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ABSTRACT

Novel mAbs were produced with a wide range of anti-Dickeya binding
reactivities. A mAb line produced from the first fusion generated a BOX-PCR
type B,C and D binding antibody (MAb Pine-1). A second mAb line had broad
spectrum specificity that reacts to BOX-PCR type A through E and most of the
Dickeya reference strains (MAb Pine-2). Phylogenetic analysis based on gyr-B
gene expression and BOX-PCR types are consistent with the mAb reactivities.

Also a field dipstick assay was developed for the detection of live
environmental pathogens that is able concentrate the organism for further
analysis and was able to detect S. enterica serotype Typhimurium at 10° CFU/ml,
which is within the infective dose of most Salmonella species. The dipstick is
able to isolate and purify S. enterica serotype Typhimurium from a mixed culture
of 100:1 S. marcescens to S. enterica serotype Typhimurium, with a final purity of
greater than 80% determined by colony counts, which is culturable to streak for
identification.
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Chapter 1. Introduction

1.1 Background

Bacteria are ubiquitous. They are found in the soail, in the air and in and on
the human body. Of the various species of bacteria found in the environment,
there are pathogenic species of major concern to agricultural industries.
Phytopathogens cause millions of dollars in crop loss each year, while food-borne
human pathogens are a major public health issue. Thus there is a need for rapid
detection systems to identify putative pathogens and to differentiate pathogenic
strains from harmless microorganisms. The pineapple pathogen Erwinia
chrysanthemi (aka unclassified Dickeya sp.) and the enteric pathogen Salmonella
Typhimurium are the main focus of the research presented here as they serve as

models of an agricultural pathogen and a food borne pathogen, respectively.

1.1.1 The pineapple pathogen Erwinia chrysanthemi

Pineapples are an important crop in the agricultural industry of Hawaii. In
2006, the Department of Agriculture estimated the farm value of the pineapple
crop in Hawaii to be $75.5 million. As the demands increase for more intensive
farming, movement of new planting stocks to production sites increase along
with the risk of spreading associated pathogens. In late 2003, an outbreak of
soft rot was detected in Hawaii. The pathogen responsible for the soft rot and
ultimate fruit collapse of the plants was identified as E. chrysanthemi.

E. chrysanthemi is a gram negative, facultative anaerobic, motile bacilli

belonging to the family Enterobacteriaciae. It has 3-14 flagella but commonly 8-
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11. It's optimum growth conditions are at 26-30°C and it normally grows at
temperatures below 37°C. Other common members of Enterobacteriaciae
include Escherichia coli, Salmonella and Shigella spp. E. chrysanthemi is
about 1.8um long and usually occurs singly or in pairs.

E. chrysanthemi is the only species in the genus Erwinia able to produce
an insoluble blue pigment known as indigoidine; this is the same pigment first
found in Psuedomonas indigofera (ELAZARI-VOLCANI, B., 1939). Although first
classified simply as pectolytic Erwinia sp. it was later moved to the separate
genus Pectobacterium. Closely related Erwinia carotovora underwent the same
name change to Pectobacterium carotovora. In 2005 Samson et al. reclassified
E. chrysanthemi into 5 separate species in the genus Dickeya. Two of the
strains isolated from pineapples were classified as Dickeya zeae and Dickeya
dadantii, while the other strains will remain as unclassified Dickeya sp. until
further genetic tests are able to differentiate them. Although Dickeya dadantii
was listed as a pineapple pathogen in Samson’s study, the pineapple strains
(formerly known as E. chrysanthemi) used in this study fall into the unclassified
group of Dickeya.

In addition to being a pathogen for pineapples, E. chrysanthemi has a
wide host range which includes several other plants of economic significance.
These include bananas, carrots, potatoes, chrysanthemums, corn, and others.
In 2000, Duarte et al., published a study indicating that E. chrysanthemi
possesses surface proteins similar to intimin, the protein required for virulence

of enteropathogenic E. coli. E. chrysanthemi was able to adhere to and cause



oxidative stress to human gastrointestinal cells in vitro, thus it may have the
potential to colonize mammals too! Bacterial heart rot of pineapples caused by
E. chrysanthemi is characterized by the presence of water-soaked lesions on
the center leaves near the apical meristem and browning leading to the heart of
the plant, ultimately causing fruit collapse. The closely related pathogenic
bacteria E. carotovora is an opportunistic pathogen only causing disease in
wounded or stressed plants. E. chrysanthemi on the other hand, causes
disease that moves from heart to heart even among previously healthy plants.
Also, the soft rot caused by E. carotovora manifests immediately, while E.
chrysanthemi can form difficult to detect latent infections on planting stocks,

later leading to major epidemics and loss of crops.

1.1.2 The food borne pathogen Salmonella enterica ser.
Typhimurium

Salmonellosis is an important public health problem in the United States,
causing significant levels of morbidly, mortality and related economic burdens.
(de Jong, B., 2006 and Voetsch, A. C., 2004). Salmonella spp. are commonly
found on a variety of foods but most human infections are associated with
contaminated chickens. In 2005 the Foodborne Diseases Active Surveillance
Network (FoodNet) of the Center for Disease Control (CDC) reported the
incidence of Salmonella infections to be 14.55 per 100,000. Most cases of
Salmonella cause mild to moderate disease, but certain strains/serovars can
cause serious infections leading to death. More than 2400 Salmonella serovars

have been identified (Brenner 2000). Thus, as part of environmental and food



surveillance, there is a need for a rapid detection system to identify
contaminated material.

Salmonellosis is most commonly caused by the serotype Typhimurium
and is accompanied by symptoms of diarrhea, fever and abdominal cramps 12
to 72 hours after infection and may last for up to 7 days. Some rare cases of
hospitalization from severe dehydration and even sepsis leading to death have
also been reported. Other severe cases of Salmonellosis are caused by the
serotype Typhi (the agent that causes Typhoid fever) that accompanies more
severe symptoms and, if left untreated leads to delirium known as the typhoid
state. Salmonellosis is usually transmitted through the fecal oral route and
originates as fecal contamination of beef, poultry, pork, milk, eggs or water. The
infective dose of Salmonellosis of most of the serovars is usually about 10° to
108 cells.

S. Typhimurium is also a gram negative, facultative anaerobic, motile
bacillus, belonging to the family Enterobacteriaciae. Unlike the phytopathogenic
E. chrysanthemi, S. Typhimurium is an enteric pathogen. S. Typhimurium is
able to ferment glucose, but unlike E. coli and other gram-negative intestinal
bacilli, is not able to ferment lactose.

Just as in the case with E. chrysanthemi, the nomenclature of S.
Typhimurium is subject to wide debate and has changed through the years. The
first attempt at classifying the strains involved the source/host that the organism
was isolated from. In 1946, the nomenclature underwent a major change as

Kauffmann-White classified each serotype based on O (somatic) and H



(flagellar) antigens, as separate species. Since there are currently more than
2400 different serovars identified, designating 2400 different species to the
same genera of closely related strains was inappropriate. In 1944, Borman et
al. proposed the three species concept consisting of S. choleraesuis, S.
typhosa, and S. kaufmannii, with the last species consisting of all the remaining
serotypes not including the first two. In 1963, the last species was then
changed by Kaufmann and Edwards to S. enterica. In a few years later
Kaufmann proposed another major change once again as he divided the genera
into four subgenera (I, Il, Ill, and 1V) based on biochemical test, without naming
the subgenera. The different subgenera were later shown to be biochemically
indistinguishable, thus this scheme was also abandoned.

In 1973 Crossa et al. revolutionized the taxonomy of the genera based
on DNA relatedness using DNA hybridization and showed that most serotypes
had a genomic relatedness of 85-100%, with the exception of one group. Thus
all strains were included as S. cholerasuis (now changed to S. enterica to
prevent confusion with the serotype of that name), except for the unrelated S.
bongori (subspecies V) which was considered as a separate species. The
current classification involves an inconsistent division of the genera into the two
species (S. enterica and S. bongori), the 6 subspecies of S. enterica (enterica,
salamae, arizonae, diarizonae, houtenae, indica), and the many serotypes
(Brenner 2000). Thus, Salmonella typhimurium is now known as S. enterica
subsp. enterica serotype (or ser.) Typhimurium (with no italicizing). The CDC

uses a simpler scheme, as upon the first citation the serotype is given directly



after the genus name (Salmonella serotype/ser. Typhimurium); the serotype can
then directly follow the genus in later citations (S. Typhimurium capitalized

without italicizing to designate serotype).

1.2 Current methods of detection

The current methods of detection for environmental pathogens involve a
variety of microbiological culturing, biochemical test, DNA based methods, and
immunoassays. The main focus of this study is to develop a simple screening
tool suitable for field diagnostics which does not require expensive equipment or
trained personnel as is required by the current detection methods.
Nevertheless, the various methods will be outlined and compared for the two

bacterial models.

1.2.1 Culturing methods for bacterial identification

Various methods have been developed to isolate and identify bacterial
species from the ubiquitous micro flora in the environment, such as culturing
techniques on selective and/or differential media combined with biochemical
tests. Selective media are able to isolate specific groups of bacteria by
inhibiting the growth of one type of bacteria, while allowing another type to grow,
such as allowing gram negative bacteria to grow while inhibiting gram positive
bacteria. Differential media distinguishes morphological or biochemically related
organisms by producing changes in the appearance of bacterial growth or

surroundings in the media. Specific genera of many bacteria can easily be



identified by first ruling out non-related species. Then related species can be
differentiated based on special pigment production or color change, when the
differential and selective media are combined. Thus culturing techniques are
useful for isolation and identification, but require long incubation times, multiple
isolations, specialized media and significant laboratory skills. Additionally,
culturing may be unable to identify strains or species within a genus. Thus,
culturing is inadequate for the rapid screening of environmental pathogens.
Isolation of E. chrysanthemi using culturing methods involves the
detection of the pigment indigoidine, as E. chrysanthemi is the only species in
the genera that produces that pigment. YDC plates are generally used to
culture the bacteria and to observe for the indigoidine pigment formation unique
to E. chrysanthemi, but the production of the pigment is inconsistent under
certain laboratory conditions. In 2006, Lee, Yung-An and Yu, Cheng-Pin
developed a rapid identification method of E. chrysanthemi that involves the use
of a unique differential medium to consistently produce indigoidine. The
medium they developed was named NGM,; it contains nutrient agar
supplemented with 1% glycerol and 2 mM MnCl,d 4H,0. The authors claim that
the medium induces pigment production and enhances the color development.
A number of differential and selective media have been developed for the
isolation of Salmonella species. MacConkey agar and Eosin-Methylene blue
agar are commonly used as they select for enteric bacteria and are able to
distinguish Salmonella from coliform bacteria. The most commonly used media

however include SS agar (Salmonella-Shigella), bismuth sulfite agar, HE agar



(Hektoen enteric), Brilliant green agar and XLD agar (xylose-lisine-
deoxycholate). SS agar is moderately selective for Salmonella by inhibiting the
growth of gram positive organisms with bile salts, brilliant green and citrates,
while it also differentiates the non lactose fermenting Salmonella and Shigella.
Bismuth sulfite agar inhibits gram positive and coliform organisms and is
differential for Salmonella using thiosulfate for the observation of H,S
production, as Salmonella appears as black colonies. HE media inhibits gram
positive organisms and differentiates for lactose fermentation similarly to SS
agar, except it utilizes 3 different fermentable carbohydrates and increased
lactose to differentiate slow lactose fermenters from fast fermenters. It also
differentiates for H,S production, so Salmonella species appear as blue-green
colonies with or without black centers, while coliform bacteria appear as salmon
pink colonies. XLD agar contains a xyline that differentiates most bacteria
capable of fermenting it from Salmonella and Shigella, while differentiating

Shigella from Salmonella through the observation of H,S production.

1.2.2 Biochemical Tests for bacterial identification

Biochemical tests may complement culturing techniques or supplant them
for identification of bacteria. Biochemical tests identify unique enzymes or
biochemical pathways not found in all species of a genus or even all strains of a
species. Biochemical test can range from detecting sugar fermentation
capabilities, carbon source utilization, or presence of a certain enzyme. Species

of bacteria can be identified based on the unique results of a series of



biochemical test. For example, Staphylococcus aureus is characterized as
being mannitol fermenting, coagulase positive and DNase positive. Also many
virulence factors expressed uniquely in certain pathogenic strains of bacteria are
characterized by the ability to utilize new sources of nutrients or produce new
enzymes, both which might be detectable using specific biochemical test.
Although biochemical test can ultimately lead to the identification of different
strains of bacteria, the bacteria of interest must first be isolated using culturing
techniques, and then run through a series of biochemical test that takes days to
weeks, which is unsuited as a rapid and simple screening tool.

The biochemical tests that can be used to identify E. chrysanthemi include
a carbon source utilization test, strand formation in potassium hydroxide, and pit
formation test on crystal violet sodium polypectate media (CVP). A
commercially available carbon source utilization test can be used to identify
different isolates based on the patterns matched using computer software.
Strand formation in potassium hydroxide separates saprophytes into gram
positive (negative result) and gram negative organisms (positive result). CVP
media is used to distinguish pectolytic (positive for pit formation) from non-
pectolytic (negative for pit formation) bacteria, although some Erwinia are not
pectolytic.

