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ABSTRACT

Thisterm’ s research work was done as afollow-up to work carried out at Adelphi

University during the summer of 2001 and at Phillips Academy in the fall of 2001-2002.

Previous experimentation undertaken at Adelphi University — and reproductions of said
experimentation undertaken at Phillips Academy Andover — indicate that exposureto a
15 Gauss strength 60-Hz el ectromagnetic field during the recognition and uptake phases
of viral infection of Escherichia coli by T4 bacteriophages decreases the resulting
infection frequency by about 30%. Studies that were performed during the fall of 2001-
2002 at Phillips Academy indicate that the following proposed mechanisms of action by
the electromagnetic radiation do not account for the decrease in infection frequency: (1)
DNA damage by the radiation, (2) short/long term inhibition of the bacteriophages
ability to infect a bacteria cell, (3) short/long term inhibition of a bacteria cell’s ability to
be infected by a bacteriophage, and (4) damage to a bacteria cell’ s gene expression
mechanisms by the radiation. This term, work was done to create new stock lysates of T4
bacteriophage, isolate T4 bacteriophage DNA, amplify it using the polymerase chain
reaction, and clone several proteinsinvolved in the lock-key protein interaction between
structures located on the T4 bacteriophage and Escherichia coli. Future studies will use
these materialsin order to investigate the possibility that 60-Hz el ectromagnetic radiation
affects the lock-key protein interaction mechanism of the T4 recognition phase or the

subsequent T4 genetic material uptake phase.



INTRODUCTION

Despite the vast number of studies undertaken over the past few decades
regarding the possibility that Extremely Low Frequency (ELF) Electromagnetic
Radiation (EMR) has detrimental effects on human health, debate on the subject rages on
with few signs of abating (Horton and Goldberg, 1995). Since humans are constantly
under exposure to varying levels of ELF EMR, it isimportant that the effects of such
radiation on biologica systems be determined in the near future. Thisis especialy true
in the current age: an age of continuing industrialization, growing energy use, and rapidly
developing technology. However, conclusive results have to this date been evasive. This
Is mostly due to the subtlety of the effects of ELF EMR on cell biology and the fact that
the complex biochemical pathways and mechanisms by which ELF EMR probably

affects life processes are still largely unknown.

Past studies. epidemiological studiesvs. laboratory studies

On one side of the coin, various epidemiological studies have concluded that
prolonged exposure to power line frequency (60 Hz) EMR, which is of particular concern
to the scientific community because it is the type of ELF EMR to which the population at
large is under constant exposure, does not have any effects on human health. One of the

most comprehensive of these studies was a five-year, $5 million dollar investigation

! Extremely Low Frequency electromagnetic radiation is defined as that which has a frequency in the range
of greater than 0 to 300 Hz. (International EMF Project, [http://www.who.int/peh-emf/])



conducted by the National Cancer Institute in which researchers searched for a
correlation between houses located near high-voltage power transmission lines and an
increase in childhood |eukemia rates within the households that lived in them; no such
correlation was discovered (Stix, 1998). Many other similar epidemiological studies
have ended with inconclusive results that are not substantial enough to draw conclusions
neither for nor against the theory that exposure to ELF EMR is harmful to human health.

Conversdly, laboratory studiesin the past have shown conclusively that exposure
to ELF EMR affects awide array of biological phenomena, life processes, and biological
structures such as bone and wound healing, neuron conduction, cognition, built-in
anavigation® systems found in certain organisms, orientation, stress, blood pressure, the
immune system, and DNA and RNA synthesis (Sagan, 1995). Current studiesin progress
on the biological effects of ELF EMR of power line frequency in particular include those
on its effects on the cell cycle, transformation, and modulation of melatonin and HRV

levels (WHO EMF Research Database).

