion, the mice
placed under anesthesia, and the chest cavity was opened to exposartheA 27G
butterfly needle was inserted into the left ventricle, and theraing vena cava was
cut. Heparinized saline with 2 mM €awas used to perfuse the circulation, followed
by fixation with 0.25% glutaraldehyde in saline with calcium. Thenor was
immediately resected and soaked in 20% sucrose and calcium ovetrdi@dt Tumor
samples were sent to the imaging core facility at OMBIF cryoembedding and
cryosectioning. A slide stained with hematoxylin and eosin (H&1#) slides unstained
were obtained. Slides were incubated with streptavidin-HRP to lhioithylated

methioninase-annexin V, washed, and developed with 3,3'-diaminobenzidine (DAB).
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Counterstaining was done with hematoxylin to visualize cell nwalei slides were
preserved with ImmuniHistoMount (Santa Cruz Biotechnology, Santa Ciyg The
fluorescence microscope above was used for brightfield detesmidrdocumentation.

Appendix B has the complete protocol.

Biodistribution of Methioninase-Annexin V in SCID Mice

The conversion of selenomethionine prodrug into toxic methylselenol is
expected to occur only within the local tumor environment to preventrsistdrug
toxicity. To evaluate the location of methioninase-annexin V bindiGg 3nice (n =
3) with developed MDA-MB-231/GFP tumors were injected i.p. withhmoginase-
annexin V tagged with DyLight 680 fluorescent dye. At 1, 12, and 24 hgestion,
whole-body images of the mice were taken with the IVIS Spectsmall animal
imaging system located in the Rodent Barrier Facility (@&C). After the last images,
the tumor, kidneys, lungs, heart, stomach, and spleen were removed andemsiyed

The complete protocol is given in Appendix B.

Treatment of MDA-MB-231 Breast Tumors in Mice with Methioninase-Annexin V

Methioninase-annexin V in combination with selenomethionine produced
significant endothelial and cancer cell deitlvitro. To determine the efficacy of this
enzyme prodrug system in a living system, mice bearing MOB281/GFP breast
xenografts were treated with three cycles of methioninase<emn® and
selenomethionine. Each cycle consisted of a methioninase-annarjaction at 10
mg/kg, followed by three consecutive days of selenomethionine (10gjng/Khe
experiment included four groups (n = 7 mice/group): 1) untreated otord)y

methioninase-annexin V only, 3) selenomethionine only, and 4) methioninaseranne
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V with selenomethionine. Mice were maintained on a normal mouse adiedowTumor
volumes and mouse weight were measured two or three times pkrtavérack the
effect of the treatment. Post-treatment observation was donghenttimor volumes
required the mice to be sacrificed at which time the lungs,, li@ed tumor were
removed and soaked in formaldehyde. Samples were delivered ttaBleySKosanke
(OU HSC Pathology) for paraffin embedding. Precision Histolag)y, Inc (Oklahoma
City, OK) sectioned and stained the slides with H&E. Dr. Kosapkrformed
histological analysis for all mice samples.

Knowing methionine is an essential amino acid required for the nceati
growth of cancer cells and that methioninase enzyme catatiizegsonversion of
methionine to byproducts, an experiment was done to see the effetheof
methioninase-annexin V with selenomethionine treatment of MDA-MB&BR/breast
tumors with mice on a methionine-deficient diet. The same treditscdedule of three
cycles was used as above, with the selenomethionine dosage lawebedhg/kg.
Experiment groups of 1) untreated control, 2) methioninase-annexin Y amdy 3)
methioninase-annexin V were done with n = 7 mice/group. One thealaselihe
treatment began, the mice were changed from the normal diet tmeti@onine-
deficient diet. Histological analysis at the end of the expmrtmvas done as above.

The complete protocol for the treatment of tumors in mice is given in Appendix B.

Determination of Blood Flow Through MDA-MB-231/GFP Tumors

The main effect of the methioninase-annexin V with selenomethitr@aenent
is expected to be the generation of toxic methylselenol autiace of the endothelial

cells lining the tumor vasculature ultimately resulting in éwtnation and blood flow
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interruption. SCID mice (n = 3 for treated and control groups) tgaviDA-MB-
231/GFP tumors were subjected to the above treatment (10 mg/ketbioninase-
annexin V + 10 mg/kg of selenomethionine for three cycles). Tlyeaftar the
conclusion of the treatment, all six mice were injected with iPiyt.680 fluorescent
dye at 1 mg/kg. The IVIS imaging system was used to docutheramount of dye
flowing through the control and treated tumors. Then, the circulatidimeomice was
perfused with heparinized saline with 2 mM?Ca The same procedure used for
detection of PS was used for fixation, resection of the tumor, apdrpteon for H&E
staining was done prior to delivering to Dr. Kosanke. The completegmiofor the

experiments to determine blood flow through the tumors is given in Appendix B.

Conjugation of F3 Peptide to Single-Walled Carbon Nanotubes with a Phgsgpholi

Linker

Functionalizing the carbon nanotubes allows them to be targeted tficspec
cells. To get the single-walled carbon nanotubes (6 mg) meaaus solution, 1%
sodium dodecyl sulfate (SDS, 5 ml) was used with sonication. For pngdiang
nanotubes, samples underwent two rounds of sonication at 7 W for 30 min andra 30
centrifugation at 15,680 g in a microcentrifuge. Short and very short nanotubes were
produced using two rounds of 3 and 6 hr of sonication, respectively.

The F3 peptide was manufactured by Biomatik, Inc with a lysisidue at the
N-terminal for attachment of FITC and an additional cysteasedue at the C-terminal.
The initial reaction was a 15 h overnight incubation of 1 mg of F3 (0.3 ndiluted
in phosphate-buffered saline with 2 mg of DSPE-PEG-maleimiderliggkeng/ml) in

deionized water at room temperature with gentle shaking. Undeactieimide groups
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were blocked with the addition of a 4-molar excess of L-cystenénker. The
nanotube suspension was combined with the F3-linker and mixed for 30 noionat
temperature followed by an 8 h dialysis against deionized waitegy as50k MWCO
cellulose acetate membrane water to remove SDS. The SWNDijBgate was
centrifuged at 15,680 g for 1 h to remove any aggregates [98] and storedGat Zhe
complete protocol for the conjugation of F3 to the nanotubes is given in Appendix B.
Analysis of the F3 content in the SWNT-F3 conjugate was don&y uesi
Bradford protein microassay (see Appendix B). Nanotube contientravas
determined by measuring the absorbance at 800 nm using a Biohekg®yHT
microtiter plate reader and comparing the results to a stamdaveé developed by
sonicating a nanotube suspension for 1 h and making dilutions without cengifug

was assumed that 100% of the nanotubes were in suspension.

SWNT-F3 Cell Binding Using Fluorescence and Confocal Microscopy

The SWNT-F3 conjugate is expected to bind to the nucleolin recepttine
surface of dividing endothelial cells and cancer cells and beocwemmalized. Cells
were plated into chambered slides at 80-85% confluence. Duwongugation
procedure, all steps were done wrapped in foil to protect the FEa€hatl to the F3
peptide from exposure to light. The SWNT-F3 conjugate was dilutegD tong/L
(nanotube concentration) in cold cell medium and incubated with thefaelNsrying
times at 37C. Cells were washed, the chamber was removed, a drop of Fluavasye
placed on the cells, and a coverslip was applied. Alternatively, 3peimmdishes have
been used with 22 mm square coverglasses with the cells seedgd drhé coverglass

would be removed from the petri dish after the protein binding, Fluorapgdied, and
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then flipped over onto a microscope slide. A Nikon Eclipse E800 floenes
microscope with a Nikon DXM1200F digital camera was used to docum@éd@ F
fluorescence on the cells. To prove the SWNT-F3 conjugate Mashalized, cells
were stained with 7.5 pg/ml CellMask deep red plasma membtainefer 30 min at
37°C, washed, and fixed with formalin. Fluoro-gel was used to prestmwe

fluorescence signal for viewing under an Olympus Fluoview laser scanningscope.

Cytotoxicity of Varying Length SWNT-F3 Conjugates with NIR Laser

Endothelial and MCF-7 cells were grown and plated at ~80% confluerizke
well plates (see Appendix B for the layout of plates) in a matiatrprevents the use
of adjacent wells. Cells were incubated for 24 h 8€3d allow firm attachment to the
plates. The varying length SWNT-F3 conjugates was diluted tm@Q in cold cell
medium, added to the wells, and incubated for 2, 8, 16, and 24 RCat &ells were
washed with medium and irradiated with a Diodevet-50 Laser (B&VK,TIAc.,
Newark, DE). Previous work in the lab determined that MCF-7 caltsbe irradiated
at 350 J/crh Al cell plates were incubated at°87for 1 h following the laser before
measurement of cell viability using the Alamar Blue assayapove). Fresh medium
was replaced in the wells and the cells were incubatedhfsher 13 h, at which time
another Alamar blue assay was done. The complete protocol foedtmént with the

laser is given in Appendix B.

Data Analysis

Dissociation constant determination was done using GraphPad software

(GraphPad, La Jolla, CA).In vitro cytotoxicity andin vivo tumor volumes were
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compared using a one-way ANOVA employing a Tukey-Kramer multphaparisons

test was performed using GraphPad InStat software.
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4. RESULTS AND DISCUSSION

Construction of Cytosine Deaminase-Annexin V Fusion Gene

The cytosine deaminase-annexin V fusion gene was successfully @dagking
PCR. The template pQE30Xa/CD was used to clone the cytosinendsandene,
while annexin V was from pET-22b(+)/STF-ANX. Primers weratBgsized to add
useful features to assist in the cloning, ligation, and annealingeggoc The
amplification of cytosine deaminase added an N-terminal ligatidapendent cloning
site (LIC) and an engineered protease site, while a Bandttiateon enzyme site was
added to the C-terminal. Annexin V had a BamHI site added tN-terminal and a
LIC site to the C-terminalFigure 4.1A shows an agarose gel following the PCR
amplification of cytosine deaminase and annexin V genes with thecsddihentioned
above. The sizes of the annexin V and cytosine deaminase genes (988 d&mades24
pairs, respectively) are consistent with the sizes of the fR&ffents shown ifigure
4.1A. Both genes were digested with the BamHI restriction enZgmé at 37C to
create compatible ends, which were fused together for 10 miooat temperature
using T4 DNA ligase. Figure 4.1B presents the results of the ligation reaction. The
genes for cytosine deaminase-annexin V (1449 base pairs), cydesimenase-cytosine
deaminase (~1040 base pairs), and annexin V-annexin V (~1980 base pa@s) w
observed following the ligation. The cytosine deaminase-annexim¥ \gas extracted
from the gel and purified using the Qiaquick agarose gel purdic&it (see Appendix
B). Purified product was treated with T4 DNA polymerasergate sticky ends and
annealed to the linear pET-30 EK/LIC vectoE. coli NovaBlue GigaSingles were
transformed with the plasmid for amplification. An overnight cultuas done, and the

plasmid was extracted using the QIAprep spin mini-prep protocol (see Appendix B).

50



AnnexinV

CD

Figure 4.1. Agarose gels of cytosine deaminase-annexin V
fusion gene construction. A) Annexin V and cyvtosine deaminase
amplification. B) Ligation of cytosine deaminase to annexin V

(indicated by the arrow).
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Plasmid samples were sent for sequencing, and results forytirdne deaminase-
annexin V sequence are presented in Appendix A. No mutationsfeterd in the
sequence.

For the correct protein to be produced by the plasmid, the proper Béting
frame must be maintained following the insertion of the fusion getwethe vector.
The pET cloning system makes this easy since both LIC sites Hetinctive
complementary overhangs following treatment with the T4 DNA pehase, which
results in only one direction of gene insertion. The polymerase itssé&s -> 5’
endonuclease activity to remove bases on each side of double-strandedniiNt
reaches a dATP base (the kit provided contains dATP bases for assating sticky
ends). The polymerase activity then adds the dATP base to leave an overhang-of single
stranded DNA. Insertion of the cytosine deaminase-annexin V fugina mto the

vector was efficient and required only one attempt.

Site-Directed Mutagenesis of L-Methioninase-Annexin V

It was determined that the methioninase-annexin V gene thatovesructed
previously in the lab [99] contained point mutations within the sequentle, one
mutation in methioninase (arginine 326) and the other in annexin Viyjatt@nine 11).
Before continuingn vitro experimentation, site-directed mutagenesis was performed
using the Quikchange Il XL site-directed mutagenesis kit, which @mpPCR with
new primers designed to incorporate the correct base. Pareii@t30
Ek/LIC/METHANX was digested using 10 U @pn | enzyme for 1 h. The remaining
plasmid in solution was used to transfoBm coli XL10-Gold ultracompetent cells.

Blue colonies were observed on the agar plates containing IPTG gablaker at least
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16 h at 37C. Several colonies were chosen for sequence analysis following a epni-pr
plasmid preparation. The sequence was found to be correct aftertelrected
mutagenesis (see Appendix A).

The Dpn | enzyme is able to recognize the parental plasmid in the PCR
mutagenesis reaction because the plasmid has been methylategrdplication inE.
coli [100]. PCR does not have the ability to methylate plasmids, doghd will leave
the mutated plasmid unharmed. MethylatiorEofcoli has been discussed previously

[101].

Fusion Protein Expression, Purification, Analysis, and Storage

E. coli BL21(DE3) cells were transformed with the pET-30 Ek/LIC/&bBx% or
pPET-30 Ek/LIC/METHANX plasmids to serve as the bacterial hostfiision protein
expression. Cells were grown at°87in either 250 ml or 4 L flasks using 1 L of LB
culture medium containing yeast extract, salt, and tryptone. tdim@erature was
lowered to 30C and IPTG (0.4 mM final concentration) was added to induce the
expression of cytosine deaminase-annexin V or methioninase-annéairb\h. Cells
were harvested, lysed by sonication, and the soluble proteins wigeted in the
supernatant after centrifugation.

IPTG binds to the repressor in tlee operon, which inactivates it and allows
gene expression to proceed. Induction 4C32sulted in the majority of fusion protein
expression to be contained in inclusion bodies. However, when the ttunperas
lowered to 36C, both cytosine deaminase-annexin V and methioninase-annexin V were

expressed in soluble form.
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The (Hisy tag added to the N-terminal of both fusion proteins enabled
immobilized metal affinity chromatography (IMAC) to be used toifputhe fusion
proteins with a nickel HisTrap HP column. Applying the soluble prdtaction to the
column allowed the fusion protein to bind to the column and unwanted proteias we
washed out. A wash of the column with a buffer containing Triton X-134 w
performed to remove endotoxin associated with the fusion proteinapitieation of a
high concentration of imidazole eluted the fusion proteins by dispidahim (Hisy tag
bound to the nickel column. Following dialysis to remove NaCl and imidatioé
(His)s tag was cleaved off using 10 U/mg of HRV 3C protease for 164ACat The
cleaved protein solution was applied to the regenerated column whigrencleaved
protein and protease bound. The flow-through was collected, dialgmeldsterile-
filtered. Aliquots were flash frozen in liquid nitrogen in preparation for freleyieg.

Table 4.1shows a summary of a typical purification from a 1 L cultugach
peak was pooled together, and samples were taken after epckthrsteghout the
purification process for analysis of protein and enzymatic activibh typical
chromatograph of the chromatography portion of the purification sngiv Appendix
A'is given in Appendix A.Figure 4.2is an SDS-PAGE gel image with Coomassie blue
staining showing the purification of the methioninase-annexin Vofugrotein at
different stages. Lane 1 represents the total soluble prysate. Lanes 2 and 3 are
the unwanted protein flow-through and the eluted methioninase-annexin V,
respectively. Lane 4 corresponds to methioninase-annexin V thatdraslbaved with
the HRV 3C proteasefrigure 4.3is an SDS-PAGE gel for cytosine deaminase-annexin

V purification with the same samples as methioninase-annexin V.
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Violume|Protein concentration |Total amount  |Activity in Specific activity |Recovery
Step J{miL} (g mk) of protein {mg) |sample (U/mL] [TOTAL UNITS |(U/mg protein) [Yield (%)
Before Centrifugation 40 716 256.40 1.31 514 0.18
Supernatant after sonication 38 7.10 269.50 1.15 43.70 016 100
Chromatography 1 - flow-thru
(feed) 31 2.74 B4.94 0.03 0.93 0.01 Fi]
Chromatography 1 - flow-thru
(wash buffer #2} 340 0.31 10540 0.00 0.00 0,00 %
Chromatography 1 - flow-thru
[wash buffer #1) S 0.00 0.00 0.00 0.0 0.00 %
Chromatography 1 - elution 33 1.88 6204 161 53.13 0.86 122%
After 1st dialysis 35 1.30 45.50 1.13 39.55 0.87 1%
After cleava;e 3B 117 .46 1.18 4B 1.01 103%
Chromatography 2 - flaw-thru 45 0.92 4140 1.16 5220 1.26 119%
Chromatography 2 - elution 3 0.26 0.78 0.0:4 0.12 0.15 0
After 2nd dialysis a7 0.95 365 0.86 d0.42 091 9%
sterile filtration 45 0.94 4230 0.95 42.75 1.01 8%
Biatinylated samples 5.32 0.87 4.63 1] 1] 0.00 0.00
Lyaphilized samples (1 ml) a0 0.94 37.650 0.95 38.00 101 BT%

Table 4.1. Summary of methioninase-annexin V purification.
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Figure 4.2. SDS-PAGE of methioninase-annexin V. Coomassie blue
was used to stain the gel. Lane 1, total soluble cell lysate 2,
unwanted flow-through; lane 3, eluted methioninase-annexin V; lane
4, methioninase-annexin V with the (Hisag removed.
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Figure 4.3. SDS-PAGE of cytosine deaminase-annexin V. Coomassie
blue was used to stain the gel. Lane 1, total soluble cetktysame 2,
unwanted flow-through; lane 3, eluted cytosine deaminase-annexin V;
lane 4, cytosine deaminase-annexin V with the (H&g) removed.
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Previous work regarding freezing and storing of proteins was doneabgeN
Palwai [99] in the laboratory. The buffer used most often throughouiutiifecation is
20 mM sodium phosphate, and a different fusion protein containing methioninase, ATF-
methioninase, was shown to retain 69% of its activity followinghflaeezing in that
buffer. It was hypothesized that small ice crystals viermed during flash freezing,
which came into contact with the protein to cause denaturation. Titeads 100
mM NacCl resulted in a loss of only 6% when flash frozen and ani@ualit7% after
freeze-drying. This is believed to be caused by a reductiaceofrystal interaction
with the protein [102]. Because of this, both methioninase-annexin V ydodine
deaminase-annexin V proteins were stored in 20 mM sodium phosphate andi100 m
NaCl. Both enzymes retained nearly all activity for attl@msionths when stored in a

freezer at -88C as lyophilized powder.

Specific Fusion Protein Binding to Endothelial and Cancer GeNstro

The ability of the fusion proteins to bind to endothelial cells larggst cancer
cells with PS exposed on the cell surface was evaluated byibeiguil binding
experiments in which increasing concentrations of biotinylatetrfuprotein were
used. In initial experiments with endothelial cells, hydrogen peroxaieused at a low
concentration (1 mM) to induce exposure of PS. In later expesmé® HO, was
omitted with little change in the results; therefore, the deperted here is with no
H,O, added. No kD, was added in the experiments with the breast cancer lines, since
it has been reported that cancer cells express PS in vitrg [183. A typical
equilibrium binding result is shown iRigure 4.4 for the binding of methioninase-

annexin V to endothelial cells. The non-specific binding, obtained in the absence of
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Figure 4.4. Determination of dissociation constant for methioninase-annexin V
binding to human endothelial cells. Methioninase-annexin V was biotinvlated
and streptavidin-HEP was used to quantify the binding. Total binding was
obtained using 2 mM Ca®” in the binding buffer. Non-specific binding was
obtained by removing the Ca®™ from the binding buffer and replacing it with 3
mM of EDTA to chelate Ca?™. Specific binding was obtained by subtracting the
non-specific binding from the total binding  GraphPad Prism 5 software
determined the specific binding to have a K; = 0.5 £ 0.2 nM. Data are
presented as mean = SE (n=3).
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Cd*, was subtracted from the total binding to obtain the specific bindihg.
dissociation constant (K for each cell line tested was obtained from the specific
binding data using GraphPad Prism 5 software to give the followasglts for
methioninase-annexin V: 0.5 + 0.2 nM for endothelial cells (with sabar#sso nm=
1.3), 6.2 £ 1.6 nM for MCF-7 breast cancer cells (with saturatigaf#= 0.9), and 4.9
+ 0.9 nM (with saturation £y nm = 1.8) for MDA-MB-231 breast cancer cells.
Similarly, cytosine deaminase-annexin V binding results weeefdllowing: 1.5+ 0.2
nM for the endothelial cells (with saturationsfym = 0.6), 0.6 £ 0.4 nM for MCF-7
cells (with saturation #onm= 0.5), and 4.2 £ 1.8 nM (with saturationsf.,= 1.2) for
MDA-MB-231 cells. An equilibrium binding result for the binding of cytes
deaminase-annexin V to endothelial cells is shown in Appendix Aesd results
indicate that the binding of the fusion proteins to these celldasvedy strong. In a
control test, the specific binding assay was performed on endotbelislthat were
100% confluent. The result was that the total and non-specific daita essentially
identical, indicating no specific binding. The binding of annexin ¥rtdothelial cells
was determined using the same procedures. Therkthe specific binding data was
found using GraphPad Prism 5 software to be 0.9 £+ 0.2 nM (with satui&tio nm=
1.2), which is similar to the Kdetermined for the binding of the fusion proteins to
endothelial cells. Literature values of annexin V binding alonentiothelial cells have
been reported from 2.7-15.5 nM [105, 106].