Various biochemical tests may be performed to identify S. Typhimurium,
including lactose fermentation test, Hydrogen Sulfide (H,S) production test,
IMVIC test, Lysine and Ornithine decarboxylase test, etc. Lactose fermentation

and H,S production can both be tested using the triple sugar iron agar test, as



most Salmonella species are only capable of fermenting glucose and produces
H»S. The IMVIC series gives Salmonella a profile of indole negative (does not
use tryptophan), methyl red positive/Vogues-Proskauer negative (acidic
fermentation end products), and citrate positive (grows on citrate). Most
members of the family Enterobacteriaciae are negative for lysine and ornithine
decarboxylase, thus making it possible to differentiate Salmonella from the other

Enterobacteriaciae.

1.2.3 DNA based methods for bacterial identification

A number of DNA-based identification methods such as PCR and DNA
sequencing have been used in the identification of many species and special
strains of bacteria. Most of these tests are based on sequencing of unique 16S
rRNAs or presence of specific genes not found in related organisms. PCR is
able to amplify DNA from a very small sample and utilizes specific primers that
have been developed for unigue gene sequences that only certain species
contain or gives certain banding patterns (DNA profiles) in DNA sizing gels, thus
making these highly specific and sensitive tests for the identification of a specific
species. Also, the PCR products derived from 16S rRNA can be sequenced to
determine the identity of the bacterial species by matching the sequence to
online databases. DNA fingerprinting patterns using pulse field gel
electrophoresis (PFGE) can also be used to identify different species of

bacteria. The DNA-based methods are highly sensitive and specific but require
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specific primers and specialized equipment which are not always available and
require skilled technicians working in a laboratory setting.

Besides using PCR to amplify and then sequence the 16S rRNA in E.
chrysanthemi, repetitive-element-sequence-PCR (rep-PCR) has also been used
to identify DNA fingerprints using the BOXA1R primer (Versalovic 1994). In an
study done by Kaneshiro, W. et al. in 2008, rep-PCR using the BOXA1R primers
generated 5 unique fingerprinting patterns, which they named patterns A
through E. Patterns A, B, and C identifies the Dickeya sp. (Erwinia) isolated
from infected Hawaiian pineapples and distinguished them from E. carotovora.

Salmonella is a major concern to public health, thus many DNA based
techniques for its detection were developed and maintained by the government.
In the last decade a national network of laboratories utilized DNA fingerprinting
patterns from PFGE data collected from various laboratories and stored by
PulseNet, which was developed and is maintained by the CDC. Over 50,000
PFGE patterns are uploaded each year allowing analysis and tracking of
outbreaks from small clusters. In recent years PCR has been used for detection
of Salmonella based on the presence 0f16S-23S internal transcribed spacer
(ITS), the Salmonella enterotoxin gene (stn) and the histidine operon genes.
PCR using the ITS primer had a detection limit of 1-9X10° CFU/ml (Chiu 2005,

Ziemer 2003).
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1.2.4 Enzyme-Linked Immunosorbent assays (ELISA) and dot blots
for bacterial identification

Immunological methods are another alternative to culturing, biochemical
and molecular genetic methods. Antibodies used in immunoassays can be
made specific for a variety of bacterial species and, in some cases, are able to
differentiate strains as well. The Enzyme-Linked Immunosorbent assay
(ELISA), utilizes enzyme labeled antibodies to detect antigens by adding a
colorimetric or fluorescent substrate. Thus, the ELISA offers high sensitivity and
specificity, making it a popular method for identification of bacteria. However,
most ELISAs require multiple incubation step procedures and the use of a
spectrophotometer. This can be technically tricky, time consuming and
expensive thus limiting its applicability. The dot blot assay is a modified ELISA
placed on a nitrocellulose membrane, eliminating the need for a
spectrophotometer, although this limits the dot blot to mostly qualitative analysis
compared to ELISAs that could also be quantitative. The dot blot still utilizes the
same incubation and blocking steps as the ELISA. The further modification into
an enzyme based dipstick format provides a rapid and simple approach to the
immunoassay, as the dipstick assays perform the same tests as sandwich dot
blots in a single step or two.

Antibodies directed to E. chrysanthemi are not currently commercially
available and must be custom made by the laboratory studying the bacterium.
On the other hand, there is available a wide variety of commercial antibodies

against the Salmonella genera and antibodies specific for the major serotypes
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(based on O and H antigens). ELISA tests using the commercial antibodies
have a detection limit of 10* to 10° CFU/mlI (Brigmon 1992, Kumar, 2008). A
unique capture method has also been developed known as immunomagnetic
separation (IMS). IMS utilizes antibodies bound to magnetic beads that capture
and concentrate the bacteria from an environmental sample. The technique
does not identify the bacteria but provides a quick method to concentrate
Salmonella and can be coupled with other techniques such as selective media
to identify the bacteria and increase the sensitivity of the assays to 10> CFU/ ml.
However, this procedure still takes a total of 30 hours (Luk 1991, Hanai 1997).

1.2.5 Dipstick assays for bacterial identification

Dipstick assays are based on the sandwich ELISA technique and
generally involve the diffusion of a soluble antigen (generally a protein or small
molecule) across a nitrocellulose membrane. A spot on the membrane is
pretreated with a capture antibody conjugated to an enzyme’s substrate. As the
antigen diffuses up the membrane, it comes in contact with a soluble enzyme
conjugated antibody. This enzyme antibody complex continues to diffuse up the
membrane until it encounters a fixed substrate bound capture antibody that
recognizes a different epitope. When the enzyme-conjugated antibody bound to
antigen is captured by the substrate bound capture antibody, the enzyme
contacts the substrate and produces a colored spot or line. The common
enzymes used are horse radish peroxidase (HRP) and alkaline phosphatase
(AP). Although the dipstick provides a rapid immunoassay, usually resolved in

minutes, the use of enzymes and sensitive reagents is a significant drawback for
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field studies. Harsh conditions found in field studies such as heat and moisture
could potentially render the enzyme non functional.

In 1983 Gribnau, et al., developed a new colorimetric method of antibody
labeling using colloid textile disperse dyes. The colloid dyes bind to random
sites on the antibody. Thus antibody labeling with these dyes must be optimized
to minimize inactivation of the antibody binding activity. In 1991, Snowden and
Hommel adapted the dye labeled antibodies for use in a dipstick assay against
mosquito blood meal preparations. The dipstick’s design was similar to the
enzyme based dipsticks, except that dye-labeled antibody bound to bacterial
antigens are captured on the capture antibody to concentrate the dye into a
small area. The colloid dye based dipstick provided an excellent method of
soluble antigen detection suitable for the field. The method has been largely
adapted for use in clinical disease diagnosis, antibody isotyping, and for
identification of a variety of other soluble antigens. Thus, the adaptation of the
ELISA into a dipstick format is the simplest and probably the most effective test
for field screening of environmental pathogens. Since, it can only screen for
soluble antigens, the presence of live specific pathogens requires laboratory
confirmation.

There are several commercial dipsticks available for the detection of
Salmonella (Sdix Newark, and Cole-Parmer.com, Vernon Hills) Most of these
commercial kits require one to several pre-enrichment steps or IMS separation
before achieving the sensitivity required for detection.. Unfortunately, there are

no commercial dipsticks developed for E. chrysanthemi yet.
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1.3 Introduction to Monoclonal Antibodies (mAb)

The detection of environmental pathogens requires technique sensitive
enough to detect low concentrations of pathogen and specific enough to
distinguish the pathogen from other organisms in the environment. An effective
assay for the E. chrysanthemi must distinguish the pathogenic E. chrysanthemi
from the opportunistic pathogen E. carotovora. Similarly, an effective assay for
the enteric pathogen S. Typhimurium must be able to distinguish it from the less
harmful coliform bacteria likely to contaminat test samples. Thus, for antibody
based assays, mAbs are the instrument of choice, as they can be selected for
both high sensitivity and specificity, as well as be adapted to wide variety of
Immunoassays.

Mabs as they are currently produced were first described by Kohler and
Milstein in 1975. The procedures for monoclonal antibody production described
in 1975 have changed little in subsequent years. The antibodies are produced
from a hybridoma cell line, made from the fusion of a B cell from an immunized
animal (usually a mouse) and a myeloma cell line. The myeloma usually does
not make antibodies and has a defect in one of the salvage pathways of
nucleotide synthesis (either the thymidine kinase or the hypoxanthine guanine
phosphoribosyl negative mutants). Thus, in the presence of aminopterin, which
blocks de novo nucleotide synthesis, the myeloma cannot survive (i.e., it can
use neither the salvage pathway nor the de novo pathway for nucleotide
synthesis). B cells have a finite lifespan and thus survive in culture for only a

week or two. Polyethylene glycol (PEG) is used to facilitate membrane fusion of
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B cells from mice immunized against an antigen of interest and the myeloma,
resulting in a hybridoma cell that is both immortal and able to secrete antibody
encoded in the B cell from the immunized mouse. In the presence of
aminopterin the myeloma cells die. The hybridoma cell has received a restored
salvage pathway from the B cell and the immortality of the myeloma cell, thus as
long as the nucleotides thymine and hypoxanthine are available for the salvage
pathway, the hybridomas are the only cells able to survive in cultures containing
aminopterin.

As the B cell-myeloma fusion process is random, fusions of B cells with
unknown specificities and affinities will occur. This means that a long process of
screening and selection is required to isolate desirable clones with both
specificity and high affinity for the antigen. Sometimes several antigen-specific
clones with various affinities and isotypes can be isolated from a fusion but
usually there are only a few that are potentially useful. Depending on how the
monoclonal antibodies are to be used, the antibody isotype may be important
since it will affect the function of the antibody. Additionally, some isotypes are
more difficult to purify using conventional purification techniques, such as affinity
purification using a protein G, A or L column. Some isotypes, such as mouse
IgM do not bind well to the protein G and A columns, and if the light chain is
lambda then a protein L column is also useless. Thus, considering the isotype
is also important when selecting for a useful clone.

Once a hybridoma line is isolated with a high specificity and affinity, a

consistent supply of antibody is available. Antibody-containing supernatant can
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be collected from the hybridoma culture to be used as is or the antibodies can
be concentrated using in vivo or in vitro methods. The in vivo methods involves
injecting the cell line into the peritoneal cavity of an animal (usually mouse)
allowing the tumor (hybridoma) to grow and the concentrated antibody can be
collected from the peritoneal fluid, known as ascites. Although the technique is
relatively simple, it is expensive and time consuming. Importantly, there are
also ethical concerns using live mice to grow the antibodies-producing tumors,
thus this technique has been discouraged over the last several years. Recently
cost effective methods have been developed that allow for production of
relatively high concentrations of monoclonoal antibodes in vitro (e.g., the BD
CELLine Disposable Bioreactor, BD). Although this method results in antibody
concentrations comparable to ascites and cost less depending on the yield, it
does require a period of adaptation to serum free media making the process
more difficult.

In most cases there is an advantage of using mAbs over polyclonal
antibodies as long as the process of selecting a hybridoma line with both
specificity and high affinity and the production of high antibody concentrations is
achieved. The hybridoma provides a virtually infinite source of consistent
antibodies to a specific epitope, compared to polyclonal antibodies that need to
be retested with each batch of serum collection due to unpredictable immune
responses in animals. Also, fewer animals need to be used if the in vitro

method of antibody production is employed. Thus, mAbs are the preferred
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antibody to use in most immunoassays that require high sensitivity and
specificity.

In this study, several new clones of monoclonal antibodies were
produced to detect specific strains of E. chrysanthemi isolated from infected
pineapples in Hawaii. Two separate fusions were prepared using different
targeted antigens. The first fusion was targeted towards the BOX-PCR type C
strains and generated two mAb lines. MAb Pine-1 bound mostly to B-D strains,
while MAb Pine-2 reacted to all pineapple strains. The mAbs from the first
fusion did not recognize the D. zeae strain A5467. Since D. zeae was believed
to be related to the D. sp that infects pineapple, a second fusion was made
targeted towards the D. zeae strain A5467 The second fusion generated two
additional mAb lines, mADb line 1H1G5G3 that only bound strain A5467 and mADb

line 5C11D2D9 that bound every strain tested.

1.4 The production of a novel capillary based dipstick assay

The dipstick assays currently available are qualitative screening tests for
diffusible antigens, such as proteins or small molecules (ie. hCG detection in
pregnancy tests). In the case of screening environmental samples for
pathogens, contaminated samples still need to be sent for further confirmation
using sophisticated laboratory techniques which are time consuming and
expensive. The project undertaken here was to develop a dipstick based field
assay for live environmental pathogens that not only detects the pathogen but
concentrates the organism for further analysis. The assay needs to be highly

specific, sensitive, rapid, easy to perform and stable in the field. To meet these
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criteria, a capillary based dipstick assay was developed using colloid dyes to
provide a simple and rapid diagnostic tool suitable for field test.

