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In general, treatments of cancer may involve medication, surgery, radiation and chemotherapy. 

Although these treatments are successful at a certain satisfactory level, their side effects are not 

acceptable for some patients. Thus, many researches have been investigated alternative methods to cure 

cancer. A technique of interest is the use of targeted drug therapy in which drug is designed to selectively 

kill only the cancer cells and to do no harm on the normal cells. Stapled α-helical peptide derived from 

mastermind-like I or SAHM1 is a small peptide which has been reported to have antiproliferative activity 

against cancer cells. However, its use is limited by degradation during cell penetration and transport 

inside the cell. In this study, gold nanoparticles (GNPs) were studies as the carrier of SAHM1 in 

penetrating into Jurkat cells in order to enhance antiproliferative activity of SAHM1. GNPs were 

synthesized by reaction between trisodium citrate and HAuCl4 at different conditions to obtain the 

particles with the averaged size of 20 nm, 40 nm and 60nm. SAHM1 was attached to the GNPs using 

thiolated polyethylene glycol (PEG) as the linker. Cytotoxicity of GNPs, thiolated PEG, thiolated PEG-

GNPs, SAHM1 and SAHM1-(thiolated PEG)-GNPs was investigated by conventional MTT assay. Cell 

viabilities of Jurkat cells decreased to about 70% when separately treated with GNPs, SAHM1 and 

thiolated PEG-GNPs as compared to those of the untreated cells. Cell viabilities of the cell treated with 

SAHM1-GNPs noticeably decreased only when 20 nm GNPs coated with 62.5 µM and 125 µM SAHM1 

were used as compared to those of cells treated with GNPs, thiolated PEG, thiolated PEG-GNPs and 

SAHM1. Therefore, enhancement of antiproliferative activity of SAHM1 was found when 20 nm GNPs 

coated with 62.5 µM and 125 µM SAHM1 were used. Study of mode of program cell death by staining 

cells with Annexin V and propidium iodide after cell treatment with SAHM1-GNPs for 24 h and 48 h 

revealed that most cells died in early apoptosis and late apoptosis.  
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CHAPTER I 

INTRODUCTION 

 Cancer is the leading cause of death worldwide. Over the years, chemotherapy 

is commonly used in current practice to treat cancer via intravenous administration but 

also to elicit toxicity to normal cells, leading to severe side effects in patients. Several 

approaches are available to enhance the activity and diminish the side effect of 

chemotherapeutics treatment. One approach is the use of drug delivery system that 

targets only at cancer cells.    

 Many researches in recent years have reported, small peptides with pro-

apoptotic activity can be regarded as promising anticancer agents if a delivery system 

improves their efficacy (Akrami et al., 2016). Stapled -helical peptides derived from 

mastermind-like1 (SAHM1) is one of therapeutic compounds that has  been reported to 

have anticancer activity (Moellering et al., 2009). SAHM1 affects NOTCH1 target gene 

levels and the global expression profile of the NOTCH signaling program in human and 

murine T-cell acute lymphocytic leukemia (T-ALL). Acute lymphocytic leukemia 

(ALL) is a cancer that starts at the early form of white blood cells called lymphocytes in 

the bone marrow. Leukemia cells usually invade the blood very quickly. They can 

spread to other parts of the body, including the lymph nodes, liver, spleen, central 

nervous system, and testicles. The term “acute” means that the leukemia can progress 

quickly, and if not treated, would probably be fatal within a few 

months. Lymphocytic means that it is developed from early (immature) forms of 

lymphocytes, a type of white blood cell. Any type of early blood-forming cell of the 

bone marrow can turn into a leukemia cell. Once this change happens, the leukemia 
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cells will not mature normally. The leukemia cells could reproduce quickly, and might 

not die when they should. Instead they survive and build up in the bone marrow. Over 

time, these cells spill into the bloodstream and spread to other organs, where they can 

keep other cells from functioning normally.  

 In order to kill the cancer cells, the peptide must penetrate thru the membrane 

to be inside the cell. However, the peptide could be destroyed during the penetration. 

Therefore, anticancer peptide (ACP) must be stabilized so that it can reach the target 

cancer sites. Stapling of the peptide and use of gold nanoparticle (GNP) has been 

studied to enhance pharmacologic performance and stability of the peptide and to 

overcome  cell protection. Gold nanoparticle conjugates express unique properties such 

as increasing binding affinity and selectively targeting the  specific tissue or cell when 

delivered systemically. 

 It has been reported that conjugation of GNP and ACP could be used to enhance 

the anticancer potency. An effective system for ROS scavenging activity which induces 

the apoptosis in Retinoblastoma cancer cells was observed as a result of the synergistic 

effect of the GNPs-Pep-A (Kalmodia et al., 2016). In another study, GNP was used 

successfully as the carrier of prostate-tumor-specific bombesin peptide to deliver 

optimal payload of the peptide at the cancer receptor sites (Chanda et al., 2010). 

 In this study, gold nanoparticle (GNP) will be synthesized and then conjugated 

with SAHM1.  Cytotoxicity, antiproliferative and apoptosis inducing activity of the 

obtained conjugate was studied in the Jurkat leukemic T-cell line. Information obtained 

in this research could be used to improve the effectiveness of an emerging concept in 

cancer treatment and would create a new drug delivery system.  

 

https://en.wikipedia.org/wiki/Pharmacologic
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CHAPTER II 

LITERATURE REVIEWS 

2.1 Gold nanoparticles (GNPs) 

2.1.1 History of gold nanoparticles 

 

 Nanotechnology  has been employed and developed for over a thousand years. 

One of the most examples known in history is medieval stained glass artisans. 

They embed gold nanoparticles in the 'glass matrix' in order to generate the wine red 

color in the windows. The size of the gold nanoparticles defines the variations in color. 

Another example is the Lycurgus Cup made by the Romans at around the 4th-century 

(AD). In daylight, it appears green and when light is transmitted through the glass, its 

color changes to red. The change in color of this cup is due to the glass embedding tiny 

amounts of gold nanoparticle in its surface (Figure 2.1). In recent years, gold 

nanoparticle has been used for the development of more efficient technology due to its 

applications such as biotechnology, vehicles for drug delivery, and electronic storage 

systems (Mody et al., 2010). 

 

 

Figure 2. 1 Medieval stained glass artisans (A) and the Lycurgus Cup (B) 

(Source: https://en.wikipedia.org/wiki/Medieval_stained_glass) 

https://en.wikipedia.org/wiki/Medieval_stained_glass
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2.1.2 Biomedical applications of gold nanoparticle 

 

 Among the multiple branches of nanotechnology applications, one of 

the major applications is in biomedicine. As nanoparticle has size similar to many 

biological molecules, it shows different physical properties compared to bulk materials. 

Gold nanoparticles (GNPs) are relatively inert in biological environment, and suitable 

for several biomedical applications. For example, gold nanoparticles have been 

successfully employed in radiotherapy for cancer, computed tomography imaging and 

as drug carriers (X. Zhang, 2015). Moreover, GNPs have been shown to enhance the 

antiproliferation and apoptosis of human hepatoma cells induced by Paclitaxel, a 

chemotherapeutic drug (Cai et al., 2008; Wei et al., 2007). Size of GNPs is smaller than 

that of human cells about a thousand times with theirs small size, GNPs can conjugate 

with biomolecules or drugs so that the conjugates can go to the target and interact on 

the surface or inside the target cells. These may revolutionize  cancer treatment and 

diagnosis (Qian et al., 2013). 

However, using  GNPs as drug delivery and other biomedical applications need 

to specifically, safely and effectively direct to a specific tissue or disease site. GNP-

base drug delivery has not been achieved in targeting in vivo, due to the overall size of 

the conjugate typically more than 50 nm in diameter which prohibits efficient 

extravasation (Cai et al., 2008) 

2.1.3 Size and shapes  

 

GNPs are stable metal nanoparticle and their unique physical and optical 

properties are shown in Table 2.1 These properties of GNP depend on particle size, and 

shape that can be prepared in numerous shapes such as nanospheres, nanorods, and 
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nanoshells as illustrated in Figure 2.2 (Jain et al., 2006) . Meanwhile, many researches 

that study the use of GNP as drug delivery pay attention in using GNP in shape of 

nanosphere. As in the research of Rock et al., 2008, they proposed doxorubicin (DOX) 

loaded oligonucleotides (ONTs) attached to GNPs in shape of nanosphere as a drug 

delivery system for cancer chemotherapy. And they suggested that these would 

promising drug delivery systems for cancer therapy(Rock and Kono, 2008).  