The low Ky values for the endothelial cells is favorable for these enzyme
prodrug systems because they are primarily directed tahertvasculature. The fact

that the fusion proteins exhibit the same degree of binding to hexiddtcells with or
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without hydrogen peroxide leads us to believe that endothelialgreNsnin vitro by
our techniques expose PS on their surface. It has been shown pseuotsnor-
bearing mice that PS is exposed on the external surfacsofibar endothelial cells in
tumor blood vessels but not on endothelial cells outside of the tumorwtss
demonstrated using biotinylated annexin V [25, 26]. When endothelial wele
grown to confluence, no specific binding was observed, meaningwasra lack of PS
expression on the cell surface. Normal vasculature does noseXp& as proven by
the lack of biotinylated annexin V binding to endothelial cells inthgdissue [25, 26].
The strength and specificity of binding of annexin V not part of &ifuprotein to
endothelial cells is very similar to that of the fusion proteisiag the same procedures;
therefore, there is no reason to believe that the fusion proteihdind with any
different strength or specificity vivo compared to annexin V.

As further evidence of the fusion proteins binding to exposed PS onrtheesu
of cells, MDA-MB-231 cells were incubated with FITC-labeled m@tinase-annexin
V or cytosine deaminase-annexin ¥igure 4.5shows a light microscopy image (left)
of MDA-MB-231 cells and a fluorescence microscopy image (rigift)cytosine
deaminase-annexin V bound to the cell surface. As hypothesized, e pustein
remains on the cell surface after binding to exposed PS on thecesurfSimilar
experiments with endothelial cells showed fluorescence only atethesurface when
they were 70-80% confluent, but no fluorescence was observed when éatiodtis
were 100% confluent. This indicates binding of the fusion proteins andnihus
expression of PS on the surface of the cells.

The stability of both fusion proteins binding to the cell surface was determined
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Figure 4.5. Visualization of fluorescent cytosine deaminase-annexin V binding to
MDA-ME-231 breast cancer cells. Cells were seeded onto a cover glass and allowed
to adhere. Cytosine deaminase-annexin V labeled with FITC was added, allowed to
bind for 2 h, and washed to remove unbound fusion protein. Corresponding light
(left) and fluorescence (right) images were acquired with a 40X objective to verify
binding to the cell swface. The bar represents 100 pm.
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and used to design cytotoxicity experiments. Fusion protein boundlpeasestudied
over 3 days for the three cell lines by measuring the absorbad&® nm, determined
by the binding assay, and dividing by the fluorescence at 590 nerpudeed by the
Alamar Blue assayFigure 4.6 indicates that binding methioninase-annexin V declined
over 3 days for all three cell lines, with the MDA-MB-231 cancelis showing the
most rapid decline; however, the fusion protein was still presetdyaB for all three
cell lines. Similar results were obtained for the cytosieantinase-annexin V fusion
protein (see Appendix A). Cell viability, as measured by thenalaBlue assay, was
found to be linearly proportional to the number of cells.

Cytotoxicity of Methioninase-Annexin V + Selenomethioniné/itro

The ability of the enzyme prodrug system to eliminate human enidbttells
and breast cancer cells was evaluated using a saturatingnt@tion (100 nM) of
methioninase-annexin V, followed by concentrations of selenomethiomgeagafrom
0 to 1000 uM Figures 4.7, 4.8, 40 The methionine concentration in the medium was
set at a level (1000 uM) that would not lead to a significantedse in cell viability
because of methionine depletion with methioninase-annexin V presettit.oEthe cell
lines metabolized the Alamar Blue reagent to produce a fluoresdkat was measured
to quantify total cell viability. The fluorescence data from Al@mar Blue assay was
expressed as a percentage of the fluorescence for the dlsnav methioninase-
annexin V and 0 uM selenomethionine (control). Cells that weséettevith different
selenomethionine concentrations but no methioninase-annexin V wererednpahe
control on the same day, whereas cells that had methioninase-annexin V weseecbomp

to cells with the same selenomethionine concentration but no methioninase-annexin V
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Figure 4.6. Methioninase-annexin V fusion protein binding stability. The
Alamar Blue assay for cell viability was performed each dav, followed by
the binding assay to determine the duration of binding of the fusion protein
to exposed P5S on the surface of each cell line. ABS/RFU is the absorbance at
450 nm, determined by the binding assav, divided by the relative
fluorescence units at 590 nm_ determined by the Alamar Blue assay. Data are
presented as mean £ SE (n = 3).
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on the same day.

The cytotoxicity results for the endothelial cells are showrFigure 4.7.
Treatment with methioninase-annexin V gave significant ceihgilfor 500 and 1000
UM selenomethionine on days 1-3 (p < 0.001). With no methioninase-annexin V
present, significant cell cytotoxicity was not observed at theldeof selenomethionine
tested.

Cytotoxicity results for the two breast cancer cell linesshown inFigure 4.8
and 4.9 For MCF-7 cells with FP present, there was significanniilat days 2 and 3
with 50-1000 pM SeMetHgure 4.8 p < 0.001). Cell killing without FP present was
not significant on day 3 until the SeMet concentration reached 1000 MDA-MB-
231 cells showed a greater sensitivity to the SeMet than MCF-2&rathathelial cells
(Figure 4.9); significant cell cytotoxicity was observed with the FPspre on days 1-3
with 10-1000 uM SeMet (p < 0.001). Even without the addition of the §diuheling
of the FP alone produced significant cell killing. With no FP preseell killing did
not occur until the SeMet level was 1000 puM and was relativelyl smd not
statistically significant (p < 0.001).

In an attempt to remove what was thought to be methionine depietaiad
cell death with methioninase-annexin V and 0 uM selenomethionine, an experiment was
done adding up to 20,000 uM methionine for MDA-MB-231 cells. A steadyneed
cell viability was observed as the level of methionine increésethe 2 days of the
experiment after the addition of the extra methionikggure 4.10. Methionine
toxicity is believed to be contributing to the cell death, but hasbeeh confirmed.

The effectiveness of the enzyme in the methioninase-annexin V duringtthe tes
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Figure 4.7. Effect of selenomethionine conversion to methylselenol on HAAE-1
endothelial cells. Cells were grown in medinm adjusted to 1000 pM of L-
methionine. Cell wiability was assessed using the Alamar Blue assay for cell
viability and normalized to the control (ie. no methioninase-annexin V and no
selenomethionine). A one-way ANOVA was performed for statistical analysis. Cells
treated with different selenomethionine concentrations but with no methioninase-
annexin V were compared to the control on the same day, and statistical significance
was denoted by # (p < 0.001). Cells treated with methioninase-annexin V were
compared to cells with no methioninase-annexin V on the same day at the same
selenomethionine concentration, and statistical significance was denoted by * (p <

0.001). Data are presented as mean * SE (n = 3).

65



% Viability of Control

HMDayl BDay2 DDay3

120.0
B 5
100.0
B T T
B .
800
60.0
400 i .
200 I : I :
0.0 | } & } Ir'I'l | ]—}I| H
MoEP FP  NoFP FEP | NoFP EP | MoEP EP | NoEP EP | NoFP  EP
L1} 10 50 100 500 1000

Selenomethionine (i)

Figure 4.8. Effect of selenomethionine conversion to methvlselenol on MCF-7 breast
cancer cells. Cells were grown in medium adjusted to 1000 pM of L-methionine.
Cell viability was assessed using the Alamar Blue assav for cell viabilitv and
normalized to the control (ie. no methioninase-annexin V and no selenomethionine).
A one-way AMNOWVA was performed for statistical analysis. Cells treated with
different selenomethionine concentrations but with no methioninase-annexin V were
compared to the control on the same day, and statistical significance was denoted by
# (p = 0.001). Cells treated with methioninase-annexin V were compared to cells
with no methioninase-annexin V on the same day at the same selenomethionine
concentration, and statistical significance was denoted by * (p < 0.001). Data are
presented as mean * SE (n=3).
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Figure 4.9. Effect of selenomethionine conversion to methvlselenol on MDA-MB-
231 breast cancer cells. Cells were grown in medium adjusted to 1000 pM of L-
methionine. Cell wviability was assessed using the Alamar Blue assav for cell
viability and normalized to the control (ie. no methioninase-annexin V and no
selenomethionine). A one-way ANOVA was performed for statistical analysis.
Cells treated with different selenomethionine concentrations but with no
methioninase-annexin V were compared to the control on the same day, and
statistical significance was denoted by # (p < 0001). Cells treated with
methioninase-annexin V were compared to cells with no methioninase-annexin V on
the same day at the same selenomethionine concentration, and statistical
significance was denoted by * (p < 0.001). Data are presented as mean * 5E (n = 3).
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Figure 4.10. Addition of methionine to eliminate MDA-MB-231 breast cancer cell
death from methionine-depletion effects. Cells were grown in medium increasing
amounts of L-methionine. Cell viability was assessed using the Alamar Blue assay
for cell viability and normalized to the control (i.e. no methioninase-annexin V and
no selenomethionine). A one-way ANOVA was performed for statistical analysis.
Cells treated with extra methionine were compared to cells grown in Lebovitz's L-
15 medium that received no fusion protein . and statistical significance was denoted
by * (p = 0.001). Data are presented as mean * SE (n = 3).

68



period is reinforced by the cytotoxicity data for the endothekdis and breast cancer
cell lines Figures 4.7, 4.8, and 4)for the selenomethionine concentrations at which
there was a statistically significant decline in cell Jigbicompared to the same
selenomethionine concentrations with no methioninase-annexin V pasdémne same
day (indicated by a *); for this data there was in almost evase a decline in cell
viability from days 1 to 2 and from days 2 to 3. The medium for the was changed

at days 1 and 2, meaning the enzyme would have to produce additiohglselenol

for more cells to be killed; if additional methylselenol were poiduced, then no
methylselenol would be present (since the medium was charggeti)additional cell
killing would likely not occur.

In the enzyme prodrug test of cytotoxicity for the endothelial cells,hndnie the
primary target in the tumor for this enzyme prodrug therapycyt@oxic effect was
evident after only one day of treatment at 500 pM selenomethionireath&r 500 puM
or 1000 uM selenomethionine, there was no effect on endothelial celltyiabih no
methioninase-annexin V present; this indicates that endothelial icelthe normal
vasculature, which will not bind to the methioninase-annexin V (siP8eis not
externalized), will not be affected by these concentrationsetdnomethionine. At
selenomethionine concentrations well below 500 uM, however, the calisewil be
killed by toxic methylselenol being carried across the anealy by fluid permeation;
the effect of methylselenol on normal cells outside of the tulha@xpected to be
minimal or none because it will be greatly diluted by the bloedst before it reaches
the normal cells. MDA-MB-231 breast cancer cells were fourztthe more sensitive

to the enzyme prodrug treatment than MCF-7 breast cancer cells, evenimgddliing
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when the methioninase-annexin V was bound but no selenomethionine prodrug wa
added.

We have not found evidence that the sensitivity of the threeiced to the
enzyme prodrug treatment is dependent on the degree of exposureoaftRS cell
surface. The saturations® values measured in the methioninase-annexin V binding
assay, which are a measure of the amount of methioninase-annexin Vtbd@addo
not correlate with the sensitivity to the enzyme prodrug traatmeicated. Therefore,
other cell properties besides the degree of PS exposure are contributingetusitnaty
to the effect of methylselenol.

Cytotoxicity of Cytosine Deaminase-Annexin V + 5-Fluorocytodm¥itro

Cell viability was determined on days 3, 6, and 9 to demonstrateytbmxic
effects of 5-FC, with or without cytosine deaminase, against hendathelial cells
and breast cancer celligures 4.11, 4.12, and 4.133 In addition, treatment with
commercially available 5-fluorouracil was performed. Thénity data is presented as
the percentage of fluorescence produced relative to control sarfrmesytosine
deaminase-annexin V and 0 pM 5-fluorocytosine). All of the experahgmups were
compared to the control for that day (no cytosine deaminase-annexit ie@asame 5-
fluorocytosine or 5-fluorouracil concentration). For all three lbedls, no significant
cell death was found with 5-fluorocytosine present and cytosine dasesannexin V
absent, or with 5-fluorocytosine absent but cytosine deaminase-annexin Mprese

For the endothelial cell&igure 4.11), there was negligible cell killing in the

first 3 days of the experiments; however, significant killing (p < 0.001) was obisenve

70



EmDay3 EDays ODay9

120.0
100.0 T -E E3
0.0 .
<
- -
§ G60.0 -I-
T} . -
=
=
£ 400
=
x - "
20.0
0.0 I | !
Ho FP P Mo FP Mo FP Fe Mo FP | Mo FP FP Mo FP Ho FP FP Mo FP
+ & & & + + &+ + + + * +
5-FC 5-FC 5-FU 5-FC 5-FC 5-FU 5FC 5-FC 5-FU 5-FC 5-FC 5FU
0 500 1000 2000

S-Fluorocytosine or 5-Fluorouracil (uh)

Figure 4.11. Effect of 5-fluorocytosine conversion to 5-fluorouracil on HAAE-1
endothelial cells. Cell viability was assessed using the Alamar Blue assay and
normalized to the control (i.e. no cyvtosine deaminase-annexin V and no 5-
fluorocytosine). A one-way ANOVA was performed for statistical analysis. Cells
treated with cytosine deaminase-annexin V or cells treated with only 5-fluorouracil
were compared to cells with no cvtosine deaminase-annexin V on the same dav at
the same 5-fluorocytosine concentration, and statistical significance was denoted by
* (p = 0.001). Data are presented as mean * SE (n = 3).
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day 9 for cells with cytosine deaminase-annexin V plus 5-fluéosaye and on days 6
and 9 for cells with 5-fluorouracil. Killing was observed to be dose-dependent.

The breast cancer cell lines exhibited similar patterns of cell d8atih. MCF-7
(Figure 4.12 and MDA-MB-231 Figure 4.13 cells receiving the cytosine deaminase-
annexin V plus 5-fluorocytosine showed significant cell killingatt was dose-
dependent, compared to the control group, on days 3, 6, and 9 (p < 0.001)y By da
treatment with the cytosine deaminase-annexin V plus 5-fluoraongtossulted in less
than 10% viability at 500 uM 5-fluorocytosine for MCF-7 celledaat 1000 puM 5-
fluorocytosine for MDA-MB-231 cells. As for the endothelial celltee combination of
5-fluorocytosine and the cytosine deaminase-annexin V gave letexagity than with
5-fluorouracil directly at the same 5-fluorocytosine concentration and ihcualieme.

Comparison between the efficacy of the enzyme prodrug treatameht5-
fluorouracil at the same concentration as 5-fluorocytosine eekutt higher toxicity
with 5-fluorouracil alone Kigures 4.11, 4.12, 4.3 This finding is consistent with

other reports comparing drug and prodrug toxicity [92, 107].

Pharmacokinetics of Methioninase-Annexin V in Mice

The relatively small size of the methioninase-annexin V fupiatein (~316
kDa) allows for rapid diffusion into the bloodstream following i.p. itz A
pharmacokinetics test was done by injecting NU/J mice (n = dgadsme point) with
1 and 10 mg/kg of biotinylated methioninase-annexin V. After 1, 4n8,24 h post-
injection, a blood sample was extracted from each mouse by cardiac Mice that
did not receive methioninase-annexin V were used as the control. seThm was

collected and flash frozen for analysis after all samples were taken.
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Figure 4.12. Effect of 3-fluorocytosine conversion to 5-fluorouracil on MCF-7
breast cancer cells. Cell viability was assessed using the Alamar Blue assay and
normalized to the control (ie. no cyvtosine deaminase-annexin V and no 5-
fluorocytosine). A one-way ANOVA was performed for statistical analysis. Cells
treated with cytosine deaminase-annexin V or cells treated with only 5-fluorouracil
were compared to cells with no cvtosine deaminase-annexin V on the same dav at
the same 5-fluorocytosine concentration, and statistical significance was denoted by
* (p = 0.001). Data are presented as mean * SE (n = 3).
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Figure 4.13. Effect of 5-fluorocytosine conversion to S-fluorouracil on MDA-MB-
231 breast cancer cells. Cell viability was assessed using the Alamar Blue assay and
normalized to the control (ie. no cyvtosine deaminase-annexin V and no 5-
fluorocytosine). A one-way ANOVA was performed for statistical analysis. Cells
treated with cviosine deaminase-annexin V or cells treated with only 5-fluorouracil
were compared to cells with no cvtosine deaminase-annexin V on the same day at
the same 5-fluorocytosine concentration, and statistical significance was denoted by
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An ELISA was used to determine the time required for clemrdrom the
bloodstream. Serum samples were incubated for 1 h°&t @7 streptavidin-coated
plates. A rabbit polyclonal antibody against annexin V was adedoind
methioninase-annexin V and incubated for 1 h 4€37The amount of fusion protein
binding was then determined by adding an anti-rabbit IgG seconddilyody
conjugated to horseradish peroxidase (1 h alCB7and developing with the
chromogenic substrate OPBidure 4.14). Both 1 and 10 mg/kg doses were detected
in the bloodstream after 1 h of circulation, with the concentratioisgfao near
undetectable levels at 4 h and complete clearance by 8 h. Sthis & this experiment
were used to design the experimental design of treating mikeMiDA-MB-231 breast

tumors using methioninase-annexin V and selenomethionine.

Selenomethionine Toxicity in Mice

Methylselenol is known to be 200 times more toxic to variouseraralls than
selenomethionine [36]. To determine a selenomethionine dosage lévednhae used
for the treatment of MDA-MB-231 breast tumors, NU/J mice (ndo$dge level) were
injected i.p. with selenomethionine ranging up to 60 mg/kg every 24 hhfee
consecutive days. After only one dose, all mice receiving 60 nvggkg found dead,
indicating severe toxicity. At 24 mg/kg, only one mouse survitedinjections but
appeared sick, had noticeable behavioral changes, and losticaiginifveight.
However, all mice receiving either 6 or 12 mg/kg selenomethianingved a week of
post-injection observation and did not show any signs of changed behavior or

movement, with only minimal weight-loss that was recovered after theianjsanded.
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Figure 4.14. Clearance time of methioninase-annexin V in the bloodstream of
nude mice. Methioninase-annexin V was injected ip. at 1 and 10 mgkg An
ELISA was used to detect biotinvlated methioninase-annexin V in mouse serum,
followed by an antibody against annexin V. A secondary antibody IgG
conjugated to peroxidase was with chromogenic substrate to develop the results.
Data are presented as mean + SE (n=4).
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Detection of Exposed Phosphatidylserine in Tumor Vasculature in Mice

Annexin V is known to bind to exposed PS on the surface of endothel&l cel
and cancer cells. This was demonstrated by Ran [@54lin mice bearing MDA-MB-
231 xenografts using biotinylated annexin V. Similarly, SClBaiearing MDA-MB-
231 tumors were injected i.p. with 10 mg/kg of biotinylated methioninasexn V.

At 1 h post-injection, their circulation was perfused with heparinigalthe with
calcium and by glutaraldehyde. Tumors were removed and storedcioss in
preparation for cryosectioning at OMRF. Streptavidin-HRP was tséihd to any
biotinylated methioninase-annexin V, and bound streptavidin-HRP watogdeudewith
DAB substrate to produce a dark brown imageure 4.15shows a stained section of
the MDA-MB-231 tumor. The presence of activated DAB is shown on thegker of

a blood vessel within the tumor tissue. This experiment was donentondeate
annexin V has retained its ability to bind to idSvivo as part of a fusion protein and
allows the presentation of methioninase at the blood vessel suiffaeallows for the
rapid conversion of selenomethionine upon intravenous administration into toxic
methylselenol. The methylselenol will act on the endothe&d$ @and also penetrate

into the tumor parenchyma via permeation and diffusion.

Biodistribution of Methioninase-Annexin V in Mice

Methioninase-annexin V is expected to bind to PS that is expgsedmior
vascular endothelial cells and tumor cells. To detect the ¢ocati methioninase-
annexin V after i.p. injection, three mice with MDA-MB-231 tumorgevimjected with
the fusion protein labeled with DyLight 680 red fluorescent dyeerAlft 12, and 24 h

post-injection, the mice were imaged using the VIS Spectrum small amragirig
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Figure 4.15. Detection of methioninase-annexin V bound to exposed PS5 on
the surface of a blood vessel in an MDA-MB-231 tumor grown in SCID
mice. Biotinylated fusion protein was injection ip.. Cryosections were
stained using streptavidin-HRP and developed with DAEB to prove
methioninase-annexin V binding. Counterstaining was done with
hematoxylin.
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system looking for the GFP signal from the tumor cells andréuake signal from
methioninase-annexin V. After the final images were acquireduther, heart, lungs,
liver, kidneys, and spleen were removed and imagedvoto detect the DyLight 680
signal.