The assay developed relies on capillary action to transport the relatively
large bacteria that are unable to diffuse through a nitrocellulose membrane.
Although the assay was used for the detection and affinity purification of
Salmonella Typhimurium, when suitable antibodies are available, this assay
method should be able to detect any species of bacteria.

The capillary column used in the dipstick assay requires specific
conditions for the efficient flow of a bacterial solution. Various types of
commercially available plastic films of differing hydrophillicities and dialysis
tubes were tested along with various designs to facilitate optimal flow. The
design that worked most efficiently is described in Figure 5.4. Multi-purpose
transparency film (3M, ST. Paul,) was chosen as the front and backing of the
column, while dialysis tubing (W.H. Curtin & Co, Houston) was chosen as the
spacers. This model was able to transport the bacterial solution at a rate of
~2mL in 10 minutes. The capillary column is completely filled with the solution
within the first 2-4 seconds the flow rate is then controlled by the absorbent
capabilities of the wick material. Although a small wick made of transblot paper
was able to hold ~2ml, theoretically any volume of liquid can be passed through
the column to improve the sensitivity of the tests, as long as the wick is
extended or a more absorbent material is used. Additionally, because the cross
sectional area of the column is 0.05 mm by 3.7 mm (depth, width), bacterial

aggregates and small bits of debris will not inhibit the flow of the column.
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The capillary column combines the simple and rapid identification of a
dipstick assay with affinity purification similar to IMS. The invention of the
capillary column allows whole bacteria to be transported and purified in a
dipstick format, for the first time ever. The assay was able to detect S.
Typhimurium at a concentration of 10> CFU/ml, comparable to the ELISA, by
passing through only 1 ml of a bacterial solution. The positive screened

samples were collected and cultured for further characterization.
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Chapter 2. Materials and Methods

2.1 Antibodies
Antibodies were used in the ELISA and dipstick assay. Rabbit anti-

salmonella O antigen (A,B,D) polyclonal antibodies were purchased from BD
Pharminogen (San Jose), Goat-anti- Salmonella O antigen (B) mAb was
purchased from GenWay Biotech (San Diego). Goat-anti Rabbit IgG (whole
molecule) antibodies were purchased from Sigma-Aldrich. The negative control
goat anti-human IgG whole molecule antibodies were purchased from Sigma-
Aldrich (St. Louis). The 97C1F8 mAb provided by the A. Alvarez lab was grown in
the BD CELLine Disposable Bioreactor (San Jose) in Cell MAb Medium Serum
Free (Maryland) according to the manufacturer’s instructions. The mAb
supernatant collected from the BD flask were buffer exchanged using a HiTrap
Desalting column (GE Healthcare) and degassed 0.01M PBS (pH 7.4). Affinity
purification was then performed using the HiTrap protein G columns. 0.01M PBS
was used as the binding buffer, while 0.01M glycine buffer (pH 2.4), was used to

elute the antibody.

2.2. Bacteria and Culture Conditions

Salmonella enterica serotype Typhimurium was obtained from the ATCC
(A14028) and grown in nutrient agar broth at 37°C in a shaker and adjusted to a

concentration of 1X10° CFU/ml to perform serial dilutions for the dipstick assays.
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Serratia marcescens was obtained from the ATCC (A25922) and grown in nutrient
agar broth at 37°C in a shaker and also adjusted to 1X10° CFU/ml for the dipstick

mixed culture assays.

2.3 Dot Blot using dye labeled antibody

A nitrocellulose membrane was spotted with 2-5ul of antigen and air dried
at room temperature. The membrane was then blocked for 1 hour (or overnight)
with 5% BSA in PBS. The dye labeled antibody was then added to the membrane
for 1 hour and washed in PBS. Alternatively the sandwich based capture dot blot
of bacteria requires extra steps of spotting a capture antibody, followed by at least
1 hour of blocking with 5% BSA then an of hour incubation with bacteria/antigen,
and washing with TTBS before incubation with dye labeled antibody followed by

washing.

2.4 production of mAb
Three bacterial strains of Dickeya sp. (A5274, A5292 and A5303) were

adjusted to an OD of 0.1 at 600nm in PBS buffer and then equal amounts were
pooled to generate antigen-1. Two mice were immunized intraperitoneally with
0.5 ml of antigen-1 twice a week for three weeks before a two week rest period
then boosted once more. Five days later 1.20X10® mouse splenocytes were fused
with 3X10” P3 myeloma cells using 1500-4000 MW PEG (referred to as fusion 1).
An additional mouse was immunized with Antigen-1, rested for five months, then

immunized with a single strain of D. zeae (A5647) (referred to as antigen-2) every
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two days for 6 days before a 2-week rest period and boosted again. Five days
later, this mouse was boosted one more time with antigen 2 and on the same day
splenocytes were fused to P3 cells (Fusion 2). ELISA was used to screen fusions
for antibody production against selected bacterial strains. Strong antibody-
producing colonies were expanded and screened against various BOX-PCR type
C (fingerprint pattern of Rep-PCR based on BOXA1R primers) strains that were
previously analyzed by gyr B gene sequencing. These bacterial strains were
characterized and provided by A. Alvarez. ELISA values at least 2-fold above

background were considered positive.

2.5. Hybridoma cell culture maintenance

Hybridoma Cell lines were grown in DMEM medium, supplemented with
10%FCS, glutamine, 2-mercaptoethanol, Penicillin and Streptomycin. Hybridoma
cells were grown to very high densities before passage in fresh media. Over a
period of a month of increasing mixtures of BD and DMEM media, the cells were
adapted to BD media, supplemented with glutamine, and Penicillin and
Streptomycin,. The cells were frozen and stored in liquid nitrogen, in BD media

with 20% serum and 10% DMSO.

2.6. ELISA

ELISA plates were coated with 100ul of a 0.1 OD (600nm) adjusted
bacterial suspension (E. chrysanthemi or E. carotovora from A. Alvarez) and air

dried overnight in a 37°C incubator. The plates were then washed three times
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with 0.167M boric acid buffer (15min/wash) followed by a blocking step for 30min
with 5% BSA in PBS. The excess BSA was removed by washing three times with
0.167M boric acid buffer (15min/wash). The primary antibody (titrations of 1IgG1
mAb anti- E. chrysanthemi or E. carotovora diluted in 2% BSA in PBS) was added
to the wells and incubated for one hour at room temperature. The unbound
antibody was washed three times with 0.167M boric acid buffer. Alkaline
phosphatase (AP) labeled goat-anti mouse IgG1 antibody was added as the
secondary antibody for another hour at room temperature, followed by three
washes using 0.167M boric acid buffer. 2mg/ml of AP substrate p-nitrophenol

phosphate (PNPP) was added and read at 405nm.

2.7. Colloid dye preparation

The colloid dye was prepared and used to label antibody, according to a
modified procedure first described by Gribnau et al (1983). A 5-25% solution of
colloid dye (Red E-FB, Dark Blue SE-3RT, and Luminous Red G received from
Dystar as a gift) in ultra pure water. The dye solution was washed 4 times by
centrifugation at 20,000g for 30min. The supernatant was then discarded and the
pellet was resuspended in the original volume of ultra pure water. A final low
speed centrifugation (200 g) was performed to remove the large aggregates. The

supernatant was collected and saved as prepared dye.
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2.8 Dye labeling of antibody

The antibody was labeled using the prepared dye following a modified
procedure described by Snowden and Hommel (1991). The dye labeling of
antibody was optimized for dye concentration, antibody concentration, and salt
concentration of the binding buffer. Concentrations that gave maximum signaling
with minimum background were chosen (see chapter 3). A 0.01mg/ml solution of
antibody in 10mM PBS with 5mM NaCl pH 7.4 was mixed with a dye solution to
bring the final dye concentration to 1.25%. This mixture was incubated for 1 hour
at room temperature. The solution was then spiked with a 1/5 volume of 30%
BSA for 1 hour at room temperature, to stabilize the dye binding. The dye labeled
antibody solution was then centrifuged at 12,000 g for 30 minutes and the pellet
was resuspended in 33mM phosphate buffer with125mM NaCl pH 7.4, containing

5%BSA.

2.9 Development of dipstick assay

2.9.1 Membrane blotting:

3mm by 2mm rectangular piece of nitrocellulose membrane (Fisher
scientific, Pittsburg) with a pore size of 0.45um were spotted with 2ul of either
0.05 mg/ml rabbit anti-salmonella O antigen (A,B, D) antiserum at the capture
antibody test area, 0.01mg/mligoat anti-rabbit IgG (whole molecule) at the positive
control area, or 0.01mg/ml goat anti-human IgM (Sigma-Aldrich, St. Louis) at the

negative control area. The membrane rectangles were then blocked with boric
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acid buffer with 5% skim milk for 1 hour at room temperature. The membrane
was then air dried overnight.

2.9.2 Dipstick design:

The dipsticks were made based on the template outlined in Figure 5.4. A
13 mm by 15cm strip of transparency film (3M 99% solvent free acetate
transparency for plain paper copiers) was used as the dipstick front and backing.
A 12.7mm by 2cm strip of dialysis tubing (Spectrapor 2ml vol/cm with 12,000-
14,000 MW cutoff), with both layers intact was cut out using a template and
adhered to the transparency backing, as the spacers, using 3M double sided
Scotch tape. The spacer island (diamond shaped pattern) was adhered with only
1 layer of dialysis tubing thick to promote air ventilation. Another layer of double
stick tape was cut out according to the column pattern using the template and the
tape was removed in the column space. The column space is where the capillary
action of the solution takes place. The nitrocellulose membranes spotted with
antibodies were then adhered to the backing in the capillary column space. The
first membrane was placed 1.5mm from the bottom of the column, the other two
were stacked above each other 1.5mm apart, using double sided Scotch tape.
The column is sealed with a strip of transparency film placed from the bottom of
the column to half of the diamond pattern. A13cm long strip of transblot paper
was placed on the top of the unsealed diamond pattern to the top of the backing

as the wicking pad.
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2.9.3 Detection procedure:

S. enterica ser. Typhimurium are adjusted to a concentration of 10° CFU/ml
and titrated in PBS, then 0.75ml was added to a test tube. For mixed culture
tests, S. marcescens was also adjusted to a concentration of 10° CFU/ml and
titrated in PBS, 0.5ml was then mixed with 0.5ml of S. Typhimurium at different
ratios. The dipstick was placed in the test tube containing bacteria, until % of the
wick is wet from the liquid that has risen up the column (~10 minutes,
approximately 1-2ml of liquid will pass through the column) allowing the whole
bacteria to be transported up the dipstick and captured at the test spot. The
dipstick was then transferred to another test tube containing 0.5ml of the dye
labeled antibodies. The dye labeled antibodies bind to captured S. Typhimurium
at the test spot, while unbound dye labeled antibodies is captured at the positive
control spot. The appearance of a blue dot on the positive control and test area
indicates a positive detection of S. Typhimurium. A blue dot on the positive
control only, indicates no detectable S. Typhimurium. A blue spot on the negative
control site or no spot on the positive control site indicates that the test does not

work.

2.10 Culturing procedure of positive screened samples
Samples positive for the presence of S. Typhimurium had the S.
Typhimurium positive membrane removed and spread on a nutrient agar plates.

Bacteria were grown for 48 hours at 37°C.
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Chapter 3. Development of a bacteria detection method

using colloid dye-labeled antibodies

3.1 Optimization of colloid dye labeling of antibodies

Since it was first employed by Gribnau, et al. in 1982, a wide variety
of commercial textile disperse dyes (a type of hydrophobic dye) have been
used to label antibodies for immunoassays. The colloid dye particles have
a radius of 25-100nm; this is considerably larger than typical enzymes or
fluorescent dyes used to label antibodies. Thus, one colloid dye particle
can bind several antibody molecules forming a labeled complex. The
mechanism for antibody-dye binding is thought to be based on
hydrophobic interactions and is influenced by dye concentration, antibody
concentration, and concentration of NaCl in the buffer for adsorbing dye to
antibody.

Several disperse dyes including Dark Blue SE-3RT, Luminous Red
G, and Red EFT were used to label antibodies. Dark Blue SE-3RT shows
the strongest signal to noise ratio (darkest colored spots with lowest
background), thus was chosen to be used to label the antibodies. Others
have reported that the optimal NaCl concentration used in their binding
buffer was 0.05mM in 10mM PBS and that the optimal antibody
concentration was 0.01 mg/ml (Gribnau, et al. 1982, Snowden and

Hommel , 1991). Accordingly, the optimal dye concentrations were first
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assessed under these conditions using a commercially produced goat
anti-human IgG and titrations of the dyes. The optimal concentration of
dye was determined to be between 10-17 mg/ml of Dark Blue 3RT (Figure
3.1). The 17 and 10mg/ml solutions were strongly positive in that there
were colored blue spots in both the positive control area and the test area.
The positive control capture antibody binds directly to the labeled antibody
and demonstrates that the goat anti-human antibody is labeled. To show
that the labeled antibody has not lost its antigen binding potential, the
membrane was spotted with a goat anti-human IgG antibody. This is
referred to as the test area. This was then allowed to bind to human IgG
and then the dye-labeled goat anti-human IgG antibody was applied. The
positive result on this spot show not only that the goat anti-human Ig was
labeled but that it retained its anti human binding activity. Concentrations
of the dye labeled antibody greater than 17 mg/ml gave darker colored
spots in the positive control area, but only light spots in the test area
probably due to over binding of dye molecules and degredation of the
antibody’s antigen binding site. Concentrations below 10 mg/ml gave
fainter spots on both the positive control and test areas due to suboptimal
amounts of antibody binding to the dye.

