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Abstract

Abstract

Rapid and sensitive detection of pathogenic bacteria is vital to clinical
diagnostics, environmental and food safety, and biodefense. Antibody-based
immunoassay is the most commonly used methods for bacterial detection, yet
specific monoclonal antibodies are difficult to acquire and are very expensive.
Bacteriophages (or phages for short) are the most abundant organism in the
environment with a population approaching 10*'. Phages are obligate parasites of
bacteria, using the resources of the bacterial cell to replicate. Typically, one phage
can attack only specific strains of targeted bacterial species, and host specificity is
usually determined by the outer proteins (receptors) of the bacterium to which a
phage attaches during the initial infection process. Naturally occurring phages are
ubiquitous and extremely numerous and represent a practical source of reagents for
bacterial recognition and identification. Various phage-mediated assays have been
developed for specific bacterial detection.

The Nobel Prize winner Roger Tsien and his coworkers have developed an
innovative method for site-specific fluorescent labeling of recombinant proteins in
live cells. A tetracysteine (TC, Cys-Cys-Xaa-Xaa-Cys-Cys) peptide tag is
genetically incorporated into the target protein of interest where it can be
specifically recognized by a membrane-permeant fluorigenic biarsenical dye such as
fluorescein arsenical helix binder (FIAsH). TC residues are significantly smaller
than fluorescent proteins and therefore are less likely to disrupt protein function.
There are several additional advantages of using biarsenical-tetracysteine probes for
site-specific labeling of intracellular proteins: 1) the TC motif is detectable by
biarsenical dye immediately after synthesis, and the requirement of folding or
post-translational modifications are not needed; 2) biarsenical dyes are

membrane-permeant and can be easily loaded into intact cells; 3) many biarsenical
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Abstract

analogues of FIAsH with improved photophysical properties have been synthesized,
and the addition of new colors to the palette of biarsenical dyes greatly increases
assay flexibility.

Chapter two and three describe the development of a novel method for
bacterial detection that integrates the benefits of natural phage specificity and rapid
phage replication within bacterial hosts with the high sensitivity of biarsenical
labeling of tetracysteine-tagged proteins. A recombinant (“reagent”) phage is
constructed by cloning a DNA sequence encoding a TC motif into a phage (M13
and T7) coat protein gene. The recombinant TC-tagged phage is used to inoculate
the bacterial sample. After recognition and binding, phage DNA is injected into the
host cell’s cytoplasm, where it directs the production of progeny phages. Phage
replication in the infected host yields a large number of progeny phages with
capsids displaying TC-tags that can be fluorescently labeled by the
membrane-permeant biarsenical dye FIAsH-EDT2 to illuminate the bacterium. The
labeled bacteria are readily detectable by flow cytometry and fluorescence
microscopy.

Chapter four discribes the construction of a bifuctional phage probe for
pathogen bacteria detection based on phage display technology. We mutant three
sites of MI3KE by overlap extention PCR, insert the Pstl/BamHI double
endoenzyme sites in the pVIII gene and delete the Pstl at the multiple clone sites.
For the detection of E.coli O157:H7 by flow cytometry, we constructed a
recombinant bifunctional phages probe. The pVIII coat protein is inserted by a VSS
fragment which can be specific recognized by streptavidin as the report site. And the
plII coat protein is confused with LHI fragment which can be recognized by the H7
antigen as the capture site.

Chapter five presents the development of bacteriophage counting approach
based on a laboratory-built high sensitive flow cytometer. We incubate the SYTOX
Orange with the M13 and T7 bacteriophage. The weak fluorescence emitted by each
individual bactaeriophage can be detected by HSFCM, and bacteriophage T7 can be

emuberated accuately.
v



Abstract

In summary, the main contribution of this thesis is the development of new
analytical methods for bacteria detection using bacteriophages. Firstly, we
developed a novel method for bacterial detection that integrates the benefits of
natural phage specificity and rapid phage replication within bacterial hosts with the
high sensitivity of biarsenical labeling of tetracysteine-tagged proteins. Secondly, we
constructed a bifunctional phage probe for pathogenic bacteria detection. In the end,
employing a laboratory built high HSFCM, we developed a rapid and sensitive

method of single bacteriophage enumeration.

Key words: Bacteriophage; Pathogenic bacteria; Biarsenical dye-tetracysteine tags;

Bifunctional phage; Phage enumeration
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BUR R ICAEATE, AWK AR 4 Bl oo o LA 2207 T o i, 4t
Ft DAHZ (WHO) Fivt, KB 5 2 LUT JLE MBS AIE 15 1461, i8R
300 JiJLEEAET S, L2y 70% 2 f1 T & R0 A s G i g i A OK B
P & [ e TR gl ot (CDC) Igeih, SEEEHFEL KA 7,600 J1 6 S ik
P, HRZ) 32.5% A BRI, FHEZ 5,000 ASE 1%, i H A S0 N 1K
bk 39% LA P i B B S0 E S A= 5 R 1 s v e DR 2 W, P i 3K
Wi (CEZYDITIRE . B . KR B O157:H7. HA% 4N fu s A&
ZEIRE R DIV B ERLINGE . SRPAT 5D v Gyt 5 R R &4 v 25 2L
T BIT BAR JE ELREIE B AARE BE F 1 F E R v A P (R IR B
T8 ) B IR TR R R G

FEWHOAGVE,  H AT DA JE A3 204 5 ) B U s A5 98 2 oy S5 s A AR
D4y, SEBR R AR R BRI £ v] BB RS EE 300~350F% . BAlE, PR
L R R RS0 AT 5 e as s FREEIRI . P2 Wi i A A R
22t (NP0 5 FA H B S, ST 55000 B 1) PR S 8 A I T VE AL AT o AR5
PRI D A A DN 7 VA B0 A0 T BEA T O3 5 B 7R M — R AVE RN, A E R 2
R RS, Jovkad FH T e AR IR 1008 B T, [ IS) A7 ] P a ft Y AN P 45 T
A, ARMEIE N 23 3 DA AR WY S AR B S Pl S IR 2 ARk, s A
A BRI BT TSR, BHIE DU RE T ZR AHT I Al B RS A
UWIPCRAT I AR, DNAZYASH AR, ELISAsHIAR . WA % i R 10, i
AN ARSI AR 2T A g e AR 1% 3o 354 il R (Flow cytometry,
FCM) PRI HAT A I T4 S PR o K P vy F1 22 Z0000 B S5 i, 70 40 1 A U RN 26 i T
T, T ™ St BT 40 TR S0 HLEE DL S e e v S i i
R EL il R AN A R B R A AT PO kR, FOMAT DUBRE .
e S, DU A b R A P B TR PR RIBE R O - AR BRI AN ek, X
TGN AT 7 TR D) Y Z I ANSS, Hammes 55 FHFCM BRI I H K o
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