Figure 4.16 shows the three mice at 1 h (A), 12 h (B), and 24 h (C) post-
injection. InFigure 4.16A it appears that the fusion protein has not diffused away
from the site of injection in one mouse, but the other mice sheysemic signal
indicating the methioninase-annexin V made it into the bloodstreBigure 4.16B
shows one mouse has a very weak signal signifying near comptet@arste of the
fusion protein, while the others show a vibrant red signal near the tumor regiothenear
bladder, and in the tail. At 24 h, all mice once again have a brgytal srear the tumor
region and a signal near the bladdég(re 4.16Q. The red signal coming from above
the tumor appeared to represent the spleen, however, afteioesdgche organs, no
DyLight 680 signal was observed from any of the tissues calledteis possible that
the injected protein contained free DyLight 680 even though an extahalysis was
done with two buffer changes following protein labeling. The GFRasigas easily

detectableexvivo and only coming from the tumor sample.

MDA-MB-231 Breast Tumor Treatment with Methioninase-Annexin VusPI

Selenomethionine in Mice

NU/J mice were initially used to test the efficacylwd tethioninase-annexin V
enzyme prodrug system. Tumor formation of MDA-MB-231 cells esging GFP
appeared to be normal, indicating treatment needed to begin. Thanmexgal

treatment design consisted of three cycles, with each cycle begintimgninjection
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Figure 4.16. Biodistribution of methioninase-annexin V. Mice were
injected with methioninase-annexin V labeled with DvLight 680
fluorescent dye. At 1 h (A), 12 h (B), and 24 h (C) post-injection,
images were taken to detect the fusion protein. Fed signal is DyLight
680 and green signal is GFP from the MDA-MB-231 cancer cells.
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of methioninase-annexin V (10 mg/kg), followed by a 2-week observaieriod.
Based on the pharmacokinetics data, a minimum of 8 h was allowedhifmund
methioninase-annexin V clearance, followed by three consecutivetiomg of
selenomethionine (10 mg/kg) every 24 Hrigure 4.17 shows the results of the
treatment and observation of period of the NU/J mice. Noticedi@ytumors in the
treatment group steadily declined in volume; however, the tumors oottiel groups
only maintained similar sizes but did not grow, except for tumorstha
selenomethionine group that grew after 67 days post-inoculation. Ta® imithe
selenomethionine group and one in the treatment group died during theetriea
period. For each methioninase-annexin V and selenomethionine injesdcngroup
was weighed. The average group weight was used to determingettteon dose for
those mice, presumably the reason for the dead mice, since sdheeroice actually
received more than 10 mg/kg selenomethionine. The stagnant growth of the t@mors w
hypothesized to be because the cells inoculated had been passalged and had lost
their tumorigenicity. New MDA- MB-231 cells expressing GFerev purchased to
repeat the study. The new cells produced inconsistent formatithe iINU/J mice as
only 4 of 26 mice developed stable tumors. It is unclear why thertumere not
forming as expected.

Before more treatment experiments were done, it was raggdssfind a mouse
model that would allow for consistent, repeatable MDA-MB-231 tumor dpuadnt.
In addition to NU/J, SCID and athymic nude (NU/NU) mice wesdd (n = 3). As
shown inFigure 4.18A NU/J and athymic nude mice did not form stable tumors;

however, all three SCID mice developed large tumors in 25 days. VIS Spectrum

81



F00

Treatment

Mean Yolume [mm?)
g 8
i
— —

200

100

27

Days after inoculation

==f=_Control Group =l=FP Group =gr=5eMet Group  ===FP + SeMet Group

Figure 4.17. Treatment of MDA-MB-231 breast tumors in NU/J mice. Treatment
consisted of three consecutive cycles, where each cvcle was as follows: 10 mg/kg
methioninase-annexin V injected on day 0 and 10 mgkg selenomethionine
injected on davs 1, 2, and 3. Tumor volume data are presented as mean + SE (n=
3-5) with statistical significance denoted by * (p < 0.001)
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Figure 4.18. MDA-MB-231 tumor growth in various immunodeficient mouse
models. A Tumor volume data for NU/J, SCID, and NU/NU mice bearing MDA-
MB-231 breast tumor xenografts. Data are presented as mean * SE (n = 3) with
statistical significance denoted by * (p < 0.001). B. Fluorescence images of NU/J,
SCID, and NU/NU mice taken with the IVIS Spectrum small imaging system
showing GFP signal from MDA-MB-231 cells.
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images taken of the SCID mice showed the presence of GREI,sconfirming the
MDA-MB-231 cells were alive and growing at day Fgure 4.18B), while NU/J and
NU/NU mice showed no GFP. Based on this result, SCID mice wsed for the
remaining test vivo.

Pharmacokinetics and selenomethionine dosage experiments wellg ohotme
using NU/J mice and needed to be confirmed in SCID mice. Theimegoeal design
calls for the injection of methioninase-annexin V in the afternoon @led@methionine
the following mornings, an average of 14 h later. The ELISA assayrepeated using
SCID mouse blood samples (n = 3) taken 14 h after the injection ohybat&d
methioninase-annexin V. No difference in signal was observed fot4he sample
compared to a blank sample. The prodrug toxicity study was donehsith SCID
receiving 10 mg/kg of selenomethionine for three consecutive dayls,apart. The
mice tolerated the selenomethionine with no behavioral changes.

For the enzyme prodrug study using SCID mice (n = 7 per groupMihe
MB-231 cells were injected, and all tumors developed as expectéekn ¥e tumors
began to increase in size, the IVIS imaging system was asddhe GFP signal was
documented for all mice, indicating living MDA-MB-231 cells. Theatment was
done as described above with mice on a normal chow diet, and the aesydtesented
in Figure 4.19 The tumors in mice receiving methioninase-annexin V and
selenomethionine reduced in size throughout the treatment period, wbdeeoeiving
no treatment, methioninase-annexin V, or selenomethionine only steaclibased.
One mouse in the selenomethionine group died during the treatment p&ltiadce in

the treatment group tolerated the selenomethionine, presumably because the
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Figure 4.19. Enzvme prodrug treatment of MDA-MB-231 breast tumors in SCID
mice. Treatment consisted of three consecutive cycles, where each cycle was as
follows: 10 mg/kg methioninase-annexin V injected on day 0 and 10 mgkg
selenomethionine injected on davs 1, 2, and 3. Tumor volume data are presented
as mean * SE (n = 7) with statistical significance compared to the control group

denoted by * (p < 0.001).
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selenomethionine was converted to methylselenol and did not build up in tissue. During
the 2-week observation period, mice in the treatment group showed tagroth,
indicating that all the cancer cells were not killed. Stilmors in the treated group
were only a third of the size of the control groups. Histologeallysis of three mice
per control group and all seven treated mice revealed therenearetastatic legions
found in lungs or liver of any of the mice (see Appendix A fordbmplete pathology
report).

From the data ifrigure 4.19 it is apparent that the enzyme prodrug treatment
did not kill all of the tumor cells. This could have occurred bec#useperiod of
hypoxia was not long enough or because the duration of exposure tottty¢seienol
generated was not long enough. Also, some tumor cells sidl atithe end of the 3-
day selenomethionine treatment could have regrown during the day tofidrgéawith
the fusion protein, when no methylselenol is being produced.

Methionine dependence in cancer cells has been well-documented [32, 108].
The methioninase enzyme has the ability to convert selenomethionidigpraally,
methionine required for protein production and sustained cancer cell yaidife is
cleaved. While healthy cells are able to produce methionine faipr®gnthesis from
its precursor homocysteine, cancer cells typically express betomal levels of the
enzyme methionine synthase that is responsible for making methidrone
homocysteine [33, 34]. To determine the therapeutic potential of #yenenprodrug
therapy with reduced methionine available, a diet containing no methi@plaeed the
normal mouse chow was used. The experimental design was sortitat above, with

methioninase-annexin V fusion protein administered at 10 mg/kg, but the
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selenomethionine dosage was cut in half (5 mg/kg). The mice placed on a
methionine-deficient diet supplemented with D,L-homocysteine 24 h prior to thefstart
treatment. The selenomethionine dosage was reduced for two rehstogrevent
unwanted selenomethionine-related toxicity, and 2) the methionineemefitiet had
previously been shown to cause reversible weight loss in micdg, [A69has the
selenomethionine in control mice (data not shown).

Figure 4.20shows the tumor volume curves obtained throughout the treatment
and observation period. As expected, the methioninase-annexin V plus
selenomethionine treatment resulted in a significant reduction irortugnowth
compared to the untreated control. During the treatment period, thefdize tumors
in the group of mice receiving the enzyme prodrug treatment imcteslghtly, and
there was regrowth of the tumors after the end of the treatm@ftien the tumor
volumes of the control group required the mice to be sacrificed (twemht was
~10% of body weight), the average size of the tumors in tbepgtreated with
methioninase-annexin V and selenomethionine was 42% of that in thelagotp,
which is similar to what was found in the study with mice on a nlodieé In addition,
although not significant, methioninase-annexin V only showed an affgatg the
treatment period, but its efficacy did not last after the conclusion of the therapy.

Significant attention has been given to enzyme prodrug sysasnpotential
therapeutic strategies for cancer. As showRigures 4.19 and 4.20the combination
of methioninase-annexin V and selenomethionine leads to a signifidabition of
tumor growth compared to those untreated. These findings are eohsisth other

enzyme prodrug systems, which inhibit tumor growth during treatment, but fail to kil
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Figure 4.20. Enzyme prodrug treatment of MDA-MB-231 breast tumors in 5CID
mice on a methionine-deficient diet. Treatment consisted of three consecutives
cycles, where each cycle was as follows: 10 mgkg methioninase-annexin V
injected on day 0 and 5 mg'kg selenomethionine injected on days 1, 2. and 3.
Tumor wvolume data are presented as mean = SE (n = 7) with statistical
significance compared to the control group denoted by * (p < 0.001).
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all malignant cells, which results in tumor regrowth. Vrudhulalef110] used a
monoclonal antibody to targei-lactamase in a lung adenocarcinoma model. A
cephalosporin prodrug was used to generate toxic cephalosporin mustenid, was
shown to inhibit lung tumor growth by roughly 60%. A different typenastard drug
developed by carboxypeptidase G2 was compared to treatment with &Giflal and
showed complete tumor regression in a colorectal model, but tumamwtbgwas
eventually observed [111]. Other groups have shown different enzymeugrodr
combinations can cause prolonged tumor growth inhibition [112, 113], including a
therapy targeting cytosine deaminase to colon cancer with 5-fytosone prodrug

[114].

Tumor Blood Flow Interrupted After Methioninase-Annexin V + Selenbinaine

Treatment

The methylselenol generated by the conversion of selenomethiopie b
methioninase at the surface of the endothelial cells in the tuasoulature will cause
destruction of these cells, which leads to clotting in the tumowlatsce and a cutoff
of the supply of oxygen to the tumor. To test this hypothesis, SGB with MDA-
MB-231 tumor xenografts underwent the standard three-cycle treatrokent
methioninase-annexin V (10 mg/kg) and selenomethionine (10 mg/kg). Theftday
treatment concluded, untreated and treated mice (n = 3) weredjgz with DyLight
680 fluorescent dye at 1 mg/kg. The dye was allowed to atectibr 1 h followed by
imaging with the IVIS Spectrum systenkigure 4.21 contains images from untreated
(4.21A) and treated4.21B) mice, in which the DyLight 680 signal was spectrally

unmixed using the IVIS Spectrum’s Living Image software. The outlinkeoGGFP
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Figure 4.21. Interruption of blood flow through tumor vasculature.
Female SCID mice were injected with DyLight 680 red fluoresce
dye the day after the completion of the three-cycle enzyme ygodr
treatment with methioninase-annexin V and selenomethionine. The
outline of the GFP signal showing the living tumor cell perimistén
green. Mice were either untreated (A) or treated with methase-
annexin V (B) to compromise tumor vasculature.
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signal showing the living tumor cell perimeter is in green on bigirds. Untreated
mice showed significant red fluorescence in the tumor areagainaly blood flow
through the tumor vasculature, while treated mice showed muchelkdkiorescence,
indicating a lack of blood in the tumor region. This suggeststthated mice had
compromised tumor vasculature resulting from the production of melgrytdefrom
selenomethionine. The black hole on the left side of the mi€ggure 4.21Bis the
tumor void of blood flow. The area of the untreated tumor was 100% redgterce,
while that in the treated tumor was 66% fluorescent. Thus, thenpegeeof the treated
tumor tissue receiving blood flow was approximately 66% based omitheres
showing red fluorescence. This result provides significant suppdheohypothesis
that methioninase-annexin V and selenomethionine are able to séyedé&stoy tumor
vasculature.

SWNT-F3 Internalization Confirmed by Fluorescence and Confocal Micrgscop

F3 peptide was commercially synthesized to contain an N-tdrniiiaC
attached to a lysine residue and an extra cysteine residilie &-terminus. The
cysteine was used to react with a maleimide group of adiéfienctional polyethylene
glycol linker to create a stable disulfide bond. The other end dintker contained a
DSPE phospholipid that is used to for attachment to SWNTs suspendedsiodiin
dodecyl sulfate through hydrophobic interaction. Appendix A containdla vath
results of numerous SWNT-F3 conjugate preparations. SWNT concentrations
approaching 300 mg/L were observed after the conjugation to F3, givingl yield of

nearly 25% of the SWNTs put into the initial suspension. The abswbspectra of
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stable SWNT-F3 conjugate has been described previously in the labd&gopl15].
Optimizing the conjugation parameters still needs to be done.

The F3 peptide is known to be a cell-penetrating peptide that tonslsrface
nucleolin, becomes internalized, and homes to the nuclei of tumor enalotkeéts and
tumor cells. Following the attachment of F3 to SWNTSs, it iseletl that the F3
homing activity will be retained. Human endothelial cells, usedcdnfirm the
internalization ability, were seed onto chambered microscope ,stitflesed to adhere
for 24 h, and incubated with SWNT-F3 conjugate for 12 h 8€37The cells were
washed, stained with CellMask deep red plasma membrane staixehtbfthe slides
with formalin. Fluorescence from FITC and CellMask were \atitio be present using
a Nikon Eclipse E800 fluorescence microscope. To prove the SWNT-RBjatejwas
internalized, the same slides were visualized using an Olympasi&lv laser scanning
microscope. Figure 4.22 shows the fluorescent signals obtained from a scan at the
center of the cell layer. Each cell in the image emidiedreen signal indicating
presence of the F3 peptide. Previous work in the laboratory prove8WAdTs were

also present inside the cells with a Raman spectra [56, 115].

Cell Death Induced by SWNT-F3 Incubation and Near-Infrared Light

Dividing MCF-7 and 4T1 cancer cells were grown in 24-wektgd and
incubated with 60 mg/L of SWNT-F3 conjugate containing differengtiemanotubes
for varying time up to 24 h. The cells were washed and subj¢ctptiotothermal
treatment using a Diodevet-50 980 nm laser. Previously, MCF§ welle shown to
handle an energy density of 350 J#§&6, 115], so that energy density was used for the

tests. Cell viability results for the test with MCF-7 cells were datexd using the
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100.0pm

Figure 4.22. Internalization of SWINT-F3 by endothelial cells. Confocal image of
dividing endothelial cells following 121 h of incubation with the SWNT-F3
conjugate. Cellular membranes are stained in red with CellMask Deep Eed. The

green fluorescence is from the SWNT-F3 conjugate (F3 tagged at the N-terminus
with FITC).
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Alamar Blue assay on the same cells at Figure 4.23 and 18 h Figure 4.24 after
the laser irradiation. Figure 4.23 shows SWNT-F3 conjugates with long nanotubes
(graph A) showed significant killing with and without the laserl@tand 24 h of
incubation, while experiments with short (graph B) and very shapfg€C) nanotubes
showed minimal cell deathzigure 4.24shows reduced viability for cells receiving the
SWNT-F3 conjugate at all nanotube lengths with laser irradiatiLong nanotubes
with the laser completely killed the cells, while short and very short nanotuimiscpd
~80% cell death. Mouse mammary tumor cells were found to bl moce sensitive
to the laser irradiation only, significantly reducing the eebility of cells not treated
with SWNT-F3. The data are shown in Appendix A, with short and vhoyts
nanotubes represented as graphs A and B, respectively. The uptaké&ds SWthe
cells is thought to cause cell lysis and could explain the reasahe&th of cells that
receive only the SWNT-F3 conjugate.

The actual lengths of the long, short, and very short nanotubes hatee bget
determined, but it was the difficulty of injecting a singlahed carbon nanotube-
annexin V conjugate into the tail vein of mice for a different gubjthat led to
experimenting with shorter nanotubes. As can be seen from daitaedbby colleague
Luis Neves (see Appendix A), the absorption peak steadily dedlmesonger the
carbon nanotubes are sonicated during preparation of the suspension for the
conjugation. The decline in the absorption peak as sonication timasesrée likely

due to the walls of the nanotubes being damaged as a result of collisions.
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Figure 4.23. Effect of SWNT-F3 with NIR laser 1 h post-irradiation. MCF-7 cells
incubated for varying times with SWNT-F3 containing long (A), short (B}, and
very short (C) SWNTs were irradiated with NIE light at 980 nm. Cell viability

was measured by the Alamar Blue assay with statistical significance was denoted
by * (p = 0.01). Data are presented as mean + SE (n=3).
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Figure 4.24. Effect of SWNT-F3 with NIR laser 18 h post-irradiation. MCFE-7
cells incubated for varving times with SWNT-F3 containing long (A), short (B),
and very short (C) SWNTs were irradiated with NIE light at 980 nm= Cell
viability was measured by the Alamar Blue assay with statistical significance was
denoted by * (p < 0.01). Data are presented asmean * SE (n=3)
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5. CONCLUSIONS AND FUTURE DIRECTIONS

The main objective of this work was to investigate the effentise of novel
cancer therapeutics on two different classes. First, two enzwodrug systems
(methioninase-annexin V with selenomethionine and cytosine deanr@nasgin V
with 5-fluorocytosine) were examined for their ability to selety target
phosphatidylserine exposed on the surface of endothelial cells anbréast cancer
cell lines and then induce cell death by the conversion of a speaiitoxic prodrug to
an active anti-cancer metabolite. Both systems were tgstatio followed byin vivo
testing of methioninase-annexin V with selenomethionine in immunoeeticnice.
Second, a project using single-walled carbon nanotubes targeteohdo endothelial
cells and tumor cells in combination with near-infrared light ph@othermal therapy
was continued with the ultimate goal of performingivo testing.

The main conclusions of this research are the following:

1. Both the methioninase-annexin V and cytosine deaminase-annexin V fusion
proteins could be produced with a high yieldsincoli and purified to greater than 96%
purity.

2. Binding of both fusion proteins to exposed PS on cells was relatitrelygs
giving dissociation constant values in the low nanomolar range.

3. A high degree of killing of human endothelial and breast cances welb
achieved by both enzyme prodrug systemsitro. Cell killing in the methioninase-
annexin V/selenomethionine system was much faster (by abouttitne=g than in the
cytosine deaminase/5-fluorocytosine system. This is probably leecéus

methylselenol produced from selenomethionine acts directly taddi$, while the 5-
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fluorouracil produced from 5-fluorocytosine kills cells by incorporainto DNA and
RNA and by inhibition of thymidylate synthetase and therefore requires mae t

4. Tests of the methioninase-annexin V/selenomethionine system in S®
showed that MDA-MB-231 breast tumor growth could be arrested olygstatved but
tumor growth resumed after the end of the 11 day treatment period.

5. The two novel fusion proteins were designed to bind to the tumor vasculature
where a prodrug could be converted to a drug to attack the tumoratasewnd the
tumor. Two experiments validated this hypothesis. When biotin-labadicioninase-
annexin V was injected into mice, binding in the tumor was observedimedttissue
slides only at the blood vessel surface. In another experimentewth MDA-MB-
231 tumors that had been subjected to treatment with methioninaserannex
V/selenomethionine, a red fluorescent dye was injected. Usingnamal imaging
system, dye was seen throughout the untreated tumor, but substdesiallyye was
observed in the treated tumor. This confirms a substantial coftdffood flowing
through the treated tumor and means that a substantial degree afahigps been
created in the treated tumor.

