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ABSTRACT
Silver nanoparticles (Ag-NPs) have strong antimicrobial potential, which has been
exploited in many biomedical applications. However, the interaction between these unique
nanomaterials and microorganisms has not been well elucidated. It is necessary to
understand the mechanisms of interaction between nanomaterials and microorganisms.
Therefore, this study investigates the interaction that occurs between Ag-NPs and the
bacteria Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli), with a focus on
analysing the influence of size and surface functionalisation of Ag-NPs towards their
antibacterial applications. To perform the study, various Ag-NPs were synthesised,
characterised and tested for their antibacterial activity; the synergy between laser light and
Ag-NPs towards enhanced antibacterial activity was also examined. Three sizes were
synthesised via the chemical reduction method, using tri-sodium citrate (TSC) and sodium
borohydride (NaBH4) as the reducing and capping agents. These different sizes (5, 10, 20
nm) Ag-NPs were tested for toxicity and antibacterial activity against the Gram-negative
bacterium, E. coli and Gram-positive bacterium, S. aureus. The different-sized Ag-NPs all
exhibited antibacterial activity against both E. coli and S. aureus strains. However, Ag-NPs
with 5 nm displayed the highest antibacterial activity when compared with 10 and 20 nm
particles sizes. The 20 nm size particle showed the lowest antibacterial efficiency against
both bacterial strains and has therefore been selected for further studies. The
photoactivation of 20 nm Ag-NPs using 410 nm laser light demonstrated that
photoactivated Ag-NPs at 50 pg/ml exposed for 10 min reduced E. coli and S. aureus
populations to 13% and 28%, respectively. S. aureus exhibited lower sensitivity after
photoactivation compared to E. coli. Photoactivation of 20 nm Ag-NPs by laser revealed
that production of reactive oxygen species (ROS) due to oxidative stress, the mode of

action against bacteria, causing cell wall cleavage and cell lysis, as shown by the scanning
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electron microscope (SEM). An additional experiment to examine the effect of Ag-NPs
functionalised with antibodies was conducted using a 20 nm size particle as the antibody
carriers for inducing selective bacterial activity. This study utilised Ag-NPs functionalised
with antibodies specific to one of the bacterial cell wall components against S. aureus to
investigate the Ag-NPs’ antibacterial ability to bind and destroy their target bacteria when
excited using 410 nm irradiation. The conjugation of 20 nm Ag-NPs to antibody after
photoactivation by laser irradiation led to 100% dead cells after 10 min exposure time.
Physical damage to bacterial cells was observed via fluorescence assay, leading to loss of
membrane integrity in treated bacterial cells. The proposed mechanism of killing is that,
the irradiation of Ag-NPs’ surfaces causes oxidative stress, which induces ROS, such as
‘OH, 02" and H>O, generation, that attack cell components resulting in loss of membrane
permeability and DNA damage, as seen via the SEM and fluorescence assay. This study
demonstrates that several factors can influence the microbial effectiveness of Ag-NPs,
including the size of particles, photoactivation and surface functionalisation. The
antibacterial activity of 20 nm Ag-NPs can be enhanced using several methodologies
outlined within this thesis. The research shows that functionalised Ag-NPs appropriately
recognize and bind to their target bacteria, and that the Ag-NPs successfully complete the

energy transfer from a visible laser to the target bacteria.

Keywords: Silver nanoparticles, surface functionalisation, antibacterial efficacy,

Staphylococcus aureus, Escherichia coli.



