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Figure 4.4 A) 12% SDS-PAGE gel of purified mutant caspase-3. Lane 1 indicates a molecular weight
marker. Lanes 2-4 indicate purified samples of the 33 kDa protein. B) Western blot analysis of
purified mutant caspase-3, probed with a caspase-3-specific antibody . Lanes 1-3 indicate the purified
protein samples shown in A, probed with caspase-3 antibody.

Figure 4.4 A) shows the eluted 33 kDa protein electrophoresed on an SDS-PAGE gel, as
described in section 2.4. Figure 4.4 B) is a Western blot that was performed on the eluted
samples. The Western blot confirmed that the 33 kDa protein was indeed a caspase-related
protein, and was likely to therefore be the mutant caspase-3. Once expression and purification
of mutant caspase-3 was confirmed by Western blot, as demonstrated by Figure 4.4, purified
protein was dialysed in MES buffer using a Slide-A-Lyzer Dialysis Cassette from Thermo
Scientific, with a molecular weight cut off of 7 kDa. The protein was lyophilised and stored

at -80° C, as described in section 2.15.4.
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4.4 Summary

The aim of the study was to generate a mutant form of the apoptosis-inducing protein,
caspase-3, that is cleavable only by HIV-1 protease. Mutant caspase-3 was designed and
synthesised, and the histidine-tagged construct was successfully expressed and purified. The
results demonstrated here show the successful generation of a mutant form of caspase-3, to be
used as a pro-apoptotic agent for the induction of apoptosis in “HIV-infected” cells. The
generation of a cell line representing HIV infection was previously demonstrated (Chapter 3)
and serves as the target for the death-inducing agent, mutant caspase-3. The expected
outcome, therefore, is that the HIV-1 protease believed to be expressed by the cell line will

result in the mutant caspase-3 becoming active, thereby eliciting apoptosis in those cells.
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CHAPTER 5. DESTRUCTION OF “HIV-INFECTED” CELLS USING CD4-

TARGETING Ni-NTA MUTANT CASPASE-3 GOLD NANOPARTICLES

5.1 Introduction

5.2 Toxicity testing of gold nanoparticles prior to functionalisation with a CD4-

targeting peptide and mutant caspase-3

5.3 Synthesis and characterisation of gold nanoparticles

5.4 Cell viability and apoptosis induction of “HIV-infected” cells treated with
NTA-gold nanoparticles functionalised with a CD4-targeting peptide and mutant

caspase-3

5.6 Summary
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CHAPTER S. DESTRUCTION OF “HIV-INFECTED” CELLS USING CD4-

TARGETING Ni-NTA MUTANT CASPASE-3 GOLD NANOPARTICLES

5.1 Introduction

Gold nanoparticles possess a wide variety of applications in the field of biotechnology. These
applications include disease detection, cellular imaging as well as sensor technology. Due to
their inert nature and small size, gold nanoparticles have also been investigated for the
purposes of targeted drug delivery in cellular systems. Gold nanoparticles have been shown
to be particularly less toxic than other nanostructures and have therefore been identified as
one of the nanostructures of choice in the field of drug delivery (Sperling et al., 2008).
Another useful characteristic of gold nanoparticles is that these particles can be conjugated to
biomolecules (Mishra et al., 2009). It is this ability to conjugate gold nanoparticles to
biomolecules that prompted its use for the targeted delivery of the mutant caspase-3 that was

generated, as described in Chapter 4.

As described in Chapter 3, a mammalian cell line was generated that express HIV-1 protease
as well as the CD4 receptor in an attempt to generate a model cell line that represents a HIV-
infected cell. To deliver mutant caspase-3 to these cells for the induction of apoptosis, gold
nanoparticles would need to be targeted to them in some way. To this end, gold nanoparticles
were synthesised and dual-functionalised with a CDA4-targeting peptide as well as mutant

caspase-3.

In this study the gold nanoparticles were used to deliver mutant caspase-3 to cells. To
demonstrate that the nanoparticles themselves are not toxic the toxcity of these particles were
invesitigated. Mammalian cells were exposed to the nanoparticles and the toxicity of the

particles were evaluated using 7-AAD staining and the APOPercentage™ assay .
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5.2 Toxicity screening of gold nanoparticles prior to functionalisation with CDA4-

targeting peptide and mutant caspase-3

Figure 5.1. TEM images of gold nanoparticles conjugated with 50 % NTA NPs.