6. The SWNT-F3 conjugate was shown to be internalized in endothéliglbge
confocal laser scanning microscopy. Laser treatment at 980 rsmsheavn to be
significantly more effective in killing cellg vitro that previously been incubated with
the conjugate, compared to cells that had only been incubated witbrjugate. An
important finding in these tests is that more than 1 h is needetthdocell killing

process to take place after the laser treatment.
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Future experiments that could be done to increase the efficabysanzyme
prodrug therapy system include:

1. Increasing the methioninase-annexin V dose beyond 10 mg/kgunkmown if
the 10 mg/kg dose of methioninase-annexin V saturates all theoRSutes exposed
by tumor endothelial cells, so increasing the concentration could preita
methioninase enzyme to convert more selenomethionine into toxic methylselenol

2. Extending the number of treatment cycles. Because the enzgpar@gisystem
has been well tolerated, adding more treatment cycles could prowicekitling and
the potential for eradicating the tumor with minimal side effed¥lore than an 11-day
period of hypoxia may be required to completely kill the tumor.

3. Modifying the dosing schedule. Because the fusion protein compldésssc
bloodstream in 8 h (sdéigure 4.14), the dosing schedule could be modified to inject
the fusion protein and the prodrug on the same day, 8 h apart. Thisinaelase the
amounts of both the fusion protein and the prodrug compared to the treatmedtle
that was used in this study.

4. PEGylating the fusion protein so experiments could be performednmume
competent mice. Testing of this enzyme prodrug system irumencompetent mice
would determine if tumor antigen release directly into the bloastieould create an
immune response that would increase the efficacy of the systearadicating the
primary tumor and distant metastases. An immunostimulant caddal administered
simultaneously to boost the immune response. One possible immunostinsulant

cyclophosphamide, which has been shown using low doses in combination with
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photothermal therapy to greatly increase the cure rate in witbeimplanted tumors
[116].

5. Combining this enzyme prodrug therapy with treatment with daeétto
increase the exposure of PS in the tumor vasculature and thussanthe effectiveness
of the treatment. Docetaxel has been found to about double the pgecehtaimor
vessels in mice that expose anionic phospholipids, while not leadimy &xposure of

these phospholipids in the vasculature of any of the normal organs [117].
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APPENDIX A

Cytosine Deaminase—Annexin V Fusion Gene Sequence

Note: The flexible (Gly-Ses)linker attaching cytosine deaminase to annexin V is
underlined.

gt gacagggggaat ggcaagcaagt gggat cagaaaggcat ggacat t gcct at gaagag

vV T GG MA S K WD QK GMDI AY E E
gccgcact gggct acaaagaaggcggt gt gccgat t ggcggt t gt ct gat caat aacaaa
A AL GY KEUGGVUZPI G GCUL I NNHK

gacggct ccgt gct gggecgt gggcacaacat gcget t ccagaaaggcagcgecaccct g
D GSVL GRGHNMMRIEFQKGSA AT L
cacggcgaaat ct ccaccct ggaaaact gcgggegt ct cgagggcaaagt gt acaaagat
H G E I S TL ENZGCUGRULEG KV Y KD
accaccct gt at acgaccct gagcccgt gcgacat gt gt acgggcgcecat cat cat gt ac
T T L Y TTL S P CDMCTGAI I MY
ggcat t ccacgct gcgt ggt cggcgaaaacgt gaat t t caaat ccaagggcgagaaat ac
GI P RCVV GENVNTFIK S K GE K'Y
ct gcagacccgcggccacgaagt ggt cgt ggt ggacgat gaacgct gcaaaaagat cat g
L Q T RGHEVV VVDDEWRT CIKIKII M

aaacagt t cat cgat gagcgt ccacaggat t ggt t t gaagat at t ggt gagggct ccggt
K Q F I DERZPOQDWEFET DI GE G S G

t ct ggat ccgcacaggt t ct cagaggcact gt gact gactt ccct ggat t t gat gagcgg
S GS AQVL RGTVTDUFWPGEF DER
gct gat gcagaaact ct t cggaaggct at gaaaggct t gggcacagat gaggagagcat ¢
A DA ETULIRIKAMIKGLGTDEE S I
ct gact ct gt t gacat cccgaagt aat gct cagcgccaggaaat ct ct gcaget ttt aag
L T L L TSR SNAQRIOQEI S A ATZFK
act ct gttt ggcagggat ct t ct ggat gacct gaaat cagaact aact ggaaaat t t gaa
T L F GR DULULDWDUL K S EULTGK F E
aaatt aat t gt ggct ct gat gaaaccct ct cggctttat gat gctt at gaact gaaacat
K LI VAL MKPSRULY DAY EL KH
gcct t gaagggagct ggaacaaat gaaaaagt act gacagaaat t att gct t caaggaca
AL K GAGTNZEIKVLTEI I A SRT
cct gaagaact gagagccat caaacaagt t t at gaagaagaat at ggct caagcct ggaa
P E E L RAI K QVY EEIEY G S S L E
gat gacgt ggt gggggacact t cagggt act accagcggat gt t ggt ggt t ct cct t cag
D DVV GGDTSGYY QRMLV VL L Q
gct aacagagaccct gat gct ggaat cgat gaagct caagt t gaacaagat gct caggct
A NRDPUDAGI DEAGQVTETG QDA ATG QA
ttatttcaggct ggagaactt aaat gggggacagat gaagaaaagtttat caccatcttt
L F QA GELKWGTDETEIKF I T1 F
ggaacacgaagt gt gt ct cat t t gagaaaggt gt t t gacaagt acat gact at at cagga
G TRSV SHLIRKVFIDIKYMTI S G
tttcaaattgaggaaaccatt gaccgcgagacttct ggcaatttagagcaactactcctt
F QI E ETI DRETSGNULEQL L L
gct gt t gt gaaat ct at t cgaagt at acct gcct acct t gcagagaccct ct at t at get
A Vv Vv K SI RSI P AY L AETIULY Y A
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at gaagggagct gggacagat gat cat accct cat cagagt cat ggt t t ccaggagt gag

M K GA GT DDWMHTUL I RV MV S R S E
attgatct gtttaacat caggaaggagtttaggaagaattttgccacctctctttattcc
I DL F NI RKEIFWRIKNFATSL Y S
at gat t aagggagat acat ct ggggact at aagaaagct ct t ct gct gct ct gt ggagaa
MI K GDT S GDYKKALLULULCGE
gat gact aa

D D -

DNA Sequence:

gt gacagggggaat ggcaagcaagt gggat cagaaaggcat ggacat t gcct at gaagag
gccgcact gggct acaaagaaggeggt gt gccgat t ggcggt t gt ct gat caat aacaaa
gacggct ccgt gct gggecgt gggcacaacat gcget t ccagaaaggcagcgecaccct g
cacggcgaaat ct ccaccct ggaaaact gcgggcegt ct cgagggcaaagt gt acaaagat
accaccct gt at acgaccct gagcccgt gcgacat gt gt acgggcgccat cat cat gt ac
ggcatt ccacgct gcgt ggt cggcgaaaacgt gaat t t caaat ccaagggcgagaaat ac

ct gcagacccgcggccacgaagt ggt cgt ggt ggacgat gaacgct gcaaaaagat cat g

aaacagt t cat cgat gagcgt ccacaggat t ggt t t gaagat at t ggt gagggct ccggt

t ct ggat ccgcacaggt t ct cagaggcact gt gact gactt ccct ggat t t gat gagcgg

gct gat gcagaaact ct t cggaaggct at gaaaggct t gggcacagat gaggagagcat ¢
ct gact ct gt t gacat cccgaagt aat gct cagcgccaggaaat ct ct gcaget ttt aag
act ct gtttggcagggat cttct ggat gacct gaaat cagaact aact ggaaaat t t gaa
aaatt aatt gt ggct ct gat gaaaccct ct cggctttat gat gcttat gaact gaaacat
gcct t gaagggagct ggaacaaat gaaaaagt act gacagaaat t att gct t caaggaca
cct gaagaact gagagccat caaacaagt t t at gaagaagaat at ggct caagcct ggaa
gat gacgt ggt gggggacact t cagggt act accagcggat gtt ggt ggt t ct cct t cag
gct aacagagaccct gat gct ggaat cgat gaagct caagt t gaacaagat gct caggct
ttatttcaggct ggagaactt aaat gggggacagat gaagaaaagtttat caccatcttt

ggaacacgaagt gt gt ct cat t t gagaaaggt gt t t gacaagt acat gact at at cagga
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tttcaaattgaggaaaccatt gaccgcgagacttct ggcaatttagagcaactact cctt

gct gt t gt gaaat ct at t cgaagt at acct gcct acct t gcagagaccct ct at t at get

at gaagggagct gggacagat gat cat accct cat cagagt cat ggt t t ccaggagt gag

attgatctgtttaacat caggaaggagtttaggaagaattttgccacctctctttattcc

at gat t aagggagat acat ct ggggact at aagaaagct ctt ct gct gct ct gt ggagaa

gat gact aa

Amino Acid Sequence:
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Methioninase-Annexin V Sequence Following Site-Directed Mutagenesis

ggaccccgcgact cccat aacaacaccggtttttccacacgggecatt caccacggcet acgacccg
G PRD SHNNTGEFSTIRAI HHGY DP

ctttcccacggt ggt gcctt ggt gccaccggt gt accagaccgcgacct at gccttcccg
L S HGGALVPPVYQTATYATFP
act gt cgaat acggcgct gcgt gct t cgccggggaggaggceggggceact t ct acageccgce
T VEY GA ACFAGEIEAGMHUZFY SR
at ct ccaaccccaccct ggect t gct cgagcaacgcat ggcct cgt t ggagggt ggt gag
I S NP T L AL L EQRMASULE G G E
gcgggat t ggcgcet ggcgt cggggat gggagecat t act t cgaccct ct ggaccct gect g
A GL AL ASGMGAI TS TULWT L L
cggcct ggt gat gaget gat cgt ggggegceacct t gt at ggct gcacctttgegttcctg
R P GDEULI V GRTULY GCTFAF L
caccat ggcat t ggcgagt t cggggt caagat ccaccat gt cgacct t aacgat gccaag
HHGI GEVF GV KI HHV DULND AK
gccct gaaagcggcegat caacagcaaaacgcggat gat ct act t cgaaacaccggccaac
AL K AAI NSKTWRMI Y FETP AN
cccaacatgcaactggtggatatagcggcggtcgtcgaggcagtgcgggggagtgatgtg
P NM QUL V DI A A VYV AV R G S D V
cttgtggtggtcgacaacacctactgcacgccctacctgcagcggccactggaactgggg
L vV VDNTYI CTWPYL QRWPULEL G
gcagacct ggt ggt gcat t cggcgaccaagt acct cagt ggccat ggcgacat cact gcg
A DLV V HSATIKYUL S GHGTIDI I TA
ggcctggtggtggggcgcaaggctttggtcgaccgcattcggctggaagggctgaaagac
L vVV GRKALVIDARI RL EGL KD
atgaccggggcagccttgtcaccgcatgacgctgcgttgttgatgcgcggcatcaagacc
M T GAAL S PHDAALLMMRGI KT
ct ggcgct gcgeat ggaccggceat t gcgccaacgccct ggaggt cgcgeagtt cct ggece
L AL RMDIRMHTCANALEVAIOQTFIL A
gggcagccccaggt ggagcet gat ccact acccggget t gcecgt cgt t t gcccagt acgaa
G QP QVELI HYPGLPSFAOQYE
ct ggcacagcggcagat gcgt t t gccgggcgggat gat t gcct t t gaget caagggeggt
L AQRQQMRLPGGMI A F EL K GG
at cgaggccgggeggggct t cat gaat gccct gcagettttt gececegt gcggt gagect g
I EA GRGFMNAL QL F A RAYV S L
ggggat gccgagt cgct ggcacagcacccggcgagcat gacgcact ccagt t acacgecca
G DAESLAQHWPASMTMHSSY TP

caagagcgggcgcat cacgggat at cagaggggct ggt gaggt t gt cagt ggggct ggag

QERAMHHGI S EGLV RL SV G L E
gat gt ggaggacct gct ggcagat at cgagt t ggcat t ggaggcgt gt gcaggcagcggt
DV EDULULADI EL AL EAZCAGSG

t ct ggat ccgcacaggt t ct cagaggcact gt gact gactt ccct ggat t t gat gagcgg
S GS AQVL RGTVTDT CWPGTEFDER
gct gat gcagaaact ct t cggaaggct at gaaaggct t gggcacagat gaggagagcat ¢
A DA ETULIRIKAMIKGLGTDEE S I
ct gact ct gt t gacat cccgaagt aat gct cagcgccaggaaat ct ct gcaget ttt aag
L T L L TSR SNAOQQROQOQTEI S A AF K
act ct gttt ggcagggat ctt ct ggat gacct gaaat cagaact aact ggaaaattt gaa
T L F GR DULL DDULK S ELT GK F E
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aaatt aatt gt ggct ct gat gaaaccct ct cggcttt at gat gctt at gaact gaaacat
K LI VvV AL MKWPSRL Y DAY E L KH
gcct t gaagggagcet ggaacaaat gaaaaagt act gacagaaatt att gctt caaggaca
AL K GAGTNZEIKVLTEI I A SRT
cct gaagaact gagagccat caaacaagt t t at gaagaagaat at ggct caagcct ggaa
P EEL RAI KQVYEEIEY GS S L E
gat gacgt ggt gggggacact t cagggt act accagcggat gt t ggt ggt t ct cct t cag
DDVV DTS SGYYQQRML VYV L L Q
gct aacagagaccct gat gct ggaat cgat gaagct caagt t gaacaagat gct caggct
A NRDPUDAGI DEAGQVTETGOQDATG QA
ttatttcaggct ggagaactt aaat gggggacagat gaagaaaagtttat caccatcttt
L F QAGELKWGTDETEIKUF 1 T I F
ggaacacgaagt gt gt ct cat t t gagaaaggt gt t t gacaagt acat gact at at cagga
G TR SV S HLRKVFDIKYMTI I S G
ttt caaat t gaggaaaccatt gaccgcgagact t ct ggcaat t t agagcaact act cctt
F QI E E T 1 DRETSGNULE QL L L
gct gt t gt gaaat ct at t cgaagt at acct gcct acct t gcagagaccct ct at t at get
AV Vv K SI RSI P AY L AETULY YA
at gaagggagct gggacagat gat cat accct cat cagagt cat ggt t t ccaggagt gag
M K GA GTODWIDMHTULI RV MV S R S E
attgatctgtttaacat caggaaggagtttaggaagaattttgccacctctctttattcc
I DL F NI RKEVFIRIKNFATS L Y S
at gat t aagggagat acat ct ggggact at aagaaagct ctt ct gct gct ct gt ggagaa
M1l K GDT S G DY K KALULULL CGE
gat gact aa
DD-

The regions underlined are the corrected mutations (methionir2éeardd

annexin V 11), the sequences in italics are where the forward evsise

mutation sequencing primers aligned, and the bold region is the flexible linker.
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BCA Protein Assay Standard Curve
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Figure A.1. BCA protein assay standard curve with BSA standard

Bradford Protein Assay Standard Curve
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Figure A.2. Bradford protein assay standard curve with BSA standard
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Bradford Protein Microassay Standard Curve
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Figure A.3. Bradford protein assay microassay standard curve with BSA standard

L-Methioninase Enzymatic Activity Assay Standard Curve
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Figure A.4 L-methioninase enzymatic activity standard curve
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Chromatograph from the Purification of Methioninase-Annexin V

Figure A.5. Chromatograph from the purification of methioninase-annexin V.

Dissociation Constant for Methioninase-Annexin V Binding to EndotheliakCell
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Figure A.6. Methioninase-annexin V binding to HAAFE-1 endothelial
cells.
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Binding Stability of Cytosine Deaminase-Annexin V
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Figure A.7. Cviosine deaminase-annexin V binding stability.

ABS fRFU [(x10%)

117



Pathology Report of Treated MDA-MB-231 Breast Tumors in SCID Mice

Mice from each group were sent for analysis. Animals 234, 235, and&t®l
untreated (saline only); animals 236, 240, and 241 received methioninas@avinex
animals 244, 245, and 294 received selenomethionine; and animals 247, 250, 252, 932,

966, 973, and 988 received methioninase-annexin V and selenomethionine.

CHIHST Comparative Medicine
DATE SUBMITTED: 05072012 ACCESSION NOx _183-12 through 19812
INVESTIGATOR(s): D, Harrison and Mr. Brent Von Rite
SPECIES: Migs AGE: About 11 weeks old SEX: Females
| |
| 1 , | Transplanted
Mwsm ﬁm!mal I Lung Morphology Liver Morphology [T
(% Mo, | -
| ¥ necrosis)
1E3-12 234 I ohserved po defimtive [ observed no definitive B
evidence of metastasia, evidence of metastasis. -
1 observed no definitive 1 observed no definitive
4-12 235 s T : p L x !
] evidence of metastzsis, evidence of metastasis. A
1 observed po definitive 1 oheerved no definitive
185-12 25 : ; - 4 %
: evidence of metastasis, evidentce of metastass, b
i 1 ohserved po defimtive | observed no definitive
18612 36 evidence of metastasis, avidence of melastzss, 65%
18712 240 1 t:-?;mr\'u-:l 3 ﬂ:ﬁnil'i_w: | t.:]_:\scn'td iy dl:ﬁn:iti_w 3504
evidence of metastasia, evidence of metastasis,
[ observed o definitive [ obsarved no definitive
Al il evidence of medastasis, evidence of metastasis, 0%
189-12 244 Iul_rsmt-:l md:.:hnm_'a-: IW ggd::.chn.n.w.c 30%
evidence of metastasis evidence of metastosis,
I obgerved no definitive [ observed no definitive
190-12 3 evidence of metastasis. evidence of metastasis. W%
19112 294 [ observed no definitive | observed no definitive 255
. - evidence of metastasis. evidencs of metastasis,
[ observed no definitive I observed no definitive o
192-12 247 evidence of metastagis. evidence of metastasis. 3%
- T absgerved no definitive T ohserved no definitive :
Ad1S 2o evidence of metastasis, evidence of metastasis. L
TTRE 353 1 n!:usrnrnd no definitive 1 D!:ls‘ﬂ"."l:d no d.l.‘.-llnllt'l'r'{' 45%
evidence of melastzas, evidence of inelastasis.
(0512 03 Ie‘_bs-ervactug nleﬂnih'_ve ]n!r-serwdm d&ﬁuiri_'ne 0%
evidence of metastasis, evidence of metastasis.
M- 183 thro | 98-12 Fage 1 al'2
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5 Transplanted
Apresshin Animal Lung Morphology Liver Morphology Tame
[ Mo, g c
"V meeTosis)
I obgerved no definitive T ohserved po definitive
e o8 evidence of metastasis. evidence of metastasis. W
I observed no definitive 1 oheerved no definitive
97- 3 o i \ n : 9
1 R evidence of metastass. evidence of metastasis, 13%
[ observed no defimtive 1 ohserved no definitive .
19812 988 evidence of metasiass, evidence of melasizas. 3%
DIAGNOSIS:

There was po definitive gross or histologic evidence of metastasis within the lungs or liver sections
evaluated. There is always the chance that a very amall, carly micrometastasis was overlooked. However, |
evitluated the sections at both 10% and 20x. The seventy of ischemie necrosis within the transplanted tumors

ranged from abowt 15% o 85%.