An ELISA was performed on the supernatant from the dye
conjugation solution in order to determine the efficiency of the dye-

antibody conjugation (Figure 3.2). Because the dyes are insoluble, dye-
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Figure 3.1. Using a dot blot assay, it was shown that the optimal dye concentration to label goat anti-human 1gG using Dark
Blue 3RT is 10-17mg/mL of dye. Goat anti-human IgG (0.01 mg/ml) was labeled with different concentrations of the 50%
(w/v) stock solution of Dark Blue 3RT disperse dye, in 10mM PBS with 5mM NaCl buffer (see materials and methods for
details). A sandwich dot blot assay was performed using three antibodies spotted on to nitrocellulose paper. 5ul of 0.01mg/ml
of rabbit anti-goat IgG as the positive control, goat anti-human 1gG as the capture antibody, and goat anti-mouse IgG as the
negative control. The membrane was then blocked with blotto. Next, 1 ml of 0.021mg/ml solution of human IgG was
incubated for 1 hour. Finally, the dye labeled antibody was applied for 10-30 minutes and washed 3 times in TTBS. The blots
with the highest signal to noise ratios were determined to be 17 and 10 mg/ml of dye conjugated to antibody.
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Figure 3.2. The disperse dye binds >99% of goat anti-human IgG at all concentrations. 1.5 fold serial dilutions were
performed on the dye starting from a 5 mg/mL solution to 0.13 mg/mL solution and used to conjugate a 0.01 mg/mL
solution of goat anti-human 1gG. A direct ELISA was performed using AP labeled rabbit anti-goat 19gG on the
supernatant left from the centrifuged dye labeled antibody solution, containing unconjugated antibodies. A 2 fold serial
dilution of goat anti-human IgG was used as the standard curve. The x axis represents the Dilution factor, while the y
axis represents the absorbance at 405nm.
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labeled antibodies can be centrifuged out of solution at 20,000g, while non-
labeled antibodies are left in the supernatant. Thus, nonconjugated antibodies
are quantifiable in an ELISA. Even when the dye was titrated to 0.13 mg/ml, a
dye concentration too low to effectively label antibody, there was no detectable
antibody left in the supernatant. Thus, the dye is extremely efficient at binding
antibodies even at low concentrations and the optimization of dye labeling is not
due to competition of unlabeled antibodies during the dot blot assay, but probably
is a result of a low levels of dye in the antibody dye complex.

Since the optimal dye concentration for labeling was 10-17 mg/ml of dye,
the optimal NaCl concentration in the binding buffer was then determined using
17 mg/ml of dye conjugated to 0.01 mg/ml of antibody. Concentration of NaCl
below 5mM gave fainter spots on both the positive control and the test blots
(Figure 3.3). Concentrations of NaCl greater than 5mM gave darker spots in the
test area, but fainter binding in the positive control area. A low positive control
blot indicates inefficient dye binding to antibody, although the affinity of the
antibody may still be preserved. An ELISA was also performed on the
supernatant following removal of the colloid by centrifugation. Again, there was
no detecable antibody in the supernatant (data not shown).

Finally, the optimal antibody concentration was determined using the
optimal NaCl concentration of binding buffer and dye as previously determined
(Figures 3.1 and 3.3). The optimal antibody concentration was determined to be

0.05 mg/ml of goat anti-human 1gG (Figure 3.4).
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[NaCl] OmM 1.25mM 2.5mM 5mM 10mM 20mM 40mM

Test

Positive
control

Negative
control

Figure 3.3. The optimal NaCl concentration of binding buffer is 5mM NaCl in 10mM PBS. 0.01 mg/mL of goat anti-
human 1gG was labeled using 16 mg/ml of dye, previously determined as optimal, in concentrations of NaCl ranging
from 0-40mM NaCl in 10mM of PBS. A sandwich dot blot assay was performed, 5ul of 0.01mg/ml of rabbit anti-goat
IgG as the positive control, goat anti-human IgG as the capture antibody, and goat anti-mouse IgG as the negative
control was spotted onto a nitrocellulose membrane. The 1 ml of .01mg/ml solution of human 1gG was incubated for 1
hour after blocking with blotto. The dye labeled antibody was probed for 10-30 minutes and washed 3 times in TTBS.
The blots with the highest signal to noise ratios were observed and determined to be the 5mM NacCl solution.
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[Ab] 0.1mg/ml 0.05mg/ml  0.025mg/ml 0.0125mg/ml 0.00625mg/ml  0.003125mg/ml

Figure 3.4. The optimal antibody concentration is 0.05 mg/mL of goat anti-human 1gG. 2 fold serial dilutions of goat
anti-human 1gG was labeled using 16 mg/ml of dye, previously determined as optimal in different 5mM NaCl 10 mM
PBS binding buffer. A sandwich dot blot assay was performed, 5ul of 0.01mg/ml of rabbit anti-goat 1gG as the
positive control, goat anti-human IgG as the capture antibody, and goat anti-mouse 1gG as the negative control was
spotted onto a nitrocellulose membrane. The 1 ml of 0.01mg/mIL solution of human 1gG was incubated for 1 hour
after blocking with blotto. The dye labeled antibody was probed for 10-30 minutes and washed 3 times in TTBS. The
blots with the highest signal to noise ratios were observed and determined to be the 0.05 mg/ml solution of antibody.
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Concentrations above 0.05 mg/ml had faint spots. The 0.1 mg/mL

solution of antibody had a dark positive control spot, but the test area was

fainter than the 0.05 mg/ml solution.

The ELISA of the supernatant indicated that there was a small
amount of unconjugated antibody left in the supernatant (Figure 3.5),
indicating suboptimal dye binding. Interestingly, when 10 mg/mL of dye

was used in the 2.5 mM NaCl binding buffer during the labeling, the

optimal antibody concentration was around 0.01 mg/mL, data not shown.

This is probably due to the possibility that there are several optimal

binding conditions with different proportions of each factor.

3.2 Detecting environmental pathogens using dye labeled
antibodies

A non-enzyme based immunoassay using colloid dyes has been

optimized for detection of a soluble protein antigen in a dot blot. This

assay was next tested using bacterial pathogens as the antigen. The first

attempt to adapt the assay to detect environmental pathogens was for the

detection of E. chrysanthemi. If the method can detect E. chrysanthemi
then, in theory, any bacteria or soluble antigen could be detected using

the same conditions by simply substituting the appropriate antibody. A

direct dot blot assay was performed on E. chrysanthemi using the 97C1F8
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Figure 3.5. The disperse dye binds 80% of goat anti-human IgG at a concentration of 0.05 mg/ml and >99% at a
concentration below 0.01 mg/ml. 2 fold serial dilutions of goat anti-human IgG was conjugated to 16 mg/mL of dye in
5mM NaCl 10mM PBS binding buffer. A direct ELISA was performed using AP labeled rabbit anti-goat 1gG on the
supernatant left from the centrifuged dye labeled antibody solution, containing unconjugated antibodies. A 2 fold serial
dilution of goat anti-human IgG was used as the standard curve.

36



10° CFU/ml 5*108 CFU/m 10® CFU/mll

Positive
Control

E. chrysanthemi
(test)

E. carotovora
(negative
Control)

Figure 3.6. The 97C1F8 mADb is unable to detect E. chrysanthemi in a direct dot blot assay. A direct dot blot assay was
performed by spotting either 5uL of a 10° CFU/ml solution of E. chrysanthemi (test area), goat anti-mouse 1gG
(positive control to capture the 97C1F8 mAb which is a mouse 1gG1 isotype), or 5pl of a 10° CFU/ml solution of E.
carotovora (the negative control, 97C1f8 does not bind this bacteria). After the membrane was blocked for an hour
with blotto, the membrane was probed using either 0.05 mg/ml, 0.01 mg/ml, or 0.005 mg/ml of affinity purified Dark

Blue 3RT labeled 97C1f8 mADb’s.
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mAD provided by the A. Alvarez (Figure 3.6). The mAb was affinity
purified, quantitated (see material and methods), and labeled with Dark
Blue 3RT at several concentrations to ensure optimal labeling. The dye
labeled 97C1F8 mAb was unable to detect E. chrysanthemi, even with 5
uL of 10° CFU/mI per spot (i.e., 5X10° cells). The positive control band
showed a strong signal indicating that the antibodies were efficiently
labeled. In order to determine why the antibody failed at detecting the
bacteria, an ELISA was performed on E. chrysanthemi (Figure 3.7). The
titer of the antibody was only 10,000 from the 2 mg/mL solution. In
comparison, sera can have a titer of up to 1,000,000 (~6-7mg/ml of total
IgG). Thus, the signal of the mAb line was at least 30 times lower than
sera and thus determined to be inadequate for use in dye labeling.

The PS10 mAb (also provided by A. Alvarez) detects the ginger wilt
pathogen Ralstonia solanacearum and a commercial antibody to S.
Typhimurium (antibodies-online.com GmbH, Atlanta) were labeled and
used in the assay to further develop a colloid dye based assay for
environmental pathogens. Since the detection of E. chrysanthemi
remains an important goal, a new mAb was produced (see chapter 5) in
hopes of using it in the dipstick assay techniques (below).

0.01 mg/mL of PS10 mAb was labeled with Dark Blue 3RT and used

in a direct dot blot assay of 5ul of a10® and 10° CFU/ml solution of
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Figure 3.7. The 97C1F8 mADb has a low affinity for E. chrysanthemi. An
indirect ELISA was performed on E. chrysanthemi using 97C1F8 mAbD to
determine the titer of the antibody from a 2 mg/ml solution of antibody. AP
labeled goat anti-mouse 1gG was used as the secondary antibody and detected
using PNPP at 405nm.
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Figure 3.8. The dye labeled PS10 mAb was able to detect 5ul of 108 CFU/mI of
R. solanacearum. A direct dot blot assag/ using dye labeled PS10 antibodies was
performed on 5pL of a 107 (left) and 10° (right) CFU/ml solution of R.
solanacearum.
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R. solanacearum (figure 3.8). Both the test area and the positive control
had a strong signaling in the 10° CFU/ml sample, while the 108 CFU/mlI
solution was fainter but still visible. Thus, the PS10 mAb was successful
in the dye labeled dot blot assay.

Although, the dye labeled antibodies are able to detect bacteria in a
direct immunoblot assay, the ultimate goal of creating a field capable test
is to adapt it to a dipstick format, which relies on a sandwich immunoblot.
Therefore, the dye labeled PS10 antibody was tested in a sandwich dot
blot using R. solanacearum. The dye labeled antibodies were able to
detect up to 10*- 10° CFU/ml of R. solanacearum in a sandwich dot blot
assay (Figure 3.9). Although the 10* CFU/ml sample produced a faint
spot, it was visible. A detection limit of 10° CFU/ml is comparable to the
detection limits of the ELISA assay, making this an effective non-enzyme
based alternative.

The detection of S. Typhimurium using dye labeled goat anti-
Salmonella O antigen antibody was also performed as a second model for
the detection of an environmental pathogen. 0.01 mg/mL of goat anti-
Salmonella O antigen antibody was labeled with Dark Blue 3RT and used
in a direct dot blot assay of 5ul of a 10® and 10° CFU/mlI solution of S.
Typhimurium (figure 3.10). The dot blot was able detect both

concentrations of bacteria with moderate signaling.
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Figure 3.9. Dye labeled PS10 mAb is able to detect Ralstonia solanacearum at a level of 10* CFU/mL. A sandwich dot blot
assay was performed on R. solanacearum by spotting 5pl of 0.01 mg/mL of PS10 mAb. The membrane was then blocked for
an hour, washed, and incubated with either 1ml of a 10°, 108, 107, 10° CFU/ml diluted in 9ml of PBS, making the total
concentrations diluted 10 fold. The membrane was then washed and probed with dye labeled PS10 mADb.
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Figure 3.10. The dye labeled rabbit anti-Salmonella O antigen antibody is able to
detect S. Typhimurium in a direct dot blot assay. A direct dot blot assay using
dye labeled goat anti-Salmonella O antigen antibody was performed on 5plof a
10° (left) and 1078 (right) CFU/ml solution of R. solanacearum. Rabbit anti-goat
IgG was the positive control and E. coli was spotted as the negative control.
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The sandwich assay was also performed for S. Typhimurium and had a detection limit

of 10° CFU/ml as well (figure 3.11).