Gold nanoparticles were synthesised and conjugated with nitriloacetic acid (NTA), as
described in section 2.22. The TEM image Iin Figure 5.1 shows the sizes of synthesised and
functionalised nanoparticles before cellular treatment. Once characterised by TEM, these
particles were used to treat Jurkat T cells for 24 hours to determine the cytotoxic effect of
these functionalised nanoparticles. As described in section 2.17.2, CHO cells were grown to
~80 % visual confluency and treated with 2.5 x 10 nanoparticles per well in a 24-well
culture plate. Camptothecin was used as a positive control at a concentration of 0.2 uM (a
concentration known to induce apoptotic cell death in CHO cells), while untreated cells
served as the negative control. After incubating for 24 hours, cells were exposed to 20 pg/mi

of 7-AAD staining solution.

Viable and non-viable cells can be distinguished with 7-AAD, since this dye binds to double-
stranded DNA. The dye is not cell permeable and can therefore only stain the DNA in cells
with damaged membranes. Non-viable cells were detected and counted by flow cytometry in

the FL-3 channel.
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Figure 5.2. Percentage of 7-AAD staining measured in CHO cells treated with functionalised gold
nanoparticles. 50% NTA NPs represent nanoparticles functionalised with a 50 % ratio of nitriloacetic
acid (NTA). 100 % OH NPs represent nanoparticles functionalised with 100 % hydroxyl functional
group. Cells were treated with 2.5 X 10" nanoparticles. 0.2uM camptothecin served as a positive
control, while untreated CHO cells served as the negative control.

As demonstrated by the graph in Figure 5.2, approximately 12 % of the untreated cells were
non-viable. In the positive control (cells treated with camptothecin) nearly 60 % of the cells
were non-viable. To further test that these gold nanoparticles, once functionalised with NTA,
did not induce a cytotoxic response, CHO cells were treated with NTA-functionalised gold
nanoparticles at various concentrations and apoptosis was measured by the APOPercentage™
assay, as described in section 2.17.3. Since CHO cells were used to generate the mammalian
cell line representing HIV-infection, it was necessary to evaluate the toxicity of the NTA
functionalised particles on these cells as well. CHO cells were grown to near visual
confluency and treated in triplicate with three different concentrations of gold nanoparticles
functionalised with NTA. From the data, represented by Figure 5.3, the negative control,
containing untreated cells, showed less thanl5 % of the cells were positive for apoptosis. As
for the positive control (cells treated with 0.2 UM camptothecin), more than 90 % of the cells
were positive for apoptosis. Even at the maximum concentration of 0.5 nM, the NTA-
functionalised nanoparticles did not induce significant levels of apoptosis (less than 10 %

apoptosis was observed).

111



Measurement of apoptosis in CHO cells treated
with NTA-functionalised gold nanoparticles
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Figure 5.3. Measurement of percentage apoptosis in CHO cells treated with increasing concentrations
of NTA-functionalised gold nanoparticles.

This demonstrates that at these concentrations, the particles did not result in cytotoxicity.
Based on this data, and the fact that histidine-tagged proteins could be conjugated to NTA-
functionalised nanoparticles with greater ease and stability than other chemical interactions,
these particles were selected for the assembly of a CD4-targeting, mutant caspase-3 gold

nanoparticle.

5.3 Characterisation of NTA-functionalised gold nanoparticles

As mentioned in section 2.22, gold nanoparticles were synthesised by both citrate reduction

as well as the one-pot dual-ligand functionalisation of gold nanoparticles.
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A B

Figure 5.4. Gold nanoparticles synthesised by the one-pot method (A) and the citrate method (B).

As demonstrated by Figure 5.4 A and B, gold nanoparticles can vary in colour intensity,
depending on the concentration of gold present in the sample. Citrate reduced nanoparticles
were synthesised and then functionalised with NTA by Dr Sosibo Ndabenhle (Mintek),
whereas with the one-pot method nanoparticles were functionalised with NTA during the
synthesis process in a single step. Figure 5.5 demonstrates UV-Vis spectra of citrate reduced
nanoparticles, as well as NTA-functionalised gold nanoparticles synthesised by the one-pot
method. As the spectra suggest, the characteristic surface plasmon resonance (SPR) of
unfunctionalised gold nanoparticles peaks at ~520 nm, while gold nanoparticles
functionalised with NTA demonstrated a SPR maximum at ~530 nm. This clear shift in the

SPR of the nanoparticles is only seen when nanoparticles are conjugated with a functional

group.
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Figure 5.5. UV-Vis spectra of gold nanoparticles before and after functionalisation with NTA.