Al D K

May &, 2012
¥ SMGTNATLRE ChF WATHOL R ENT DATE
M-183 thru 193-12 Fage 2 al'2
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Single-Walled Carbon Nanotube Standard Curve
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Figure A.8. Carbon nanotube standard curve in 1% sodium dodecyl sulfate.
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Conjugation History of F3 Peptide to Carbon Nanotubes

SWNT Suspension History

SWNT-F3 Conjugation History

oate | swnt | 25| iswam | ST i | [ oate | (2| 11 | tsw | mecovey

(mg) (mg/L) (%) (mg/L) | (mg/L) (%)
5.18.11 3 1 600 - - 5.18.11 1 74.2 89.5 -
5.25.11 3 1 600 496.2 82.7 5.25.11 1 - 121.9 24.6
5.25.11 3 1 600 348.1 58.0 5.25.11 1 - 110.9 31.9
6.5.11 3 1 600 413.6 68.9 6.4.11 1 103.2 68.3 16.5
6.5.11 3 1 600 309.5 51.6 6.4.11 1 138.5 60.1 19.4
6.6.11 3 1 600 403.4 67.2 6.6.11 1 - 145.4 36.0
6.6.11 6 1 1200 771.5 64.3 6.6.11 1 232.6 262.6 34.0
6.7.11 3 1 600 418.3 69.7 6.7.11 1 - 117.0 28.0
6.9.11 6 1 1200 627.2 52.3 6.8.11 1 - 283.0 45.1
6.20.11 6 1 1200 686.22 57.2 6.20.11 1 0 153.16 22.3
6.20.11 6 1 1200 663.98 55.3 6.20.11 1 34.4 206.22 31.1
6.28.11 6 1 1200 633.98 52.8 6.29.11 1 194.62 | 230.31 36.3
7.6.11 6 1 1200 683.57 57.0 7.6.11 1 229.93 | 209.69 30.7
7.12.11 6 1 1200 766.02 63.8 7.11.11 1 266.14 | 247.86 32.4
7.18.11 6 1 1200 602.76 50.2 7.18.11 1 266.14 | 198.27 32.9
7.28.11 6 1 1200 858.57 71.5 7.27.11 1 294.2 282.14 32.9
9.1.11 6 1 1200 674.59 56.2 9.15.11 1 348.51 | 233.16 34.6
1.13.12 6 1 1200 846.17 70.5 1.16.12 1 343,98 | 309.18 36.5
1.29.12 6 1 1200 849.74 70.8 1.29.12 1 378.38 | 311.22 36.6
1.29.12 6 1 1200 626.79 52.2 1.29.12 1 435.41 | 201.02 32.1
2.16.12 6 1 1200 778.83 64.9 2.19.12 1 671.68 | 236.12 30.3
2.16.12 6 1 1200 780.36 65.0 2.19.12 1 407.35 | 313.27 40.1
2.16.12 6 1 1200 805.36 67.1 2.19.12 1 532.27 | 341.02 42.3
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Cytotoxicity of SWNT-F3 with NIR Laser to 4T1 Mammary Tumor Cells
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Figure A.10. Effect of SWNT-F3 with NIR laser ]l h (A, B)and 18 h
(C, D) post-irradiation on 4T1 mouse mammary cancer cells using
short (A, C) and very short (B. D) nanotubes.
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Figure A.10 (continued). Effect of SWNT-F3 with NIR laser 1 h (A,
B) and 18 h (C. D) post-irradiation on 471 mouse mammary cancer
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cells using short (A, C) and very short (B, D) nanotubes.
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Single-Walled Carbon Nanotube Absorption Spectra
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Figure A.10. Carbon nanotube absorption spectra after 1 h, 6 h, 12 h,
and 24 h of sonication in 1% sodium dodecyl sulfate. The spectra for
a sample of 6 h nanotubes with annexin V attached is shown in light
blue. (A) Range: 360 — 1350 nm. (B) Range: 900 — 1100 nm.
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APPENDIX B

Construction of Cytosine Deaminase — Annexin V Fusion Gene

1. Design primers for manufacturing by Integrated DNA Tecbgials (Coralville,
IA).
a. CD primers: 5 LICHRYV 3C Protease site 3' BamHI site

I. Sense primer 5’-gAC/ gAC/ gAC/ AAg/ ATg/ CTT/ gAA/ gTC/ CTC/
TTT/ CAg/ ggA/ CCC/ gTg/ ACA/ ggg/ ggA/ ATg/ gCA/ AgC -3’

ii. Antisense primer: 5’- gC/ CgC/ ATT/ggA/ TCQ AgA/ ACC/ gTC/ gCC/
CTC/ ACC/ AAT/ ATC/ TTC/ AAA/ CC -3’

b. Annexin V primers: 5BamHlI site 3’ LIC
I. Sense primer 5- Cg/ ATT/ CgC/ggA/ TCQ gCA/ CAg/ gTT/ CTC/ AgA/
ggC -3’

ii. Antisense primer. 5-gA/ ggA/ gAA/ gCC/ Cad TTA/ gTC/ ATC/ TTC/
TCC/ ACA/ gAg/ C -3’

2. Amplify yCD and annexin V genes using PCR (Expand High FidéliGR
system purchased from Roche Applied Sciences; Madison, WI).

Step # of Cycles | Temperature | Time
Initial Denaturation 1 94C 2 min
Amplification 31
- Denaturation oC 15 sec
- Annealing (CD) 58C 30 sec
(Annexin V) | 55°C 30 sec
- Elongation 72C 90 sec
Final Elongation 1 72C 7 min
Cooling 1 4°C 0

125



PCR Reaction Mixtures for Yeast Cytosine Deamiase
(pQE30Xa + CD — 7/2009)

Volume Volume
Mix 1 (ul) Mix 2 (uh)
PCR nucleotide
mix 1 Enzyme mix 0.75

10X Buffer, w/

Sense primer 1.1 MgCl, 5
Antisense primer| 1.4 ddi@, Sterile 19.25
Template DNA 1
PCR grade water 20.5
TOTAL 25 25
PCR Reaction Mixtures for Annexin \%
(PET 22b + STF-annexin -03/15/2006)

Volume Volume
Mix 1 (ul) Mix 2 (ul)
PCR nucleotide
mix 1 Enzyme mix 0.75

10X Buffer, w/

Sense primer 1.2 MgCl, 5
Antisense primer| 1.2 dda, Sterile 19.25
Template DNA 2.5
PCR grade water 19.1
TOTAL 25 25

3. Purify PCR products using Qiaquick PCR purification kit protocol.

To analyze purified DNA on a gel, add 1 volume of Loading Dye to 5
volumes of DNA. (Mix 1 ul loading dye with 5 pl DNA). Pipet up &
down to mix before loading gel.

After the PCR products were purified, an agarose gel was rundk ithe
the PCR worked. NO BANDS WERE DETECTED. After consulting
Dr. Harrison, we decided the amount of primers added was insufficient,
the annealing temperatures for both genes should be changetCto 55
and the number of cycles during amplification should be 31. Steps 2 and
3 were repeated using 1 pl more than the value given in the ainee t
Below is a picture of the agarose gel obtained after the sétORdrun.

4 ul of PCR product was mixed with 1 ul of loading buffer provided in
the QIAquick PCR purification kit. 4 pl of 500 bp DNA ladder weasoal
mixed with 1 pl of loading buffer to easily determine the amount of
DNA present in the PCR reactions.
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4. Digest CD and annexin V genes with BamHI restriction enzyseparately)
purchased from New England BioLabs (Beverly, MA).

e One unit of enzyme will digest 1 pg of DNA in 1 hour @ °€7(in a
total reaction volume of 50 pl).

e Allow digestion to occur for 1 hour @ 3T using 20 U from a stock of
20,000 U/ml.

e From the stock solution, | determined | would use 1 pl, corresponding to
20 Units of the enzyme per gene. 1 pl BamHI + 5 pl 1X buffer +144
gene DNA.

5. Purify digested genes using Qiaquick PCR purification kit fronag@n
(Valencia, CA).

6. Ligate CD and annexin V genes using T4 DNA Ligase purchased New
England BioLabs.
e Ligation should take place for 10 minutes @ RT using 1 pl of enayme
20 pl total reaction volume.
e Three different tubes containing the same components were used for
ligation.

7. Run agarose gel of ligated product using the following samples:
e CD-annexinV
e 500 bp DNA Marker
e The band length that | was interested in was ~1500 bp (~1013 of annexin
V + 500 of CD). Each tube sample contained either: a) CD:+HECD
+ annexin V; or c¢) annexin V + annexin V.
e The CD + annexin V sample was cut from the gel as follows.

8. Cut and agarose gel purify the appropriate gene fragments usaq@icx gel
extraction kit protocol from Qiagen (Valencia, CA).

e Cut the appropriate fragment from gel with clean, sharp scalpel.

e Weigh the gel slice in a colorless tube. (0.1451g = Gel weight)

e Incubate at 50°C for 10 minutes (or until gel slice is completely
dissolved). To help dissolve, vortex the tube every 2-3 minutes during
incubation.

9. Treat the ligated CD-annexin V gene with T4 DNA Polymer@ssvagen) to
create sticky ends (LIC) on the gene.

e Assemble the following components in a sterile 1.5 ml microceggif
tube on ice:
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Component Volume (pl)
0.2 pmol purified PCR
product 4
10X T4 DNA Polymerase
Buffer 2

25 mM dATP 2

100 mM DTT 1
Nuclease-free Water 10.6
25 Uyl T4 DNA
Polymerase 0.4
TOTAL 20

For 0.2 pmol PCR product, # of bp in insert * 650 = pg/pmol.

Start reaction by adding enzyme. Stir with pipet tip to nincubate at
22°C for 30 minutes.

Inactivate enzyme by incubating at & for 20 minutes.

Store prepared EK/LIC insert at -2G for use at a later time, or use
immediately.

From ligation gel, | estimated | had ~200 ng per 4 pl of Didfgle. |
needed to have 0.2 pmol of DNA for polymerase reaction, and using the
above equation for weight per # of bp in insert, | came up with needing
4.03 pl of DNA sample for reaction to occur — meaning 10.57 pl of
nuclease-free water was needed. A positive control reactiordoves
using 2 pl of a provided insert. Also, a negative control was done by
replacing the PCR product w/ an equal volume of nuclease-free water.

10.Anneal sticky end fusion gene to pET-30 EkK/LIC linear vector froovagen
(Madison, WI).

Assemble the following components in a sterile 1.5 ml microcaggif
tube:

Volume
Component (uh)
pET-30 EkK/LIC vector 1
Treated EkK/LIC insert (0.02
pmol) 2
Incubate for 5 minutes at 22, than add:
25 mM EDTA 1
TOTAL 4

Mix by stirring with pipet tip. Incubate at 2Z for 5 minutes.
A positive control was done using the polymerase-treated conteot ins
and a negative control was done using only water at the insert.
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11.Transform annealed product into NovaBlue cells (GigaSingles).

e LB + agar was made by combining 2g NaCl + 2g tryptone + hgtye
extract + 3g agar (for 200 ml total volume) with pH 7.0 (one Ewoiut
will have ampicillin and 1 will have kanamycin). Autoclave before
using.

e Have samples for positive control insert, test plasmid, negativeotont
insert, and sample insert (CD-annexin V).

12.Extract plasmids containing fused gene insert using Qiaquick flasm
purification kit from Qiagen (Valencia, CA).

e Pick a successfully transfected colony from the plates. Giwav
bacterial cells for 16 hours in 5 ml of LB medium with kanamycin
antibiotic.

e Centrifuge the solution at 6,800xg & decant the supernatant.

e Use gel extraction Kit.

13.Run agarose gel to determine if the plasmid is correct(siwaild be ~7000 bp)
and approximate concentration it is at.
e Use 0.5% agarose gel to see the larger size samples.
¢ Run each of the 4 samples of extracted plasmids (lanes 2-5)
e 500 bp DNA Marker (lane 1 -> on right side)

14.Prepare extracted plasmid samples 2-4 for sequencing at OldaN@dical
Research Foundation (OK City, OK).
e Plasmid needs to be at ~ 100 ng/ul with at least 5 pl needeshth
reaction.
e OMRF provides the T7 promoter & terminator primers

15.Transform the plasmid containing the correct sequenceEintoli BL21(DE3)
host for protein expression.

16.InoculateE.coli BL21(DE3) cells that successfully grew on the agar plates in
liquid LB medium for expression and purification.

OlAquick PCR Purification Kit Protocol

This protocol is designed to clean up DNA products from PCR reactions.
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e Add ethanol (96—100%) to Buffer PE before use (see bottle label for volume).
e All centrifuge steps are at 13,000 rpm (~17,908) xn a conventional tabletop
microcentrifuge.

1. Add 5 volumes of Buffer PB to 1 volume of the PCR sample and mig.nof
necessary to remove mineral oil or kerosene. For example, add 6DBuffer
PB to 100ul PCR sample (not including oil).

2. Place a QIAquick spin column in a provided 2 ml collection tube.

3. To bind DNA, apply the sample to the QIAquick column and centrifug8Qder
60 s.

4. Discard flow-through. Place the QIAquick column back into the sarbe.
Collection tubes are re-used to reduce plastic waste.

5. To wash, add 0.75 ml Buffer PE to the QIAquick column and centrifug@0—
60 s.

6. Discard flow-through and place the QIAquick column back in the saime t
Centrifuge the column for an additional 1 min.

IMPORTANT: Residual ethanol from Buffer PE will not be comgiete
removed unless the flow-through is discarded before this additional
centrifugation.

7. Place QIAquick column in a clean 1.5 ml microcentrifuge tube.

8. To elute DNA, add 5Qu Buffer EB (10 mM Tris-Cl, pH 8.5) or H20 to the

center of the QIAquick membrane and centrifuge the column for 1 min.

QlAquick Gel Extraction Kit Protocol
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This protocol is designed to extract and purify DNA of 70 bp to 10 kb &tamdard or
low-melt agarose gels in TAE or TBE buffer. Up to 400 mg agaoas be processed
per spin column. For DNA cleanup from enzymatic reactions usingtbiecol, add 3
volumes of BufferQG and 1 volume of isopropanol to the reaction, mixpeowked

with step 6 of the protocol.

The yellow color of Buffer QG indicates a pH.5.

Add ethanol (96—100%) to Buffer PE before use (see bottle label for volume).
Isopropanol (100%) and a heating block or water bath at 50°C are required.
All centrifugation steps are carried out at 13,000 rpm (~17,9Q) m a
microcentrifuge.

e 3 M sodium acetate, pH 5.0, may be necessary.

1. Excise the DNA fragment from the agarose gel with a clearrp sézalpel.
Minimize the size of the gel slice by removing extra agarose.

2. Weigh the gel slice in a colorless tube. Add 3 volumes of Buffér tQ 1
volume of gel (100 mg ~ 10d). For example, add 30d of Buffer QG to each
100 mg of gel. For >2% agarose gels, add 6 volumes of Buffer QG. The
maximum amount of gel slice per QIAquick column is 400 mg; forstjeés
>400 mg use more than one QIAquick column.

3. Incubate at 50°C for 10 min (or until the gel slice has completisgolved). To
help dissolve gel, mix by vortexing the tube every 2-3 min durirg th
incubation.

IMPORTANT: Solubilize agarose completely. For >2% gels, irs@ea

incubation time.

4. After the gel slice has dissolved completely, check that ther cblthe mixture

is yellow (similar to Buffer QG without dissolved agarose)thi color of the
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mixture is orange or violet, add 10 of 3 M sodium acetate, pH 5.0, and mix.
The color of the mixture will turn to yellow. The adsorption of DN®#Athe
QIAquick membrane is efficient only at pH7.5. Buffer QG contains a pH
indicator which is yellow at pH7.5 and orange or violet at higher pH, allowing
easy determination of the optimal pH for DNA binding. 5. Add 1 gel volame
isopropanol to the sample and mix. For example, if the agarose agelssiiO0
mg, add 10Qul isopropanol. This step increases the yield of DNA fragments
<500 bp and >4 kb. For DNA fragments between 500 bp and 4 kb, addition of
isopropanol has no effect on yield. Do not centrifuge the sample at this stage.

. Place a QIAquick spin column in a provided 2 ml collection tube.

To bind DNA, apply the sample to the QIAquick column, and centrifogel f
min. The maximum volume of the column reservoir is §00For sample
volumes of more than 8Q0, simply load and spin again.

. Discard flow-through and place QIAquick column back in the sanmleatian
tube. Collection tubes are re-used to reduce plastic waste.

. (Optional): Add 0.5 ml of Buffer QG to QIAquick column and centrifuge X
min. This step will remove all traces of agarose. It is ostyuired when the
DNA will subsequently be used for direct sequencing, in vitro trgotsmni or
microinjection.

. To wash, add 0.75 ml of Buffer PE to QIAquick column and centrifuge for 1

min.
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Note: If the DNA will be used for salt sensitive applicationshsas blunt-end
ligation and direct sequencing, let the column stand 2-5 min afteroaddit
Buffer PE, before centrifuging.

9. Discard the flow-through and centrifuge the QIAquick column foadditional
1 min at 13,000 rpm (~17,900g).
IMPORTANT: Residual ethanol from Buffer PE will not be comelgt
removed unless the flow-through is discarded before this additional
centrifugation.

10.Place QIAquick column into a clean 1.5 ml microcentrifuge tube.

11.To elute DNA, add 5@l of Buffer EB (10 mM Tris-Cl, pH 8.5) or 4 to the

center of the QIAquick membrane and centrifuge the column for 1 min.

OlAprep Spin Mini-prep Protocol

Use to extract plasmid from bacterial cells for applicatisash as plasmid DNA

sequencing.

1. Begin a liquid culture of each colony selected from agar plateansfer 1 colony
to a 1.5 ml microcentrifuge tube containing 1 ml of LB medium + kanamycin (or the
appropriate antibiotic).

2. Incubate the microcentrifuge tubes afG#with shaking 220-250 rpm overnight
(overnight but < 16 hours is best because cell lysis beginsdor @t longer
incubation times and reduces the amount of plasmid).

3. Centrifuge the tubes on the table-top microcentrifuge for 3 minut&8QO rpm.

Discard flow through.
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»

Resuspend the bacterial cell pellet in 250 pl Buffer P1 contalRidgse A and

LyseBlue reagent (in the browAGfridge).

5. Add 250 ul Buffer P2 to each tube and mix by inverting 4-6 times.

6. Add 350 pul Buffer N3 to each tube and immediately mix by inverir@) times
(until blue color becomes white).

7. Centrifuge for 10 minutes at 13000 rpm using microcentrifuge.

8. Apply supernatant to a QIAprep spin column by decanting.

9. Centrifuge for 30-60 seconds. Discard flow through.

10.Recommended: Wash the column by adding 500 pl Buffer PB to each and
centrifuge for 30-60 seconds. Discard flow through.

11.Wash the column by adding 750 ul Buffer PE to each and cegdrifior 30-60
seconds. Discard flow through.

12. Centrifuge for another 60 seconds to remove residual ethanol.

13.Transfer the QIlAprep columns to new, sterile 1.5 ml microcewgeiftubes. Elute
DNA by adding 50 pl Buffer EB to the center membrane of each column.

14.Let the columns sit for 60 seconds.

15. Centrifuge the columns for 60 seconds to collect the plasmid DNA.

Agarose Gel Electrophoresis

The following protocol is for making a 1% (w/v) agarose gehgsBeaKerfi LE
agarose (Cambrex) using a BRL Life Technologies Horizon 58 epdwiretic cell with

a total gel volume of 35 ml.

1. Assemble the electrophoretic cell.
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. Weigh out 0.50g agarose and dissolve in 50 ml of 1X TE buffer (40 mMITris
mM EDTA). Microwave 5 times in 30 second intervals on power lewsith
cap loosely on (cap will pop off and contents will spill out or glagsbreak
otherwise).

. Let the solution cool to & and add 2.5 ul of 10 mg/ml of ethidium bromide

stock to the 50 ml volume (mix the solution well to evenly distribime
ethidium bromide). Pour the gel into the cell (up to the blue line ondhw)

and wait 30 min for solidification.

. Once the gel has solidified pour the TE buffer over the gel umiviers the gel

by about 1 mm. The gel is now ready to be loaded.

. To each DNA sample to be loaded, add 2 pl of sample DNA to 1 gihpaye
(GelPilot DNA 5x Loading Dye, Qiagen #239901). The maximum volume of
DNA sample is 20 pl for each well of the 8 comb gel which hidah volume

of 25 pl.

e Mixed 2 pl DNA from PCR + 1 pl loading dye with pipet, and thenl loa
into each well (for samples).

e Mixed 2 pl blank from PCR + 1 ul loading dye with pipet, and tioaal |
into each well (for blanks).

. For the marker lane, add 2 pl of 500 bp ladder (Bio-Rad #170-8203) to 1 ul
loading dye.

. Run the gel at 100 V (Low) until the first band gets % of the waihe bottom

of the gel.

. View the gel using the UV box.

Note: 10X TE Buffer (per Liter): 1 mM EDTA (3.722g) and 40 mlvis

(48.4569) in DI Water.
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Transformation Protocol for NovaBlue GigaSingles Competent Cells

1. Place the required number of 14 ml BD Falcon round-bottom polypropylene
tubes on ice to pre-chill.

2. Thaw the required number of tubes of cells on ice and mix gendggore that
the cells are evenly suspended and transfer the 50 pl of cells to the rotamd-bot
tubes.

3. Add 1yl of the DNA plasmid solution directly to the cells. Stir gently to mix.

4. Place the tubes on ice for 5 min.

5. Heat the tubes for exactly 30 s in a 42°C water bath; do not shake.

6. Place on ice for 2 min.

7. Add 250ul of room temperature SOC Medium to each tube.

8. Incubate at 37°C while shaking at 250 rpm for 60 min.

9. Plate 25 pl of transformation solution on agar plates with the ppat®

antibiotic.

Transformation Protocol fdt. coli BL21(DE3) Cells

1. Thaw the required number of tubes of cells on ice and mix gendgdore that
the cells are evenly suspended.

2. Place the required number of 14 ml BD Falcon round-bottom polypropylene
tubes on ice to pre-chill. Pipet 20aliquots of cells into the pre-chilled tubes.

3. Add 1l of the DNA plasmid solution directly to the cells. Stir gently to mix.

4. Place the tubes on ice for 5 min.

5. Heat the tubes for exactly 30 s in a 42°C water bath; do not shake.

6. Place onice for 2 min.
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7. Add 80pul of room temperature SOC Medium to each tube.

8. Incubate at 37°C while shaking at 250 rpm for 60 min prior to plabimg
selective medium.

9. Plate 25 or 50 pl of the transformation solution on LB agar platesicimgtdhe

correct antibiotic (35 pg/ml Kanamycin in this case).