3.3 Discussion and Conclusions

Here we have optimized a colloid dye based immunoassay that functions
as an alternative to enzyme methods that are unstable and generally not
appropriate for field tests. Conditions for the dye labeling of the antibodies were
optimized for dye concentration, antibody concentration, and NaCl concentration
in the binding buffer. The labeled antibodies were then used to detect human
IgG in a direct dot blot assay. The optimal conditions for labeling the antibodies
with the colloid dyes was determined to be 16 mg/ml of dye, 0.01 mg/ml of
antibody, and 5mM of NaCl in the binding buffer. These conditions gave the
strongest signal-to-noise ratio and will be used as a general guideline to label
any other antibody. The assay is colorimetric and simple to read without the use
of expensive equipment or skilled laborers, suggesting that it could be produced
as an effective alternative to enzyme based detections systems. Also the use of
colloid dyes instead of enzymes makes the assay more stable for potential use
in field test.

The optimal binding conditions were then used to label PS10 mAb and
goat anti-Salmonella O antigen antibodies directed against R. solanacearum
and S. Typhimurium, respectively as models for environmental pathogens. The

97C1F8 mADb directed against E. chrysanthemi was also labeled using the same
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Figure 3.11 Dye labeled anti-Salmonella O antigen mADb is able to detect S.
Typhimurium at a level of 10° CFU/ml. A sandwich dot blot assay was performed
on R. solanacearum by spotting 5uL of either 0.01 mg/ml of goat anti-mouse IgG
(positive control), 0.01 mg/ml of rabbit anti-Salmonella O antigen polyclonal
antibody or anti-human IgG mAb (negative control). The membrane was then
blocked for an hour, washed, and incubated with of a 108, 107, 108, 10° CFU/mI of
S. Typhimurium. The membrane was then probed with dye labeled anti-
Salmonella O antigen mAb.
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conditions, but was unable to detect the bacteria, even at bacterial
concentrations as high as 10° CFU/ml. An ELISA showed that this antibody had
a very low titer for detection of E. chrysanthemi, and was therefore the problem
was not that the dye-based assay failed but that the antibody was not
appropriate for these types of assays. Thus, it was determined that the inability
of the 97C1F8 mAD to be used in the colloid dye based immunoassay was
probably due to low affinity binding of the antibody to the bacteria and not due to
a problem with the dye labeling. Also Figure 3.6 shows that the positive control
area did have a strong signal, indicating that the antibody was effectively labeled
with enough dye molecules to give a signal were it to bind to the antigen.

The PS10 mAb was dye-labeled and used to detect R. solanacearum in
the direct and sandwich dot blot assays. In the direct dot blot assay, it was able
to detect 5pl of a 10° CFU/ml of a solution of R. solanacearum (5X10° cells). In
the sandwich dot blot assay R. solanacearum was detected at levels as low as
10* CFU/ml (50,000 cells in 5pl), making it a possible candidate for adaptation to
field based dipstick model. The salmonella anti-O antigen mAb was also
successful at detecting salmonella in the direct and sandwich based dot blot
assays. The limit of detection for the direct assay was also 10® CFU/ml and the
sandwich dot blot assays limit was 10°> CFU/mI. Since the limit of 10° CFU/ml is
comparable to ELISA, colloid based detection methods provide a field stable
alternative.

Our data indicate that colloid based dye labeling of antibodies is a viable

alterative to enzyme labeled antibodies for detection of bacteria and may be a
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more stable technique for field studies The dye labeled antibodies were
effective in detecting both R. solanacearum and S. Typhimurium in direct and
sandwich based dot blot assays. The relatively simple method of dye labeling
can be used for virtually any antigen as long as an adequate antibody is
available. Although both the PS10 mAb and the anti-Salmonella O antigen mAb
were effective at detecting their antigens, due to time constraints, only the anti-

Salmonella O antigen mAb was adapted to the dipstick model (see chapter 5).
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Chapter 4. Monoclonal antibody (mADb) production for the

detection of Erwinia/Dickeya sp (D. sp) (aka E. chrysanthemi)

4.1 Generating mAbs to Dickeya species (D. sp.)

The pineapple pathogen E. chrysanthemi remains as a major threat for
Hawaii’s agriculture and thus an assay system for field testing to determine its
presence would be of significant value. Recently, E. chrysanthemi has been
classified into 5 separate species. The organisms of interest belong to the
unclassified Dickeya. species group, and thus E. chrysanthemi will be
referred to as D. sp from this point forward. We found that the 97C1F8 mAb
previously used to detect D. sp was inadequate for use in the colloid based
immunoassays being developed here, and thus efforts were made to produce
a better mAb. To produce mAbs, two separate fusions were performed with
different target antigens and the resultant hybridomas were screened for
pathogen-specific responses against various D sp. 30 strains used for the
screening are known to infect pineapples and were isolated from pineapples
in Hawaii, Costa Rica, and Honduras. 14 strains isolated from irrigation water
in Hawaii. 25 reference strains were isolated from around the world. All
these strains came from the bacteria collection of Dr. Anne Alvarez.

The first fusion was done with splenocytes from mice immunized with

three D. sp BOX-PCR type C strains, A5274, A5292 and A5303. After initial
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screening of hybridomas for selected strains, two clones were chosen for
further study. The two mAbs, MADb Pine-2 and MAb Pine-1, manifest different
specificities. MADb Pine-2 reacted mostly with BOX-PCR B-D type strains,
while MAb Pine-1 reacted to all pineapple associated strains; neither antibody
reacted with a related Dickeya zeae that infects corn (Peckham, G., et al.,
2010). A mouse that was immunized with the same three strains, then
boosted twice with Dickeya zeae strain A5467 after a 5 month recovery
period, was used as the source of splenocytes for the second fusion. The
second fusion also generated two mAb lines with novel specificities. mAb
from the hybridoma 1H1G5G3 only reacted to D. zeae strain A5647 and mADb
from the hybridoma 5C11D2D9 reacted to almost every strain tested,

including strains from other genera (Peckham, G., et al., 2009 APS poster).

4.1.1 mAb specificities from Fusion 1

The first fusion provided 16 clones with anti-Dickeya reactivity, but only
two separate specificities were found from these clones. Antibodies from two
clones with different specificites, MAb Pine-2 and MAb Pine-1 were further
characterized (Table 4.1). Spleen cells for the fusion came from mice
immunized to three BOX-PCR C type strains of D. species. Both antibodies
reacted to C type strains and strains of other types. MADb Pine-2 reacted to
BOX-PCR B, C, and D type strains isolated from infected pineapples, strain
A5277 isolated from irrigation water and two well characterized reference

strains isolated from Malaysian pineapples (A5417 and A5421). MAb Pine-2
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did not react with any type A strains, strains isolated from irrigation water
(except A5277), or D. dieffenbachiae and more distantly related
Pectobacterium strains. MAb Pine-1 bound to a wider range of bacteria. It
recognized the same pineapple isolated strains that was bound by MAb Pine-
2, along with type A strains and nine reference strains from several well
characterized Dickeya species, chrysanthemi, dadantii, dianthicola and
paradisiaca. It bound only one of the two reference strains isolated from
pineapple in Malaysia (A5421). MAD Pine-1 did not react to the D.
dieffenbachiae or more distantly related Pectobacterium strains (Table 4.1).
The antibody specificities were matched with a gyr-B constructed
phylogenetic tree (Figure 4.1), in attempts to visualize whether antibody-
based serotyping of E. chrysanthemi would be possible as a presumptive
classification scheme in the future. Strains isolated in 2003 from infected
pineapples in Hawaii were organized into two clades, A and B as shown in
figure 4.1. Interestingly all members of clade A are of BOX-PCR type A. All
members of clade B are of BOX-PCR type B or C. Strains isolated in 2006
are in clade C and all are of BOX-PCR type D. MADb Pine-2’'s reactivity was
mainly restricted to clade B and C, but also reacted with a single D. zeae
species (A5422) and two distantly related unclassified Dickeya sp. (A1955

and A5277).
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Table 4.1.

Specificity of mAbs generated from fusion 1

Original | Acquisition Host Origin® Genus | Species Date BOX- | Patho- MADb MADb
Strain ID Number PCR | genicity Pine-2 | Pine-1
1-1A 5263 Ananas comosus | Costa Rica | Dickeya | sp.” 2003 [ A nt® - +
1-2A 5264 Ananas comosus | Costa Rica | Dickeya | sp. 2003 [ A + -

1-3A 5265 Ananas comosus | Costa Rica | Dickeya | sp. 2003 [ A nt - +
1-5B 5268 Ananas comosus | Costa Rica | Dickeya | sp. 2003 | A + - +
1-6A 5269 Ananas comosus | Costa Rica | Dickeya | sp. 2003 [ A + - +
1-7B 5270 Ananas comosus | Costa Rica | Dickeya | sp. 2003 [ A + - +
3-3 5304 Ananas comosus | Honduras Dickeya | sp. 2004 | A + - +
3-4 5305 Ananas comosus | Honduras Dickeya | sp. 2004 [ A + - +
3-7 5308 Ananas comosus | Honduras Dickeya | sp. 2004 [ A + - +
3-8 5309 Ananas comosus | Honduras Dickeya | sp. 2004 [ A + - +
3-9 5310 Ananas comosus | Honduras Dickeya | sp. 2004 | B + + +
1-9C 5272 Ananas comosus | Costa Rica | Dickeya | sp. 2003 | C + + +
1-10C 5274 Ananas comosus | Costa Rica | Dickeya | sp. 2003 | C + + +
7-1 5292 Ananas comosus | Hawaii Dickeya | sp. 2004 | C + + +
7-2 5293 Ananas comosus | Hawaii Dickeya | sp. 2004 | C + + +
3-2 5303 Ananas comosus | Honduras Dickeya | sp. 2004 | C + + +
3-5 5306 Ananas comosus | Honduras Dickeya | sp. 2004 | C nt + +
3-6 5307 Ananas comosus | Honduras Dickeya | sp. 2004 | C + + +
14-1-1A | 5376 Ananas comosus | Hawaii Dickeya | sp. 2006 | D + +
14-1-1F | 5379 Ananas comosus | Hawaii Dickeya | sp. 2006 | D nt + +
14-3-1A | 5381 Ananas comosus | Hawaii Dickeya | sp. 2006 | D nt + +
14-3-1F | 5383 Ananas comosus | Hawaii Dickeya | sp. 2006 | D + +
14-4-1F | 5385 Ananas comosus | Hawaii Dickeya | sp. 2006 | D + +
14-4-1L | 5387 Ananas comosus | Hawaii Dickeya | sp. 2006 | D nt + +
14-8-2B | 5390 Ananas comosus | Hawaii Dickeya | sp. 2006 | D nt + +
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14-8-2E | 5392 Ananas comosus | Hawaii Dickeya | sp. 2006 | D + + +
16-5-1A | 5397 Ananas comosus | Hawaii Dickeya | sp. 2006 | D nt + +
16-1-1D | 5399 Ananas comosus | Hawaii Dickeya | sp. 2006 | D nt + +
16-6-2D | 5405 Ananas comosus | Hawaii Dickeya | sp. 2006 | D nt + +
16-6-21 5408 Ananas comosus | Hawaii Dickeya | sp. 2006 | D + +
16-12-2A | 5428 Irrigation water Hawaii Dickeya | sp. 2006 | E - +
16-12-3X | 5432 Irrigation water Hawaii Dickeya | sp. 2006 | E - +
16-12-3Y | 5433 Irrigation water Hawaii Dickeya | sp. 2006 | E nt - +
16-12-4N | 5442 Irrigation water Hawaii Dickeya | sp. 2006 | E nt - +
16-12-5L | 5444 Irrigation water Hawaii Dickeya | sp. 2006 | E + - +
16-12- 5505 Irrigation water Hawaii Dickeya | sp. 2006 | E nt - +
3wW

16-12-3Z | 5506 Irrigation water Hawaii Dickeya | sp. 2006 | E nt - +
16-12- 5507 Irrigation water Hawaii Dickeya | sp. 2006 | E + - +
3AA

16-12-40 | 5508 Irrigation water Hawaii Dickeya | sp. 2006 | E nt - +
16-12-4P | 5509 Irrigation water Hawaii Dickeya | sp. 2006 | E nt - +
16-12-4Q | 5510 Irrigation water Hawaii Dickeya | sp. 2006 | E nt - +
16-12-5N | 5511 Irrigation water Hawaii Dickeya | sp. 2006 | E nt - +
16-12-50 | 5512 Irrigation water Hawaii Dickeya | sp. 2006 | E nt - +
1-17 5277 Irrigation water Hawaii Erwinia | sp. 2004 | UA + +
1042-1 1042 Philodendron Hawaii Erwinia | chrysanthemi | 1982 | UA® - +
1955-D5 | 1955 Zea mays Missouri Erwinia | chrysanthemi | 1987 | UA - - -
CC74 4584 Aglaonema Hawaii Erwinia | chrysanthemi | 1995 | UA - - +
CC26 5371 Aglaonema Hawaii Erwinia | carotovora 1978 | UA - - -
CFBP 5415 Chrysanthemum | USA Dickeya | chrysanthemi | 1956 | UA - - +
2048 morifolium
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CFBP 5416 Pelargonium Comores Dickeya | dadantii 1960 | UA -