The* photon energy discrepancy concept”

Opponents of the theory that ELF EMR has detrimental effects on health have
argued that ELF EMR lacks the potential to cause significant damage to biological
systems simply because it holds arelatively small amount of energy? - thisis referred to
as the 2photon energy discrepancy concept.° Electromagnetic radiation from 60 Hz

power lines, for example, holds about 10 electron volts of energy, while UV-B

2 The amount of energy contained in a photon of radiation can be determined by the following equation:
Ephoton = Planck’ s constant * frequency. (Planck's constant is equal to 6.626 x 10-34 Joule seconds.)
Thus, low frequency means low energy.



radiation, a known carcinogen, holds somewhere on the order of one to ten electron volts

of energy. X-rays hold as much as 10* electron volts of energy. (See Figure 1)

lonizing
radiation, which
includes gammarays
and X-rays, is termed
ionizing because it
has enough energy to
cause ionization in
tissues. Non-ionizing
radiation, which
includes microwaves,

radio waves, radar,

Figure 1 Electromagnetic spectrum (M arshall, Skitek, 1990)

and power line frequency EMR, can not cause ionization in tissues. lonizing radiation is

known to affect biological tissue, influence reproductive systems, cause birth defects, and

promote cancer. Most but not all types of non-ionizing radiation are believed to have no

detrimental effects on human health + microwaves, for example, are an exception

(Marshall, Skitek, 1990). Power line frequency EMR lies on the low energy end of the

non-ionizing radiation spectrum.




Summer work at Adelphi University: Effectsof 60 Hz EMR on viral
transduction of Escherichia coli by the T4 bacteriophage

During the summer of 2001, investigations were undertaken concerning the
effects of 60 Hz EMR on viral transduction of Escherichia coli by the T4 bacteriophage
at Adelphi University. In thisstudy, Escherichia coli was chosen as the organism for
study because of the bacterium's ssmplicity, rapid proliferation rate, and simplicity to use
in the laboratory. The extensive knowledge base that already exists on the bacterium was
also afactor in an important factor in the decision. The findings on a study on the effects
of 60 Hz EMR on asimple cell model like E. coli could lend insights on the probable
effects of the radiation larger, more complex organisms and their biological processes.

T4 bacteriophage transduction (see Figure 2) is an interesting and useful topic to
study because of itsimplications on larger processes, phenomena, and themes in biology.

For one thing, the
process of viral
transduction has to do
with adding to the
genetic information
bank of DNA that acell
uses to perform life

processes. Any process

that has to do with

Fiaure 2 [llustration of T4 viral transduction

modifying the genome

of acell isdeserving of study because the theme of modifying a genome linksto



countless other topics in biology like genetic diseases, mutations and evolutionary
adaptation, and cancer formation.

Another more 2cutting-edge® reason for studying T4 bacteriophage transduction
Isthat viruses are under study as never before as the scientific community discovers their
role in the development of certain cancers * the sexually transmitted Human Papilloma
Virus (HPV), for example, is closely associated with several cancersincluding that of the
head and neck, as well as cervical and other genital squamous cell cancers (Applied
Genetics, 2000). By studying the effects of 60 Hz EMR on the function of asimple virus,
it was hoped that results that were found would be applicable in some way to the
complicated scientific fields of viral function and viral oncology.

Because of the special significance of 60 Hz EMR as 2power line frequency® (60
Hz in North America, 50 Hz in Europe), of all of the extremely low frequencies of
radiation (range of 0-300 Hz), 60 Hz was chosen as the frequency for study. 60 Hz EMR
Is everywhere: in homes, on the street, in the supermarket, near the high-voltage
transmission lines running across the country... Humans are under constant exposure to
varying amounts of power line frequency EMR. If it was determined that 60 Hz EMR
had some significant effect on cellular processes, it could have great bearing on human
health concerns. Some confounding issues related to EMR exposure exist however,
including long-term vs. short-term exposure and the strength of the electromagnetic field.
In the Adelphi University study, a 15 Gauss, 60 Hz electromagnetic field was used for
experimentation. Earth's natural electromagnetic field has a strength of approximately

200 milligauss and its frequency ranges from O to 30 Hz.