Transformation of XL10-Gold Ultracompetent Cells for Quik ChangeSitk-Directed

Mutagenesis

1. Thaw 1 tube (135 pl) of XL10-Gold cells on ice. For each readitake place,
pipet 45 pl of cells into pre-chiled 14 ml BD Falcon round-bottom
polypropylene tubes. (3 tubes: mutagenesis control, sample, andrtnzatsdn
control)

2. Add 2 pl of thgg-mercaptoethanol mix to the 45 ul of cells in each tube.

3. Swirl the tube gently and incubate on ice for 10 minutes, swigkmgly every 2
minutes.

4. Transfer 2 pl ofDpn I4reated DNA from control and sample reaction to
individual tubes of cells. Dilute the pUC18 control plasmid 1:10 in kjigglity
water and then add 1 pl to a third tube of cells. Swirl the foemation
reactions gently to mix. Incubate the tubes on ice for 30 minutes.

5. Heat pulse the tubes for exactly 30 seconds ¥.42DO NOT EXCEED
42°C!). Preheat the NZYbroth in the 42C water bath for step 8.

6. Incubate the tubes on ice for 2 minutes.

7. Add 500 pl of NZY broth preheated to 42 to each tube. Incubate the tubes at

37°C for 1 hour with shaking at 250 rpm.
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8. Plate 250 pl of the mutagenesis control transformation reactian Ampicillin
+ X-gal + IPTG plate. Plate 5 ul of pUC18 transformation comerattion in
200 pl of NZY" broth on an Amp + X-gal + IPTG plate. Plate 250 pl of
mutagenesis sample transformation on two different Kanamychgal X% IPTG
plates.

9. Incubate the plates at’&7for at least 16 hours.

QuikChange Il XL Site-Directed Mutagenesis Protocol

1. Synthesize two complementary oligonucleotides containing the desire
mutation, flanked by unmodified nucleotide sequence. Purify these
oligonucleotide primers prior to use in the following steps (seeadytutic
Primer Design).

2. Prepare the control reaction as indicated below:

5 ul of 10x reaction buffer
2 ul (10 ng) of pWhitescript 4.5-kb control plasmid (5 pdy/
1.25ul (125 ng) of oligonucleotide control primer #1 [34-mer (10Qubhy/
1.25ul (125 ng) of oligonucleotide control primer #2 [34-mer (10Qubhy/
1 pl of ANTP mix
3 ul of QuikSolution reagent
36.5ul of double-distilled water (ddH20) to a final volume of 0
Then add

1 ul of PfuUltra HF DNA polymerase (2.5 |u)

3. Prepare the sample reaction(s) as indicated below:

5 ul of 10x reaction buffer

X ul (10 ng) of dsDNA template

X ul (125 ng) of oligonucleotide primer #1
X ul (125 ng) of oligonucleotide primer #2
1 pl of ANTP mix
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3 ul of QuikSolution
ddH20 to a final volume of 50l
Then add
1 pl of PfuUltra HF DNA polymerase (2.5 |}
4. If the thermal cycler to be used does not have a hot-top assembtlgy each

reaction with ~3Qul of mineral oil.

5. Cycle each reaction using the cycling parameters outlined K€or the control
reaction, use a 5-minute extension time and run the reaction for 18 cycles.)
Note: It is important to adhere to the 18-cycle limit whenliggcthe
mutagenesis reactions. More than 18 cycles can have deletefiects on the
reaction efficiency.

6. Following temperature cycling, place the reaction tubes on ic2 foinutes to
cool the reactions t€37°C.

7. Add 1l of theDpn I restriction enzyme (10 W) directly to each amplification
reaction below the mineral oil overlay using a small, pointed, pipet tip.

8. Gently and thoroughly mix each reaction mixture by pipetting theatien up
and down several times. Spin down the reaction mixtures in a rergrdage
for 1 minute, then immediately incubate the reactions at 37°C for 1 hour.

9. Transform E. coli XL10-Gold ultracompetent cells with the mutated L-
methioninase-annexin V plasmid using above protocol.

10. Select several colonies with the blue phenotype and begin a 5 ml digjtude
containing kanamycin at 35 mg/L. Incubate the culture for ~16 hr’@t 37

11. Centrifuge cultures for 10 min at 1000xg.
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12.Extract plasmid from XL10-Gold cells using the QIAprep Spin Mirep
protocol.

13.Deliver plasmid to OMRF DNA Sequencing Core Facility in Oklaho@ity,
OK for sequencing.

14.Compare sequencing results with the known correct nucleotide sedaetive
L-methioninase-annexin V fusion gene.

15.With the correctly mutated plasmid, transfoEmcoli BL21(DE3) cells.

Fusion Protein Recombinant Protein Expression

NOTE: L-methioninase-annexin V production requires the addition of

pyridoxal 5’-phosphate (an enzyme co-factor) to buffers.

1. Culture 5 pl ofE. coli BL21(DE3) harboring pET- 30 Ek/LIC with the fusion
gene L-methioninase-annexin V (or pET- 30 EkK/LIC with the fusionege
cytosine deaminase-annexin V) in 10 ml of LB medium containingn§&
kanamycin in a 125 ml Erlenmeyer flask overnight &C3W®ith shaking at 200
rpm.

e LB medium: 1 liter DI HO + 10 g Tryptone + 5 g Yeast Extract + 10
g NaCl.

e Add 35 mgKanamycin to the 1 L of LB medium before taking out

the 10 ml for the initial culture.

2. Add 10 ml of the cell culture to 1 liter of fresh culture mediukatiamycin and

incubate at 3% with shaking (200 rpm). Take 1 mL sample of medium before

adding the bacteria, as a blank.

e Label 1 mltube ‘LB.’
e Transfer 250 ml of medium to each of 4 1L flasks.
e Putin shaker at 3T for 2 hr at 200 rpm.
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5.

After 1.5 hr of shaking, measure optical density at 600 nm
(absorbance) using a clear 96 well plate and microtiter patder of
sample vs LB medium => using 250 pl samples of each. When
ODsoonm= 0.5, then proceed to next step.

Add isopropyl B-D-thiogalactopyranoside (IPTG - stored at -20°C) to a final

concentration of 0.4 mM (24 mg IPTG per 1L flask) to each 250 ml solirtia

1L flask and incubate at 3D with shaking (180 rpm) for 5 h to induce protein

expression.

Take 750 ml sample of solution before adding IPTG. Label it ‘BI.’
Add total of 96 mg IPTG to flasks, put back in shaker 4C3or 5
hours.

IPTG stimulates the production of fusion protein. (IPTG activates
the promoter in the plasmid that will start the transcriptionhef t
gene that follows the promoter => methioninase-annexin V gene.)

Harvest the cells by centrifugation for 10 min at 10Qf) at 4°C.

Take 750 ml sample before centrifuge. Label sample ‘BC.’
Centrifuge at 1000xg = ~3000 rpm (centrifuge uses rpm — consult
table on machine). Only 4 — 50 ml centrifuge tubes at a timg, 4em
°C, 10 mins.

After first centrifuge, pour out supernatant, add more culturenhe sa

4 tubes. Bacteria will be stuck to side of tubes; invert to pour out.
Can put the 4 tubes in -20 °C freezer for overnight storage if desired.

Resuspend the cell pellet in 40 ml of sonication buffer.

0.05 mM N- p-tosyl-L-phenylalanine chloromethyl ketone (TPCK) -
(stored at -20°C) => 0.704 mg.
1 mM phenylmethylsulfonyl fluoride (PMSF) - (shelf) => 6.968 mg.
1% HPLC ethanol - (flammables) => 400 pl.

e Note: Dissolve TPCK and PMSF in ethanol in

microcentrifuge tube and then add to beaker.

0.02 mM pyridoxal phosphate — (-20°C) => 400 ul of 2 mM.
0.01%p-mercaptoethanol — (bench top) =>4 ul. .
0.02 M sodium phosphate dibasic — (shelf) => 113.6 mg.
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e Correctto pH 7.4 — using HCI.

e Make this buffer in the 100 ml beaker.

e Add ~10 ml to each of the 4 centrifuge tubes and vortex to resuspend
cell pellets.

e Pour contents of the 4 tubes back into the 100 ml beaker.

6. Lyse the cells by sonication aGfor 30 sec at 4.5 watteen allow it to cool
for 30 sec on ice. This cycle was repeated for 4 times imésttotal) for a total
sonication time of 2.5 min on power level 4.

e Clean sonicator tip with ethanol before and after use.
e Put beaker in tub with an ice while sonicating.

7. Centrifuge the lysate obtained at 12,008 for 30 min to remove the cell debris

and take the supernatant.

e Pour beaker contents into 1 50 ml centrifuge tube. Make a
counterbalance for the centrifuge — volumes may be different
because of weight of cells.

e Centrifuge at 12000xg for 30 min => this equals ~10,000 rpm.

e Take 750 pl sample after centrifuging. Label sample ‘S&e T
proteins will be in the supernatant and the cell debris will be at
bottom of tube.

Fusion Protein Recombinant Protein Purification

WASH BUFFER 1 (500 ml)
e 20 mM sodium phosphate dibasic => use 1.42 g
e 40 mM imidazole => use 1.362 g
e 500 mM NaCl=>use 14.61 g
e 0.02 mM pyridoxal phosphate => use 2.5 ml of 2 mM
e CorrectthistopH 7.4

WASH BUFFER 2 (400 ml)
e 20 mM sodium phosphate dibasic => use 0.8517 g
e 40 mM imidazole =>use 0.817 g
e 500 mM NaCl =>use 8.766 g
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e 0.02 mM pyridoxal phosphate => use 2 ml of 2 mM
e 0.1% Triton X-114 => 3 ml|
e CorrectthistopH 7.4

ELUTION BUFFER (300 ml)
e 20 mM sodium phosphate dibasic => use 0.8517 g
e 500 mM imidazole => use 10.212 g
e 500 mM NaCl =>8.766 g
e 0.02 mM pyridoxal phosphate => use 2 ml of 2 mM
e Correctthisto pH 7

8. After taking supernatant sample, add imidazole (40 mM) and N&OIiM) to
the lysate to reduce non-specific protein binding.

e 40 mM imidazole => use 0.0817 g
e 500 mM NaCl =>use 1.168 g

9. Equilibrate a 5 ml HisTrap chromatography column with immobilizé& N
using Wash Buffer 1 until the output reaches baseline at a fleavofal.6
ml/min.

10. Feed the soluble protein fraction into the column. Pool the drop-forawtroins
that collect while the soluble protein is being applied to the coluhiake a 750
pl sample and label is “F1-1".

11.Wash the column with 70 column volumes of Wash Buffer 2 to remove
unwanted proteins and endotoxin (350 ml). Pool the drop-former fractions that
collect while Wash Buffer 2 is being applied to the column. Tak&G ul
sample and label is “F1-2".

12.Wash the column with 20 column volumes of Wash Buffer 1 to wash away

remaining Triton X-114 detergent from the protein. The pen willréaseline
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(100 ml). Pool the drop-former fractions that collect while Wash éBu®f is
being applied to the column. Take a 750 pl sample and label is “F1-3".

13.Elute the protein from the column using Elution Buffer. Begin coligcthe
fractions when the detector pen increases from baseline. Podiajrdormer
fractions that collect while Elution Buffer is being appliedhie tolumn. Take
a 750 pl sample and label is “E1”.

14.Dialyze the eluted protein for 3 hours against 2 liters of sislyuffer
containing 20 mM sodium phosphate, 200 mM sodium chloride, and 0.02 mM
pyridoxal phosphate at pH 7.4 to remove NaCl and imidazole from theirprot
solution and make it suitable for N-terminal His-tag cleava@ier dialysis is
complete, take a 750 pl sample and label is “AD1” (After Dialysis 1).

e 20 mM sodium phosphate dibasic => 5.678 g

e 200 mM sodim chloride => 23.376 g

e 0.02 mM pyridoxal phosphate => 20 ml of 2 mM
e AdjusttopH 7.4

15.Regenerate the column using this procedure:

e 25 mlof1lM KCIl=>make 200 ml, use 14.91 g

e 25 mlof 1 M NaOH => make 200 ml, use 8.0 g

e 25 ml of DI Water

e 25 ml of 1 M HPLC grade ethanol => 1.5 ml ethanol + 23.5 ml DI
Water

16.Measure the concentration of protein (BCA Protein assay or BraBfaiein
Assay).

e Add 30 ml DI Water to tube w/ cell pellet. Take 750 pl sample and
label it ‘SP.’
e Foreach sample => SS, E1, F1, AD1
e 30 pl+ 30 pl DI water = 2x dilution
e 30 ul from 2x dilution + 30 ul DI water = 4x dilution
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e 30 pl from 4x dilution + 30 pl DI water = 8x dilution
e Use triplicates of each dilution for each sample
e From BCA Protein assay, sample AD1 tells us the protein
concentration (~2 mg/ml this run). We have ~38 mg protein (19 ml
after dialysis * 2 mg/ml = 38 mg).

17.Cleave the N-terminal His-tag by adding HRV 3C protease auU/Mfg of
protein with the recommended 10X buffer provided (stored @ -20°C). Incubate
for 16 hr at 4C with gentle shaking.

e We need to add 2 ml of 10x HRV 3C cleavage buffer to AD1.
e HRYV 3C protease comes as 2 U/ul and we want to use it at 1 U/m
protein. We have ~38 mg protein
e ~40mg*10 U/mg=400U
e 400 U * 1 ul/2U = 200 pl HRV 3C proteaséAddd this to
AD1.
e Take 750 pl sample after cleavage is complete. Label it ‘AC.’

18.Add imidazole (40 mM) and NaCl (500 mM) to the cleaved protein solution.

19.Equilibrate a 5 ml HisTrap chromatography column with immobilizaé&f N
using Wash Buffer 1 until the output reaches baseline at a flvofal.6
ml/min.

20.Feed the cleaved protein solution onto the HisTrap column.

e Collect first peak solution from the column (F2) for dialysis. sThi
contains our protein.
e Take a 750 pul sample of flow through #2 and label it ‘F2.’

21.Elute uncleaved protein and HRV 3C protease with Elution Buffer.
e Collect elution. Take 750 pl sample and label it ‘E2.’

22.Dialyze purified protein for 3 hours against 2 liters of diaysuffer containing

20 mM sodium phosphate, 100 mM NaCl and 0.02 mM pyridoxal phosphate
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buffer at pH 7.4. After dialysis is complete, take a 750 pl sarapt label is
“AD2.”

e 20 mM sodium phosphate dibasic => use 5.5678 g
e 100 mM NaCl =>use 11.688 g

e 0.02 mM pyridoxal phosphate => 10 mg

e CorrecttopH 7.4

e Take 750 pl sample after dialysis.

23.Regenerate the column as above.

24.Pass the pure protein sample thru a 0.2 um cellulose-acdtate Tinke 750 pl
sample and label it ‘SF.’

25. Aliquot purified protein into cryovials and put in the liquid nitrogen tank prior to
freeze-drying.

26.Do BCA Protein Assay or Bradford Protein Assay on all samples..

27.Perform L-methioninase enzyme activity assay on samplesa@plses with
dilutions of 1x, 5x, 10x, 15x.

28.Perform an SDS-PAGE on samples BI, SS, F1, E1, AD1, AC, F1, SF, Marker
e Suspend 50 pl of sample + 50 pl loading buffer (95% Laemmli
sample buffer + 598-mercaptoethanol).
e For BI, centrifuge and resuspend in 100 pl of loading buffer.

BCA Protein Assay Protocol

Reagent Preparation:

e Dilute the Reconstitution Buffer 1:1 with autoclaved DI water Wworking
Reconstitution Buffe(WRB).

e Example: 100 pl DI water + 100 pl Reconstitution Buffer.

e Add 100 pl of WRB to Compatibility Reagent tube. Stir and pipet up and dow
20 times to mix. NOTE: each well assayed requires 4 pl of paokility
Reagent.

e Determine amount of BCA Working Reagent required knowing each wetly
260 pul. To prepare BCA Working Reagent, mix BCA Reagent A (cledin)
BCA Reagent B (blue) 50:1. After addition, the solution will turn bright green.
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e Example 10 ml Reagent A + 200 ul Reagent B.

Assay Procedure:

1.

2.

In a 96-well plate, add 9 ul of protein sample to well (run in triplicates).

Add 4 pl of Compatibility Reagent solution to the sample in each well.

Tap side of plate to facilitate mixing. Incubate atGTor 15 minutes.

Add 260 ul of BCA Working Reagent to each well. Tap side of plate t
facilitate mixing. Incubate at 8¢ for 30 minutes.

Cool the plate at room temperature for 3 minutes.

Measure the absorbance at 562 nm versus no protein sample (DI water only).

Compare with a standard to calculate the protein concentration.

How to make standard curve using BSA:

[BSA] Water [BSA]
(mg/my) | BSA W (u) (ug/ml) Asszom | Std Dev
2 100 0 2000 1.066 | 0.035
15 75 25 1500 0.796 0.052
1 50 S0 1000 0.54 0.006
0.75 37.5 62.5 750 0427 | o0.014
0.5 25 75
05 s g7 e 500 0.289 | 0.013
1o 50 of the 025 | - 250 0.151 | 0.015
mg/ml solution 125 0.089 0.009
0 0 100 0 0 0.004

Bradford Protein Assay

1.

2.

3.

In a 96 well micro plate, mix bl of enzyme sample with 25a of 1x Bio-Rad
reagent.
Incubate at room temperature for 10 min.

Measure the absorbance at 595 nm.
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4. Compare with a standard to calculate the protein concentration.
How to make Standard curve:
1. Prepare a solution of BSA at 2 mg/ml.

2. Do a serial dilution of the BSA according to the following table:

[Protein] Water
(mg/mi) BSA (ul ()

2 100 0

15 75 25

1 50 50
0.75 375 62.5
0.5 25 75
0.25 12.5 87.5

0 0 100

Bradford Protein Microassay

1. In a 96 well micro plate, mix 10 of enzyme sample with 200 of 1x Bio-Rad
reagent.

2. Incubate at room temperature for 10 min.

3. Measure the absorbance at 595 nm.

4. Compare with a standard to calculate the protein concentration.

SDS-PAGE Analysis of Proteins

Stacking gel| Separating Separating Separating
Components 4% gel 12% gel 10% gel 8%

1.82 1.67 ml| 1.70 ml| 1.74 mi
dH,O ml(2*910ul) | (2*835ul) (2*850ul) (2*870ul)
1.5 M Tris-HCL pH 1.25 ml| 1.25 ml| 1.25 mi
8.8 - (2*625ul) (2*625ul) (2*625ul)

_ 312.5 pl - - -
1 M Tris-HCL pH
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6.8
10 % (w/v) SDS 25 pl 50 pl 50 pl 50 pl
Acrylamide  (29%) 2 ml| 1.97 ml| 1.93 mi
Bis (1%) 333 pl (2x1000pl) | (2*985ul) (2*965ul)
Ammonium
persulfate 10% 12.5 pl 25 pul 25 ul 25 pl
TEMED 2.5 ul 5ul 5 ul 5 ul
Total 2.5 ml 5 ml 5ml 5 ml
*THESE VOLUMES ARE FOR 1 GEL*

*Ammonium Persulfate — make 10 mg for 100 pl*

1. Assemble the glass plates on the gel casting stand amdtlillvater to ensure

that they are sealed.

Mix the components of separating gel (use an 8% separating déetbrAnx),
adding the TEMED last. Mix well and immediately fill theag$ plates, leaving

a 1.5 cm gap at the top (for the stacking gel).

Immediately add 1 ml of isopropanol on top of the gel to prevent oxygem fr
inhibiting the polymerization. Wait 20 min for solidification.

Pour off the isopropanol and rinse with #fH to remove any residual
isopropanol. Mix the components for the 4% staking gel and pour on top of the
separating gel. Insert the well-comb and wait 20 min for solidification.

Preheat a water bath to 100°C.

Prepare the SDS-PAGE loading buffer by dilutipgmercaptoethanol 20 X
(1:20) with the SDS-blue buffer (prepare stock of loading buéfexdd to each
sample — Example: for 3 ml total volume, add 2.85 ml of Laemmli buffer to 0.15
ml of B-mercaptoethanol).

Mix 75 pl of each protein sample with 25 ul of SDS-PAGE loading buffer.
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8.

9.

Immediately heat the samples to 100°C for 2 min.

Allow the samples to cool down for at least one min before loattagel.
Assemble the solidified gels in the buffer chamber. Fill the tmanwith
running buffer (144 g Glycine, 30.3 g Tris base, and 10 g SDS to 1 LAf eH

THIS IS 10X BUFFER!).

10.Load 10 pulof each protein sample into the wells. Run the gel at a constant

voltage of 100 V for about 1.5 hours, or until the dye front reaches ttearbot

the gel. Cut off the stacking gel and discard it.

11.Stain the separating gel with a staining solution containing 4%84 ¢H.O,

45% (w/v) methanol, 10 % (v/v) acetic acid, and 0.25 % (w/v) Coomassie
Brilliant Blue R250. To stain, microwave the box containing theagel stain
solution in 10-15s bursts on high power (be sure there is enough staweto c
the gel). Just before the solution starts to boil, remove froonomave and

place on shaker at RT for 5 minutes.