1269 capitatum

CFBP 5417 Ananas comosus | Malaysia Dickeya | sp. 2006 | UA -

1278

CFBP 5418 Dianthus UK Dickeya | dianthicola 1956 | UA -

1200 caryophyllus

CFBP 5419 Dieffenbachia USA Dickeya | dieffenbachiae| 1957 | UA -

2051

CFBP 5420 Musa Colombia | Dickeya | paradisiaca | 1970 | UA -

4178 paradisiaca

CFBP 5421 Ananas comosus | Malaysia Dickeya | sp. 2006 | UA -

1272

CFBP 5422 Zea mays USA Dickeya | zeae 1970 | UA -

2052

CFBP 5423 Ananas comosus | Martinique | Dickeya | zeae 1991 | UA -

6466

PRI 2114 | 5573 Dianthus UK Dickeya | dianthicola 1956 | UA nt
caryophyllus

PRI 2117 | 5574 Parthenium USA Dickeya | chrysanthemi | 1945 | UA nt
argentatum

PRI 2118 | 5575 Chrysanthemum | USA Dickeya | chrysanthemi | 1956 | UA nt
morifolium

PRI 2120 | 5576 Pelargonium Comoros Dickeya | dadantii 1960 | UA nt
capitatum

PRI 2124 | 5578 Dieffenbachia France Dickeya | dieffenbachiae| 1970 | UA nt

PRI 2127 | 5579 Musa Colombia | Dickeya | paradisiaca | 1968 | UA nt
paradisiaca

CFBP 5642 Saintpaulia France Dickeya | dadantii 1977 | UA nt

3855 ionantha

CFBP 5643 Musa Martinique | Dickeya | dadantii 1994 | UA nt

6467

CFBP 5644 Solanum France Dickeya | dianthicola 1975 | UA nt

2015 tuberosum

53



CFBP 5645 Kalanchoe Pays-Bas Dickeya | dianthicola 1985 | UA nt
4155 blossfeldiana

CFBP 5646 Lycopersicon Cuba Dickeya | dieffenbachiae| 1987 | UA nt
3694 esculentum

CFBP 5647 Zea mays USA Dickeya | zeae 1966 | UA nt
1531

®Costa Rica and Honduras indicates source of pineapple plants in Hawaiian fields where bacterial isolations were performed
®Dickeya genus confirmed with Nasser primers’

‘nt = not tested
JUA = unassigned BOX-PCR pattern

Table 4.1. represents the specific pathogen response of the mAb lines from the first fusion measured by ELISA. The indirect ELISA was performed on

prepared plates of various Erwinia/Dickeya species provided by the Alvarez laboratory. AP labeled Goat anti-mouse 1gG was used as the secondary
antibody and read at 405nm. The strains selected for testing were from isolates collected by the Alvarez Laborotory throughout the years. The mAb

lines were screened for reactivity towards select strains of interest based on pathogenicity test performed by lab technician Asoka de Silva and

BOX-PCR data performed by Wendy Kaneshiro. Original table is taken from Peckham, G. et al.
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The reactivity of MAb Pine-1 was more non-specific as it reacted with all
strains isolated from infected pineapples in Hawaii, including the clade A that
MAD Pine-2 did not bind (type A strains in BOX-PCR comparisons, see Figure
4.1).

MAD Pine-1 also bound the D. zeae strain(A5422), a closely related
unclassified Dickeya sp. (A5507). It also bound strains isolated from irrigation
water (A5432, A5509, and A5510), three distantly related unclassified
Dickeya sp. (A1042, A1955 and A5277), as well as various strains of D.
dianthoicola, D. chrysanthemi, D. paradisiaca, some D. dadantii. Two strains
isolated from infected pineapples in Malaysia belong to clade B, but both
antibodies only recognized one out of the two Malaysian strains (data not
shown). Thus to some extent the specificities of the two antibodies were
correlate with the gyr-B genetic analysis and the BOX-PCR comparisons.

Thus these antibodies may provide insight to phylogenetic relationships.

4.1.2. mAb Specificity of Fusion 2

The second fusion generated only 8 clones with anti-Dickeya
reactivity. As was the case for the first fusion, only two specificities were
observed (Table 4.2). The second fusion was targeted towards D. zeae strain
A5647. mADb line 1IH1G5G3 only reacted with the immunizing bacterial strain
and did not bind other reference strains isolates from pineapples, or closely
related strains. mAb line 5C11D2D9 on the other hand, reacted to every

strain tested, including the very distant strains and strains from other genera.
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Table 4.2. Specificity of mAbs generated from fusion 2

Original | Acquisition Host Origin® Genus | Species Date BOX- | Patho- 1h1 | 5cl1
Strain ID Number PCR | genicity

1-1A 5263 Ananas comosus | Costa Rica | Dickeya | sp.” 2003 A nt° - +
1-2A 5264 Ananas comosus | Costa Rica | Dickeya | sp. 2003 A + - +
1-3A 5265 Ananas comosus | Costa Rica | Dickeya | sp. 2003 A nt - +
1-5B 5268 Ananas comosus | Costa Rica | Dickeya | sp. 2003 A + - +
1-6A 5269 Ananas comosus | Costa Rica | Dickeya | sp. 2003 A + - +
1-7B 5270 Ananas comosus | Costa Rica | Dickeya | sp. 2003 A + - +
3-3 5304 Ananas comosus | Honduras Dickeya | sp. 2004 A + - +
3-4 5305 Ananas comosus | Honduras Dickeya | sp. 2004 A + - +
3-7 5308 Ananas comosus | Honduras Dickeya | sp. 2004 A + - +
3-8 5309 Ananas comosus | Honduras Dickeya | sp. 2004 A + - +
3-9 5310 Ananas comosus | Honduras Dickeya | sp. 2004 B + - +
1-9C 5272 Ananas comosus | Costa Rica | Dickeya | sp. 2003 C + - +
1-10C 5274 Ananas comosus | Costa Rica | Dickeya | sp. 2003 C + - +
7-1 5292 Ananas comosus | Hawaii Dickeya | sp. 2004 C + - +
7-2 5293 Ananas comosus | Hawaii Dickeya | sp. 2004 C + - +
3-2 5303 Ananas comosus | Honduras Dickeya | sp. 2004 C + - +
3-5 5306 Ananas comosus | Honduras Dickeya | sp. 2004 C nt - +
3-6 5307 Ananas comosus | Honduras Dickeya | sp. 2004 C + - +
14-1-1A | 5376 Ananas comosus | Hawaii Dickeya | sp. 2006 D - +
14-1-1F | 5379 Ananas comosus | Hawaii Dickeya | sp. 2006 D nt - +
14-3-1A | 5381 Ananas comosus | Hawaii Dickeya | sp. 2006 D nt - +
14-3-1F | 5383 Ananas comosus | Hawaii Dickeya | sp. 2006 D - +
14-4-1F | 5385 Ananas comosus | Hawaii Dickeya | sp. 2006 D - +
14-4-1L | 5387 Ananas comosus | Hawaii Dickeya | sp. 2006 D nt - +
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14-8-2B | 5390 Ananas comosus | Hawaii Dickeya | sp. 2006 D nt +
14-8-2E | 5392 Ananas comosus | Hawaii Dickeya | sp. 2006 D + +
16-5-1A | 5397 Ananas comosus | Hawaii Dickeya | sp. 2006 D nt +
16-1-1D | 5399 Ananas comosus | Hawaii Dickeya | sp. 2006 D nt +
16-6-2D | 5405 Ananas comosus | Hawaii Dickeya | sp. 2006 D nt +
16-6-21 5408 Ananas comosus | Hawaii Dickeya | sp. 2006 D +
16-12-2A | 5428 Irrigation water Hawaii Dickeya | sp. 2006 E +
16-12-3X | 5432 Irrigation water Hawaii Dickeya | sp. 2006 E +
16-12-3Y | 5433 Irrigation water Hawaii Dickeya | sp. 2006 E nt +
16-12-4N | 5442 Irrigation water Hawaii Dickeya | sp. 2006 E nt +
16-12-5L | 5444 Irrigation water Hawaii Dickeya | sp. 2006 E + +
16-12- 5505 Irrigation water Hawaii Dickeya | sp. 2006 E nt +
3w

16-12-3Z | 5506 Irrigation water Hawaii Dickeya | sp. 2006 E nt +
16-12- 5507 Irrigation water Hawaii Dickeya | sp. 2006 E + +
3AA

16-12-40 | 5508 Irrigation water Hawaii Dickeya | sp. 2006 E nt +
16-12-4P | 5509 Irrigation water Hawaii Dickeya | sp. 2006 E nt +
16-12-4Q | 5510 Irrigation water Hawaii Dickeya | sp. 2006 E nt +
16-12-5N | 5511 Irrigation water Hawaii Dickeya | sp. 2006 E nt +
16-12-50 | 5512 Irrigation water Hawaii Dickeya | sp. 2006 E nt +
1-17 5277 Irrigation water Hawaii Erwinia | sp. 2004 UA +
1042-1 1042 Philodendron Hawaii Erwinia | chrysanthemi | 1982 UA“ +
1955-D5 | 1955 Zea mays Missouri Erwinia | chrysanthemi | 1987 UA - +
CC74 4584 Aglaonema Hawaii Erwinia | chrysanthemi | 1995 UA - +
CC26 5371 Aglaonema Hawaii Erwinia | carotovora 1978 UA - +
CFBP 5415 Chrysanthemum | USA Dickeya | chrysanthemi | 1956 UA - +
2048 morifolium
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CFBP 5416 Pelargonium Comores Dickeya | dadantii 1960 UA -

1269 capitatum

CFBP 5417 Ananas comosus | Malaysia Dickeya | sp. 2006 UA -

1278

CFBP 5418 Dianthus UK Dickeya | dianthicola 1956 UA -

1200 caryophyllus

CFBP 5419 Dieffenbachia USA Dickeya | dieffenbachiae| 1957 UA -

2051

CFBP 5420 Musa Colombia | Dickeya | paradisiaca | 1970 UA -

4178 paradisiaca

CFBP 5421 Ananas comosus | Malaysia Dickeya | sp. 2006 UA -

1272

CFBP 5422 Zea mays USA Dickeya | zeae 1970 UA -

2052

CFBP 5423 Ananas comosus | Martinique | Dickeya | zeae 1991 UA -

6466

PRI 2114 | 5573 Dianthus UK Dickeya | dianthicola 1956 UA nt
caryophyllus

PRI 2117 | 5574 Parthenium USA Dickeya | chrysanthemi | 1945 UA nt
argentatum

PRI 2118 | 5575 Chrysanthemum | USA Dickeya | chrysanthemi | 1956 UA nt
morifolium

PRI 2120 | 5576 Pelargonium Comoros Dickeya | dadantii 1960 UA nt
capitatum

PRI 2124 | 5578 Dieffenbachia France Dickeya | dieffenbachiae| 1970 UA nt

PRI 2127 | 5579 Musa Colombia | Dickeya | paradisiaca | 1968 UA nt
paradisiaca

CFBP 5642 Saintpaulia France Dickeya | dadantii 1977 UA nt

3855 ionantha

CFBP 5643 Musa Martinique | Dickeya | dadantii 1994 UA nt
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6467

CFBP 5644 Solanum France Dickeya | dianthicola 1975 UA nt
2015 tuberosum

CFBP 5645 Kalanchoe Pays-Bas Dickeya | dianthicola 1985 UA nt
4155 blossfeldiana

CFBP 5646 Lycopersicon Cuba Dickeya | dieffenbachiae| 1987 UA nt
3694 esculentum

CFBP 5647 Zea mays USA Dickeya | zeae 1966 UA nt
1531

®Costa Rica and Honduras indicates source of pineapple plants in Hawaiian fields where bacterial isolations were performed

®Dickeya genus confirmed with Nasser primers’
‘nt = not tested

JUA = unassigned BOX-PCR pattern

Table 4.2. represents the specific pathogen response of the mAb lines from the second fusion measured by ELISA. The indirect ELISA was performed
on prepared plates of various Erwinia/Dickeya species provided by the Alvarez laboratory. AP labeled Goat anti-mouse 1gG was used as the secondary

antibody and read at 405nm. The strains selected for testing were from isolates collected by the Alvarez Laborotory throughout the years. The mAb

lines were screened for reactivity towards select strains of interest based on pathogenicity test performed by lab technician Asoka de Silva and
BOX-PCR data performed by Wendy Kaneshiro.
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Interestingly the phylogenetic tree of gyr-B categorizes strain A5647 into a
unique branch and it is not related to the other D. zeae strains. mAb line
1H1G5G3 only reacts to this D. zeae strain, consistent with the unique
placement of strain A5647 by the gyr-B gene analysis. mAb line 5C11D2D9 is
not included in the tree because it reacted to all the tested strains. Although
neither mADb line from the first fusion recognized D. zeae strain A5647, both
mAD lines from the second fusion recognized this distant relative. Since, strain
A5647 is found in its own branch of the phylogenetic tree, it is plausible that
mAD line 1H1G5G3 recognizes an antigen uniquely found on A5647 that

changed during its diversification from the other strains.