 

Figure 2. 2 Different types of gold nanoparticles  

(Cai et al., 2008) 

 

Gold nanospheres known as gold colloids which have the size of 2 nm to over 

100 nm can be synthesized by varying the citrate and HAuCl4 solution as reported in 

1951(Turkevich et al., 1951). Generally, the larger the amount of the citrate solution, 

the smaller the size of gold nanospheres. In addition, there are many researches that 

used gold nanoparticle in nanosphere shape to study in the field of biomedical. The 

research reported that the size and shape is important in relation to cellular uptake in 

vivo (Kim et al., 2009). Moreover, spherical shaped nanoparticles had an increased 

uptake over rod shaped particles (Chithrani et al., 2006). Another factor is the surface 

functionality, the peptide or drug should able to penetrate the cell membrane and be 

internalized. For example, the study of gold nanoparticles capped with the cell 

penetrating peptides (CPPs) on nuclear location signal (NLS) by using TEM. The 

conjugates were transported from the extracellular through cell membrane into the 

http://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/doxorubicin
http://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/oligonucleotide
http://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/drug-delivery
http://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/drug-delivery
http://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cancer-chemotherapy
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cytoplasm (Nativo et al., 2008). In addition, CCPs-gold nanoparticle conjugates could 

enter the cytoplasm via endocytosis or directly through the cell membrane. These 

results showed their functionality in drug delivery systems. 

 

 

Table 2. 1 Summary of optical and physical properties of spherical standard gold 

nanoparticles. 

 

Diameter 

(nm) 

Peak SPR 

Wavelength 

(nm) 

Size 

Dispersity 

(+/-nm) 

Surface 

Area (nm2) 

Surface/ 

Volume 

Ratio 

Particle 

Mass (g) 

Molar 

Mass 

(g/mol) 

5 515-520 <15% 7.85E+01 1.200 1.27E-18 7.64E+05 

10 515-520 <15% 3.14E+02 0.600 1.02E-17 6.11E+06 

15 520 <12% 7.07E+02 0.400 3.43E-17 2.06E+07 

20 524 <12% 1.26E+03 0.300 8.12E-17 4.89E+07 

30 526 <12% 2.83E+03 0.200 2.74E-16 1.65E+08 

40 530 <12% 5.03E+03 0.150 6.50E-16 3.91E+08 

50 535 <10% 7.85E+03 0.120 1.27E-15 7.64E+08 

60 540 <10% 1.13E+04 0.100 2.19E-15 1.32E+09 

70 548 <10% 1.54E+04 0.086 3.48E-15 2.10E+09 

80 553 <10% 2.01E+04 0.075 5.20E-15 3.13E+09 

90 564 <8% 2.54E+04 0.067 7.40E-15 4.46E+09 

100 572 <8% 3.14E+04 0.060 1.02E-14 6.11E+09 

www.cytodiagnostics.com 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7 

 

2.1.4 Advantages of gold nanoparticle  

 

 GNPs have many advantages and widely used as a cancer or tumor therapies 

(Guo et al., 2014). Because GNP has unique physical, optical, and chemical properties, 

it can deliver cancer drug into cancer cell. (Jain et al., 2006; X. Zhang, 2015). GNPs 

are biocompatible and available for conjugation with small biomolecules such as DNA, 

peptide, antibody, proteins, enzymes, and organic dyes as shown in Figure 2.3 (Cai et 

al., 2008).  In addition, GNPs have high surface area which show drug loading capacity 

(Chithrani et al., 2006). Due to small size and dispersion, GNPs can easily reach to the 

targeted site by blood circulation system (Kojima et al., 2010) and they are considered 

to be non-toxic agents because overall cytotoxicity of GNPs is in acceptable level (Khan 

et al., 2014). 

 

Figure 2. 3 Modification of gold nanoparticles with various molecules for in vitro 

assays  

(Cai et al., 2008) 

 

 

2.2 Synthesis of gold nanoparticles 

 GNPs are synthesized by reduction of tetrachloroauric acid (HAuCl4) using 

different reducing agents which commonly used is citrate under varying conditions. 
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The particles of colloidal gold would nearly monodisperse gold nanospheres 

(Turkevich et al., 1951). Furthermore, the particle size of the colloidal gold solution is 

determined by the number of nuclei around gold nanoparticle surface as shown in 

Figure 2.4. Thus, the more the nuclei, the smaller the gold particles would be produced. 

In addition, the amount of the citrate ions is related to the number of nuclei. Therefore, 

less sodium citrate should be added for producing the larger gold nanoparticles in term 

of varying sizes is necessary (Wongtangprasert, 2012).  

 

 

 

 

 

 

Figure 2. 4 Formation of gold nanoparticle by the citrate capping. 

(https://yuchinhuang.wordpress.com/author/yuchinhuang/) 

 

GNPs display a single maximum wavelength in the visible range between 510 

nm and 550 nm. As shown in Figure 2.5, with increasing particle size, the maximum 

wavelength would shifts to a longer wavelength while the width of the absorption 

spectra is related to the size distribution range (Cai et al., 2008).  

https://yuchinhuang.wordpress.com/author/yuchinhuang/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 

 

Figure 2. 5 Scanning spectrum of gold nanoparticle in different sizes 

 www.cytodiagnostics.com 

2.3 Tools for characterization of gold nanoparticles 

2.3.1 Transmission electron microscopy (TEM) 

 

 Transmission Electron Microscopy (TEM) is a vital characterization tool for 

directly imaging nanomaterials to obtain quantitative measures of particle size, size 

distribution, and morphology (Rice et al., 2013). TEM uses electromagnets to focus a 

beam of electrons, which is then transmitted through a particle. Denser parts of the 

particle absorb more electrons, which makes them look darker on the image. TEM are 

good because they have a higher resolution than optical microscopes so give a more 

detailed image. They have a maximum resolution of about 0.0002 µm or about one 

thousand times higher than optical microscopes and have the maximum useful 

magnification about x 500,000 (Figure 2.6).  

http://www.cytodiagnostics.com/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 

 
Figure 2. 6 Schematic of a transmission electron microscope  

(https://nanocomposix.com/products/tem-nanoparticle-analysis) 

 

2.3.2 Dynamic Light Scattering (DLS) 

 

 Dynamic Light Scattering (DLS) is a tool for characterizing the size of GNPs in 

solution. DLS records the light scattered from a laser that passes through GNPs solution 

and then analyzes the modulation of the scattered light intensity as a function of time. 

As Brownian motion of GNP cause continually changes its configuration in the 

scattering volume (Wongtangprasert, 2012). Furthermore, larger particles would 

diffuse slower than smaller particles and the obtained information by measuring the 

time dependence of the scattered light to generate the rate of fluctuation that linked to 

a particle size (Figure 2.7). Moreover, Interpretation of DLS sizing data compared to 

Transmission Electron Microscopy images would determine from the aggregation state 

of the particles. If GNPs are agglomerated or having variability of the particle size in 

the solution, the DLS measurement is much larger than the TEM size. While, in an 

https://nanocomposix.com/products/tem-nanoparticle-analysis


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11 

unagglomerated solution, the diameter from DLS measurement would be similar the 

TEM size (Bantz et al., 2014). 