12.To destain the gel, pour the stain back into its container (it care-oeed

several times) and rinse the tray with,@H Repeat washing with @B until the

discard is clear. To remove the extra stain on the gelaud#stain solution
(same as the staining solution, but without the Coomassie Blu¢}thd’tray on
the shaker at RT. Changing the destain may be necessary.n Beotds will be
visible immediately on a light table.

NOTES:
SDS - in reagents — denatures protein to monomeric form
Ammonium Persulfate 10% (0.01g for 0.1 ml) — polymerization
TEMED - initiation booster for polymerization
Acrylamide (29%) Bis (1%) — polymer
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2 Buffers — (1.5 M Tris-HCL: 23.65g for 100ml; 1 M Tris-HCL: 15.7649g
for 100ml)
Destain (4 Liters) - 1.8 L diD, 1.8 L methanol, 0.4 L acetic acid

L-Methioninase Enzyme Activity Assay

L-methioninase will convert L-methionine toketobutyrate and be developed by
MBTH.
1. Mix for following and incubate at 37°C for 10 min.

» 100 pL of potassium phosphate buffer 0.5 M at pH 8 (to a final
concentration of 0.05 M) (for 10ml use 0.87g of potassium phosphate
dibasic (MW= 174.18))

» 125uL of L-methionine 0.1 M (for 3ml use 0.04476g)

» 50uL of pyridoxal phosphate 0.2 mM

225 uL of enzyme sample (for the blank, replace by potassium phosphate

buffer)

A\

2. Add 62.5uL of 50 % (w/v) trichloro-acetic acid to terminate tleaction (for 15 ml
use 7.50).

3. Centrifuge at maximum speed for 2 min.

4. Mix the following and incubate 50°C for 30 min:

» 250uL of the supernatant from reaction above

» 500 uL of sodium acetate buffer 1 M at pH 5 (for 20 ml use 1.6406g
(MW=82.03)

» 200pL of MBTH 0.1% (= 1 mg/ml MBTH: 3-Methyl-2-benzo-thiazolinone
hydrazone hydrochloride hydrate.) MBTH reacts withaHestobutyrate to
produce the color change that we measure.

5. Transfer 250 pl of sample to transparent 96-well plate.

6. Measure the absorbance at 320 nm against the blank using a microtitezgudate r

Cytosine Deaminase Enzyme Activity Assay
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Cytosine deaminase will convert 5-FC to 5-FU; spectrophotonatojgerties will

be monitored at 255 and 290 nm.

1. Prepare stock of 0.5 mg/ml of 5-FC diluted in PBS.

2. Add 775 pul of PBS to the appropriate number of microcentrifuge twhese
reaction will take place.

3. Add 225 pl of enzyme sample to the tubes. (The following dilution example can
be done for a 4.5x dilution: add 50 pl enzyme sample + 175 pl PBS. When
doing a dilution, add the PBS prior to enzyme sample).

4. Incubate the reaction at ¥7 for 30 minutes.

5. Remove 50 pl of sample and quenchitin 1 ml of 0.1 N HCI.

6. Transfer 250 pl to a clear 96-well plate.

7. Read absorbance at 255 & 290 nm using a microtiter plate reader.

QCL-1000 Endpoint Chromogenic Limulus Amebocyte Lysate Endotoxin Assay

The principle used to determine endotoxin quantities is the following: Step 1: a
proenzyme is converted to an enzyme by the endotoxin. Step 2: the enzyme
converts a substrate + water to a peptide and p-nitroaniline. The p-nitroaniline is
then measured at 405 nm, and an endotoxin concentration can be calculated from a

standard curve made using known amounts. afoli endotoxin.

1. Reconstitute 1 vial containing lyophilized Limulus Amebocyte Lysaiag 1.4
mi/vial of lysate. Once reconstituted, it is stable up to 1 wdskn stored at -
20°C immediately following reconstitution. Thaw and use only once. Keap

dark place.
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2. Reconstitute thée. coli endotoxin vial using 1.0 ml ofAL Reagent Water
warmed to room temperature. Prior to use, vigorously mix for 15 nsinute
because the endotoxin tends to attach to glass. Our kit contained »8 EU
lyophilized endotoxin. Once reconstituted, it is stable for 4 wedienvgtored
at £C. Keep in a dark place.
3. Reconstitute the chromogenic substrate by adding 6.5 ml of LALeRe&gater
to obtain a final concentration of roughly 2 mM. Once reconstituttesistable
for 4 weeks when stored &l Keep in a dark place.
4. Prepare the stop reagent => 10 g Sodium Dodecyl Sulfate (S8) iml of DI
Water.

5. Prepare the endotoxin sample dilutions that will be used to constreact

standard curve. Make dilutions in 15 ml centrifuge tubes.

[Endotoxin] Endotoxin Endotoxin  Standard LAL Reagent
(EU/mI) Stock Solution (1 EU/mI) Water
1.0 0.1 ml (281)/10 ml =
2.7 ml
0.5 - 0.5 ml 0.5 ml
0.25 - 0.5 ml 1.5ml
0.1 - 0.1 ml 0.9 ml

* NOTE: the bottom 3 standards are made from the 1.0 EU/ml soloiaate
first. Vigorously vortex each dilution for at least 1 minute befmoceeding to
the next dilution. Also 28s variable depending on the kit received — check
literature with product for proper value to use.

. Using a clear 96-well plate, add 50 ul of each standard and sanmple
appropriate wells (running all samples in triplicate). The BKAMells should
receive 50 pl of LAL Reagent Water in place of sample. Wdadeling to wells,

use the same pattern of addition throughout the assay to be consistent.
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7. Add 50 pl of LAL to each well and then tap on the side of the pletacilitate
mixing.

8. Incubate for 10 minutes at 7.

9. Add 100 pl of substrate solution (pre-warmed t8C37to each well. Tap the
side of the plate to facilitate mixing.

10. Incubate for 6 minutes at 33.

11.Add 50 pul of stop reagent (SDS). Tap the side of the plate to facilitate mixing.

12.Read absorbance at 405 nm.

Biotinylation of Fusion Proteins Protocol

It is necessary to use a protein concentration in the range & hgiml for
labeling.

We will use 5.32ml (5320ul) of protein at 0.94ng/ml (which gives a total of 5 mg
of protein).

1. Buffer should be Dialysis #2 buffer or 100 mM sodium phosphate, 150 mM
sodium chloride, and 0.02 mM pyridoxal phosphate, pH 7.4 -> use 12,000 —
14,000 MWCO dialysis tubing for 3 hours.

2. Dissolve SureLINK Chromophoric Biotin at 0.5 mg per 25 puL anhydrous DMF
immediately prior to use.

3. Using a 20-fold excess of biotin for conjugation, add the appropridiene of
20 mg/ml (or 25 ng/ul) SureLINK Chromophoric Biotin to the protein solution.

4. Volume L) of 20 mg/mL biotin for conjugation reaction =

5320 uk (0.94mg protein) x (20 molar excess) = 12.66 pL
(316 kDax (25 nmolesl)

% DMF = Vol. of biotin stock + Vol. of protein to be biotinylated

= 12.66uL + 5333uL
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= 0.24% DMF

4. Incubate at°€ for 4 hours with gentle agitation.

5. Remove the unconjugated chromophoric biotin by dialysis usingldKlLRAW
membrane in 2L of 1X modification buffer (100 mM sodium phosphate, 150
mM sodium chloride, and 0.02 mM pyridoxal phosphate at pH 7.4) for 3 hours.
Change dialysate and run for 3 hours. Change dialysate and ruih didliysis

overnight. All dialysis is done af@ with gentle stir.

Labeling of Fusion Proteins with FITC

Label the FP in order to visualize FP binding to cells underuardscence
microscope.

1. Weigh out FITC (stored at -20 in foil packet to protect it from light with
dessicant). Ex: 0.7 mg

2. Dissolve FITC completely in PBS to make approximately aginthsolution of
FITC (for all steps using FITC, use containers wrapped intéoprotect the
FITC from light). Ex: 0.7 ml

3. Remove vial of lyophilized FP from -80 freezer.

4. Make a solution of 50 mM borate buffer by diluting the 20x borate bfier
shelf) in nanopure water.

5. Reconstitute the lyophilized FP in 500 pl of 50 mM borate buffer.

6. Add 100 pl of the FITC solution to the FP solution. Briefly spin downviake
to collect FP and FITC at the bottom of the vial.

7. Incubate at room temperature for 1 hr.

8. Make (2) 2-liter dialysis buffers of 20 mM sodium phosphate dibasic.
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Ex: 5.678 g/ 2 L DI KO, pH 7.4

9. Add the labeling solution to a dialysis cassette (slide-a-I&8k MWCO,
Fisher Scientific) and begin a 3.5 hr dialysis 4@ 4wrap beaker in foil).

10. Transfer the dialysis cassette to new dialysis buffer anev&@l5 hr dialysis at
4°C (wrap beaker in foil).

11.Remove labeled protein sample from dialysis cassette. Stdf€ aprotected
from light.

Labeling of L-Methioninase-Annexin V with DyLight 680

1. To protect reagents from moisture, allow DyLight NHS Estexd DMF to
equilibrate to room temperature before opening the vials.

2. Add 100puL of DMF to the DyLight NHS Ester. Pipette up and down or vortex
until it is completely dissolved.

Note: Allow the dye to completely dissolve for 5 minutes and then vortex again.

3. Suspend Meth-Anx in 0.05 M sodium borate buffer, pH 8.5 (or 0.1 M sodium
phosphate, 0.15 M NaCl, pH 7.2-7.5) to be in the range of 1-10 mg/ml.

4. Transfer the appropriate amount of reagent (based on calculatmrible
reaction tube containing the protein. Mix well and incubate at reompérature

for 1 hour.

Calculate the amount (mg) of DyLight NHS Ester Dye to be éddethe
labeling reaction:

total amount of protein (mg)

, # 10 molar excess X MW of DyLight 68C
MW of protein

= __ mg of DyLight 680
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Calculate the microliters of NHS-ester dye solution to add to the reaction:

100 pl
1 mg

_mg of DyLight 680 (from previous calculation) X

= ___ pl of DyLight 680 NHS-ester solution at 10 mg/ml

5. Remove non-reacted reagent from the protein by dialysis agalnsf 20 mM
sodium phosphate dibasic pH 7.4, using a 12-14k MWCO dialysis membrane
for 4 hr at 4C. 5.678 g for 2 L DI kD.

Note: Wrap the beakers being used for dialysis to protect thegby&80 from the
light.

6. Transfer the dialysis cassette to new dialysis buffer amavall hr dialysis at
4°C.

7. Transfer the dialysis cassette to new dialysis buffer dod @vernight dialysis
at £C.

8. Remove labeled protein sample from dialysis cassette. 3tdf€ aprotected
from light or lyophilize to powder and store at %80

Binding Assays for Fusion Proteins to Endothelial and Cancer Cells

1. Grow endothelial cells in 6 T-75 flasks using F12K medium containing 10%
FBS, ECGS, heparin, and penicillin/streptomycin until they reach 80-85%
confluence.

2. Transfer 5x10cells/well to 48 wells on (2) 24-well plates.

3. Expose phosphatidylserine (PS) on surface of endothelial celddigg 1 mM
H,O,. Treat the cells in all wells with 100 pl of F12K mediumhwvimM HO,

for 1 hour at 37C and 5% C@ Remove after incubation period.
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4. Fix the cells in all 48 wells by adding 100 pl/well PBS butfentaining 0.25%
glutaraldehyde. Remove before proceeding.

5. Quench excess aldehyde groups by incubating with 100 pl/well of MO m
NH,4CI, diluted in PBS buffer, for 5 minRemove after incubation period.

Note: For cancer cells, perform a 1 hr pre-treatment with @5% diluted in PBS
at 37C.

6. Dilute biotinylated fusion protein in 0.5% BSA diluted in PBS buffeith
concentrations of 20 nM, 12 nM, 8 nM, 4 nM, 2 nM, 0.5 nM, and 0.05 nM. Add
300 pl to wells in Sets 1 and 2, using triplicates of each condentrafhe
blank for each set will receive no FP.

Set 2 (21 wells) gets PBS + BSA + 2 mM'&a FP

Blank (3 wells) gets PBS + BSA + 2 mM Ga

Set 1 (21 wells) gets PBS + BSA+ 5 mM EDTA + FP
d. Blank (3 wells) gets PBS + BSA + 5 mM EDTA

7. Incubate for 2 hours at 32, 5% CQ.

oo

8. Wash 4 times with 300 ul of 0.5% BSA diluted in PBS buffer.

9. Add 300 pl of Streptavidin-HRP (2 pg/ml) and incubate for 1 hour at room
temperature. (Streptavidin-HRP is ifC4glass fridge)

10.Wash 4 times with 300 pl of PBS buffer.

11.Add 300 pul of the chromogenic substrate O-phenylenediamine (OP&jcto
well. (OPD is in -26C freezer). The OPD solution is made with phosphate
citrate buffer (1 capsule in 100 ml DI water). Prior to use, adpl4tf 30%
H.0O,. Weigh out the desired amount of OPD with a concentration of 0.4 mg/ml.

12.Incubate for 30 minutes at room temperature and in the dark to men@PD
color change.

13. Transfer 100 ul of the supernatant to 96-well plates.
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14. Measure absorbance at 450 nm.

Visualization of L-Methioninase-Annexin V for Endothelial and Cancer Cells

1. Grow 1 flask of HAAE-1 cells in F12K medium + FBS + ECGS + hiep#
pen/strep.

2. Place autoclaved 22x22 (mm) cover glass in a 35 mm petri dish.

3. Coat the cover glass with 0.1% porcine gelatin.

4. Add 250 pl of cell suspension to the cover glass. (Use 2 petri dishésr full
visualization; 1 for negative control -> leave out FP)

5. Let the cells adhere for 4 hr at°87 5% CQ.

6. Add 2 ml of F12K medium to the petri dish. Incubate overnight &€ 3%%
COo.

7. Add FP (that has been labeled with FITC) diluted to 100 nM in F12K me#lium
2 mM C&". Incubate for 2 hr at 8€, 5% CQ. For the control plate, add only
medium + 2 mM C4 ( no FP).

8. Wash the petri dishes 4 times using medium + 2 mN'" @ remove any
unbound CD-ANX.

9. Remove the cover glass from the petri dish, touch the side ofaitpiece of
paper towel to remove excess liquid, and apply a drop of Fluor-gel dsige(F
Scientific #NC9703847) to a glass microscope slide. Place the glagsrwith
cells upside down on top of the Fluor-gel.

10.Visualize the cells using fluorescence microscopy.

Binding Stability Assay for Fusion Proteins to Endothelial and Cancer Cells

In this assay we will be using, at the beginning, “growth medidmIZK + 10%

FBS + pen/strep + ECGS + heparin) and, later on, “FP suitadtéum” which is
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composed of the “growth medium” with 2 mM £a0.02 mM pyridoxal phosphate,

and 1000 pM methionine (because annexin V binding & @zpendant, pyridoxal

phosphate is a cofactor for the methioninase, and higher methioninenioas
methionine depletion effect).

1. Seed 5x1Bcells in 6 wells on each of 4 plates and grow them until thaghre
70% confluence using growth medium (24 wells total). Let tHEs ggow
overnight.

2. Add 300 pl of growth medium containing 1 mM,®b to expose
phosphatidylserine.

3. Wash 3 times (using 250 ul of FP suitable medium each time).

4. Add 300 pl of FP suitable medium containing 100 nM FP that has preyiousl|
been biotinylated.

5. Incubate for 2 h at 37 °C.

6. Wash 3 times (using 250 pl of FP suitable medium each time).

7. Add 1 ml of FP suitable medium.

8. Each day (0, 1, 2, & 3), take one plate (6 wells). Remove the medidm a
replace with 300 pl of FP suitable medium. Perform an Alamae BEsay to
determine cell viability.

a. Add 10% (30ul) of Alamar Blue

b. Incubate for 4 hours at 37°C.

c. Transfer 250 pl to an opaque 96-well plate

d. Measure fluorescence: excitation — 530 nm; emission — 590 nm.

9. Wash 2 times using FP suitable medium (using 250 pl each time).
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10.Fix the cells by adding 100 pl/well of FP suitable medium cointgi0.25%
glutaraldehyde. Incubate for 5 min at room temperature. Reratiee
incubation period.

11.Quench excess aldehyde groups by incubating with 100 pl/well clukéble
medium containing 50 mM ammonium chloride (M) for 5 minutes at room
temperature. Remove after incubation period.

12.Wash 3 times using FP suitable medium (using 250 ul each time).

13.Add 300 pl of Streptavidin-HRP.

14.Incubate for 1 hour at room temperature.

15.Wash 3 times using FP suitable medium (using 250 pl each time).

16.Add 300 pl of the chromogenic substrate O-phenylenediamine (OP&jcto
well. The OPD solution is made with phosphate citrate buffergduta in 100
ml DI water). Prior to use, add 40 pl of 30%Q4. Weigh out the desired
amount of OPD with a concentration of 0.4 mg/ml.

17.Incubate for 30 minutes at room temperature and in the dark to men@PD
color change.

18.Transfer 100 pl of the supernatant to 96-well plates.

19.Measure absorbance at 450 nm.

Methioninase-Annexin V Cytotoxicity Assay for Endothelial and Cancer Cells

This assay we will be using “growth medium” (F12K medium + 1BBS +
pen/strep + heparin + ECGS) and later on “FP suitable mediumhuwhmomposed

of the “growth medium” with 2 mM Ca (because annexin V binding is Ca
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dependent), 0.02 mM pyridoxal 5-phosphate (co-factor), and L-methionine

adjusted to 1000 uM (to mask the methionine depletion effect).

1. Seed cells in 42 wells on (7) 24-well in growth medium. Plate #lreceive
Meth-Anx in only 3 wells, and the rest will have no Meth-Anx witrying
prodrug concentrations (24 wells). Plates #2-7 will receiahM\nx and the
prodrug (18 wells). Begin the experiment the day after plating cells.

2. Add 300 pl of growth medium containing 1 mM,®b to expose
phosphatidylserine. Note: For cancer cells, skip this step.

3. Wash 2 times using 250 pl of growth medium.

4. Add 300 pul of FP suitable media containing 500 M L-methionine and 100 nM
Methioninase-Annexin V FP to appropriate wells (21 wells). Add 3@d gP
suitable media only to those wells with no Meth-Anx (21 wells).

5. Incubate for 2 hr at 37°C, 5% GO

6. Wash 4 times using 250 ul of FP suitable medium.

7. Add 300 pl of FP suitable medium containing varying concentrations of the
prodrug Selenomethionine to all plates => 5000 uM, 1000 puM, 500 uM, 100
UM, 50 uM, 10 uM. For the BLANK (0 uM), only add FP suitable mediom
the cells.

8. Incubate at 37°C, 5% GO

9. On Day 1, remove medium and replace with 300 ul of FP suitableumedi
Perform the Alamar Blue assay to determine cell viability.

e. Add 10% (30ul) of Alamar Blue.

f. Incubate for 4 hours at 37°C, 5% €0

g. Transfer 250 ul to an opaque 96-well plate

h. Read fluorescence: excitation — 530 nm; emission — 590 nm.
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10.Wash using 250 pl FP suitable medium.

11.Add 300 pl of FP suitable medium containing varying concentrations of the
prodrug Selenomethionine to all plates => 5000 uM, 1000 pM, 500 uM, 100
UM, 50 uM, 10 uM. For the BLANK (0 uM), only add FP suitable mediom
the cells.

12.Incubate at 37°C, 5% GO

13.Repeat steps 9-12 for Day 2 and Day 3.

Cytosine Deaminase-Annexin V Cytotoxicity Assay for Endothelial amt&aCells

In this assay we will be using, at the beginning, “growth medidh2K medium +

10% FBS + 1% Pen/Strep + Heparin + ECGS) and, later on, “Fabkuimedium”

which is composed of the “growth medium” with 2mM?*Cébecause annexin V

binding is C&" dependant).

1. Seed cells in 63 wells on (3) 24-well. Begin the experimealy (0) the day
after plating.

2. Add 300 pl of FP suitable media containing 1 mbOgito all wells. For cancer
cells, skip this step.

3. Incubate for 1 hr at 3T, 5% CQ.

4. Wash using 250 pl of FP suitable medium.

5. Add 300 pl of FP suitable media containing 100 nM yCD-Annexin V (BP)
plate #1 (21 wells). Plates #2 and #3 will receive FP suitable medium only.

6. Incubate for 2 hr at 37°C, 5% GO

7. Wash 4 times using 250 pl of FP suitable medium.

8. For plates #1 and #2, add 1000 pl/well of FP suitable medium containing

varying concentrations of the prodrug 5-fluorocytosine (5-FC) => 20010
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1000 pM, 750 pM, 500 pM, 250 pM, 125 pM. For the BLANK (0 pM), only
add FP suitable medium to the cells. For plate #3, add 1000 pl/weR of
suitable medium containing 5-fluorouracil (5-FU) at the same cdrate®ns as
the 5-FC. Leave 3 wells on each plate for the Alamar Blaskb{medium +
10% Alamar Blue reagent).

