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ABSTRACT

Borrelia spirochetes, the etiologic agents of Lyme disease, are

unique among bacteria because they contain linear, rather than

circular, molecules of DNA. In addition, a significant amount,

sometimes up to 25%, of the bacteria’s genome, is in the form of
plasmids, small pieces of DNA which can replicate autonomously

and can contain functional genes. This study was undertaken to

investigate the structure and origin of several unusually large
plasmids in four isolates of Borrelia, HO14, BO23, VS116, and R100.
Isolating the desired plasmids from the bacterial cells was

accomplished through gel electrophoresis, making it possible to
isolate the desired plasmid by extracting it from the gel. After the

plasmid-containing band was cut out of the gel, the DNA was
purified and cut with restriction endonucleases. The DNA was then
labeled with radioactive phosphorus and used to probe fractionated

DNA previously transferred to a membrane. After allowing the

radioactive probe to hy bridize to the membrane-bound DNA, the
membrane was covered with Hyperfilm. The radioactive molecules
caused the film to be exposed, making it possible to determine

which bands hybridized with the probe.

In this project, I tried to determine the origin of the large

plasmids in question. Were they part of the bacterial chromosome
that had somehow become excised? Or were they created from a

smaller plasmid that had made a mistake during replication and
formed a dimer?
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INTRODUCTION AND LITERATURE REVIEW

Lyme disease is a zoonosis, an infectious disease of animals
that can be inadvertently transmitted to humans. A tick-borne

disease named for Lyme, Connecticut, where it was first discovered,
Lyme disease occurs world-wide and is now the most prevalent

arthropod-borne disease in the United States (1). The etiologic

agent of Lyme disease is the spirochete Borrelia burgdorferi, a
spiral-shaped bacterium that lacks a rigid cell wall (1). These
spirochetes are transferred from their normal animal hosts to

humans primarily by the deer tick, Ixodes daniniini (2). In the
United States, Lyme disease occurs mainly in suburban and rural
areas. Although most reported cases until recently occurred in

northeastern and upper midwestern states, incidence of the disease
is spreading. California, and other states along the west coast are

areas where Lyme disease is becoming more prevalent.

Lyme spirochetes are transmitted to humans through the saliva

of a tick obtaining a blood meal (2). B. burgdorferi is remarkable
among this genus of bacteria because it can infect a wide variety of
tick and vertebrate hosts (1). The disease occurs in humans only

when competent vectors, B. burgdorferi, and reservoir hosts,

animals in the wild which cany the bacteria, co-exist.

A vector is

defined as an animal, usually an insect or a tick, that transmits

parasitic microorganisms-and therefore the diseases they causefrom one host to another (animal or human) (1). There are some

species of ticks that have been shown to carry Lyme spirochetes but
have not been shown to be competent for transmission of the
1

bacteria to other hosts. Competent vectors involved in Lyme
spirochete transmission to humans include members of the I.

persulcatus group of ticks (1). These are I. scapularis (I. dammini)

of eastern North America, I. pacificus of western North America, I.

ricinus of Europe, and I. persulcatus of Eurasia (1). I. dammini was
described as a separate species from I. scapiilaris in 1979 because of

distinguishable morphological and ecological traits (2). However,
this classification was recently rejected because of mating
compatibility and genetic similarity (1).

The northern form of I. scapularis is responsible for more than

80% of Lyme disease cases in the LTnited States (1). The larval and
nymph stages of this arthropod feed on all terrestrial mammals and

many birds in the eastern deciduous-forest ecosystem. After
completing a 4-day feeding period, engorged larvae molt and lie
dormant through the winter as nymphs (1). The following summer,

the nymphs again seek a host. It is during these two feeding events
that the tick acquires the Lyme spirochetes from the previously
infected animal. Spirochete infection of adult ticks averages around

50% (1). Because infection of vector-competent ticks varies
geographically, prevalence of spirochetes in adult ticks in a given
area is a good indicator of the rate of Lyme disease that area will
experience (1).

Many mammals and birds are reservoir-competent for B.
burgdorferi. A reservoir-competent mammal or bird is persistently

infected with and capable of transmitting the etiologic bacteria.
Small mammals such as the white-footed mouse, Peromyscus

leucopus, are particularly important as reservoir species (1).
2

B. burgdorferi has not been shown to be transmitted by sexual
intercourse or other types of physical contact between humans.
However, there is some evidence which may implicate Lyme disease

as a cause of miscarriages and stillbirths if a women becomes
pregnant while infected (2). It is often considered a "healthy

disease" because it is contracted by people engaged in healthy
activities, such as hiking or working outside.

