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ABSTRACT

Single cell mechanics is a vital part of single cell analysis. It has attracted great
interest among scientists as cell mechanics can be linked to early diagnosis of diseases.
To date, several great findings have been achieved in the study of single cell
mechanics. Nevertheless, more work are required to enable the technology to be
pushed to the frontier of single cell mechanics. Considering this objective, this work
focuses on the technological development of two major parameters of single cell
mechanics: Single Cell Wall (SCW) cutting operations (Phase 01) and Single Cell
Mass (SCM) measurement (Phase 02). A saccharomyces cerevisiae yeast cell was
used as a sample cell. In phase 01, a vibrating nanoneedle (tungsten) integrated with
lead zirconate titanate piezoelectric actuator was used for SCW cutting operation. Two
different frequencies of vibrating nanoneedle were used for cell wall cutting operation:
1 Hz and 10 Hz. For a constant penetration depth of 1.2 um, the obtained cell
nanoneedle’s velocities were 7 pm/s and 24 um/s. Results show that faster nanoneedle
causes less damage to the cell surface. In phase 02, a Lab-On-Chip microfluidics
system was used for SCM measurement. SCM result was extracted from the relation
between drag force applied on cell and Newton’s law of motion. Drag force on the cell
has been generated by a pressure driven syringe micropump. This approach of
measuring SCM was calibrated using a known mass (73.5 pico gram) of polystyrene
particle of 5.2 um diameter. Different sizes (2-7 um diameter) of yeast cells were
cultured in our laboratory. Mass of 4.4 um diameter of yeast cell was measured as
2.12 pg. In addition, results show that single yeast cell mass increases exponentially
with the increase of cell size. It is envisaged that this work i.e. combination of single
cell cutting operation and single cell mass measurement system will add a significant

contribution to the knowledge of cell mechanics and single cell analysis.
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ABSTRAK

Mekanik sel tunggal adalah penting dalam analisis sel tunggal. la telah
menarik minat yang tinggi di kalangan ahli sains kerana mekanik sel boleh dikaitkan
dengan diagnosis awal penyakit. Setakat ini, beberapa penemuan besar telah dicapai
dalam mengkaji mekanik sel tunggal. Walau bagaimanapun, banyak perkara perlu
dilakukan untuk membolehkan teknologi ini dibawa ke tahap paling tinggi dalam
analisis mekanik sel tunggal. Bagi mencapai objektif ini, tumpuan diberikan kepada
pembangunan teknologi bagi dua parameter utama mekanik sel iaitu operasi
memotong Dinding Sel Tunggal (SCW) (Fasa 01) dan pengukuran Jisim Sel Tunggal
(SCM) (Fasa 02). Sel yis saccharomyces cerevisiae digunakan sebagai sel sampel.
Dalam fasa 01, jarum nano bergetar (tungsten) disepadukan dengan penggerak
piezoelektrik pelambam zirkonat titanat telah digunakan untuk operasi memotong
SCW. Dua frekuensi jarum nano bergetar yang berbeza telah digunakan untuk operasi
pemotongan dinding sel: 1 Hz dan 10 Hz. Bagi mendapat kedalaman penembusan
berterusan sebanyak 1.2 pm, halaju penembusan dinding sel yang didapati adalah
sebanyak 7 um/s dan 24 pm/s. Keputusan menunjukkan bahawa jarum nano yang lebih
laju dapat mengurangkan kerosakan pada permukaan sel. Dalam fasa 02, satu sistem
mikrobendalir Lab-On-Chip telah digunakan bagi pengukuran SCM. Jisim sel tunggal
dikira melalui daya seretan yang dikenakan kepada sel yang dikaitkan dengan hukum
gerakan Newton. Kuasa seretan pada sel telah dijanakan oleh picagari pam mikro
dipandukan tekanan. Sistem ini dikalibrasi menggunakan jisim zarah polistirena (73.5
pico gram) berdiameter 5.2 um. Sel yis bagi saiz yang berbeza (2-7 um diameter) telah
dikultur di makmal. Jisim sel yis tunggal bagi saiz diameter 4.4 pum telah diukur
sebagai 2.12 pg. Di samping itu, keputusan menunjukkan bahawa jisim sel yis tunggal
mengalami peningkatan secara eksponens dengan peningkatan saiz sel. Adalah
dijangka bahawa kerja ini iaitu gabungan pemotongan sel dan sistem pengukuran jisim
sel tunggal akan menambah nilai yang besar terhadap bidang mekanik sel dan analisis

sel tunggal.