 
Figure 2. 7 Hypothetical dynamic light scattering of two samples: Larger particles on 

the top and smaller particles on the bottom  

(https://en.wikipedia.org/wiki/Dynamic_light_scattering) 

 

2.3.3 Zeta Potential  

 

 Zeta Potential is a tool for understanding the state of the GNP surface and 

predicting the stability of the GNP in long term. Zeta Potential analysis is developed to 

determine the net surface charge of GNPs in solution which results in an increasing of 

ions that of opposite charge to the nanoparticle surface. So, the double layer of ions 

would exist around each particle as shown in Figure 2.8. When GNP moves, ions 

surrounded or within the boundary move with it. The potential that exists at the 

boundary is known as the Zeta potential which has values typically ranged higher than 

+30 mV and lower than -30 mV for prediction of the colloidal GNP stability (Clogston 

and Patri, 2011). 
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Figure 2. 8 Electric double layer surrounding nanoparticle 

(Clogston and Patri, 2011) 

2.4 Acute lymphoblastic leukemia (ALL)  

Acute lymphoblastic leukemia (ALL) is a cancer of blood cells which the bone 

marrow makes too many immature lymphocytes in the patients. Bone marrow is one of 

the important organ of the body to make immature blood cells that become subsequently 

mature blood cells. As shown in Figure 2.9, immature blood cells or blood stem cells 

may become a myeloid stem cell that makes red blood cells, platelets, and white blood 

cells or a lymphoid stem cell that makes a lymphoblast cell which may become one of 

three types of lymphocytes such as B lymphocytes, T lymphocytes, and natural killer 

cells. In ALL patient, too many immature blood cells become B lymphocytes or T 

lymphocytes. Unfortunately, these two types of lymphocyte are not well able to defend 

against infection like normal lymphocytes. Thus, theses nonfunctional lymphocytes 

become cancer cells or leukemia cells. ALL progresses rapidly and is generally fatal 

within months if left untreated (Marino and Fine, 2013). And its symptoms may include 

weakness, pale skin color, loss of appetite, fever, easy bleeding or bruising, bone pain 

or enlarged lymph nodes (Smith et al., 1996). Most common risk factors that cause ALL 

including exposure to x-rays before birth, past treatment with chemotherapy, and 

https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Blood_cell
https://en.wikipedia.org/wiki/Fever
https://en.wikipedia.org/wiki/Lymphadenopathy
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especially having certain changes in genes. The research of Moellering et al., 2009, 

revealed that gene encoding human protein called NOTCH is often damaged in patients 

who have blood cell cancer, known as T-cell acute lymphoblastic leukemia (T-ALL) 

and discovered that using synthesized stapled peptide can suppress NOTCH activation 

in mice and also decrease cancer cell proliferation. 

 
Figure 2. 9 Blood cell development 

(Terese Winslow (illustrator), 2007) 

2.5 NOTCH signaling pathway 

 NOTCH signaling involve in many processes such as morphogenesis, cellular 

proliferation, and programmed cell death. NOTCH signaling is started by binding of 

the extracellular domain of NOTCH to NOTCH receptor which consist of 

transmembrane, extracellular, and intracellular subunits (ICN). The ICN is released by 

γ-secretase activity that cleavage transmembrane domain into subunits. Then, ICN 

translocates to nucleus for interacting with transcriptional repressor CSL. Commonly, 

CSL regulates the transcriptional corepressor by binding and acting as a transcriptional 
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repressor (Nefedova et al., 2008). In contrast, binding of CSL with ICN create a shallow 

cavity along the interface of these two proteins. And this cavity is suitably bound by 

coactivator proteins of the mastermind-like (MAML) family. This ICN-CSL-MAML 

complex becomes a major factor to control transcription process that also activate 

NOTCH-dependent target genes. Normally, NOTCH signaling is controllable 

expression whereas the gain-of-function mutations in its pathway can cause cancer. 

Moreover, over fifty percent of T-ALL patients are caused by activating mutations in 

NOTCH pathway (Moellering et al., 2009). The efforts to counteract NOTCH pathway 

by blocking the production of ICN using small molecule called GSIs that can inhibit γ-

secretase activity and these molecules also block many pathway downstream of γ-

secretase activity. However, GSIs are not specific to NOTCH pathway that cause T-

ALL patients treated with GSIs still suffer dose-limiting gastrointestinal toxicity which 

result from chronic blockage of NOTCH pathway (Riccio et al., 2008). Thus, the small 

peptide in stapled -helical structure was synthesized to be regarded as promising novel 

anticancer agents. 

2.6 Stapled -helical peptides derived from mastermind-like 1 (SAHM1) 

Stapled -helical peptides derived from mastermind-like 1 (SAHM1) is a 

stabilized hydrocarbon-stapled α-helical peptide that targets a protein-protein interface 

and prevents assembly in the NOTCH activation complex and has structure that 

similarly to N-terminal side of dnMAML1 polypeptide forms (Figure 2.10) and shows 

the highest helicity value when compare to other forms. These reasons confirm that a 

staple fragment could prevent binding of full length MAML1 to ICN-CSL complex.  

The research of Moellering et al., 2009, reported that SAHM1 has a specific 

antagonistic effect on gene expression driven by NOTCH and its effect is observed 
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across a panel of human T-ALL cell lines like Jurkat. In addition, SAHM1 could target 

transcription factor of human NOTCH by binding to pre-assembled form of the CSL-

NOTCH complex and competitive inhibition to MAML1 co-activator binding. These 

abilities of SAHM1 on NOTCH inhibition also cause prostate cancer cell death 

via induction of apoptosis in T-ALL cell.  

 

Figure 2. 10 Design of MAML1-derived stapled peptides targeting CSL-NOTCH 

(Moellering et al., 2009) 

2.7 Mode of program cell death 

2.7.1 Apoptosis 

 

In human body, there is a process as a homeostatic mechanism to maintain cell 

populations in tissues during development and aging known as apoptosis process. 

Apoptosis also occurs as a defense mechanism when cells are damaged by disease 

(Norbury and Hickson, 2001). Figure 2.11 shows the identification of the various 

morphological changes during apoptosis under light and electron microscopy. The 

obviously morphology can be observed that cells are shrink and smaller in size. Then, 

cell cytoplasm and chromatin is dense and DNA breaks into small piece and nucleus 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16 

begins to break apart while each organelle is more tightly packed. Afterward, the 

apoptotic cell would be phagocytosed by macrophage cells and degraded within 

phagolysosome. (Kurosaka et al., 2003). 

The essential of apoptosis is no inflammatory reaction to other healthy cell even 

when the removal of apoptotic cell still occur. Because apoptotic cells do not release 

their cellular component into the surrounding tissue, they are quickly phagocytosed by 

surrounding cells involved in immune system to prevent secondary necrosis 

occurrence, and the engulfing cells do not produce anti-inflammatory cytokines (Savill 

and Fadok, 2000).  

2.7.2 Necrosis 

 

 Necrosis is occured by the external factors such as trauma, toxin, and infection 

which cause detrimental to cell. Necrosis is a degradative process occured after cell 

death. Cell begins to swell and disrupt its organelle membrane. Then, its components 

release into extracellular compartment, which include many proteolytic enzymes that 

can cause inflammatory to surrounding tissue as shown in Figure 2.11. These initiate in 

the attraction of leukocyte and phagocyte cells to eliminate necrotic cells by 

phagocytosis. Moreover, the substances that are released by leukocyte cells would 

damage nearby healthy tissue and inhibit the healing process (Rock and Kono, 2008). 

In addition, the difference morphology between apoptosis cell death and necrosis cell 

death could be concluded as shown in Table 2.2. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17 

 

Figure 2. 11 Structural changes of cells undergoing necrosis or apoptosis. 

(Source: http://pubs.niaaa.nih.gov/publications/arh25-3/175-184.htm) 

Table 2. 2 Comparison of morphological features of apoptosis and necrosis. 

 

Apoptosis Necrosis 

Single cells or small clusters of cells Often contiguous cells 

Cell shrinkage and convolution Cell swelling 

Pyknosis and karyorrhexis 
Karyolysis, pyknosis, and 

karyorrhexis 

Intact cell membrane Disrupted cell membrane 

Cytoplasm retained in apoptotic 

bodies 
Cytoplasm released 

No inflammation Inflammation usually present 

 (Elmore, 2007) 
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2.7.3 Determination of apoptosis and necrosis cell death. 

 

 The patterns of cell death which are apoptosis and necrosis was determined by 

altering cell membrane that detected by dual staining dye, FITC conjugated Annexin V 

and propidium iodide (PI). The stained cells were investigated by flow cytometer, 

which is an important tool in cell sorting, biomarker detection, and cell counting. Flow 

cytometer be able to analyze more than thousand cells per second, in real time, by using 

electro detection to separate cells into single cell. Then, fluorescence intensity is 

measured and the quantity of apoptotic and necrotic cells are calculated at the same 

time. The result of the pattern cell death is shown in 4 quadrants that consist of necrosis, 

living cells, early apoptosis, and late apoptosis (Figure 2.12). 