Patient advocacy groups, public health programs, and the

media have worked to inform the public of preventative measures
and symptoms of this disease (1). Lyme disease is second only to

AIDS in media coverage over the past decade (1). Unfortunately,

the amount of attention focused on Lyme disease has initiated some
unfavorable results. Few of the illnesses attributed to B. burgdorferi

are actually documented cases of Lyme disease. For instance, few
ticks in Georgia contain the spirochete. However, hundreds of cases
of Lyme disease were falsely reported until this fact was recently

documented (1).
Correct diagnosis of Lyme disease can be difficult because flu
like symptoms including acute headaches, backaches, chills, and

fatigue are the trademarks of the early stages of B. burgdorferi

infection. In 75% of all cases, a large characteristic circular rash,
erythema migrans, develops at the site of tick attachment (2). At

this point, treatment with oral antibiotics such as amoxicillin,
doxycycline (1), tetracycline, or penicillin (2) is usually curative. If
left untreated, after a period of several weeks or months, 70% of

untreated infected patients begin to suffer the effects of chronic

bacterial invasion (1). Organs such as the brain, eyes, and heart
3

may be affected, as well as the nerves and joints. Lyme disease is

rarely fatal, although the effects on the central nervous system and
chronic arthritis can be disabling.
In an area with high rates of Lyme disease, a patient suffering

from low-grade fever, muscle aches, and erythema migrans, seeking
medical attention during the summer months, should be fairly easy
to diagnose. These symptoms, accompanied by the high incidence

of the bacteria geographically , are indicative of early B. burgdorferi
infection. However, if the characteristic skin rash does not develop,
as in approximately 25% of infections, there is nothing in the profile

of the disease which clearly differentiates Lyme disease from

common summer illnesses (1). Even the later manifestations of the
disease, such as arthritis or carditis, can be attributed to other

common illnesses. Lyme disease can also effect the central nervous
system; the neurologic symptoms produced are especially difficult

to interpret (1). Furthermore, many symptoms of Lyme disease are
similar to those characteristic of chronic fatigue syndrome and
fibromyalgia, making correct diagnosis of persistent B. burgdorferi

infection even more improbable.
The development of an enzyme-linked immunosorbent assay

(ELISA), which detects antibodies to B. burgdorferi, has improved

diagnostic accuracy. Antibodies develop about four to six weeks
after exposure to the bacteria (2). This testing method is somewhat

controversial because false-positive results have occurred in

geographic areas where there is almost no Lyme disease. In areas

with high rates of Lyme disease, 10% of healthy individuals test
positive for antibodies, an indication of previous exposure (1). High
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variation in results between different laboratories has also raised

concerns (2).
The etiologic agent of Lyme disease was not discovered until

1982 and, despite extensive research, there is still little known

about the pathogenesis of the bacteria. The structure of B.
burgdorferi is that of a characteristic spirochete. The bacterium has

a cork-screw shape and moves in a spiral fashion by means of

flagella that run the length of the cell between the inner and outer

cell membranes (1). They do not live in water, soil, or plants. All
species of Borrelia are host-associated. The bacteria move in an

endemic cycle between vertebrate hosts and arthropod vectors.
DNA analysis has shown that at least three distinct genomic groups

of B. burgdorferi exist (4). These divisions are further supported by
different ailments associated with Lyme disease in different global
locations. For example, in northern and eastern Europe, joint

swelling and inflammation rarely occur, while in the LInited States,

these arthritic symptoms occur frequently (1). Chronically infected

European patients commonly suffer from acrodermatitis chronica
atrophicans, a severe inflammation and atrophy of the skin on the
hands or feet, and neuroborreliosis (5). These disorders are very

uncommon in the United States.
However, one of the most interesting characteristics of B.
burgdorferi is its DNA. DNA, deoxyribonucleic acid, is the genetic

material of nearly all living organisms. DNA is a chain of linked
nucleotides, molecules composed of a nitrogen base, a sugar, and a

phosphate group (7). The genetic information of DNA is contained

in the sequence of bases along the molecule (Fig. 1). There are four

5

bases from which DNA is constructed; adenine (A), thy mine (T),
guanine (G), and < ytosine (C). Within the DNA molecule, adenine

pairs with thymine (A+T) and guanine pairs with cytosine (G+C). Il
burgdorferi has an unusually high A+T concentration of

approximately 70% (3). The DNA is arranged into units called
chromosomes. Chromosomes are divided into smaller units of
genetic information called genes that occur either alone or in

clusters called operons.

fig. 1 The DNA double helix. The helix is unrolled to show the
sugar-phosphate backbones and the base-pair rungs.