4.2 Discussion and conclusion

The objective of these experiments was to develop antibodies able to
distinguish certain pathogenic Hawaiian pineapple strains of D. sp. (formerly E.
chrysanthemi) from non-pathogenic E. carotovora and unrelated species of
Dickeya. 97C1F8, an antibody developed by the Alvarez laboratory, was not
able to differentiate pineapple strains from related corn strains or E. carotovora
(Peckham, G., et al. APS poster). Therefore, a new mAb was produced using
the splenocytes from a mouse immunized with three BOX-PCR C type strains
isolated from 2003 samples of infected pineapples. Here we have produced
several novel mAbs with a wide range of anti-Dickeya binding reactivities. A

mADb line produced from the first fusion generated a BOX-PCR type B,C and D

61



binding antibody (MAb Pine-2). A second mADb line had broad spectrum
specificity that reacts to BOX-PCR type A through E and most of the Dickeya
reference strains (MADb Pine-1). The second fusion generated mAb line
1H1G5G3 that only reacted to one D. zeae strain whereas mAb line 5C11D2D9
reacted to all strains that were tested. Phylogenetic analysis based on gyr-B
gene expression and BOX-PCR types are consistent with the antigen analysis
using our mAbs. The BOX-PCR B,C and D type pineapple strains that MAb
Pine-2 recognizes were all organized into clades B and C in the phylogenetic
tree (figure 4.1). Moreover, the strain of D. zeae (A5647) that mADb line
1H1G5G3 reacted to was placed into its own branch of the phylogenetic tree.
Therefore the notion that these mAb lines can be used as a preliminary tool for
distinguishing different strains is plausible.

Interestingly, previous studies of the phylogenetic relationship of recA
sequence groups D. dadantii close to D. dieffenbachiae. However, in our study
MADb Pine-1 recognized all four D. dadantii strains, but none of the three D.
dieffenbachiae strains. Moreover the phylogenetic relationship of the gyr-B
gene does not group D. dieffenbachiae next to D. dadantii, but groups D.
dadantii next to a strain of D. sp isolated from irrigation water (A5277) further
supporting our findings that they are not as related as initially thought. The
phylogenetic analysis of the gyr-B gene grouped most strains of D. zeae into a
single clade (Peckham, G., et al., APS poster). MAb Pine-1 recognizes a
related D. sp. grouped in that clade and MADb Pine-2 reacts with a D. zeae

strain. D. zeae strain A5647 is grouped into its own branch and is only
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recognized by mAbD line 1H1G5G3. The mADb line probably recognizes some
nonconserved protein or structure that other D. zeae clades do not possess.
Not much more can be said about the relationship between the epitope
recognized by 1H1G5G3 and the gyr-B gene sequence until more D. zeae
strains are screened with the mAb and grouped into the phylogenetic tree.

The mAbs generated from the first fusion have been shown to be useful
as a potential screening tool for the surveillance or identification of specific
strains of D. species. The ranges of reactivity of the mAbs were consistent with
both BOX-PCR data and phylogenetic relationship of gyr-B. Although the
antibody specificity may not necessarily demonstrate that epitope identification
Is as sensitive as genetic data, here we have shown that it may be possible to
identify and categorize certain strains based on serotypes. In fact, previous
studies have differentiated Erwinia species based on serovars using polyclonal
sera without any correlation to geography or host of origin (De Boer, SH., 1979
and Yakrus, M., 1988). The antibodies are most likely reacting to LPS or some
other extracellular antigen that may not necessarily correlate to virulence or

may not change regardless of other genetic differences.
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Chapter 5. Development of a capillary based dipstick for the

detection and purification of S. Typhimurium

5.1 Development of a capillary based dipstick

A dipstick was designed as a thin flat column optimized to carry a solution
of bacteria using capillary action over a nitrocellulose membrane containing
capture antibodies. The equation for height of capillary action (h) is defined by h
= 2T/prg, where T= the surface tension (of liquid and medium interface), p =
density of liquid, r = radius of capillary tube (different for column design, which
has width, and depth), and g = force of gravity. Therefore the development of the
capillary column required optimization of several factors. These include the
hydrophilicity plastic materials used to create the column (affects surface
tension), length/width/depth of column (analogous to radius of capillary tube),
shape of column (changing radius affects the capillary force), and the creation of
the vent (to relieve the back pressure as the liquid rises up the column). Each of

these factors will be discussed in a separate section.

5.1.1 Selection of the materials for construction of capillary column

Numerous plastic and other materials were used to create capillary
columns based on a simple design shown in Figure 5.1. The materials had
different hydrophilicities/hydrophobicities that affect the surface tension of the

liquid traveling through the column.

64



Depth

Front view

Plastic back

side view

spacer |\,

\%stic front

Length/ |
height

Figure 5.1 simple capillary design used to test the optimal plastic materials used to make
capillary column. The red rectangle represents the backing, the green represents the
spacers, and the transparent yellow represents the plastic front. The total height of the

liquid column was measured to determine its capabilities.
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Over 16 different materials were tested, but only 6 are mentioned here. The six
materials were tested by adding 100ul of water to the surface and measuring the
size and shape of the water drop. The larger and less spherical the drop, the
more hydrophilic the plastic is (Table 5.1) Of the 6 materials tested, the dialysis
tubing was the most hydrophilic, followed by the transparency film. The binder
plastic cover was the least hydrophilic material tested.

Different combinations of plastics or cellulose film (with various hydrophilic
properties) were used as spacers in construction of the capillary columns were
also found to influence the capillary flow as the column was optimized (Table
5.2). It was determined that using hydrophilic materials to construct the front,
back and spacers gave the fastest and greatest height of capillary flow. Although
the dialysis tubing is the most hydrophilic, because it is porous it is not suitable
for the front and back of the column, but it was satisfactory as a spacer. Using a
hydrophobic spacer and hydrophilic front and back provided relatively low height
of capillary action and the water did not travel up the column smoothly. On the
other hand, using a hydrophilic spacer and a hydrophobic front and back
provided good capillary action and an even flow of water.

However, it still fell short of the design using hydrophilic material for both
the spacers and the front and back panels. The optimal design employed the
hydrophilic dialysis tubing as the spacer and a somewhat less hydrophilic front
and back (transparency film). The meniscus of the capillary action is caused by

greater adhesive forces towards the spacers. If a more hydrophilic front and back
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Table 5.1. List of various plastic and other materials tested ranked in order of
hydrophillicity

Plastic material Hydrophilic ranking Diameter of water
droplet

Dialysis tubing 1 20mm

3M™ multi-purpose 2 10mm

transparency film

Fujifilm X-ray film 3 5mm

Sheet protector 4 4mm

plastic

LLumarMagnum® 5 4mm

safety and security
film for window
tinting

Binder cover plastic, 6 4mm
plastic found in
binders

Numerous common and commercial plastic and other materials were tested for extent of
hydrophillicities and used to create the capillary column. The plastics were tested by
measuring the radius of a 100l drop of water on the plastic, the larger the drop or less
spherical, the more hydrophilic the plastic. The table ranks the plastic as 1 being the most
hydrophilic and 6 being the least hydrophilic.
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Table 5.2. Summary of different combinations of materials and the extent of capillary

flow.

(transparency film)

(window tint)

Front and backing Spacer Height of capillary
material material flow
Hydrophobic Hydrophobic <l mm
(window tint) (window tint)
Hydrophilic Hydrophilic (dialysis | >30 mm
(transparency film) tubing)
Hydrophobic Hydrophilic <15 mm
(window tint) (dialysis tubing/X-ray
film/transparency
film)
Hydrophilic Hydrophobic <10 mm

The four combinations different materials were tested by dipping one end of the column

into a test tube containing water. The maximum height of the water was measured.
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was used, then the liquid would adhere to the front and back causing an uneven
meniscus across the column space usually appearing as a steps on a stairs or
jagged rocks rising up the column. Using a less hydrophilic front/back and more
hydrophilic spacer increases adhesion towards the sides of the column, allowing
the liquid to flow in a U shape manner, giving even distribution over the

membrane (containing capture antibodies) placed inside the column space.

5.1.2 Optimization of length/width/depth of capillary column

Since the radius of the capillary tube is in the denominator of the equation
for height of capillary flow, generally a smaller radius increases the total height of
capillary flow. Since the capillary column has a rectangular cross-section, the
radius of the capillary tube is analogous to the width and depth of the column,
increasing the variables that need to be optimized for efficient flow. Table 5.3
summarizes the optimal values needed to achieve a stable and consistent flow
over a nitrocellulose membrane. The physics of a capillary column differs greatly
compared to a cylindrical tube. The column was designed to have a minimum
depth to decrease the total volume (equivalent to decreasing radius) of the
column to increase the height of the capillary flow. The length of the column had
to be long enough to fit three nitrocellulose membrane strips spotted with capture
antibody (about 2mm by 3mm per membrane strip). It was determined that a
width of 3-10mm with a length/height of 10-20mm was sufficient to fit the
membrane strips in and achieve a consistent capillary flow, as long as the depth

was less than 0.05mm thick.
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Table 5.3. Optimal values for length, width, depth, of capillary column.

Factor Optimal range

width 3 mm —10mm

length (height) 10 mm - 20 mm

Depth 1 to 2 layers of dialysis tubing (0.025-

0.05 mm)

Various combinations of different lengths and widths were tested for optimal height and

flow rate of H,0 in the capillary column. The depth was kept constant at 0.5 mm (2

layers of dialysis tubing).

70



5.1.3 Additional dipstick design considerations for maximum flow
Materials and size of the column have been discussed in the previous
section, but there are two additional factors that must be considered to achieve a
maximum flow and even distribution of the sample through the column. As the
height of the water rising through the column increases, the capillary flow slows
down as the weight of the water increases. Decreasing the width of the column
near the top will increase the flow to offset the increase in water weight.
Additionally an absorbent wick is placed at the very top of the column to
maximize the amount of sample that passes through. Placing a wick on a
capillary column seals the top of the column and, as water flows up the column,
there is an unwanted backpressure. The column must be designed with an air
vent to relieve the backpressure, while maximizing the contact of the liquid
interface and wick. Thus several models were designed to maximize the
capillary flow rate and to ensure contact of the liquid with the wick in order to
pass a sufficient amount of sample (bacterial solution) over the immobilized
antibodies (Figure 5.2). The first attempts to create an air vent are depicted in
Figure 5.2. The first model (figure 5.2a) did initiate the capillary action in the
column, but the flow rate slowed down substantially near the top. The second
model (figure 5.2b) had similar problems, but flowed a little better than the first.
Placing the air vent in the wick itself was a major breakthrough. In the third
design (figure 5.2c) a decrease in column length was tried in order to make the

liquid flow to the top of the column and contact the wick.
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For this model, flow was consistent throughout the column, unlike other columns
where flow rate slows down near the top as the height of the water column
(weight of water) increases. The contact of the water with the wick was minimal
however, resulting in minimal wicking. The fourth model (figure 5.2d) attempts to
increase the wick contact by inserting the wick into the spacer area in a triangular
cut out portion. This improved the contact of the liquid with the wick, but this
design was still not sufficient for a high flow rate. The fifth model (figure 5.2e)
incorporated a spacer island (made of hydrophilic dialysis tubing) used to divert
the liquid into a circular path and minimize tube diameter (i.e., two small paths
instead of one larger path), increase contact with the hydrophilic spacer and
increase contact with the wick. However, this model was not very successful as
the capillary action slowed near the island. Nonetheless, the idea of creating the
island to divert flow to an open area to contact the wick led to the second
generation of designs that maximize wick contact.

Several new models of dipsticks were created incorporating the inserted
wick into the spacer region as on the forth model (figure 5.2d) and the spacer
island used to divert the flow in the fifth model (Figure 5.2e). In the next series of
designs, the spacer island was positioned to directly contact the wick area,
creating a vent and directing the capillary flow towards the wick (figure 5.3).
When cut out correctly, all of these models were very successful.