 

Figure 2. 12 Annexin V and PI staining 

(C. Zhang et al., 2010) 

 

 Annexin V is generally used as dye to bind to phosphatidylserine, a marker of 

apoptosis, which is essential element of cell membrane.  Phosphatidylserine would 

translocate from inner side of cell membrane to the surface and shows anionic 
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phospholipid properties that can attract the Annexin V which also has high affinity to 

bind and fluorochrome-labeled Annexin V can be detected by using flow cytometry.  

According to the research of Donghyun, 2016, they study the inducing apoptosis by 

using gold nanoparticles (AuNPs) conjugated with thiolated beta cyclodextrin (AuNP-

S-β-CD). AuNP-S-β-CD-BC can inhibit the proliferation of cancerous MCF-7 cells via 

induction of apoptosis (Lee et al., 2016)  

 Propidium iodide (PI) is a red-fluorescence dye and bind specifically to DNA 

when it permeate into dead cells or only necrotic cells. This dyes makes possible to 

distinguish necrotic cell populations by flow cytometer. Necrosis pathway leading to 

cell death accompanied by cell swelling and cell membrane break down. The PI dye 

can easily get into necrotic cells to bind to its A-T rich of DNA fragment.  
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CHAPTER III 

MATERIALS AND METHODS 

3.1 Materials 

3.1.1 Chemicals 

 

Roswell Park Memorial Institute medium (RPMI1640) Biochrom, Germany 

Fetal calf serum (FCS)     Biochrom, Germany 

3-(4,5-dimethylthiazol-2-yl)-2,5-    Bio Basic INC 

diphenyltetrazolium bromide (MTT) 

Gold chloride trihydrate (HAuCl4)    Sigma-Aldrich, USA 

Sodium citrate       Sigma-Aldrich,USA 

Thiolated methoxy polyethylene glycol (PEG), 5000 

Stapled -helical peptides derived from  

mastermind-like 1 (SAHM1)     Merck, USA 

FITC Annexin V and PI Apoptosis Detection Kit  Biolegend, USA 

Dimethyl Sulfoxide (DMSO)     RCI labscan limited,  

N-[N-(3,5-difluorophenacetyl)-L-alanyl]    Thailand   

-S-phenylglycine t-butyl ester (µ)    Sigma-Aldrich, USA 

3.1.2 Equipment 

 

Flask 75 Filt       Nunc, Denmark 

96-well plate and 6-well plate     Corning, New York 

Centrifuge, model: universal 320    Hettich, Germany 

Centrifuge, model: 5424 R      Eppendorf AG, Germany 
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37 oC and 5% CO2 Incubator     Thermo Fisher scientific 

Inverted fluorescent microscope    Nikon TMS 

UV-visible spectrophotometer,     

model: Multiskan™ FC Microplate Photometer   Thermo Fisher scientific 

Transmission Electron Microscope (TEM)   HT7700-Hitachi (120 kV) 

Transmission Electron Microscope (TEM)    Jem-1400 (100kV) 

Zetasizer       Malvern Instrument, UK 

Flow cytometer, model: BD FACSCalibur™   Biosciences instruments 

Larminar flow cabinet, model: HS 124   ISSCO    

3.1.3 Cell line 

 

Acute T-lymphoblastic leukemia Jurkat cells, clone E6-1, were obtained from 

the American Type Culture Collection (Manassas, VA, USA; ATCC No. TIB-152™)

  

3.2 Methods 

3.2.1 Preparation of gold nanoparticles 

 

 Gold nanoparticles were synthesized by citrate reduction method. (Modified 

from Turkevich et al., 1951). In a 250-mL Erlenmeyer flask equipped with a condenser, 

49.5 mL DDI water was heated to boiling point with vigorous stirring. Then, 0.5 mL of 

25 mM HAuCl4 solution (1% by weight) was added. After refluxing for 10 min, 1 mL, 

0.75 mL, and 0.5 mL of 40 mM of trisodium citrate was rapidly added as the reducing 

agent and capping agent (1% by weight) to the stirring solution for synthesis of gold 

nanoparticles 20 nm, 40 nm, and 60 nm in size, respectively. The color of the solution 

would change from a pale yellow to a wine-red color. Then, the solution was removed 
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from the heat and continue stirred for 15 min. After that, the solution was allowed to 

cool to room temperature. The solution was centrifuged twice at 10,000 rpm for 30 min 

to separate the particles and wash the remaining chemicals. The particles were 

suspended in distilled water and kept at 4 ºC for further use. 

3.2.2 Characterization of gold nanoparticles 

 

The position of the localized surface plasmon resonance (LSPR) band of the 

obtained colloidal gold nanoparticles was monitored by UV–Vis absorption 

spectrophotometry. The absorption spectrums were achieved in the range of 400–

800 nm to check for maximum wavelength. Shape and size distribution of the particles 

were visualized by using transmission electron microscopy (TEM) and Image J 

analysis. Then, the particle size and zeta potential were measured by dynamic light 

scattering (DLS) to check for size and stability of the particle.  

3.2.3 Preparation of SAHM1-gold nanoparticles conjugate (SAHM1-GNPs) 

 

The preparation method of SAHM1-GNPs conjugate by using thiolated 

methoxy polyethylene glycol (thiolated PEG) average Mn 5,000 as a linker via a sulfur-

gold bond was modified from Tkachenko’s and Shim’s  method. (Shim et al., 2017; 

Tkachenko et al., 2005)  

3.2.3.1 Preparation of SAHM1-thiolated PEG for conjugate on gold nanoparticle 

 

 Colloidal gold nanoparticle (200 µL) was added into 96-well plate. SAHM1 and 

thiolated PEG at the same concentration and volume were mixed in the ratio at one to 

one to obtain final concentration of 0 – 250 µM. Then, GNP was added into the mixture 

and incubated at room temperature for 1 h on shaking rotator. The mixture was then 

added with 80 µL of 10% NaCl to precipitate the excess GNPs. Finally, the mixture 
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was measured the absorbance at the maximum wavelength previously found from 3.2.2. 

The least concentration that show the highest absorbance was the optimum 

concentration of SAHM1-PEG. 

 

3.2.3.2 Conjugation of SAHM1-thiolated PEG with gold nanoparticle 

 

 The solution mixture of SAHM1 and thiolated PEG at optimum concentration 

from 3.2.3.1 was added to 1 mL of GNP solution. The mixture was stirred at room 

temperature for 1 h to allow absolute exchange of thiol with citrate on the GNPs surface. 

Then, the mixture of SAHM1-GNPs was seperated using centrifugation at 12,000 rpm 

for 30 min. The supernatant was removed and the obtained SAHM1-GNPs pellet was 

resuspended in 1 mL of distilled water. Conjugation of SAHM1 and GNP as shown in 

Figure 3.1 was confirmed the shift in maximum wavelength (red shift) and stability 

which SAHM1-GNPs was kept for 1 and 3 weeks at 4 oC. 

  

 

 

 

 

 

 

 

Figure 3. 1 Schematic illustration of GNP conjugated with SAHM1-thiolated PEG 
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3.2.4 Cell treatment condition 

 
Acute T-lymphoblastic leukemia Jurkat cells (clone E6-1) was maintained in 

Roswell Park Memorial Institute medium (RPMI1640) with 10% FCS and incubated at 

37 ºC, 5 % CO2 to attain 80 – 90% of cell confluence. Jurkat cells were counted and 

seeded at 5.0 x 104 cells/well in 96-well plates. Then, the cells were treated with 

different concentrations of GNPs, thiolated PEG, SAHM1, thiolated PEG-GNPs and 

SAHM1-GNPs at the optimum concentration found in 3.2.3.1. The plate was incubated 

for 24, 48 and 72 h at 37 ºC in 5 % CO2 atmosphere. Cells were also investigated the 

cytotoxicity assay, program cell death analysis and localization of SAHM1-GNPs. 