Prokaryotes, such as bacteria, have simple chromosomes that

are not contained within a nuclear membrane (7). Prokary otic

chromosomes are circular, differing from linear eukary otic

chromosomes. All bacteria were thought to have circular

chromosomes until Borrelia was discovered. Unlike other bacteria,
species of Borrelia have a linear rather than a circular chromosome

(3). The chromosome of B. burgdorferi is approximately 950

kilobases (kb) in length (3). This refers to the number of nucleic
acid base pairs in the strand of DNA. This places the chromosome

of B. burgdorferi among the smaller bacterial chromosomes, which
range from 600 to 10,000 kb. Small pieces of DNA called plasmids

are also an important part of the B. burgdorferi DNA profile.
Plasmids are autonomously replicating extrachromosomal DNA
molecules (7) which may contain a gene or operon. Species of B.
burgdorferi contain a variety of plasmids, both linear and circular,

which are up to 100 kb in length (3). The linear plasmids have

covalently closed hairpin ends with structures and sequences similar

to those seen in the ends or telomeres of the African swine fever
virus chromosome (6). As much as 25% of the entire genome may

be contained in the form of plasmid DNA, an unusually high
percentage (8). Because the percentage of DNA contained in the
plasmids of B. burgdorferi is so high, it is likely that these plasmids
play an important role in the life cycle of the bacteria. Therefore, a

great deal of study is devoted to elucidating the biology of these
molecules.
Plasmid DNA and chromosomal DNA are subject to the same

cell processes and manipulations. Mutations are one of the ways in
which both of these molecules are altered. A mutation is a

spontaneous change in the DNA molecule (7). Mutations are rare
events and may cause beneficial, detrimental, or neutral changes in
7

the function and structure of the molecule. Often, mutation occurs

during the process of DNA synthesis, called replication, if the DNA is
not copied exactly. Sections of DNA can be deleted or left out of the

new molecule. Sections can also be inserted into the new molecule
where they do not belong. Sometimes the wrong nucleotides are

paired together by the replication enzymes. -Each of these errors
results in a mutation.

In the following study, I conducted an investigation of what
appeared to be a mutation in one plasmid in each of four Borrelia

isolates. Each of these isolates contains an unusually large plasmid

of 80-100 kb. Previous DNA analysis of the plasmid profile of these
samples showed that a plasmid approximately half this length, 40-50
kb, existed in each isolate. We believed that a mutational event had

caused the formation of a head-to-head dimer, a molecule of DNA

formed by improper separation of two molecules of DNA during
replication such that the molecules are bound together at their

ends. Howeve, the large plasmid may have been a portion of the
chromosome which had been excised.

To test this hypothesis, I first isolated the large plasmid from
the genome of the sample using agarose gel-electrophoresis. This
DNA was then purified and cut into smaller fragments with

restriction enzymes. These fragments were labeled with radioactive
phosphorous. Gel-electrophoresis was used to separate another

sample of each isolate's entire genome into discrete bands. The

entire separated genome was then transferred onto a membrane and
probed with the labeled fragments. The fragments were allowed to
hybridize or bind to the membrane-bound DNA and then excess
8

probe was washed away. The membrane was then exposed to

Hyperfilm, creating an autoradiogram and allowing visualization of
the DNA. I attempted to determine the origin of these large
plasmids from the autoradiogram.
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MATERIALS AND METHODS

Bacterial Strains and Media. Borrelia isolates used in this study
were provided by the Rocky Mountain Laboratories. A total of four

isolates were used in this experiment. B. japonica isolate HO 14
acted as the control for this experiment because it has a 100 kb
plasmid which was previously studied and proven to be a head-to-

head dimer (10). The second isolate, B. afzellii BO23, contained a

100 kb plasmid also. Isolate VS 116, classified as B. garinii, carries
two unusually large plasmids. One is approximately 80 kb and the
other approximately 50 kb. Both of these plasmids were extracted

for study. The final isolate, B. burgdorferi R100, contains an 80 kb
plasmid. The bacterial isolates were cultured at 35° C in BSK-II

medium (9).

