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Abstract

Abstract

There are a wide variety of biological particles which fall into the nanometer to
sub-micron scale such as bacteria, viruses, molecular assemblies and
biomacromolecules. Having the characteristics like small size, propagation rapidly,
variation easily and strong adaptability of environmental, bacteria could affect the
people’s daily lives and production. The engineered bacteria play an important role in
the field of bio-engineering, medicine, pharmaceutical, industrial and agricultural
production and environmental governance and so on. What’s more the pathogenic
bacteria not only influence the quality of food but also lead to therapeutic failures of
disease if the bacteria carried resistant gene. However, the traditional methods of
bacteria detection are it is labor-intensive, time-consuming, and of limited usage in
certain circumstances and difficult to meet the actual needs. Rapid, sensitive and
specific detection of bacteria is vital to food safety, environmental monitoring,
pathogenesis, diagnosis and treatment of diseases and prevention of bioterrorism.

Flow cytometry is a well-established technology widely used for the analysis and
sorting of individual biological cells or cellsize particles in a rapid, quantitative, and
multiparameter manner. However, due to the small size, simple internal structure, and
the low copy numbers of specific biomolecule, it is still a great challenge for the
commercial flow cytometer for bacteria detection at present. In our laboratory, we
have built a high sensitivity flow cytometer (HSFCM) in 2009, which is 2-3 order of
magnitudes more sensitive than commercial flow cytometers. HSFCM have been
successfully applied in the analysis of some chemical biological systems.such as
bacteria and mitochondria. In this dissertation, we attempted to develop a versatile
and multiparameter platform for the bacteria detection at the single bacterial cell level.
This dissertation consists of the following sections:

As many essential proteins and most transcription factors are produced at a low

copy number, analytical tools with superior sensitivity to enable the analysis of low
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abundance proteins in single cells are in high demand. B-galactosidase (B-gal) has
been the standard cellular reporter for gene expression in both prokaryotic and
eukaryotic cells. chapter two describes the detection of low copy number
B-galactosidase of bacteria. The E. coli BL21 Star™ (DE3) which genome contained
lacZ gene was chosen as a model system and the B-gal expressed was detected by
HSFCM. The average copy number of B-gal could be acquired by the Quantitative
MUG fluorometric assay at different IPTG concentration. The distribution of the copy
number of B-gal could be converted by the fluorescence histogram of by the C1,FDG
staining. Upon this method, the copy number of B-gal at the basal level is 21.

In clinical settings, individuals could be simultaneously infected with multiple
strains and antibiotic-resistant strains may represent only a very small fraction of the
total bacterial population. However, if antibiotics is inappropriately prescribed,
antibiotic-resistant pathogens could outcompete susceptible strains and become the
dominant population. chapter three describes the application of HSFCM in antibiotic
resistance especially for the minority resistant bacteria detection at the single bacterial
cell level. The E. coli E. coli IM109 and E. coli IM109/pUC19 which encodes TEM-1
B-lactamase were used as models of antibiotics sensitive and resistant strains. By
dual-staining bacteria with both the nucleic acid dye (SYTO 62) and the fluorescent
B-lactamase antibody, the proportions of antibiotic resistant cells in the mixture can
be quantitatively measured by HSFCM. Minority populations as low as 0.1 % of the
resistant bacteria can be accurately detected in a mixture, demonstrating the
superiority of HSFCM for the detection of rare resistant cells on the top of a large
population of sensitive cells. And the disc diffusion test (K-B method) and the
analysis of nitrocefin were also used to compare with the method we developed.
Combined with PCR assay, clinical samples which contained TEM-1 (-lactamase
could be detected by HSFCM.

There are some viable bacteria exist in raw milk and influence the quality of milk.
chapter four describes the application of HSFCM in viable bacteria detection in milk.
The E. coli ER2738 was chosen as a model strains, by staining with nucleic acid dye

PicoGreen, the total bacteria we added in UHT milk could be detected and good
vV
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correlations between the results measured by HSFCM enumeration and the traditional
plate-counting method were obtained. Then the other two nucleic acid dyes (SYTO 9
&P1) for live and dead bacteria detection were used for the viable bacteria in raw

milk.

Keywords: HSFCM; single bacterial level; B-galactosidase; antibiotic resistance of

bacteria; bacteria detection in raw milk.
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