3.2.5 Cytotoxicity assay 

 

Antiproliferative activity was determined by cytotoxicity was studied by 

conventional MTT assay. The assessment of cell metabolic activity was performed by 

adding 10 µL of 5 mg/mL MTT in normal saline solution (NSS) and incubating at 37  

ºC in 5 % CO2 atmosphere for 4 h. Then, the MTT solution was discarded and 150 µL 

of 100% DMSO solution was added into each well to dissolve the purple formazan 

crystals. The optical density was then read at 540 nm by using a microplate reader 

spectrophotometer. The percentage of viable cell was calculated using the following 

equation:    

% Cell viability = 
Experimental OD at 540 nm

Control OD at 540 nm
 × 100 

Cells treated with 1%DMSO were used as a control. Data obtained can be used 

for IC50 evaluation by plotting the concentration versus the percentage of cell viability. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

25 

3.2.6 Apoptosis analysis 

 
After cytotoxicity assay, concentration of SAHM1-GNPs that showed the 

highest antiproliferative activity against Jurkat cells was selected to analyze its effect 

on types of program cell death. The percentage of cell was measured using a flow 

cytometer. 

Jurkat cells were cultured in 12-well plate at 2.5 x 105 cells/well. After 24 h of 

incubation to attain 80 – 90% of cell confluence. Cells were treated at the condition 

which showed the lowest percentage of viable cells for 24 – 72 h of incubation. In 

addition, 50 µM DAPT was a positive control and Jurkat cell without treatment was a 

negative control.  Cells were then harvested at about 106 cells/well, centrifuged at 2,000 

rpm for 5 min and discarded the supernatant. Cells were washed by 20 mM PBS buffer 

(5 mL) containing 1% FCS and centrifuged again to precipitate cells. Then, the 

precipitate was resuspended in cold 20 mM PBS buffer (0.5 mL) containing 1% FCS 

and placed on ice. Next, FITC Annexin V Apoptosis Detection Kit with PI was used to 

analyze the program cell death of these cells.  

Cell suspension was centrifuged at 2,000 rpm for 5 min to collect cells and the 

supernatant was removed. Then, cells were added with 300 µL of Annexin V binding 

buffer only for untreated cell condition (negative control) while 100 µL of Annexin V 

binding buffer and 5 µL of FITC conjugated Annexin V solution were added to the 

positive control and SAHM1-GNPs condition. Next, cells were incubated on ice for 10 

min in the dark. After that, cells were added with 100 µL of Annexin V binding buffer 

and 10 µL of PI solution. Finally, the mixture was pipetted into 12 x 75 mm polystyrene 

test tubes and analyzed with the BD FACSCalibur™ flow cytometer 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

26 

3.2.7 Intracellular distribution of gold nanoparticles 

 

 To study the dynamic intracellular distribution of GNPs, 1 x 106 Jurkat cells 

were cultured in 6-well plate for overnight. GNPs and SAHM1-GNPs at the 

concentration that showed the highest antiproliferative activity found in 3.2.5 were then 

applied to the cells and incubated for 24 h at 37 ºC, 5 % CO2. After that, phosphate 

buffer saline (PBS) was used to wash the cells twice. Cells were fixed with cold 2.5% 

glutaraldehyde in 0.1 M sodium cacodylate buffer before embedding them in closed 

grid. Ultrathin sections of the cell samples were cut and observed with Transmission 

Electron Microscope (Jem-1400). The intracellular location of the samples was then 

analyzed.  

3.2.8 Statistical analysis 

 

Each experiment was determined in triplicate and the data were showed as mean 

± standard deviation. Different among group was performed using the SPSS program 

and analyzed by one-way analysis of variance (ANOVA). The multiple comparisons 

were then analyzed by Duncan test. Differences were considered significant at p < 0.05. 
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

GNPs have been used in the area of medical for centuries due to their lack of 

toxicity, rich chemical surface and easy synthesis. They have been proven to be an 

excellent carrier for conjugation and then delivering several biomolecules to the target 

site (Giljohann et al., 2010). In this thesis, effect of GNPs on the antiproliferative 

activity of SAHM1 peptide was studied in Jurkat cell line. SAHM1 peptide was 

attached onto the surface of GNPs (at three different sizes of 20 nm, 40 nm and 60 nm) 

using thiolated polyethyleneglycol (thiolated-PEG) as the linker. Jurkat cells were 

treated with the SAHM1-GNP at different conditions as compared to the untreated cells. 

Cell viability and program cell death of the treated cells were investigated. 

4.1 Preparation and characterization of gold nanoparticles 

4.1.1 Synthesis of GNPs  

 

  GNPs were synthesized by the chemical reaction between trisodium citrate and 

tetrachloroauric acid (HAuCl4). Three different ratios of citrate to HAuCl4 were used 

to prepare GNPs in order to obtain three different sizes (20, 40 and 60 nm) of GNPs 

(Kumar et al., 2012). Figure 4.1 showed GNP solutions prepared by mixing 0.5 mL of 

25 mM HAuCl4 with 40 mM trisodium citrate at (A) 1.0, (B) 0.75 and (C) 0.5 mL. The 

color was red wine and the intensity showed tendency to inversely vary with the volume 

of the citrate used in the reaction.   
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Figure 4. 1 Color of GNP solutions prepared by mixing 0.5 mL of 25 mM HAuCl4 with 

40 mM trisodium citrate at the volume of (A) 1.0 mL, (B) 0.75 mL and (C) 0.50 mL 

   

  UV-Vis spectrum of the reaction mixtures were shown in Figure 4.2 It could be 

seen that the maximum wavelength (λmax) of each reaction solution was different. The 

reaction with 1.0, 0.75 and 0.5 mL of citrate gave the λmax at 520, 525 and 530 nm, 

respectively, thus suggesting that size of the GNP in the three solutions were different. 

It has been suggested that UV-Vis spectrum of the GNP solution can be used to tell the 

size and the colloidal state of the particles (Khlebtsov, 2008).  Interaction between the 

GNPs and light is strongly dictated by size and dimension of the particles. The light 

causes a concerted oscillation of electron charge around GNPs that is in resonance with 

the frequency of the visible light. These resonant oscillations are known as surface 

plasmon resonance (Anker et al., 2008). Moreover, it had been reported that the surface 

plasmon resonance of the particle sizes from 20 to 100 nm is clearly visible as a peak 

in the range between 520 and 580 nm (Haiss et al., 2007). 
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Figure 4. 2 UV-Vis spectrum of GNP solutions prepared by mixing 0.5 mL of 25 mM 

HAuCl4 with 40 mM trisodium citrate at the volume of (A) 1.0 mL, (B) 0.75 mL and 

(C) 0.50 mL 

 

  In addition, UV-Vis spectrum of the GNP solution could be used to evaluate the 

particle stability which is a necessary parameter for biomedical applications. Spectrum 

of the GNP solutions kept at 4 °C for one and three weeks were shown in Figure 4.3. It 

could be observed that the λmax of the solutions were not shifted as compared to those 

of freshly prepared solutions presented Figure 4.2. Moreover, the peaks in all cases, 

showed a symmetric bell shape. These indicated that the GNPs were in a well stabilized 

colloidal phase.  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 3 UV-Vis spectrum of GNP solutions kept at 4 °C for 1 week, ( ) and 3 

weeks, ( ) after preparation by mixing 0.5 mL of 25 mM HAuCl4 with 40 mM 

trisodium citrate at the volume of (A) 1.0 mL, (B) 0.75 mL and (C) 0.50 mL 
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4.1.2 Size of the prepared GNPs 

 

  Transmission electron microscopy (TEM) was used to identify uniformity, 

morphology and size distribution of GNPs. As shown in Figure 4.4, the morphology of 

the particles was rather spherical in shape and the particle were in well-dispersed state. 

Size distribution of the GNPs prepared at different conditions was calculated by Image 

J analysis software. The reactions between 0.5 mL of 25 mM HAuCl4 and 40 mM 

trisodium citrate at 1.0, 0.75 and 0.5 mL yielded the GNPs in the size range of (A) 15-

20 nm, (B) 40-45 nm and (C) 60-65 nm, respectively (Figure 4.4). In addition, it could 

be noticed that size distribution of the GNPs was uniform in size for the case of 15-20 

nm which presented at 70% of the total particles. On the contrary, for the larger sizes, 

the GNPs were not uniform in size. Only 35-40% of the particles were in the expected 

size range. 
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Figure 4.4 TEM images and size distribution analysis of GNPs prepared by mixing 0.5 

mL of 25 mM HAuCl4 with 40 mM trisodium citrate at the volume of (A) 1.0 mL, (B) 

0.75 mL and (C) 0.50 mL 
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4.1.3 Surface charge of the prepared GNPs 

 

 Surface characteristics of the GNPs greatly affect the properties of the particles. 