Figure 5.6. Characterising NTA-functionalised gold nanoparticles synthesised by the one-pot dual-
ligand functionalisation method. A shows the HR-TEM analysis and B shows the EDX analysis.
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The HR-TEM image of the gold nanoparticles functionalised with NTA (Figure 5.6 A) shows
spherical particles with a diameter of 15-20nm. The particles appear relatively uniform in size
and shape. The EDX data (Figure 5.6 B) shows the elemental composition of the
nanoparticles. Various peaks are seen, each representative of the elements present in the
sample. The nitrogen from the NTA is detected, as indicated by the N symbol. The gold from
the gold nanoparticles is also detected, indicated by the Au symbol. The Cu indicates copper
from the sample grid used to prepare the particles for TEM. The elemental composition
depicted in Figure 5.6 B) further confirmed that NTA was indeed conjugated to the gold
nanoparticles. These NTA-functionalised gold nanoparticles were stored at 4 °C until needed

for further functionalisation.

5.4 Cell viability of “HIV-infected” cells treated with NTA-gold nanoparticles

functionalised with CD4-targeting peptide and mutant caspase-3

The NTA-functionalised nanoparticles synthesised as described in section 2.22, by the one-
pot dual-ligand functionalisation method, were used as the base particles for conjugation of a
His-tagged CD4-targeting peptide and a His-tagged mutant caspase-3. The His-tagged CD4-
targeting peptide was purchased from Thermo Scientific, while the His-tagged mutant
caspase-3 was expressed and purified, as described in Chapter 4. The immobilisation of His-
tagged proteins onto NTA-functionalised gold nanoparticles was performed as described by
Abad and colleagues. In this study, they conjugated His-tagged proteins onto NTA-
functionalised gold nanoparticles by 1-ethyl-3-[3"-(dimethylamino)propyl]carbodiimide

(EDC)/ N-hydroxysuccinimide (NHS) chemistry (Abad et al., 2005).

In this study, however, NTA was conjugated to gold nanoparticles in a single step during the

synthesis process. His-tagged proteins were then added to NTA-functionalised gold
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nanoparticles at a concentration ratio of 50:50 by adding NiSO, to the reaction, as described
in section 2.22.1. Three dilutions of NiSO,4 were tested for conjugation in order to determine
which concentration of NiSO, would generate the best shift in SPR from baseline, and
therefore indicate a more stable conjugation reaction between the NTA-functionalised
nanoparticles and the 2 histidine-tagged proteins. As demonstrated by Figure 5.7, the greatest
shift in the SPR of the particles resulted when a concentration of 0.5 mM NiSO,4 was added to
the reaction, indicated by the red curve. When compared to the control, which contained only
NTA-functionalised gold nanoparticles, the addition of 0.5 mM NiSO, to particles containing
the histidine-tagged proteins indicated a distinct shift in the SPR maxima of the particles,

indicating the stable conjugation of protein onto the surface of Au-NTA particles.
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Figure 5.7. UV-Vis spectra of NTA-gold nanoparticles functionalised with CD4-targeting peptide and
mutant caspase-3.

After determination of a concentration of NiSO, that would result in successful conjugation

of histidine-tagged proteins onto Au-NTA nanoparticles, the dual-ligand conjugated gold

116



nanoparticles could be tested on cells. The “HIV-infected” cell model (described in Chapter

3) was used to test the targeted delivery of these particles to these cells.

As described in section 2.17.3, CHO cells representing HIV-infection were grown in 96-well
plates until near visual confluency, and treated with increasing concentrations of
functionalised gold nanoparticles for 24 hours. After treatment, 20 pl of viability/cytotoxicity

reagent was added to cells and the plate was mixed briefly by orbital shaking.