DNA Isolation and Purification. Whole Borrelia DNA was
isolated for electrophoresis in thin Incert Agarose plugs that were

approximately 1 cm square (Appendix A). For clamped
homogeneous electric field (CHEF) gel electrophoresis (Fig. 2), these

plugs were then inserted into 1% GTG or 1% LMP agarose gels
(Appendix B). Because large quantities of isolated DNA were

needed, as the experiment progressed, I began using transverse
alternating field electrophoresis (TAFE), a method comparable to

CHEF gel electrophoresis. The Incert Agarose plugs were inserted
into 1% GTG agarose gels for the TAFE procedure (Fig. 3) (Appendix

C). After fractionating the DNA into bands, the gels were stained
with ethidium bromide and photographed. After photographing the
10

gel, the bands containing the desired plasmids were cut out and

stored in microtubes at 4° C. The DNA was purified using the
Wizard PCR Prep according to the directions provided by the

supplier (Appendix F).

DNA Restriction Digests. I selected three-restriction

endonucleases, Mlu 1, Pst 1, and Xho 1, not knowing which would
work best for our needs. I examined DNA from each sample

digested with these endonucleases and then fractionated on a CHEF
gel. Through this test, it was determined that Pst 1 would be used

for our experiment. Pst 1 restriction digests were conducted on
purified whole DNA of each of the four isolates (Appendix D) and

fractionated on a 1% GTG CHEF gel with 0.5X TEE buffer. The gel

was stored in a plastic bag with buffer at 4° C.

I also conducted a Hind III restriction digest (Appendix E) of

plasmid DNA from each sample, isolated by cutting the plasmid
band out of CHEF and/or TAFE gels. The digest was done while the

DNA remained in the agarose blocks excised from the gel. After the

digestion was complete, the restricted DNA was purified out of the
agarose blocks using the Wizard PCR Prep according to the

directions provided by the supplier (Appendix F) and stored at 4° C.

Southern Blot Analysis. DNA was transferred from gels
containing fractionated whole DNA (Fig. 4) and Pst 1 digested whole

DNA (Fig. 5) onto GeneScreen membranes using a VacuGene blotting
system (Appendix G). The DNA was then UV-crosslinked to the

membrane. Permanently fixing the DNA onto a membrane makes it
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possible to do hybridization studies of the DNA using radioactively
labeled probes. In this study, the probe used was purified Hind III

digested plasmid DNA tagged with radioactive phosphorus using the
Random Primed DNA Labeling kit (Appendix H). Specifically, BO23

100 kb plasmid DNA, R100 80 kb plasmid DNA, and VS116 80 kb

plasmid DNA were used to probe Pst 1 digested whole DNA blots.
R100 80 kb plasmid DNA and VS 116 kb plasmid DNA were used to
probe uncut whole DNA blots. The probe was allowed to hybridize
to the QNA on the blot (Appendix I). Then the blot was washed

(Appendix J) and exposed to Hyperfilm at -70° C, with intensifying

screens to amplify the radioactive signal. The Hyperfilm was
developed and analyzed to determine the pattern of hybridization.
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RESULTS AND DISCUSSION

Undigested Whole DNA Blots

My hypothesis was that the unusually large plasmids found in
isolates BO23, R100, VS 116, and HO 14 were the result of a
mutational event of a smaller plasmid whicbreaused the formation

of a head-to-head dimer. To test this hy pothesis, I first isolated the

large plasmid from the genome of the sample using agarose gelelectrophoresis according to the procedures outlined in Materials

and Methods. This plasmid DNA was then purified and cut into
smaller fragments with individually applied restriction enzymes.
The fragments were labeled with radioactive phosphorous. Gel-

electrophoresis was used to separate another sample of each
isolate's entire genome into discrete bands. The entire separated

genome was then transferred onto a membrane and probed with the

labeled fragments. The fragments were allowed to hybridize the
membrane-bound DNA and then excess probe was washed away.

The membrane was then exposed to Hyperfilm and a autoradiogram
picture was taken of the DNA. I attempted to determine the origin

of these large plasmids from this picture.