Surface charge measured in a term of zeta potential has been used to indicate the 

stability of the particles. Particles with the zeta potential value > +30mV or < -30 mV 

are considered to be stable particles because particles with strongly positive or negative 

charges would repel each other, thus preventing them from aggregation  (Tripathi et al., 

2012). Zeta potential values of the prepared particles were quantified and shown in table 

4.1. The result showed that the zeta potential values of the prepared GNPs from the 

three conditions were less than -30 mV, indicating that the obtained GNPs were stable 

and would not aggregate for a certain period. 

Table 4.1 Zeta potential of gold nanoparticle  

 

Gold nanoparticle 

(nm) 

Zeta potential 

(mV) 

20 nm -39.37 ± 0.06 

40 nm -38.76 ± 0.23 

60 nm -35.67 ± 0.06 

 

4.2 Preparation of SAHM1-GNPs 

  In order to attach SAHM1 onto the GNPs, thiolated polyethylene glycol 

(thiolated PEG) was used as the linker between SAHM1 and the GNPs. SAHM1 

peptide was mixed with thiolated PEG at the equal molar ratio to obtain 1:1 linkage. 

Subsequently, various concentrations of SAHM1-thiolated PEG conjugate were mixed 

with the GNPs to find the optimum concentration of SAHM1-thiolated PEG that could 
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cover the surface and prevent aggregation of the GNPs. Figure 4.5 showed the 

absorbance values at the λmax of the GNP solutions mixed with various concentrations 

of the SAHM1-thiolated PEG. It could be seen that color of the solution was grayish at 

the lower concentration of the SAHM1-thiolated PEG and was reddish at the higher 

concentration of the SAHM1-thiolated PEG. This could be due to the fact that at low 

concentration, the amount of SAHM1-thiolated PEG was not high enough to cover the 

surface and prevent the GNPs from aggregation. As a result, grayish color of the 

aggregated particles could be observed. On the contrary, at high concentration, the 

amount of SAHM1-thiolated PEG was high enough to create surface environment that 

the aggregation of the particles could not occurred. Therefore, reddish color of the 

colloidal GNP solution could be observed. From the relation between the absorbance 

value and the concentration of SAHM1-thiolated PEG shown in Figure 4.5, it could be 

concluded that the optimum or the least concentration of SAHM1-thiolated PEG 

required for the preparation of SAHM1-GNPs was 62.5 µM for all three sizes of the 

prepared GNPs. 
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Figure 4.5 Color and absorbance measured at the λmax of the of SAHM1-GNP solution 

prepared at various concentrations of SAHM1-thiolated PEG using (A) 20 nm GNPs, 

(B) 40 nm GNPs and (C) 60 nm GNPs  
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  In addition, it has been known that GNPs express unique optical and physical 

properties depending on their size, shape and surface structure. The spectral position of 

the localized surface plasmon resonance indicating a distinct optical feature of the 

GNPs are depended on shape and size of the GNPs (Juvé et al., 2013). Therefore, after 

surface modification of the GNPs with biomolecules, UV-Vis spectroscopy was used 

as a basic technique to indicate the change on the particle surface. UV-Vis spectrum of 

the SAHM1-GNPs solutions were shown in Figure 4.6. It could be seen that the red-

shift in the λmax of the spectrum of the SAHM1-GNPs was occurred as compared to 

those of the GNPs. The λmax was 528 nm, 531 nm and 536 nm for the SAHM1-GNPs 

with the averaged size of 20 nm, 40 nm and 60 nm, respectively while the λmax of the 

unmodified GNPs was 520, 525 and 530 nm, respectively.  
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Figure 4.6 UV-Vis spectrums of GNP solution and SAHM1-GNP solution prepared by 

the averaged GNP size of (A) 20 nm, (B) 40 nm and (C) 60 nm and SAHM1-thiolated 

PEG conjugate at the concentration of ( ) 62.5 µM, ( ) 125 µM and ( ) 250 

µM  
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4.3 Antiproliferative activity of SAHM1-GNPs  

4.3.1 Cytotoxicity assay 

 

 The effect of GNPs and thiolated PEG used as the carrier and the linker of 

SAHM1 on the cell viability of Jurkat leukemic T-cell line was studied. After treatment 

for 24, 48 and 72 h, MTT assay was performed to attain cell viability. The percentage 

of cell viability at the different conditions of treatment was shown in Figure 4.7. The 

untreated cells were used as the control while the cells treated with gamma (γ)-secretase 

inhibitors (DAPT) drug were used as the positive control. Interestingly, both GNPs and 

thiolated PEG were slightly toxic to the Jurkat cells. There was a tendency that in case 

of the GNPs, toxicity varied inversely with the size of the particles while in case of the 

thiolated PEG, toxicity varied with respect to the concentration. However, in all cases, 

cell viability was higher that 75%. These findings were not in agreement with those 

findings reported that GNP (Pan et al., 2007) and thiolated PEG (Manohar et al., 2009) 

was not toxic. This could be due to the reason that different cell line used in the 

treatments was different. Each cell line might have different threshold level in order to 

tolerate the toxicity of the GNPs and the thiolated PEG. 
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Figure 4.7 Cell viability of Jurkat cells treated with GNPs or thiolated PEG. Data are 

the mean±SD of three independent experiments of three replicates.  

 

 In addition to the toxicity of the GNPs and the thiolated PEG, that of thiolated 

PEG-GNP conjugate was also studied as shown in Figure 4.8. It could be noticed that 

the thiolated PEG-GNP conjugate was more toxic than the GNPs and the thiolated PEG. 

This could be the combination of toxicity of the two components. It could be seen that 

at the same concentration of the thiolated PEG, the toxicity of the conjugate varied with 

respect to the size of the GNPs. In case of 20 nm GNPs, the toxicity of the conjugate 

varied with the thiolated PEG concentration where as in case of 40 and 60 nm GNPs, 

the toxicity varied inversely with the thiolated PEG concentration. These findings were 

different from the previous findings described above. However, as mentioned earlier, 

properties of the GNPs depended on the surface properties and size of the particles. 

Modification of the GNP surface with thiolated PEG could change the toxic properties 

of the GNPs.      
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Figure 4.8 Cell viability of Jurkat cells treated with GNPs-thiolated PEG for 24 h ( 

), 48 h (  ) and 72 h (  ) using GNPs at the average size of (A) 20 nm, (B) 40 nm 

and (C) 60 nm. Data are the mean±SD of three independent experiments of three 

replicates.  
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Attachment of SAHM1 to thiolated PEG-GNPs might also affect the toxicity of 

the particles. Cell viabilities of Jurkat cells treated with SAHM1 and SAHM1-GNPs 

linked by thiolated PEG were shown in Figure 4.9. It could be clearly seen that, in most 

conditions, cell viabilities of Jurkat cells treated with SAHM1-GNPs were lower than 

those of the cells treated with SAHM1. Especially, cell viabilities of the cells treated 

with 62.5 µM and 125 µM SAHM1-GNPs (20 nm) were clearly lower than those of the 

cells treated with SAHM1 or with thiolated PEG-GNPs. However, in other cases, as 

also compared to those presented in Figure 4.8, it was not obvious that the decreases in 

cell viability were due to SAHM1 which was attached to the thiolated PEG-GNPs. The 

cell viability values of the cells treated with SAHM1-GNPs were approximately at the 

same level of those treated with thiolated-GNPs. Furthermore, it could be noticed that, 

in most cases, cell viability values of the cells treated for 72 h were higher than those 

of the cells treated for 24 h. It was possible that Jurkat cells could adjust cell conditions 

to tolerate or reduce the effect of both SAHM1-GNPs and thiolated PEG-GNPs. The 

survived cells were able to grow in these conditions. These results indicated that 

enhancement of antiproliferative activity of SAHM1 by using the thiolated-PEG-GNPs 

as the carrier was not clearly obtained for all condition tested. This could be due to the 

reason that to obtain the antiproliferative activity, SAHM1 should be released from the 

particles and be in the free form so that it could be recognized by the binding partner, 

thus significantly decreasing the cell viability.  
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Figure 4.9 Cell viability of Jurkat cell after 24, 48 and 72 h treatments with different 

concentrations of SAHM1-GNPs: (A) 62.5 µM, (B) 125 µM, and (C) 250 µM. Data are 

the mean±SD of three independent experiments of three replicates. * denotes a 

statistically significant difference from the GNPs analyzed by ANOVA with P<0.05.  
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4.3.2 Effect of SAHM1-GNPs on morphology of Jurkat cells 