The reagent was incubated at 37 °C for 30 minutes before measuring fluorescence. The two
substrates present in the reagent, namely the GF-AFC substrate and the bis-AAF-R110
substrate, when cleaved, produce a fluorescent signal for viability and cytotoxicity
respectively. The substrates each have their own excitation and emission wavelengths,
making it possible to distinguish between a fluorescence signal for viability and for
cytotoxicity. According to the protocol, cytotoxicity was measured at the excitation
wavelength of 485 nm and an emission wavelength of 520 nm. Figure 5.8 demonstrates
fluorescence (at the above-mentioned wavelengths) detected in cells treated with various
concentrations of functionalised gold nanoparticles. The lowest concentration of particles, at
125 pM has a low level of fluorescence, indicating decreased cytotoxicity in these cells. As
the concentration of nanoparticles increases, there appears to be an increase in the amount of
fluorescence detected, indicating increased cytotoxicity. The 500 pM concentration of
particles seemed to produce a fluorescence signal of half the cytotoxicity of the most
cytotoxic concentration of particles. This concentration was therefore selected as the
concentration that would be toxic in half the population of cells over the 24 hour period

(LCsp).
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Figure 5.8. Viability of CHO cells representing HIV-infection after 24 hour treatment with increasing

concentrations of NTA-CD4-targeting peptide-mutant caspase-3 functionalised gold nanoparticles.

Once the LCso was determined to be 500 pM, as indicated by Figure 5.8, cells representing
HIV infection were treated with this concentration of NTA-CD4-targeting peptide-Mutant
caspase-3 gold nanoparticles for a period of 6 hours. Transfected cells expressing both CD4
and HIV-1 protease were seeded at a cell number of 1 x 10° cells per ml in a 6-well plate. As
a negative control, one well, well A, containing only cells, was left untreated. The positive
control, well B, contained cells treated with 50 % ethanol to demonstrate apoptosis-mediated
cell death. Well C contained cells plus 500 pM NTA-gold nanoparticles. Well D contained
cells plus 500 pM NTA-gold nanoparticles functionalised with CD4-targeting peptide. Well E
contained cells plus 500 pM NTA-gold nanoparticles functionalised with mutant caspase-3.
Finally, well F contained 500 pM NTA-CD4-targeting peptide-mutant caspase-3 gold
nanoparticles. As a control experiment, untransfected CHO cells were also seeded at 1 x 10°
cells per ml in a 6-well plate and treated identical to the transfected CHO cells, as described
earlier. This experiment was done to determine whether the initiation of apoptosis would be

specific to cells expressing HIV-1 protease.
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5.5 Apoptosis induction in “HIV-infected” cells treated with NTA-gold nanoparticles

functionalised with CD4-targeting peptide and mutant caspase-3

Since the CD4-targeting peptide-Mutant caspase-3 gold nanoparticles are expected to induce
apoptosis in the “HIV-infected” cells, the cells were treated with the nanoparticles and
apoptosis was assessed by the APOPercentage™ assay, as described in section 2.17.3. Cells
were grown to near visual confluency and treated with CD4-targeting peptide-Mutant
caspase-3 gold nanoparticles. From the APOPercentage™ data, represented by Figure 5.9, the
negative control (untreated cells), showed that about 3 % of the cells were positive for
apoptosis. The positive control (cells treated with 50 % ethanol), showed that more than 98 %
of the cells were positive for apoptosis. Cells expressing both CD4 and HIV-1 protease
demonstrated a less than significant percentage of apoptotic cells in cells treated with NTA-
nanoparticles only and cells treated with NTA-CD4-targeting peptide nanoparticles. In cells
treated with NTA-nanoparticles functionalised with mutant caspase-3, only 12 % of cells had
undergone apoptosis. When treated with NTA-CD4-targeting peptide-mutant caspase-3
nanoparticles, only 15 % of cells had undergone apoptosis. Since this assay requires greater
than 15 % for cells to be considered significantly apoptotic, these results do not conclude that

the cells undergo increased levels of apoptosis.

119



% Apoptosis
(9]
o

38 M Untransfected CHO cells

10 M Transfected CHO cells

O -

> > o C3 S
O I R e
) ) \gl N P <

@ @ O 2 N

N N s & >
& P »

Figure 5.9. Measurement of apoptosis in “HIV-infected” cells treated with NTA-functionalised gold
nanoparticles functionalised with CD4-targeting peptide and mutant caspase-3.