9. Incubate for 72 hr at 37°C, 5% GOReplace FP suitable medium containing
the correct prodrug/drug concentration each day to produce new 5-FC.

10.0n Day 3, remove plates from incubator; remove the medium and repthce
300 pl of FP suitable medium containing the correct 5-FC coratemtr
Perform an Alamar Blue assay to determine cell viability.

Add 10% (30ul) of Alamar Blue.

Incubate for 4 hours at 37°C, 5% €O

Transfer 250 pl to an opaque 96-well plate

Read fluorescence: excitation — 530 nm; emission — 590 nm.

oo op

11.Wash using 250 ul FP suitable medium.

12.Repeat steps 2 - 9.

13.0n Day 6, remove plates from incubator; remove the medium and repthce
300 pl of FP suitable medium containing the correct 5-FC or 5-FU
concentration. Perform an Alamar Blue assay to determineviedglility, as
above.

14.Wash using 250 ul FP suitable medium.

15.Repeat steps 2 — 9.

16.0n Day 9, remove plates from incubator; remove the medium and repthce
300 pl of FP suitable medium containing the correct 5-FC or 5-FU

concentration. Perform an Alamar Blue assay to determine cell viability.
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Add 10% (30ul) of Alamar Blue.

Incubate for 4 hours at 37°C, 5% €O

Transfer 250 pl to an opaque 96-well plate

Read fluorescence: excitation — 530 nm; emission — 590 nm.

oo op

ELISA for L-Methioninase-Annexin V Detection in Mouse Serum

Biotinylated methioninase—annexin V fusion protein clearance time deggran.

1.

2.

Use streptavidin-coated 96 well plates from Thermo Fisher Scientific.

Add 50 pl of each serum sample to wells (2 dosage levels — 10 amgdkdy
mg/kg; 4 time points per dosage level — 1 hr, 4 hr, 8 hr, and 24 hr padieinje
4 samples with no injection as the blank).

Cover the plate with adhesive cover and incubate for 60 mifi@t 37

Shake out the plates into a sink. Wash the platesWaith buffed times by
adding 200 pl and shaking out thi¢ash buffelinto a sink. Pat plates dry by
inverting on paper towel.

Add 50 ul of Annexin V polyclonal antibody (rabbit) diluted to 1.25 pg/mi
(recommended by Abcam) Diluting Bufferto each well.

Cover the plate with adhesive cover and incubate for 60 mirfi@t 37

Shake out the plates into a sink. Wash the platesWatsh buffed times by
adding 200 ul and shaking out ti¢ash buffelinto a sink. Pat plates dry by
inverting on paper towel.

Add 50 pl of anti-rabbit IgG-HRP conjugate (secondary antibodyjedilto
1:1,000 (initially at about 1 mg/ml) usim@luting Bufferto each well.

Cover the plate with adhesive cover and incubate for 60 mirfi@t 37
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10. Shake out the plates into a sink. Wash the platesMasgh buffed times by
adding 200 upl and shaking out thi¢ash buffelinto a sink. Pat plates dry by
inverting on paper towel.

11. Add 50 pl of OPD solution to each well.

12. Cover the plate with adhesive cover and incubate for 30 minutes at room
temperature in the dark.

13. Read absorbance at 450 nm.

Reagent List:

1. Diluting Buffer

- 0.5gTween 20

- 2.59g BSA (0.25%)

- AddPBStollL.

NOTE: Do not add sodium azide with HRP-IgG method.

2. Wash Buffer
- 59 Tween 20 (0.05%)
- Add PBStollL.

3. OPD Solution

- 1 phosphate-citrate capsule in 100 ml of DOH

- Weigh out OPD powder at 0.4 mg/ml and put in centrifuge tube wrapped i
aluminum foll

- Immediately before use, add 40 ul of 30%¥kIto initiate the reaction

- Add necessary amount of buffer solution to tube and use ASAP

Injection of MDA-MB-231/GFP Cancer Cells into Flank of Mice

1. Grow MDA-MB-231/GFP cells to inject 3 T-75 énaulture flasks of cells per
mouse. Split the cells from 1 => 3 flasks about every 3 days.

2. Lift and plate the cells in three 150 toulture dishes.
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3.  On the day prior to lifting and injecting the cells, replace rtiedium with
penicillin/streptomycin-free medium. Use this medium until thgadtions.
(Advised by colleague at HSC).

4. On the day prior to injections, place a vial of BD Matrigel Bas@m
Membrane Matrix in a beaker with water and place’@ta@vernight to thaw.

5. On the day of injections, lift the cells as usual using 6 n*PB$ and Trypsin-
EDTA followed by 12 ml of medium.

6. Transfer 3 plates to each 50 ml centrifuge tube.

7. Centrifuge all tubes to combine them into one 50 ml centrifuge tuheeanove
supernatant.

8. Add 0.1 ml * # of mice to inject = __ ml of medium to the total gellet
and resuspend.

9. Assemble 2 sterilized 1.5 ml microcentrifuge tubes for each mousee
injected in an ice/ice water bath to cool cells for transport to animal yacilit

10.Add 100 pl of BD Matrigel Basement Membrane Matrix to one 1.5 ml
microcentrifuge tube for each mouse.

11.Mix cell suspension and add 100 pl to the other 1.5 ml microcentrifugedube f
each mouse.

12.Bring samples and 100 pul pipet with tips to animal facility.

13. Sedate the mice using ketamine/xylazine or isofluranehelfmice have hair,

shave the flank area that will receive the injection.
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14.Combine the BD Matrigel Matrix with the cell suspension and nidxaw the
suspension into a 1 ml Tuberculin Syringe with detachable 25G 5{81igli
needle.

15.Insert needle beneath the skin of the flank and inject the cell-matrix suspension.

16. Allow the needle to stay in place for 1-2 minutes to help theimsolidify to
keep the cells in place.

17.Remove needle and place mouse back in cage and observe as directed in IACUC
regulations.

Detection of PS Exposed in Mice Tumors using Cryosectioning and Imnstioohi

chemistry Staining

To detect PS that was translocated to the outer leaflet gflasena membrane of

tumor vascular endothelial cells and tumor cells using biotinylated Meth-Anx.

1. Using an orthotopic model, inject 6 female SCID mice with ~I@xancer
cells, using a 1:1 mixture of growth medium to matrigel and @ tojection
volume of 200 pl.

2. Allow the tumors sufficient time to grow to a diameter abover, nm which
the tumors will require the development of tumor vasculature to soppignts
for continued growth, using the equation:  Volume = (wifdth) length/2
[Measurement of dimensions is done using a digital caliper (mm).]

3. Inject 220 pl of biotinylated Meth-Anx (which corresponds to 100 pg of annexin
V) i.p.

4. Under isoflurane anesthetic, open the chest cavity to expose the heart.
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5. Insert a 27G butterfly needle into the left ventricle and hook up nappio
deliver 10 ml of heparinized saline + 2 mM *€a The heparin is used to
prevent coagulation of any remaining blood in circulation.

6. Cut the ascending vena cava to allow the circulation to be emptied.

7. Pump the heparinized saline + 2 mM'€solution at ~1.3 ml/min.

8. Fix the tissue by pumping 0.25% glutaraldehyde + 2 mRff.Ca

9. Immediately resect the tumor area and soak the tissue in 20%ssuc 2 mM
ca?

10.Bring the mouse samples to the Imaging Core at OMRF in Oklahoiy to

have cryoembedding and cryosectioning done. Request 1 slide toirsal sta

with H&E and 2 unstained slides.
11. Store slides at -8C until staining can be done.
12.Prior to staining, remove slides from the freezer and allow them to reach RT.
13.Rinse the slides with PBS + 2 mM<a
14.Block the slides with PBS containing 0.5% BSA and 2 mM*@ar 30 min at
RT.
15.Rinse the slides with PBS + 2 mM<a
16.Incubate the slides with streptavidin-HRP for 30 min at RT.
17.Rinse the slides with PBS + 2 mM Caand shake off excess.
18.Incubate the slides with the activated DAB solution for 10 min at RT.
19.Rinse the slides with reagent water for 3 min to remove excess DAB.
20. Counterstain the slides with hematoxylin for 4 min at RT.

21.Rinse the slides with the following to remove excess hematoxylin:
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Tap water

DI water

c. Ammonia water (50 ml DI water + 0.1 ml ammonia hydroxide) — 10
slow dips

d. DI water

o

22.Air dry and mount the slides with of ImmuniHistoMount (Santa Cruz
Biotechnology # sc-45086). Do not apply a coverslip.

Tissue Biodsistribution of L-Methioninase-Annexin V in SCID Mice with Tumor

To determine the quantity of Meth-Anx that binds to vasculaturendividual

organs.

1. Using an orthotopic model, inject 6 female SCID mice with asecto 7-8x19
cancer cells as possible, using a 1:1 mixture of growth medium to matrigel and a
total injection volume of 200 pl.

2. Allow the tumors sufficient time to grow to a diameter abover, nm which
the tumors will require the development of tumor vasculature to sapplients
for continued growth, using the equation:  Volume = (wifdth) length/2
[Measurement of dimensions is done using a digital caliper (mm).]

3. When the appropriate sized tumors are present, perform an i.p. inje€t®n
mice with 10 mg/kg dose of Meth-Anx tagged with DyLight 680 flsoeant
dye.

4. Using the IVIS imaging system, take whole-animal imagesapiure the tumor
(GFP) and Meth-Anx (DyLight 680) at 1, 12, and 24 h post-injection to
determine location of Meth-Anx in relation to the tumor.

5. Sacrifice the 3 mice, remove a blood sample to obtain serum, seat ot the

major organs (tumor, lung, liver, heart, spleen, kidneys, stomach).
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6. Image the organs of each mouse all together to see the inteingigy DyLight
680 signal. Present the data as photons per second/g of tissue.

Treatment of Breast Tumors on SCID Mice with L-Methioininase-Annexin V

This protocol is for the mouse on a normal diet. For the methionineeigfi
experiment, start the mice on the diet the day before thé-frshjection and use a
Selenomethionine at 5 mg/kg.

1. Inject 7 female SCID mice per group with ~7-8%I@&ncer cells using a 1:1
mixture of growth medium to matrigel and a total injection volume of 200 pl.

2. Allow the tumors sufficient time to grow to a diameter abover®’, in which
the tumors will require the development of tumor vasculature to wuopplients
for continued growth, using the equation [Volume = (witth)length/2].
Measurement of tumor dimensions is done every 3-4 days using & cadjper
(mm).

3. When the tumors begin to grow by average tumor volume, random miee we
selected to be viewed with the VIS imaging system. A GigRal in the flank
region provides evidence that the MDA-MB-231/GFP tumor cells are alive.

4. Randomize the mice into 4 groups.

5. Begin the treatment period (Day 0) by performing intraperdabmgections of
all mice as shown (~5:00 pm injections):

a. Control Group 1 — saline

b. FP Group 2 — L-methioninase-annexin V at 10 mg/kg

c. SeMet Group 3 — saline

d. Treatment Group 4 — L-methioninase-annexin V at 10 mg/kg

6. On days 1-3, performing intraperitoneal injections of all micehasvn (~7:00
am injections):
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Control Group 1 — saline

FP Group 2 — saline

SeMet Group 3 — Selenomethionine at 10 mg/kg
Treatment Group 4 — Selenomethionine at 10 mg/kg

o0 oy

7. Repeat steps 4 and 5 for 2 additional treatment cycles

8. Measure the tumor dimensions and body weight of each mouse every 3-4 days.

9. Observe the tumor growth for up to 4 weeks or until tumor size nemda
termination.

10.When tumor weight reaches ~10% of body weight, sacrifice the mouS©hy
overdose and cervical dislocation.

11.Dissect out the lungs, liver, and tumor and image them in a 6-ve¢d pking
the IVIS imaging system in the Rodent Barrier to detect @R¥? signal that
would represent tumor metastases.

12.Place all mouse parts in formaldehyde to fix the tissue{8rdays at room
temperature.

13.Deliver samples to Dr. Stanley Kosanke, OU HSC Pathology, to reradfip
blocks made. Precision Histology, Inc will section and mount onsskahel
perform hematoxylin & eosin staining. Dr. Kosanke will view didend
provide a pathology report for each mouse requested.

Determination of Blood Flow through MDA-MB-231/GFP Tumors

The purpose of this test is to demonstrate that there is lessfldaogoing through
tumors that have been treated with methioninase-annexin V fusionnpaoidi
selenomethionine compared to untreated tumors. The methioninase-axvinexin
SeMet treatment is hypothesized to damage microvesselshgatisiting and

reducing the amount of blood flow through the tumor.
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1. Using an orthotopic model, inject 6 female SCID mice with asectos6x18
cancer cells as possible, using a 1:1 mixture of growth medium to matrigel and a
total injection volume of 200 pl.

2. Allow the tumors sufficient time to grow to a volume above 3*nimwhich the
tumors will require the development of tumor vasculature to supply nigtier
continued growth, using the equation: Volume = (width) length/2
[Measurement of dimensions is done using a digital caliper (mm).]

3. When the appropriate sized tumors are present, treat 3 mice withAnx at
10 mg/kg and 10 mg/kg SeMet. Use 3 mice as an untreated confBotycles
of treatment = 12 days)

4. Inject the DyLight 680 fluorescent dye at 1 mg/kg via i.p. injection.

5. Allow the dye to circulate for 30-60 min.

6. Using the IVIS imaging system, capture images of the blood ificthie region
of the tumor. Use 3D reconstruction of the mouse if necessdsteéomine dye
intensity in treated vs untreated mice.

7. After all of the images are taken, open the chest cavity to expesheart under
isoflurane anesthetic

8. Insert a 27G butterfly needle into the left ventricle and hook up nappio
deliver 10 ml of heparinized saline + 2 mM *€a The heparin is used to
prevent coagulation of any remaining blood in circulation.

9. Cut the ascending vena cava to allow the circulation to be emptied.

10.Pump the heparinized saline + 2 mM*€solution at ~1.3 ml/min.

11.Fix the tissue by pumping 10 ml of 10% formalin.
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12.Immediately resect the tumor area and soak the tissue in formaldehyde.

13.Bring the mouse samples to Dr. Stan Kosanke (OUHSC — Pathotodpgve
paraffin embedding done and send samples for sectioning to Precision
Histology.

Carbon Nanotube Standard Curve

1. Sonicate 6 mg of SWNTs in 5 ml of 1% SDS for 1 hr.

2. Immediately, without centrifuging, make dilutions using deionizedewand
transfer 250 ul to a 96-well plate.

3. Measure the absorbance at 800 nm using a microtiter plater ieadeake a
curve of SWNT concentration versus absorbance.

Conjugation of F3 Peptide to SWNTSs

1. Add 6 mg of SWNTs to 5 ml of 1% SDS solution (500 mg for 50 ml).

2. Sonicate the SWNT suspension for 1 hr at 22% power (7 watts)gtgsst vial
into beaker with cold water to dissipate heat.

3. Centrifuge the SWNT suspension for 30 minutes at 15,700 x g (13,000 rpm
microcentrifuge)

4. Measure the concentration of SWNT in suspension.

5. Set out DSPE-PEG-Maleimide linker and to warm up to room teryperél5-
20 min). Store linker in nitrogen atmosphere.

» When putting linker vial away, put in nitrogen glass w/ cap sligbiy
turn on nitrogen for 1 min, and quickly close cap, turn off nitrogen.

6. Dissolve DSPE-PEG-Maleimide linker at 2 mg/ml in warm DI water.

> NOTE: If linker does not dissolve easily, incubate &C3@r warm water
bath for 15 minutes and then pipet up and down to dissolve.
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7. Reconstitute 1 mg of F3 peptide in 2 ml of PBS (pH 7.4). (The A3 ismg
aliquots)

8. Mix 1 ml of the linker solution with the 2 ml peptide solution to ceeat
suspension with a 1:2 ratio of peptide to linker. (Use an extraPIB& to wash
out all of the F3 solution from the vials — total of 3 ml for peptidé ml of
linker solution)

9. Stir gently for 15 hr at room temperature. (Use large shaker at 50 rpm)

10.Treat F3-linker reaction mixture with 40 pl of L-cysteine digsd in DI water
at 5 mg/ml for 1 hr with gentle shaking, to block unreacted maleimide groups.

11.Add the 4 ml F3-linker solution to the 5 ml of the SWNT suspension.

12.Mix at room temperature and 50 rpm shaking for 30 min.

13.Dialyze for 8 hr. Change the buffer after 4 hr.

» 2L of DI Water with a 50k MW dialysis membrane

> Note 1: Be very specific on the time of this dialysis because the
nanotubes will aggregate if left longer than the 8 hours.

> Note 2: You can take the sample out of the dialysis membrane artd put i
into a foiled 15-ml centrifuge tube and into tHefddge overnight and
then continue in the morning, but a better suspension results from
immediate centrifugation.

14.Centrifuge for 1 hr at 15,700 x g to remove any SWNT aggregates.
15. Determine the final SWNT concentration.
16. Determine the final concentration of F3 using the Bradford Protein Mi@gpass

Visualization of SWNT-F3 by Fluorescence and Confocal Microscopy

1. Plate cells in chambered slides or in 35 mm petri dishes on 22owen glasses
to achieve ~80% confluence.

2. Incubate for 24 hr at 3, 5% CGQ.
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8.

9.

Incubate the cells with SWNT-F3 at 60 mg/L (SWNT) for 2, 8, @4 hr at
37°C, 5% CQ.

Wash the cells with medium 4 times.

Stain the cells with CellMask plasma membrane stain for 30atn8?C @ 7.5
pg/ml in warm medium.

Wash the cells with medium 4 times.

Fix the cells with 10% buffered formalin for 10 min af@7

Wash the cells with medium 4 times.

Mount on a slide with 1 drop of Fluoro-Gel to preserve fluorescence.

10.View under fluorescence or confocal microscopy.

NIR Laser Setup and Configquration

It is important to wear protective eyewear during all lasgregments while the

laser is on. Protective glasses can be found in D201. You must alssgutest

warning signs on the door to the lab before beginning this experiment.

1. Turn on laser and fix laser beam size to cover one well on a 24kt (1.8

cm diameter) as follows:

e Turn the key to the “On” position. (O = off, | = on)
e Place black laser test paper with black side down above laseayibe

necessary to place an empty 24 well plate on top of the paper to hold it in

place).

e Press “Standby” on the screen and hold down the foot pedal to emit the

laser for 30 seconds.
e Lift foot off of pedal and press the “Standby” button again to shep t
laser.

e Hold the black laser test paper up behind an empty 24 well plate to

determine if the laser beam diameter is large enough to eoventire
well.
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e If the beam is not the right size, move the laser fiber either dpwn to
decrease/enlarge the beam diameter and repeat the above stems unt
acceptable beam diameter is obtained.

2. Adjust the power level as follows:

e Turn on NOVA Il laser measurement device and place black box above
laser.

e Adjust the power on the laser using the up and down arrows on the
screen.

e Press “Standby” and hold down the foot pedal to emit the laser.

e Read the equivalent power on the NOVA Il device (this is the power
actually felt).

e Adjust the power level on the screen until the desired powends bg
the NOVA Il device.

e Once the NOVA Il device shows that the desired power levebbas
reached, remove the black box and turn off the NOVA Il device;ighis
the power setting to be used.

3. Irradiate each of the wells designated to receive lasanteea with a beam
diameter of 1.6 cm and a local power of 5.86 W for 120 seconds to achieve an
energy density of 350 J/ém

SWNT-F3 + NIR Laser Test Protocol

1. Seed 5x1bcells in each of 30 wells on a total of 3 plates and gr@mtuntil
they reach 70% confluence using appropriate growth medium. Wellsded

to receive NIR treatment should be placed on the plate as pictured below.
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Incubate the cells with SWNT-F3 at 60 mg/L in medium for 2, 8, 16 2dnkk

at 37C, 5% CQ. Laser only samples receive medium only.

Wash 4 times using 250 of medium.

Add 300yl of appropriate cell medium.

Setup the laser for irradiation using the appropriate powel tevachieve the

desired total energy density for each cell line.

NOTE: It is important to wear protective eyewear duridglaaer experiments
while the laser is on. Protective glasses can be found in D201. Wswatso put
laser test warning signs on the door to the lab before beginning this experiment.

4.

5.

Irradiate each of the wells designated to receive laser treatment
Once irradiated, incubate the plates &C3%% CQ for 1 hr.
Evaluate cell viability using the Alamar Blue Assay:

e Add 10% (30ul) of Alamar Blue.

e Incubate for 4 hr at 37°C, 5% GO

e Transfer 250 ul to an opaque 96-well plate

¢ Read fluorescence: excitation — 530 nm; emission — 590 nm

Replace medium and incubate the plates &€ 3%% CQ for 14 hr.

Evaluate cell viability using the Alamar Blue Assay.
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