The origin of the large plasmids would be determined using
the plasmid to probe its own whole DNA. The probe would
hybridize to any band of DNA on the blot to which it was

significantly similar. Therefore, the plasmid probe would be
expected to hybridize strongly with its own band. If the large

plasmid was the result of dimer formation, the probe would also

hybridize strongly with the band corresponding to the smaller
15

plasmid from which it was formed. Likewise, if the large plasmid
were an excised portion of the chromosome, the probe would bind
to the chromosomal band. In addition to using the labeled DNA to

probe its own genome, the whole DNA from the other isolates was
also tested. This would reveal any significant similarities between
probe and the other isolates. The following are the results of two

whole DNA blots which were probed with large plasmids:

Undigested whole DNA blot probed with R100 80 kb plasmid (Fig.
6a). The probe hybridized intensely with its own DNA. The
radioactivity of the R100 streak was so intense that the blot was
severely overexposed, making any additional banding

indistinguishable. The probe also hybridized with several bands in
each of the other isolates. These bands correspond to the position

of the chromosome and, in VS 116 and HO 14, the large plasmids
being studied. The probe also hy bridized to a band in BO23,

corresponding to a smaller plasmid in the isolate's profile.

Undigested whole DNA blot probed with VS116 80 kb plasmid (Fig.

6b). The intensity' of probe hybridization to its own DNA resulted in
overexposure of the blot. No distinct bands were visible in the
VS116 streak. The probe hybridized to the chromosomal band, as

well as to bands corresponding to smaller plasmids in BO23, R100,
and HO14. Binding also occurred in the bands containing the large
plasmids being studied in each of the isolates.
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As expected, each probe hybridized strongly with its own DNA.

However, h\ bridi/ation was so strong that, in both cases, the blot
was severely overexposed. Therefore, it was impossible to

determine any distinct banding pattern in the streak of DNA

corresponding to the probe. A fair amount of hybridization
o< curred between the probe and DNA streaks of the other three
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isolates as well. This cross-hybridization is not extremely unusual

because the isolates are of the same genus and are related through
evolution.

Pst 1 Digested Whole DNA Blots

I also conducted hybridization studies of the labeled plasmid
DNA with Pst 1 digested whole DNA blots. The premise behind this
set of experiments is much the same as that of the previous

experiments. Using the large plasmid as a probe against its own

DNA, we hoped to learn the origin of the plasmid. Again, the probe
was also tested against the Pst 1 restricted whole DNA of the other

isolates. The following are the results of the three Pst 1 restricted

DNA blots which we probed:

Pst 1 digested whole DNA blot probed with BO23 100 kb plasmid

(Fig. 7a). There was a great deal of hybridization between the probe

and fractionated BO23 DNA. The hybridization was fairly
generalized to the entire streak of BO23 DNA, rather than to any

specific band(s). No detectable hybridization occurred between the
probe and R100 or VS 116 DNA. The probe hybridized lightly to

HO14 and appeared to have bound to distinct bands near the lower

end of the streak.

Pst 1 digested whole DNA blot probed with R100 80 kb plasmid (Fig.

7b). The probe hybridized strongly with R100 DNA. Several distinct
bands formed near the middle of the streak. However,
hybridization at the top of the streak was so strong that the blot was
18
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Pst 1 digested whole DNA blot probed with VS 116 80 kb plasmid
(Fig. 7c). The probe hybridized to all four streaks of DNA. The
greatest amount of binding occurred with VS 116 DNA. Several

indistinct bands were formed and hybridization was greatest at the

top of the DNA streak. Hybridization to BO23 was almost as strong.

The majority of binding was at the top of the streak. Light binding
occurred indistinctly in several bands near the middle of the steak.

Hy bridization with R100 and HO 14 DNA was very’ slight, occurring
at the top of either streak.

As in the first experiment, hybridization of the probe to its

own DNA was very strong. Overexposure was a significant problem,
especially in the blot probed with R100. Hybridization of the probe
to its own DNA did not occur in specific bands, but appeared to be
quite generalized. This type of general hybridization tells us nothing

specific about the origins of the large plasmid used as a probe.
Both of these experiments need to be tried again with greater
attention focused on decreasing the amount of overexposure of the

Hyperfilm. Overexposure decreases the clarity of the film and
obscures data, resulting in a waste of prepared materials and time.

However, decreasing the amount of probe used in the hybridization
should remedy this problem.
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CONCLUSIONS

It was hoped that the banding pattern formed by the

hybridization of the probe to its own fractionated DNA would reveal

information about the origin of the plasmid being used as the probe.