5.6 Morphological analysis of “HIV-infected” cells treated with NTA-CDA4-targeting

peptide-mutant caspase-3 gold nanoparticles

To determine whether any morphological changes occurred in cells after 6 hours of treatment,
light microscope images were taken at 20 X magnification using a Leica EC3 digital camera.
Figure 5.10 demonstrates the morphological changes that took place in transfected cells

treated with various NTA-nanoparticles after 6 hours.
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Figure 5.10. Light microscope images of CHO cells transfected with NTA-CDA4-targeting
peptide-mutant caspase-3 nanoparticles. A) Untreated transfected cells. B) Transfected cells treated
with 50 % ethanol (positive control). C) Transfected cells treated with NTA-nanoparticles only. D)
Transfected cells treated with NTA-CD4 targeting peptide nanoparticles. E) Transfected cells treated
with NTA-mutant caspase-3 nanoparticles. F) Transfected cells treated with NTA-CD4-targeting
peptide-mutant caspase-3 nanoparticles. Images were captured at 20 X magnification.

After 6 hours of treatment, untreated cells, Figure 5.10 A) remained unchanged, the positive
control B) (cells treated with ethanol) changed morphology by rounding up and lifting from
the well. Cells treated with NTA-nanoparticles, indicated by Figure 5.10 C) did not
demonstrate any distinct morphological changes. Cells treated with NTA-CD4-targeting
peptide nanoparticles (D) were also relatively unaffected, although the cells appeared more
sindle shaped the cells did not detach from the plate. Cells treated with NT A-mutant caspase-
3, however, showed cells starting to round up and the formation of a number of vesicles
within cells, as seen in Figure 5.10 E). Cells treated with NTA-CD4-targeting peptide-mutant
caspase-3 nanoparticles demonstrated an even greater incidence of vesicle formation after 6
hours of treatment, as indicated by Figure 5.10 F). Both NTA-mutant caspase-3 and NTA-

CD4-targeting peptide-mutant caspase-3 particles caused cell detachment.
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5.7 Summary

To determine which gold nanoparticles would cause the least amount of toxicity in cells
before being conjugated to our death-inducing protein, nanoparticles with various
functionalities were tested on cells. The NTA-functionalised gold nanoparticles demonstrated
the lowest levels of apoptosis, and were therefore selected as the base particles for the
conjugation of our CD4-targeting peptide as well as our death-inducing mutant caspase-3.
The NTA group also made it possible to functionalise our proteins to the nanoparticle by
means of nickel titration. The optimal concentration of nickel was determined to be 0.5 mM
and was used to conjugate CD4-targeting peptide as well as mutant caspase-3 to form NTA-
CD4-targeting peptide-mutant caspase-3 gold nanoparticles. These particles were used to
treat cells expressing CD4 and HIV-1 protease, thereby representing HIV-infection, and
apoptosis was measured. The APOPercentage™ assay revealed insignificant levels of
apoptosis in cells transfected with CD4 and HIV-1 protease, when treated with NTA-CD4-
targeting peptide-mutant caspase-3 nanoparticles. Morphological data, however, revealed that
after 6 hours of treatment with NTA-CD4-targeting peptide-mutant caspase-3 nanoparticles,
cells no longer resembled their untreated counterparts and increased levels of vacuole
formation within cells was seen. From the morphological data, it is clear that after 6 hours of
treatment, cells are being affected by the NTA-CD4-targeting peptide-mutant caspase-3
nanoparticles. An extension of this 6 hour experiment would most likely reveal a great deal

more as to whether apoptosis is the mechanism of cell death occurring here.
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CHAPTER 6. DISCUSSION AND CONCLUSION

6.1 Introduction

Vocero-Akbani and colleagues previously demonstrated that a mutant form of caspase-3 that
was only cleavable by HIV-1 protease can be used to induce apoptosis in HIV infected cells
(Vocero-Akbani et al., 1999). The study by Vocero-Akbani made use of protein transduction
to deliver the mutant form of caspase-3 to the HIV infected cells. Consequently, the strategy
employed by Vocero-Akbani lacks specifity. The aim of this project was to use the same
strategy, but to specifically target the delivery of the mutant caspase-3 to HIV infected cells
using gold nanoparticles. These nanoparticles can potentially be used to treat HIV infection,
since the induction of apoptosis in HIV infected cells can reduce viral load in HIV patients.
To achieve this, a model cell line that resemble an HIV infected cell was generated using
CHO cells. The CHO cells were mutagenised so that these cells express both CD4 (on the
cell surface) as well as HIV-1 protease (in the cytosol). Gold nanoparticles conjugated with a
CD4 targeting peptide and mutant caspase-3 were synthesised. The targeting peptide will
specifically deliver the nanoparticles to bind to CD4 expressing cells and the mutant caspase-
3 will activate apoptosis in cells containing HIV-1 protease. Upon cleavage of the mutant
caspase-3 by HIV-1 protease, caspase-3 becomes active, thereby resulting in the initiation of

apoptosis or programmed cell death in of HIV-infected cells.
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6.2 Cloning and stable expression of pEGFP-N3-CD4 and HIV-1 protease-pcDNA™