 Morphology of Jurkat cell after treatment with 62.5 µM SAHM1-GNPs (20 nm) 

for 48 h was observed under inverted fluorescent microscope (Figure 4.10). It could be 

seen that the untreated cells (A) were round in shape and healthy grown in clumps. Like 

untreated cells, cells treated with GNPs at 20 nm (B), 62.5 µM thiolated PEG (C), 62.5 µM 

thiolated PEG-GNPs 20 nm (D) and 62.5 µM SAHM1 (E) were healthy. In contrast, cells 

treated with 62.5 µM SAHM1-GNPs 20 nm (F) were larger than normal, and irregular in 

shape. 

 These results indicated that thiolated PEG and GNPs could be used as linker 

and carrier to conjugate with SAHM1 so that the SAHM1-GNPs conjugate would toxic 

to Jurkat cells. This finding were in accordance with a previous research showing 

efficiently binding of peptides-thiolated PEG to GNPs resulted in greater stability 

leading to more toxic to cancer cells (Yang et al., 2018). 
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Figure 4. 10 Morphology of Jurkat cells treated with (A) Untreated cell, (B) GNPs at 

20 nm, (C) 62.5 µM thiolated PEG  , (D) 62.5 µM thiolated PEG-GNPs (20 nm), (E) 

62.5 µM SAHM1 and (F) 62.5 µM SAHM1-GNPs (20 nm). All images were magnified 

20X and the scale bar was 50 µm. A black arrow indicated unhealthy cell. 

 

 

 

A) Untreated cell B) GNPs at 20 nm 

C) 62.5 µM thiolated PEG   D) 62.5 µM thiolated PEG-GNPs (20 nm)  

E) 62.5 µM SAHM1   F) 62.5 µM SAHM1-GNPs (20 nm) 
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4.3.3 Analysis of program cell death  

 

 Since Jurkat cells treated with 62.5 µM SAHM1-GNPs (20 nm) yielded lowest 

cell viability, cells from this condition were selected to be studied for program cell 

death by flow cytometry.  After treatment with SAHM1-GNPs for 24 h and 48 h using 

DAPT as the positive control, cells were stained with Annexin V and propidium iodide. 

Fluorescence signal was detected and analyzed by flow cytometer. The analysis shown 

in Figure 4.11 and 4.12 revealed that fluorescence signals were in quadrant 2 and 4, 

indicating that cell death was induced by early and late apoptosis stage. Moreover, the 

percentage of Jurkat cells in each quadrant of the profile was calculated and investigated 

as shown in Figure 4.13. It was found that more than 70% of the cell treated with 

SAHM1-GNPs were most died in early and late apoptosis as can be clearly seen in 

Figure 4.13 (B). The effect of this conjugate on program cell death was similarly to the 

finding which has been reported that using herceptin-GNPs conjugate effectively 

induce breast cancer cell apoptosis via receptor-mediated endocytosis interaction 

(Rathinaraj and Al-Jumaily, 2015). 
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Figure 4. 11 Flow cytometry profile of Jurkat cell. A: untreated cell stained, B: cells 

treated with 50 µM DAPT (positive control), C: cells treated with 62.5 µM SAHM1-

GNPs (20 nm) for 24 h. Quadrant 1 (Q1): necrosis, quadrant 2 (Q2): late apoptosis, 

quadrant 3 (Q3): live cell, quadrant 4 (Q4): early apoptosis 
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Figure 4. 12 Flow cytometry profile of Jurkat cell. A: untreated cell stained, B: cells 

treated with 50 µM DAPT (positive control), C: cells treated with 62.5 µM SAHM1-

GNPs (20 nm) for 48 h. Quadrant 1 (Q1): necrosis, quadrant 2 (Q2): late apoptosis, 

quadrant 3 (Q3): live cell, quadrant 4 (Q4): early apoptosis 
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Figure 4. 13 Percentage of Jurkat cells stained with Annexin V and PI after treated with 

62.5 µM SAHM1-GNPs (20 nm) or 50 µM DAPT for (A) 24 and (B) 48 h. Where PI-

A- : live cells, PI-A+: early apoptotic cells, PI+A+: late apoptotic cells and PI+A- : 

necrotic cells Data are the mean ± S.D. of three independent experiments of three 

replicates. Significant differences were analyzed by ANOVA with P<0.05.    
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4.4 Distribution and localization of SAHM1-GNPs 

The subcellular localization of GNPs in the Jurkat cells treated with either GNPs 

or 62.5 µM SAHM1-GNPs (20 nm) at 24 h was determined by TEM as shown in 

the Figure 4.14. In case of the cell treated with GNPs, GNPs could be found only outside 

the cell. On the contrary, cell treated with SAHM1-GNPs can be found both outside 

and inside the cell. It has been reported that SAHM1 was taken up by an active transport 

mechanism into compartments called endosomes, from which they can reach their 

target (Moellering et al., 2009).  In conclusion, antiproliferative activity and stability of 

SAHM1 could be enhanced by conjugation on GNP surface via thiolated PEG linker. 
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Figure 4. 14 TEM image of subcellular localization of GNPs and SAHM1-GNPs in 

Jurkat cells. (A) Control cells without GNPs. (B) GNPs (20 nm) treated cells. (C) 

SAHM1-GNPs (20 nm) treated cells. 
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From all results, they indicated that GNPs with the size of 20 nm should be used 

as the carrier for SAHM1 at the low concentration of 62.5 µM. It was expected that the 

GNPs with small size can express more unique properties such as increased binding 

affinity and selective targeting to specific tissue or cells than the large size (Tiwari et 

al., 2014). Moreover, the conjugate showed its antiproliferative activity against Jurkat 

cell through apoptosis whereas the exact mechanism of antiproliferative activity of 

SAHM1-GNPs conjugate was still unclear. SAHM1 peptide is one of the therapeutic 

compounds that have been reported to have anticancer activity (Moellering et al., 2009) 

that affects NOTCH1 target gene levels and the global expression profile of the 

NOTCH signaling program in human and murine T-cell acute lymphocytic leukemia 

(T-ALL). The higher the NOTCH transcription complex production, the higher the risk 

of cancer recurrence for patients. Thus, GNPs could be used as a carrier of SAHM1 to 

inhibit the NOTCH transcription and reduce the growth of Jurkat cell.  
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CHAPTER V 

CONCLUSION 

Gold nanoparticles (GNPs) were investigated as a carrier for cell penetration to 

enhance antiproliferative activity of SAHM1 in Jurkat cell line. GNPs were prepared 

by reduction reaction between trisodium citrate and HAuCl4 at different conditions to 

obtain the particles with the averaged size of 20 nm, 40 nm and 60nm. Thiolated 

polyethylene glycol (PEG) was used as the linker for the attachment of SAHM1 onto 

the GNPs. The amount of SAHM1 used to prepare SAHM1-GNPs was varied to find 

the optimum concentration which gave the colloidal GNPs or could prevented the 

aggregation of GNPs. For all sizes of the prepared GNPs, the optimum concentration 

of SAHM1 was found at 62.5 µM. Cytotoxicity of GNPs, thiolated PEG, thiolated PEG-

GNPs, SAHM1 and SAHM1-(thiolated PEG)-GNPs was studied on Jurkat cell line. 

Cell viabilities of Jurkat cells decreased to about 70% when separately treated with 

GNPs, SAHM1 and thiolated PEG-GNPs as compared to those of the untreated cells. 

