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Abstract

Abstract

Bacterial infection and immunological eradiation are two key aspets of hosts-pathogen
interplay. A precise understanding of host-pathogen interaction is critical for treatment
variety of infectious diseases. Phagocytosis is an effective anti-bacteria defense.
Phagocytes engulf bacteria to the phagosomes, which then fuse with lysosomes to form
phagolysosomes. Lysosomes are the digestive organelle of cells, lysosomes are feathered
by acidic luminal pH (pH 4-5), and contains many hydrolytic enzymes. Bacteria
endocytosis into lysosomes degraded by the effects of acidic pH and these hydrolytic
enzymes.

Abnormal phagocytosis results in disrupted immuity homeostasis and leads to repeated
bacterial infection. Realtime visualization pathogen phagocytosis is of significance for
studying pathogenesis. Currently phagocytosis is examined by fluorescently labeled latex
particles, or green fluorescent protein (GFP) transfected Escherichia coli (E. coli). These
approaches have many shortcomings, with limited choice of bacteria, are often incapable
of differentiating ingested particles from extracellular particles owing to intrinsic
“always-on” fluorescence, as well as the fluorescence of GFP would be degraded and
quenched in the lysosomes.

In order to overcome these problems, we synthesized lysosomal pH responsive probes.
We realized the fluorescence labeling of bacteria via non-covalently and covalently forms,
and evaluated the effects of phagocytosis imaging. The first way is to use
triphenylphosphonium (TPP is a cationic hydrophilic vector) conjugated rhodamine-
lactam accumulate in the bacterial cytoplasm due to the transmembrane potentials of
bacterial cell membrane. The second way is to use D-Lysine conjugated with ROX-lactam
for covalent incorporation into the bacterial cell wall. Bacteria readily absorb D-amino
acids to peptidoglycan. Utilizing this metabolic pathway, Rox-D-Lys was incorporated
into peptidoglycan. Bacteria have non-fluorescent in neutral cytoplasm, if swallowed into
phagolysosomes, would be activated by acid and given fluorescent. This method will

effectively reduce the background signal when observeing phagocytosis. We have



Abstract

synthesized a series of probes achieved dual-labeling with different fluorescent colors in
different types of bacteria. This method hardly changed the natural structure of the
bacterial surface, which is beneficial for reconstitution of the natural bacteria-host cell
interaction.

To real-time dynamic observe phagocytosis, we used the covalent labeling of bacterial
peptidoglycan with D-lysine conjugated rhodamine X-lactam activatable to acidic pH to
give intense fluorescence and D-lysine conjugated FITC which serves as the internal
signal reference. Before the bacteria are swallowed, ROX have no fluorescence. When
bacteria enter phagolysosome, the fluorescence of ROX activated by acid. By the use of
the changes in fluorescence to track bacterial phagocytosi.

As shown by the results, Culturing of E. coli and Staphylococcus aureus (S. aureus)
with D-lysine conjugated rhodamine-lactam and fluorescein isocyanate (FITC) leads to
efficient metabolic incorporation of FITC and rhodamine-lactam into bacterial
peptidoglycan. Which could be real time and in situ tracking of phagocytosis. The
fluorescent molecule has a good stability in phagolysosomes, which has non-fluorescent
in neutral pH and given fluorescent in phagolysosomes. This way maintains the integrity
of bacterial surface molecular landscape, which is beneficial for reconstitution of the
natural bacteria-host cell interaction.

Key Words: bacteria, pepdioglycan, fluorescence imaging, phagocytosis
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