3.1D/V5-His-TOPO in CHO cells

In order to generate a cell line expressing both CD4 and HIV-1 protease, CD4 was first PCR
amplified and run on an agarose gel. The size of the PCR product corresponded to ~ 1.2 kb,
the expected size for the CD4 gene. The PCR product, as well as the expression vector,
pPEGFP-N3, were digested with the appropriate restriction enzymes before cloning the PCR

product into the vector.

Colony PCR was done to identify clones into which the cloned PCR product was cloned.
Three of the positive clones, clone 3, 4 and 5 were randomly selected to confirm that CD4
was indeed cloned into pEGFP-N3. Translation of the nucleic sequence data by in silico
translation using the ExXPASYy tool revealed a 99 % amino acid similarity between human
CD4 and the PCR product that was cloned into pEGP-N3. The single mismatched amino acid
in the compared sequences was determined to be negligible since it does not affect the

function of the protein, as determined by the EXPASYy protein function analysis tool.

In a similar way, HIV-1 protease was PCR amplified, digested and cloned into pcDNA™
3.1D/V5-His-TOPO. Colony PCR was done to to identify clones into which the cloned PCR
product was cloned. In Figure 3.7, a faint band, of diminished intensity when compared to the
other bands on the gel, can be seen in lane 12, the negative control. The presence of this band
suggests that there may have been overflow from the PCR product in lane 11, resulting in a
faint, similarly-sized band where no DNA should have been present. Due to the intensity of
the other bands on the gel, the faint band was considered to be negligible. Five of the clones
were randomly selected and sent for sequencing. Analysis of the sequence data revealed a
100 % match between HIV-1 protease and the PCR product cloned into pcDNA™ 3.1D/V5-

His-TOPO.
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6.3 Transfection and evaluation of expression of CD4-pEGFP-N3 and HIV-1 protease-

pcDNA™ 3,1D/V5-His-TOPO in CHO cells

Both pEGFP-N3 and pcDNA™ 3.1D/V5-His-TOPO use neomycin resistance as a selectable
marker to select for transfected cells. Consequently pcDNA™ 3.1D/V5-His-TOPO-HIV-1
protease was transfected at ten times the concentration of pEGFP-N3-CD4. After 7 days of
selection with G-418 none of the control cells (untransfected cells) were viable. Cells co-
transfected with pcDNA™ 3.1D/V5-His-TOPO-HIV-1 protease and pEGFP-N3-CD4,

however, were still viable and proliferating in the presence of G-418 after 7 days.

The transfection of cells with pEGFP-N3-CD4 will result in the expression of CD4 as a
fusion protein with GFP. Since GFP is a fluorescent protein, fluorescence microscopy was
used to confirm the expression of CD4-GFP. The results demonstrated that approximately 70
% of transfected cells were positive for CD4-GFP expression. This indicated that only 70 %
of the cell population had been successfully transfected with the pEGFP-N3-CD4 construct.
To generate a homogenous population of these transfected cells, live cell sorting was
performed using a Fluorescent Activated Cell Sorter. Once sorted, more than 99 % of the cell
population was detected in the FL1 channel of the cytometer, indicating the expression of
GFP. This therefore confirmed that the sorted cell population was a relatively pure population

of CD4-pEGFP-N3 expressing cells.
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Since the concentration of pcDNA™ 3.1D/V5-His-TOPO-HIV-1 protease plasmid was ten
times higher than the concentration of pEGFP-N3-CD4, it can be assumed that pcDNA™
3.1D/V5-His-TOPO-HIV-1 protease was also successfully transfected. A model cell line ,
CHO-HIV-1 protease-CD4, expressing both HIV-1 protease as well as CD4 was therefore

successfully generated, and can be used to test nanoparticles as pro-apoptotic agents.

6.4 Recombinant expression and purification of mutant caspase-3 for conjugation to

NTA-functionalised gold nanoparticles

In the study by Vocero-Akbani and colleagues in 1999, they were able to demonstrate the
activation of apoptosis of HIV-infected cells by using site-directed mutagenesis to generate a
mutant form of caspase-3. This mutant caspase-3 contained the activation sites for HIV-1
protease that allowed the cleavage of the caspase by the HIV-1 protease, resulting in

apoptotic cell death of HIV-infected cells.