Cell viabilities of the cell treated with SAHM1-GNPs noticeably decreased only when 

20 nm GNPs coated with 62.5 µM and 125 µM SAHM1 were used as compared to 

those of cells treated with GNPs, thiolated PEG, thiolated PEG-GNPs and SAHM1. 

Therefore, enhancement of antiproliferative activity of SAHM1 was found when 20 nm 

GNPs coated with 62.5 µM and 125 µM SAHM1 were used. Cell death after treatment 

with SAHM1-GNPs for 24 and 48 h was induced by early and late apoptosis stage. 
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RECOMMENDATION 

Enhancement of antiproliferative activity of SAHM1 attached to GNPs via 

thiolated PEG linker was not significantly improved. It might be due to the reason that 

only free form of SAHM1 can be recognized by the binding partner and acts as the 

inhibitor. Therefore, attachment of SAHM1 on the GNPs should be irreversible. After 

GNPs carry SAHM1 into the cells, SAHM1 must be released inside the cell. 

Consequently, new linkers should be studied for controllable release of SAHM1 at the 

target sites.          
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APPENDIX A 

Reagents and Buffers 

1. Reagents and buffers for GNP synthesis 

     1.1 1% by weight HAuCl4 

 HAuCl4·H2O        24.5 g 

 DDI water        2.45 mL 

     1.2 1% by weight sodium citrate 

 Sodium citrate        100 mg 

 DDI water        10 mL 

     1.3 10% weight/volume NaCl 

 NaCl         10 g 

 DDI water        100 mL 

2. Media for Jurkat culture 

     2.1 RPMI (10% v/v FCS) 

 Roswell Park Memorial Institute medium (RPMI 1640)  90 mL 

 Fetal calf serum (FCS)      10 mL 

 The medium was stored at 4 oC until use. 

     2.2 Freezing medium (10% v/v DMSO) 

 Roswell Park Memorial Institute medium (RPMI 1640)  90 mL 

 Dimethyl sulfoxide (DMSO)      10 mL 

 The medium was stored at 4 oC until use. 
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3. MTT solution 

     3.1 5 mg/mL MTT solution 

3-(4,5-dimethylthiazol-2-yl)-2,5-     5 mg  

diphenyltetrazolium bromide (MTT) 

DDI water        1 mL 

The mixture was stored at 4 oC until use. 

4. Buffer for apoptosis analysis 

     4.1 20 mM Phosphate buffered saline (PBS) solution, pH 7.2 

 20 mM KH2PO4       2.72 g 

 20 mM K2HPO4       3.48 g 

 150 mM NaCl        8.77 g 

 DDI water        1,000 mL 

The buffer was adjusted to pH 7.2 and stored at 4 oC until use. 

     4.2 20 mM Phosphate buffered saline, pH 7.2 (1% v/v FCS) 

 20 mM Phosphate buffered saline (PBS) solution   90 mL 

Fetal calf serum (FCS)      10 mL 

The buffer was stored at 4 oC until use. 
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APPENDIX B 

Table B. 1 Percentage of Jurkat cell viability after treatment at different conditions 

for 24 h, 48 h and 72 h  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Data are the mean±SD of three independent experiments of three replicates.) 

Treatment conditions 
Cell viability (%) 

24 h 48 h 72 h 

Untreated cell 100 ± 2.30 100 ± 3.03 100 ± 5.30 

DAPT 50 µM 32 ± 1.05 19 ± 1.26 10.3 ± 0.75 

20 nm GNPs 82 ± 1.34 80 ± 2.43 88 ± 3.35 

40 nm GNPs 79 ± 3.16 89 ± 4.82 88 ± 2.96 

60 nm GNPs 83 ± 2.48 91 ± 2.30 93 ± 3.12 

62.5  µM thiolated PEG 82.7 ± 0.56 88 ± 1.64 80 ± 2.24 

125 µM thiolated PEG 76 ± 2.66 77 ± 1.98 81 ± 2.55 

250 µM thiolated PEG 75 ± 2.87 75 ± 2.36 80 ± 1.63 

62.5  µM SAHM1 81 ± 3.45 83 ± 2.49 88 ± 4.65 

125  µM SAHM1 74 ± 2.91 69 ± 2.13 79 ± 3.53 

250  µM SAHM1 66 ± 2.73 70 ± 3.56 78 ± 4.63 

62.5 µM thiolated PEG - GNPs (20 nm) 83 ± 3.62 95 ± 2.09 102 ± 3.21 

125 µM thiolated PEG - GNPs (20 nm) 85 ± 2.53 80 ± 3.51 83 ± 4.01 

250 µM thiolated PEG - GNPs (20 nm) 65 ± 2.49 73 ± 1.67 75 ± 3.93 

62.5 µM thiolated PEG - GNPs (40 nm) 58 ± 2.68 62 ± 3.93 71 ± 4.01 

125 µM thiolated PEG - GNPs (40 nm) 60 ± 2.00 61.1 ± 0.88 72 ± 3.63 

250 µM thiolated PEG - GNPs (40 nm) 74 ± 4.57 87 ± 3.02 88 ± 3.60 

62.5 µM thiolated PEG - GNPs (60 nm) 58 ± 3.47 63 ± 2.98 69 ± 1.84 

125 µM thiolated PEG - GNPs (60 nm) 56 ± 1.50 63.9 ± 0.99 68 ± 3.52 

250 µM thiolated PEG - GNPs (60 nm) 60 ± 2.50 70 ± 3.89 81 ± 2.02 

62.5 µM SAHM1- GNPs (20 nm) 56 ± 1.93 50 ± 1.70 59 ± 2.31 

125 µM SAHM1- GNPs (20 nm) 48 ± 2.89 66 ± 1.14 63 ± 4.28 

250 µM SAHM1- GNPs (20 nm) 51.8 ± 0.63 66 ± 2.84 67 ± 3.27 

62.5 µM SAHM1- GNPs (40 nm) 80 ± 1.63 69 ± 3.01 87 ± 2.35 

125 µM SAHM1- GNPs (40 nm) 77 ± 2.47 82 ± 3.42 82 ± 1.93 

250 µM SAHM1- GNPs (40 nm) 63 ± 3.86 69 ± 1.06 67 ± 3.75 

62.5 µM SAHM1- GNPs (60 nm) 67 ± 2.35 78 ± 4.03 76 ± 3.10 

125 µM SAHM1- GNPs (60 nm) 55 ± 4.92 69 ± 3.20 74 ± 4.87 

250 µM SAHM1- GNPs (60 nm) 67 ± 1.28 66 ± 3.01 72 ± 4.65 
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Table B. 2 Percentage of Jurkat cells stained with Annexin V and PI after treated with 

62.5 µM SAHM1-GNPs (20 nm) or 50 µM DAPT for 24 h  

 

 

Percentage of Jurkat cells at 24 h 

Live 
Early 

apoptosis 

Late 

apoptosis 
Necrosis 

Control stained 91.9 ± 0.10 3.4 ± 0.14 4.67 ± 0.04 0.02 ± 0.00 

50 µM DAPT 7.1 ± 2.94 31 ± 5.30 62 ± 2.54 0.26 ± 0.21 

62.5 µM SAHM1- 

GNPs (20 nm) 
76 ± 2.35 9.3 ± 0.98 14 ±1.40 0.54 ± 0.03 

 

(Data are the mean±SD of three independent experiments of three replicates.)  

 

Table B. 3 Percentage of Jurkat cells stained with Annexin V and PI after treated with 

62.5 µM SAHM1-GNPs (20 nm) or 50 µM DAPT for 48 h  

 

 

Percentage of Jurkat cells at 48 h 

Live 
Early 

apoptosis 

Late 

apoptosis 
Necrosis 

Control stained 91.65 ± 0.06 3.9 ± 0.17 4.3 ± 0.17 0.10 ± 0.06 

50 µM DAPT 6.8 ± 2.98 24 ± 2.28 67 ± 5.06 2.3 ± 0.20 

62.5 µM SAHM1- 

GNPs (20 nm) 
21 ± 3.54 25 ± 1.58 51 ± 4.07 2.8 ± .05 

 

(Data are the mean±SD of three independent experiments of three replicates.) 
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