The plasmid was thought to be either a dimer formed from a
smaller plasmid as a result of mutation or an excised portion of the

chromosome. Theoretically, in the undigested whole DNA blots, the

plasmid probe should bind most strongly with DNA from its own
large plasmid. The probe should also bind strongly to the plasmid
from which it was created if it is a dimer or to the chromosome if it

was an excised portion of chromosomal DNA. In the Pst 1 digested

DNA blots, the probe should bind to the bands formed by fragments
of itself, as well as to the band formed by fragments of either the
smaller plasmid or the chromosome, depending on its origin.

As expected, in both Pst 1 digested and undigested whole DNA,
each probe hybridized most strongly with its own fractionated DNA.

However, binding in the blots was not limited to the several

theoretical bands expected but was generalized. In the Pst 1
digested blot probed with BO23 100 kb plasmid, there was no
binding to either the R100 streak or the VS 116 streak. Yet, in the

reciprocal experiment, both R100 80 kb plasmid and VS 116 80 kb

plasmid showed hybridization to fractionated BO23. The R100
probe hybridized lightly to only a small portion of the fractionated

BO23 while the VS 116 probe bound much more strongly to a greater

expanse of the streak.
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The VS 116 probe bound to a significant amount of BO23 DNA

in the undigested DNA blot also. This included hybridization to a
band corresponding to the BO23 100 kb plasmid used as a probe.

The results indicate a significant degree of similarity between BO23
and VS 116 DNA and their respective plasmid probe sequences.

However, if the results are accurate, the blob probed with BO23 100
kb plasmid should show at least some hybridization to fractionated

VS 116 DNA. No hybridization occurred, however. Therefore, the

results were inconclusive.

The results of the blots probed with R100 80 kb plasmid
revealed similar incongruities. The probe showed no binding with
VS 116 or HO14 in the Pst 1 restriction blots. However, there was

significant hybridization to each of these isolates in the uncut DNA
blot probed with R100, probably due to evolutionary similarities.

Further, the probe hybridized lightly with BO23 in the Pst 1 digested
blots. The fact that the probe bound to BO23 in a fairly specific
band indicates that there is a portion of BO23 DNA with a sequence

similar to that of R100 80 kb plasmid probe. In the uncut DNA blot

probed with R100, there does not appear to be any hybridization in

the region of the BO23 100 kb plasmid band. This indicates that the

segment of BO23 DNA with a sequence similar to the R100 probe is
not contained in the BO23 100 kb plasmid, which supports the lack

of hybridization of the BO23 probe to the R100 streak in the Pst 1
restriction blot. However, because the R100 probed uncut DNA blot
is extremely overexposed, it is impossible to say conclusively that
there is no binding in the BO23 100 kb plasmid band.
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The results of the VS 116 80 kb plasmid probed Pst 1 digested

and undigested DNA blots are similar. The probe hybridized

intensely with itself, as well as hybridizing to each of the other three
isolates, BO23, R100, and HO 14, in both blots.

Unfortunately , due

to overexposure, there is no way to determine the origin the VS116

80 kb plasmid.
Due to lack of time, no further testing was possible. To
continue this study, it would be necessary to prepare more isolated
plasmid DNA to be used to probe more blots of Pst 1 digested and

undigested DNA. Probing Pst 1 digested DNA blots with VS 116 50 kb
plasmid and HO 14 100 kb plasmid, as well as probing undigested
DNA blots with BO23 100 kb plasmid, VS 116 50 kb plasmid, and
HO14 100 bk plasmid, would also be necessary. Using less DNA in

the probe mixture would help eliminate the problem of
overexposure.

Hyperfilm overexposure, one of the biggest problems in this
study, results from having no prior knowledge of how well the probe

would hybridize to the blot. If overexposure continues to be a

problem, the hybridization protocol may need to be modified to
allow a shorter hybridization time. Another solution would be to
make one blot with several lanes of DNA from the probe isolate
alone. This way, the Hyperfilm could be exposed for different time

intervals to compensate for possible overexposure without
compromising the data.

The mystery behind the origin of the large plasmids of the

Borrelia isolates examined in this study will undoubtedly be
revealed. Unfortunately, a great deal of time is needed to prepare
23

materials for a study such as this before any actual tests can be

done. Therefore, work described in this paper is only the

foundation of the work to come. This study discovered the
difficulties in the methodology . It will now be possible to move

forward, having learned from the mistakes, and discover the
answers.
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APPENDIX A

Incert Agarose Plugs of Whole DNA from Live Bacteria.
Protocol:

1. Pass the bacteria into fresh BSK-II.
2. Centrifuge 50 ml of the bacteria at 7500 rpm for 10 min.

3. Pour off the supernatant and wash the bacteria in 30 ml dPBS.
4. Vortex well and centrifuge at 7500 rpm for 10 min.

5. Combine 2-50 ml samples into one tube.
6. Wash in 5 ml TN (50 mM Tris pH 8.0, 50 mM NaCl).
7. Centrifuge at 8000 rpm for 7 min.