Based on the aforementioned study, we attempted to design mutant caspase-3 that could be
activated in the presence of HIV-1 protease expressed in mammalian cells representing HIV-

infection, as described in Chapter 3.

In order to achieve this, an NTA-functionalised gold nanoparticle bi-conjugated to a His-
tagged CD4-targeting peptide and a His-tagged mutant caspase-3 protein was generated. A
DNA sequence for the recombinant expression of mutant caspase-3 in pET21b expression
vector was designed based on the study by Vocero-Akbani and colleagues. The sequence was
submitted to GenScript for synthesis. BL21 codon plus™ E.coli cells were transformed with
this construct. An expression screen revealed the expression of a ~33 kDa protein, which is

the expected size for the mutant caspase-3.
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As noted in section 4.3, the construct was expressed equally well in both the uninduced and
induced samples. This is most likely attributed to leaky expression, a phenomenon caused by
the presence of small amounts of lactose present in culture media during the bacterial

expression of proteins (Studier, F. W., 2005).

After screening for the mutant form of caspase-3, the process was scaled up for the
expression and purification of the protein. To confirm that the eluted protein sample was
indeed mutant caspase-3, a Western blot using a caspase-3 antibody was done. The signal
from the Western blot confirmed that the eluted protein was a caspase-3 related protein, and

most likely mutant caspase-3.

NTA-functionalised gold nanoparticles were used as base particles for the generation of a
gold nanoparticle containing both a CD4-targeting peptide, as well as a mutant caspase-3.
This particle, Au-NTA-CD4-Mutcasp3, was assembled by adding His-tagged CD4 targeting
peptide and His-tagged mutant caspase-3 to NTA-functionalised gold nanoparticles and
incubating at room temperature overnight. To ascertain that the particle was indeed
functionalised, TEM and EDX were performed to respectively determine the size and

composition of nanoparticles.
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6.5 Detection of cytotoxicity and apoptosis using the ApoTox-Glo™ Triplex Assay on

CHO-HIV-1 protease-CD4 cells treated with Au-NTA-CD4-MutCasp3

Due to their inert nature, as well as the ability to attach various biomolecules to them, gold
nanoparticles were used as vehicles for the targeted delivery of a death-inducing protein,
mutant caspase-3. Nanoparticles were targeted to cells expressing CD4 and HIV-1 protease
by conjugating the particles to a CD4-targeting peptide. In order to facilitate conjugation, and
based on the low levels of cytotoxicity produced in cells, NTA-functionalised nanoparticles

were selected.

6.5.1 Cytotoxicity in CHO-HIV-1 protease-CD4 cells 24 hours after treatment with Au-NTA-

CD4-MutCasp3

Cytotoxicity of CHO-HIV-1 protease-CD4 cells treated for 24 hours with Au-NTA-CD4-
MutCasp3 was determined using the ApoTox-Glo™ Triplex Assay cytotoxicity reagent.
From this data, as described in Figure 5.8 of Chapter 5, it can be deduced that as the
nanoparticle concentration increases, the level of cytotoxicity decreases. Based on this data,
the LCsp of the functionalised nanoparticles was determined to be approximately 500 pM, the
concentration at which half the cell population was no longer viable. This concentration of
NTA-gold nanoparticles was used to perform a 50:50 ratio of His-tagged CD4 targeting

peptide to His-tagged mutant caspase-3 functionalisation of NTA-gold nanoparticles.
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6.5.2 Apoptosis in CHO-HIV-1 protease-CD4 cells 6 hours after treatment with

Au-NTA-CD4-MutCasp3

Apoptosis was measured by the APOPercentage™™ assay in CHO-HIV-1 protease-CD4 cells
6 hours after treatment with Au-NTA-CD4-MutCasp3. The APOPercentage™ data, indicated
in Figure 5.9, suggests that after 6 hours of treatment with Au-NTA-CD4-MutCasp3, only 15
% of cells underwent apoptosis. In order for the assay to show significant levels of apoptosis,
15 % or greater levels of apoptosis must be seen. This could therefore not be considered a
significant resultThe experiment was, however, limited since the duration of treatment was
only 6 hours. In order to more accurately determine the mechanism of cell death, as well as
whether there is a marked increase in apoptosis, apoptosis would need to be measured at

additional time points.