Sintesis dan Kesan Biologi Nanopatikel Perak ke atas Bakteria Staphylococcus aureus
dan Escherichia coli

ABSTRAK
Nanopartikel perak (NP-Ag) mempunyai potensi antimikrob yang kuat dan telah
dieksploitasi dalam banyak aplikasi bioperubatan. Walau bagaimanapun, interaksi antara
bahan-bahan nano dan mikroorganisma yang unik ini belum dapat dijelaskan dengan
baik. Oleh yang demikian, pemahaman terhadap mekanisma molekul seperti ini sangat
diperlukan. Kajian telah dijalankan untuk mengkaji interaksi yang berlaku di antara NP-

Ag dan bakteria Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli)

berdasarkan saiz dan fungsian permukaan NP-Ag terhadap aplikasi antibakteria mereka.
Pelbagai NP-Ag telah disintesis, dicirikan dan diuji untuk mengenalpasti aktiviti
antibakteria mereka dengan mengkaji sinergi antara cahaya laser dan NP-Ag. Tiga saiz
NP-Ag telah disintesis melalui kaedah penurunan kimia. NP-Ag telah disintesis dengan
menggunakan trinatrium sitrat (ISC) dan natrium borohidrida (NaBH,) sebagai ejen
penurunan dan penutup. NP-Ag yang berbeza saiz (5, 10, 20 nm) diuji untuk melihat
ketoksikan dan aktiviti antibakteria mereka terhadap jenis bakteria Gram-negatif E. coli

dan bakteria Gram-positif S. aureus. Kesemua NP-Ag menunjukkan aktiviti antibakteria

terhadap kedua-dua jenis bakteria ini. Walau bagaimanapun, NP-Ag dengan saiz partikel
5 nm menunjukkan aktiviti antibakteria tertinggi berbanding dengan 10 dan 20 nm. Np-Ag
20 nm pula menunjukkan kecekapan antibakteria paling rendah terhadap kedua-dua jenis
bakteria. Pengaktifan cahaya NP-Ag laser 410 nm menunjukkan bahawa pendedahan NP-
Ag yang telah diaktif pada 50 ug /ml selama 10 minit dapat mengurangkan populasi E. coli
dan S. aureus kepada 13% dan 28%. Walau bagaimanapun, S. aureus menunjukkan

kepekaan yang lebih rendah selepas pengaktifan berbanding E. coli. Pengaktifan Ag-NP

oleh laser mendedahkan mod tindakan fizikal terhadap bakteria menyebabkan pembelahan
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dinding sel dan lisis sel seperti yang ditunjukkan melalui mikroskop elektron pengimbas.
Zarah saiz 20 nm telah digunakan sebagai pembawa antibodi untuk meransangkan aktiviti
antibakteria yang terpilih. NP-Ag telah digabungkan dengan antibodi khusus kepada
salah satu komponen dinding sel bakteria terhadap S. aureus. Seterusnya keupayaan
antibakteria NP-Ag memusnahkan bakteria sasaran telah dikaji apabila didedahkan
menggunakan penyinaran laser 410 nm. NP-Ag yang telah dikonjugasi kepada antibodi
selepas pengaktifan cahaya oleh penyinaran laser telah menunjukkan 100% kematian sel
apabila sel-sel tersebut terdedah selama 10 minit. Mekanisme pembunuhan yang
dicadangkan ialah penyinaran permukaan NP-Ag menyebabkan tekanan oksidatif yang
menyebabkan ROS, seperti ‘OH, O;" dan H;0: menyerang komponen sel termasuk
mengurangkan kebolehtelapan membran dan merosakkan DNA seperti yang dapat dilihat
pada mikroskop pengimbas elektron dan ujian fluoresens. Kajian ini telah menunjukkan
bahawa beberapa faktor mampu mempengaruhi keberkesanan mikrob NP-Ag termasuk
saiz partikel, pengaktifan cahaya dan fungsian permukaan. Aktiviti antibakteria NP-Ag
dapat dipertingkatkan lagi melalui penggunaan beberapa metodologi yang telah
digariskan dalam tesis ini. Ini menunjukkan bahawa NP-Ag yang berfungsi dengan baik
dan memberi kesan kepada bakteria sasaran mereka dan NP-Ag berjaya melakukan

pemindahan tenaga laser ke bakteria sasaran.

Kata kunci: Nanopartikel perak, fungsian permukaan, keberkesanan antibakteria,

Staphylococcus aureus, Escherichia coli.
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