8. Discard supernatant and resuspend pellet in 1 ml TN.
9. Place in 37° C water bath for 1 min.

10. Add 1 ml Incert agarose.

Incert agarose (for 2 ml of plugs)
0.060 g Incert agarose
3.0 ml TN
-Heat to boiling over hot plate. Store at 50° C.
11. Pour agarose mixture into plug molds.
12. After solidification, transfer plugs to cell lysing buffer solution:
0.5 ml Tris pH 8.0
1.0 ml EDTA
1.0 ml 10% SDS
1.0 ml Protein Kinase (PK)
6.5 ml aH20

13. Incubate at 37° C overnight.

14. Wash plugs two times in 8-10 ml IX TE for 30 min.
15. Store in 10 ml 0.5 M EDTA at 4° C.
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APPENDIX B
CHEF Gel Electrophoresis
We began the project using 1% GTG agarose and 0.5X Tris-

borate EDTA (TBE) as the buffer. As the project progressed, we

discovered that purification of the DNA in later steps was inhibited

by TBE. Therefore, we changed the buffer tc/Tris-acetate EDTA
(TAE). We also decided that cutting the bands out of the gel was

much less difficult using LMP gels which are much more pliable than
GTG gels. Therefore, we began to use low melting-point (LMP) gels

to isolate the plasmids.

Protocol:
Buffer Solution-need 2 L 0.5X TBE or TAE buffer per gel.
200 ml TBE (5X) or TAE (5X)
1800 ml mQH20

Gel-need 100 ml for one gel.
1.0 g GTG or Sea Plaque (LMP) agarose
10 ml 5X TBE or 5X TAE (depending on buffer used)
90 ml mQH20
1. Mix the above compounds in 300-ml Erlenmyer flask.

2. Boil for 2 min in the microwave or until agarose is melted.
3. Check volume to ensure 100 ml volume. Add mQ.H20 if needed.
4. Pour solution into prepared gel mold.

5. Cool several min. Add comb. Allow gel to solidify-30 min.
6. Gently remove the comb.
7. Load the wells with small slices of Incert plugs of whole DNA.

8. Seal the plugs in the wells with 1% GTG or 1% LMP agarose.
9. Remove gel from mold and place in buffer chamber.

10. Enter desired program from bar code and start.
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APPENDIX C

TAFE Gel Electrophoresis

As work on this project progressed, it became apparent that

more isolated plasmid DNA was needed to complete testing. TAFE
gel electrophoresis, in conjunction with CHEF gel electrophoresis,

greatly increased the amount of plasmid DNA we could isolate per

day. DNA purification was more difficult with TAFE gels because TBE
buffer is used. However, this is overcome by the increase in total
plasmid DNA recovered. 1% GTG agarose is used because LMP gels
are extremely difficult to use due to fragility.
Protocol:

Buffer Solution-need 3.75 L .25X TBE buffer per gel.
220 ml TBE (5X)
3.5 L mQ.H20
Gel-need 300 ml for one gel.
3.0 g GTG agarose
15 ml 5X TBE
285 ml mQH20
1. Mix the above compounds in 300-ml Erlenmyer flask.

2. Boil for 2 min in the microwave or until agarose is melted.
3. Check volume to ensure 300 ml volume. Add mQ.H2O if needed.
4. Pour solution into prepared gel mold.

5. Cool several minutes before adding the comb.
6. Allow gel to solidify completely-approximately 45 min.
7. Gently remove the comb.
8. Load the wells with small slices of Incert plugs of whole DNA.

9. Seal the plugs in the wells with 1% GTG agarose.
10. Remove gel from mold and place in buffer chamber.
11. Equilibrate in buffer for 30 min. Run desired program.
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APPENDIX D

Pst 1 DNA Digestion

Protocol:

10X buffer (H)

Pst 1

Sample

DNA

aH2O

BO23

20pl

23pl

5pl

2pl

R100

10pl

3 3 pi

5pl

2 pi

VS 116

20pl

23pl

5 pi

2 pi

HO14

20pl

23pl

5pl

2pl

1. Add DNA, aH20, 10X buffer (H), and Pst 1 for each sample to a
microtube.
2. Incubate in 37° C water bath for 2 hrs.
3. Add 15 pi of dye to each microtube.
4. Load 15 pi of each sample into wells of 1% GTG CHEF gel with

0.5X TBE buffer (Appendix B) using 15 pi Lamda mono-cut
markers.