The percentage of apoptosis in cells treated only with NTA-mutant caspase-3 nanoparticles
was ~ 12 %, which is not much lower than cells treated with the fully functionalised
nanoparticle. Even though the number of cells that undergo apoptosis when treated with
NTA-mutant caspase-3 nanoparticles and Au-NTA-CD4-MutCasp3 is ~ 12 % and 16 %
respectively, this gap could widen with an increase in treatment duration to demonstrate that
the death-inducing nanoparticles are, indeed, targeted to CHO-HIV-1 protease-CD4 cells
expressing CD4 and HIV-1 protease. When one compares the apoptosis data for transfected
cells treated with Au-NTA-CD4-MutCasp3 to that of untransfected cells treated with the
same, it was also determined that a low level of apoptosis, ~ 7 %, is detected. This was an
unexpected result, but could very possibly be attributed to the occurrence of auto-cleavage of

the mutant caspase-3.

Auto-cleavage is a common occurrence where proteins are cleaved in the absence of an

activation enzyme. The phenomenon usually occurs as a result of changes in pH and
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temperature. In order to minimise the occurrence of auto-cleavage in future, various salt
concentrations and temperatures could be tested to determine which conditions would be

optimal.

6.5.3 Morphological analysis of CHO-HIV-1 protease-CD4 cells 6 hours after treatment with

Au-NTA-CD4-MutCasp3

Before apoptosis was measured in cells, as described section 6.4.2, light microscopy was
performed to identify morphological changes that had taken place 6 hours after treatment, as
displayed in Figure 5.10. When visualised under a light microscope, the negative control,
containing untreated cells only, displayed the usual morphology of CHO cells. The positive
control, containing a known inducer of apoptosis, displayed rounding up and lifting of cells
from the culture surface, indicating cell death. CHO-HIV-1 protease-CD4 cells treated with
NTA-nanoparticles only did not display any noticeable morphological changes, as was the

case with cells treated with NTA-CD4 nanoparticles.

Cells that were treated with Au-NTA-CD4-MutCasp3 nanoparticles did, however,
demonstrate distinctive morphological changes. After 6 hours of treatment, these cells
demonstrated high levels of vacuole formation, seen in nearly the entire cell population. The
same phenomenon occurred in cells treated with NTA-CD4-targeting peptide-mutant
caspase-3. This marked increase in vacuole formation is reminiscent of a process termed
autophagy, a catabolic process during which a membrane develops around cell contents,
forming vacuoles. These vacuoles are then transported to lysosomes, where they undergo

degradation.
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Although apoptosis has been classified as the primary form of programmed cell death, recent
years have seen the advent of autophagic death as a secondary type of cell death, based

largely on morphological changes (Debnath et al., 2005).

Based on the morphological data alone, as displayed in Figure 5.10, it would appear that after
6 hours of treatment, these cells do undergo autophagy. Although autophagy is considered to
be a mechanism that protects cells from proteotoxic and oxidative stress, it has also been
linked to apoptosis itself. Cells have been known to alternate between apoptosis and
autophagy, suggesting that autophagy may be a supporting mechanism of cell death and that
both processes could very well share the same pathways in response to cellular stress (Maiuri

et al., 2007).

6.6 Conclusion

The results of this study show that NTA-gold nanoparticles functionalised with a CD4-
targeting peptide as well as a death-inducing mutant caspase-3 results in cell death after 6
hours of treatment. The APOPercentage™ data suggests that these cells start to undergo
apoptosis after 6 hours. Additionally, the morphological data demonstrates the formation of a
large number of vacuoles by these cells, suggesting the occurrence of autophagy. This
preliminary data suggests that gold nanoparticles could potentially serve as effective drug
delivery tools and that the mutant caspase-3, coupled to these particles, results in death in
cells representing HIV-infection, irrespective of the mechanism of death. Future investigation
will focus on the improvement of specificity of mutant caspase-3 for cells expressing HIV-1
protease by limiting the occurrence of auto-cleavage. Longer duration of treatment could also

shed light on the extent of cell death that takes place in “HIV-infected” cells.
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Cellular uptake studies will also be done to determine the concentration of particles within
cells, as well as whether uptake is greater in those cells expressing CD4. Once the therapeutic
agent has proven to be successful in vitro, an animal model of HIV will be treated with
functionalised gold nanoparticles to determine whether they induce apoptosis in an in vivo

setting, and thereby reduce viral load towards the eradication of HIV-infected cells.
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