There were many difficulties cutting out the shapes, however making the
last two models (the arrow and diamond, figure 5.3c and d) were the easiest to

cut out and uniform enough to reproduce the same flow rates.
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Figure 5.3 Second generation dipstick models tested with various spacer island designs.
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Thus the diamond model of the spacer island was chosen as the template for the
dipsticks from this point forward. Figure 5.4 depicts the dipsticks design and
schematics.
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Figure 5.4. Schematic diagram of the Capillary column assay design showing the multiple components. The membrane piece
from the top contains 2ul of spotted goat-anti rabbit IgG whole molecule (+ control), the middle contains goat anti-human 1gG
whole molecule (- control), and the bottom contains either rabbit anti-salmonella O antigen (A,B,D) antiserum or goat anti-

salmonella O antigen (B) mADb as the test spot.
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5.2 Application of the dipstick for detection and affinity purification of

S. Typhimurium

The dipstick design with the diamond shaped spacer island depicted in
Figure 5.4 provides the maximum liquid flow through the column and, thus, was
used to detect S. Typhimurium using colloid dye labeled mouse anti-Salmonella
O antigen mAb (Figure 5.5). The dipstick contains three strips of nitrocellulose
membranes containing either rabbit anti-Salmonella O antisera as the capture
antibody, goat anti-mouse IgG as the positive control, and goat anti-human IgG
as the negative control. The dipstick assay is performed by placing the dipstick
into a S. Typhimurium containing solution then transferred to a solution
containing dye labeled mouse anti-Salmonella O antigen mAb. Positive samples
appear as blue colored spots on the membrane after probing with the dye labeled
antibodies. As shown by Figure 5.5, the limit of detection was 10°> CFU/ml, which
is less than the minimum infective dose of most Salmonella sp. The 10¢ CFU/ml
sample did not appear darker than the 10° CFU/ml sample, indicating that the
maximum signal is attained at this concentration and that the capture antibody
may be saturated with bacteria. Concentrations less than 10° CFU/ml were not
detected, although the positive control area was positive, indicating that the

assay was functional.
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10° CFU/mL 10° CFU/mL 10* CFU/mL 10° CFU/mL

<—Anti-mouse 1gG1

<«— isotype control
<« Anti-salmonella O
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Figure 5.5 The capillary column based dipstick assay is able to detect 10° CFU/mL of S. Typhimurium. The dipstick
was tested using 1mL of a 10® CFU/mL, 10° CFU/mL, 10* CFU/ml and 10° CFU/mL of S. Typhimurium, then

transferred to a test tube containing 500uL of dye labeled mouse anti-Salmonella O antigen antibody. The membrane
was washed and observed for a colored spot indicating a positive result. The top membrane contains goat anti-mouse

IgG (positive control), the middle contains goat anti-rabbit 1gG (negative control), and the bottom band contains rabbit

anti- salmonella O antigen antiserum as capture antibody.
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The dipstick assay was then tested for affinity purification capabilities by running
a mixed culture of S. Typhimurium and Serratia marcescens to determine
whether the column could distinguish these bacteria by specifically binding the S.
Typhimurium. Mixtures of the bacteria were tested on the columns then the anti-
Salmonella bacteria capture spot on the nitrocellulose was used to streak NA
plates. S. marcescens was used as a model for ubiquitous environmental
bacteria that may be found near S. Typhimurium and for its distinguishable red
pigmentation.

The purification capabilities for the dipstick assay was then tested using
various concentrations of a 1:1 mixed culture of S. Typhimurium and Serratia
marcescens on the columns and then streaking the captured baicteria onto NA
plates to observe the isolation capabilities of the dipstick. Figure 5.6 shows that
the plates contain almost all white S. Typhimurium colonies at all concentrations
of the assay. Concentrations of less than 10° CFU/ml of S. marcescens did not
bind to the anti-Salmonella O antigen antibody and there were only a few
colonies at a concentration of 10° CFU/mI. The 10° CFU/ml sample had nine red
colonies, indicating that high concentrations of non-Salmonella bacteria may bind
nonspecifically to the nitrocellulose. The total number of red vs. white colonies
were enumerated (Table 5.5) and the percent purity was determined (Figure 5.7).
Figure 5.7 indicates that the percent purity of the mixed culture assays were

above 97% at all concentrations.
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Figure 5.6 The dipstick purifies a mixed sample of S. Typhimurium and S. marcescens using affinity purification. The
dipsticks were tested using a 1:1 mixed culture of S. Typhimurium and S. marcescens. The membrane containing the
rabbit anti-Salmonella O antigen antiserum was cut out and spread on a NA plate. a; 1:1 S. Typhimurium: S.
marcescens at 10° of each, b 1:1 ratio at 104 of each. C: 1:1 ratio at 105 of each. d. 1:1 ratio of each. d: a 1:1 ratio at
106 of each. e: PBS solution as the negative control. f: 109 S. marcescens. The plates were incubated at 30°C to
promote visualization of S. marcescens as red colonies. The colonies are mostly pure for S. Typhimurium. The images
are representative of triplicate experiments performed at least twice on independent occasions.
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Figure 5.7 1:1 mixed culture assay of S. Typhimurium and S. marcescens is over 97% pure. The colony counts of the mixed
culture assay were performed and % purity was determined by dividing the number of white colonies (S. Typhimurium) by the
total of white and red colonies (both S. Typhimurium and S. marcescens).

Table 5.4 Summary of values for 1:1 mixed culture assay depicted in Figure 5.7
% pur avg %

[1] A B C Ypur A %purB C purity
CFU/ml St S.M St S.M St S.M
106 656 21 600 9 512 9 96 98 98 97
105 408 1 376 2 512 1 99 99 99 99
104 384 0 564 0 589 1 100 100 99 99
103 528 0 640 0 510 0 100 100 100 100
S.m
10° 0 816 0 682 0 736 0 0 0 0

A, B, and C represents separate plates
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Although the number of S. Typhimurium colonies exceeds 300, which is
usually described as too numerous to count (TNTC), this only underestimates
the actual enrichment potential of the dipstick. The assay was also performed
on a 150 mm NA plate (2.2 times more surface area than standard 100 mm
plates) in an attempt to better numerate the actual S. Typhimurium colonies
(Figure 5.8). The S. Typhimurium colonies were still TNTC, but the plates
remained mostly pure for S. Typhimurium, indicating that the actual enrichment
is probably underestimated. The actual enrichment was also tested by excising
the test area containing capture antibody, vortexting it in 1mL of PBS and
performing serial dilutions and plating the dilutions on NA plates. Only a few
white colonies were counted even at the 1:10 dilution, indicating that the
bacteria do not come off the membrane by vortexting in PBS, data not shown.
Thus the percent purity calculations will still be done by colony counts, although
when the counts exceed 96% the actual purity is probably higher.

Figure 5.6f shows that high concentrations of non-Salmonella species
may bind nonspecifically to the membrane, thus the dipstick assay was
performed using 100 times as many S. marcescens as S. Typhimurium. Figure
5.9 indicates that the assay was not affected even if there were 100-fold excess
of S. marcescens. The limit of S. Typhimurium detection remained at 10°

CFU/ml. At higher bacterial concentrations there were no false positives.

82



Figure 5.8 The number of S. Typhimurium colonies are still TNTC on a 150 mm NA

plate.
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Figure 5.9 Mixed culture assay of S. Typhimurium and 100 times the amount of S. marcescens. The limit of S.
Typhimurium detection was still 10° CFU/mI and even when mixed with 10 CFU/ml of S. marcescens, the assay did
not give a false positive result.
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Although the detection of S. Typhimurium is unaffected by adding high
amounts of S. marcescens, the dye labeled antibody used is a mAb which
may be more specific than the polyclonal capture antibody.

Thus the maximum purification capability of the dipstick was tested
at higher concentrations of S. marcescens while the concentration of S.
Typhimurium remained at 10° CFU/ml. Figure 5.10 shows that the plates
remain mostly S. Typhimurium even at 100—fold excess of S. marcescens.
The plate with 1,000 times the amount of S. marcescens appears as
roughly half red and half white. With 10,000 times more S. marcescens
than S. Typhimurium the plate is mostly red, indicating that this much
bacteria (10° CFU/mI) will bind to the membrane nonspecifically. The
percent purity of the S. Typhimurium was determined using the method of
counting red to white colonies. Figure 5.11 indicates that the purity of S.
Typhimurium remains greater than 80% with beginning ratios of S.
marcescens to S. Typhimurium less than 100:1. S. marcescens at a
1000-fold excess over S. Typhimurium still resulted about 50% S.
Typhimurium on the column. The 10,000:1 sample had a purity of less
than 10%. Thus, even with an excess of unrelated bacteria, the dipstick

provides at least a 100-fold enrichment for S. Typhimurium
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Figure 5.10 The purity of the dipstick assay remains high even at a ratio of 1000 times S. marcescens to S.
Typhimurium . The dipstick was tested with S. Typhimurium and various concentrations of S. marcescens to represent
ubiquitous environmental bacteria that might be found in a field setting. The membrane containing the rabbit anti-
Salmonella O antigen antiserum was cut out and spread on a NA plate. The plates were incubated at 30°C to promote
visualization of S. marcescens as red colonies. The colonies are mostly pure for S. Typhimurium. The images are
representative of triplicate experiments performed at least twice on independent occasions.
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Figure 5.11 Percent purity of mixed culture assay of S. marcescens titrations. Percent
purity represents total number of S. Typhimurium colonies to S. marcescens colonies.
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5.3 Discussion and Conclusions

Here we have shown a capillary action-based dipstick device that is able
to both detect S. Typhimurium as well as capture and significantly enrich it using
affinity purification. The development of the dipstick required multiple
optimization steps to create a capillary column, instead of a capillary tube,
capable of transporting a bacterial solution. The capillary column was optimized
for plastic material and cellulose spacers, radius (length, width, and depth of the
column), shape of column, and spacer island. Nitrocellulose membrane squares
containing capture antibodies were then added to the optimized dipstick to create
the capillary column containing a bacterial detection system.

The capillary column design allowed the relatively large bacteria to be
transported up a dipstick vertically for the first time. The commercially available
dipsticks rely on diffusion that is limited to small proteins or other molecules.
Since whole bacteria can be transported to the membrane area containing
capture antibodies, in addition to detection, the capillary column not only can
identify the presences of the bacteria but is also able to purify bacteria for
subsequent culturing and more specific characterizations. The current dipstick
models are unable to capture bacteria, as only bacterial proteins or sugars make
their way up the dipstick through diffusion.

The capillary based dipstick was designed to be immersed vertically
causing the capillary action to go against gravity to maintain a consistent flow

rate dependent on the wick material. Once the dipstick is immersed, the assay
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does not require any additional contribution from the user, minimizing outside
influences. Passing the liquid against gravity also assist in washing the column
as the solution passes through the membrane containing capture antibodies, it
dilutes the remaining solution (making the solution equivalent to a washing
buffer). Vertical columns that go with gravity or horizontal columns are unable to
consistently transport a solution with an even flow rate without the use of
additional devices, such as a pump or gravity filtration device. Additionally, a
column that is designed to work vertically would also work regardless of the
orientation of the dipstick, whether sideways or upside down, whereas a column
designed only to work horizontally might fail if used vertically.

Our capillary column assay was able to significantly enrich S.
Typhimurium from mixed cultures, making it a potential method for bacterial
isolation. Combined with its ability to detect S. Typhimurium at 10° CFU/ml,
which is within the infective dose of most Salmonella species, the dipstick may
be used as an effective alternative to current methods for environmental
screening. The dipstick assays relies on antibodies that can be selected for high
specificity and sensitivity, as an alternative to PCR detection which sometimes
gives non-specific detection depending on the primers used and requires skilled
labor and equipment. The dipstick is also able to isolate and purify S.
Typhimurium from a mixed culture of a 100:1 mixture of S. marcescens to S.
Typhimurium, with a final purity of greater than 80%, which is a culturable
amount to streak for further isolation and identification. The capillary column

assay could save time and money as purified samples screened positive for
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pathogens can be sent for further testing, rather than sending numerous infected
samples of food or crops. But until field studies on infected foods or crops are

actually performed, the usefulness of the assay can only be inferred.

5.4 Future studies

The next step in our study should be field or mock field studies involving
infected crops. Additionally irrigation water could also be tested, as crops are
often contaminated from the irrigation water. The MADb Pine-1 and Pine-2 mAbs
could be substituted for the detection of the pathogenic E. chrysanthemi strains
found in the irrigation water that may infect pineapple crops.

The invention of a novel detection device with affinity purification capabilities
could open doors to new ideas and inventions. The capillary based dipstick
assay was designed for potential commercial use. The compact design and
cheap raw materials (transparency film, dialysis tubing, double stick tape, and
transblot paper) was able to pass ~2ml of a bacterial solution and detect 10°
CFU/ml of S. Typhimurium. If more sophisticated materials were used, such as a
more absorbent wick material or extended wick, then the assays sensitivity might
be significantly improved. The transblot paper and transparency film was unable
to support a larger soaked wick, thus was limited to absorbing 2ml (about 1-1.5ml
of actual bacterial solution minus 0.5ml for the antibody solution). If 10ml of a
bacterial solution was passed through the column, then the detection limit could
be 10 times better. Although the current detection limit of 10° CFU/ml is

equivalent to existing ELISA assays, it may not be able to detect latent infections
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of crops or low levels of contamination of foods. Increasing the detection limit of
the dipstick assay to 10* CFU/mI by passing 10ml through the column, or even
10° CFU/ml if 100ml were passed through, approaches the capabilities of PCR
detection.

The idea of using antibody based affinity purification and colloid dye
detection is not limited to just dipstick assays. Capture antibodies could also be
fixed to magnetic beads and compartmentalized in a long vacuum hose. Large
volumes of contaminated water or food samples could be passed by the capture
antibody bound beads using a vacuum. The bead compartment can then be
removed and a dye labeled antibody could be added to detect the enriched
bacteria bound to the beads. This technique could be applied to human blood
samples as well. For example the antibody bead compartment could be
incorporated into a dialysis machine and could potentially serve as a screening
device for nosocomial infections commonly caused by dialysis. Although these
ideas may seem farfetched with the current designs, the use of antibody based

affinity purification and colloid dye detection may prove useful in the near future.
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