5. Remove gel from mold and place in buffer chamber.
6. Enter desired program from bar code and start.
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APPENDIX E

Hind III DNA Digestion

Protocol:

1. Add 500 p.1 of IX Hind III buffer to each microtube of agarose

blocks.
2. Briefly vortex each microtube.
3. Incubate in 37° C water bath for 60 min.

4. Remove buffer and repeat steps 1-3.
5. Repeat step 4, adding 6 ul Hind III enzyme before incubation.

6. Store at 4° C.
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APPENDIX F
Wizard PCR Prep DNA Purification

Protocol:

1. Add 1 ml of Resin (provided in the kit) to each microtube.
2. Incubate at 65° C for 5 min or until agarose is completely melted.

3. Transfer samples to prepared Vacuum Manifold.
4. Apply vacuum.

5. Wash with 2 ml of 80% Isopropanol for several min until dry.
6. Remove minicolumn and syringe from Vacuum Manifold.

7. Separate minicolumn and syringe.

8. Insert minicolumn into sterile microcentrifuge tube.
9. Add 50 pi aH2O to minicolumn and let stand 1 min.

10. Centrifuge minicolumn at 2000 rpm for 30 sec.

11. Store at 4° C.
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APPENDIX G

VacuGene Southern (DNA) Blotting

Protocol:
1. Place GeneScreen membrane in vacuum tray.

2. Cover membrane with blotting mask so all edges of membrane

are overlapped by the mask.
3. Place gel over membrane so that no DNA is over the mask.
4. Apply vacuum.

5. Cover surface of gel with 0.2 5N HC1 (Solution 1).
6. Incubate for 10 min at room temperature.
7. Vacuum off Solution 1 and apply Denaturing Solution (2).

8. Incubate for 10 min at room temperature.
9. Vacuum off Solution 2 and apply Neutralizing Solution (3).

10. Incubate for 10 min at room temperature.
11. Vacuum off Solution 3 and apply 20X SSC.
12. Incubate for 2 hrs at room temperature.
13. Vacuum off 20X SSC.

14. Mark the location of the wells on the membrane.
15. Remove membrane from tray and UV-crosslink the DNA to the
membrane in the Stratalinker.

16. Store membrane between two pieces of 3mm paper.
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APPENDIX II

Random Primed DNA Labeling

Protocol:

1. Denature the plasmid DNA probe in solution of:

12 jd plasmid DNA
24
aH20

by boiling for 10 min in Thermocycler.
2. Cool for 5 min.
3. Add:

12 pi premixed dCTP, dTTP, dGTP
8 pi Reaction Mix (from kit)
20 ul dATP [ alpha-3 2P] radio-labeled
4 ul Klenow enzyme
80 pi = Total Volume

4. Incubate at 37° C for 30 min.
5. Incubate at 65° C for 10 min to destroy enzyme.

6. Probe is now ready to add to membrane.
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APPENDIX I
DNA Probe Hybridization to a Membrane

Protocol:
1. Place membrane on mesh in glass hybridization tube.

2. Prehybridize membrane for 1 hr at 50° C4n 10 ml hybridization
solution (20 ml needed per membrane):
10 ml Formamide
4 ml 50% Dextran Sulfate
4 ml 5X buffer (P)
2 ml herring sperm DNA (denatured)
1.16 g NaCl

3. Remove hybridization solution used for prehybridization.

4. Replace with remaining 10 ml hybridization solution.
5. Carefully add probe to hybridization tube.
6. Incubate overnight at 50° C on rotary wheel.
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APPENDIX J

Washing a Hybridized Blot

Protocol:
1. Carefully remove radioactive hybridization solution.
2. Half fill hybridization tube with solution of 2X SSC, 0.1% SDS.

3. Incubate at 42° C on rotary for 10 minutes.
4. Carefully remove solution.

5. Repeat steps 2-4.
6. Half fill hybridization tube with solution of 0.2X SSC, 0.1% SDS.
7. Incubate at 42° C on rotary for 60 min.

8. Carefully remove solution.
9. The blot may now be exposed to Hyperfilm.
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