AnELFEMR
exposure chamber was built
according to specifications
found in Review of
Scientific Instrumentsin an
article authored by Rubens
(Rubens, 1945). Rubens

cubeisab coil cubic

Figure 3 Schematic arrangement of cube surface coil.
Integersindicate ratio of cail turns. (Rubens, 1945)

chamber with éectric wire

wrapped around it in set

ratios. When an electrical current is applied to the cube, a uniform magnetic field of

considerable sizeis created in the center of the chamber.

The ratio of the
number of turnsin the wire,
as shown in figuretwo, is
19:4:10:4:38. Each of the

square loops of wireisa
: d
distance 2 away from each

other, where d is the length of

Figure 4 ELF EMR exposur e chamber used in the Adelphi
University experiments.

one side of cube. Pegboard and 12 gauge multi-stranded industrial electric wire was used

in the construction, which is shown in Figure 4.




The ELF EMR exposure chamber was connected to aVARIAC (Variable
Alternating Current) appliance, which outputted between 0-140 V at 60 Hertz (power line
frequency). Voltage was used to adjust field strength, which was measured with the aid
of amagnetometer. The extent of the uniformity of the magnetic field within the

chamber was also determined.

Planning/l mplementation of Experiments
To investigate the effect of ELF EMR on the transduction of E. coli by the T4

bacteriophage, the bacteria cells
and viruses were mixed in nutrient
broth solution and placed in the
ELF EMR exposure chamber, set
at 15 Gauss, 60 Hz. They were
exposed for a period of 15 minutes,
during which the recognition and

uptake phases of viral infection

Figure5 Two T4 bacteriophage particles

occur in the life cycle of the T4

bacteriophage (see figure 2). The recognition phase of viral infection is that in which the
T4 bacteriophage recognizes and binds to a bacteria cell in lock-key fashion. The uptake
phase is that in which the DNA found inside the head of the bacteriophage is injected into

the cell. (Seefigureb).
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The T4 bacteriophage used in the
experiments® had an 2amber mutation® that
disabled the T4 bacteriophage' s ability to produce
copies of itself in ahost cell. Therefore, bacteria
host cells did not undergo cell lysis after being

infected. Successful infections were detected by

plating the cells on agar plates made with media
Figure 6 pKK 061, found in the T4
bacteriophage used in these studies. containing the ampicillin antibiotic + the T4

bacteriophage used in the experiments inserted the pkK K061 plasmid (see figure 6) into
the E. coli cell, which contains a coding region for ampicillin resistance by the synthesis
of beta-lactamase.

In preparation for the experiment, cells of E. coli, strain Bg were grown to mid-
log phase in a shaking incubator at 37 degrees Celsius for approximately 24 hours. 10 uL
of T4 phage lysate, concentration 1 ug/uL, was added to every 500 uL tube of broth
cultureimmediately prior to insertion in the Rubens cube EMR exposure chamber, set at
15 Gauss, 60 Hz. The exposure chamber was powered on prior to inserting the tubes.

Following the 15 minute ELF EMR exposure period, the tubes were alowed to
recover briefly (severa minutes) at room temperature. After mixing, 100 uL of the
suspensions were pipetted to agar medium plates + experimental plates contained
ampicillin in the mediawhile control plates did not. The plates were incubated at 37

degrees Celsius for 12 hours and the number of colonies present was counted.

% Obtained from Carolina Biological Supply Company
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Following incubation at 37 degrees Celsius for 12 hours, the number of colonies on each
plate was counted and col ony-count comparisons were made.

Experiments were undertaken with null hypothesis Hp as follows: 260-Hz, 15 G
ELF EMR has no significant effect on the frequency of transduction in the transduction

of E. cali by the T4 bacteriophage.®

Data — colony counts

Trial 1 Trial 2 Trial 3
Ampicillin+, EMR+ | 12,11, 8,6, 7 12,13,11,8,8 12,17, 11,13, 11
Ampicillin-, EMR+ | (Lawn growth) | (Lawn growth) (Lawn growth)
Ampicillin+, EMR- | 16, 13, 14, 10, 7 | 11, 13, 14, 12, 10 | 15, 18, 21, 19, 17
Ampicillin-, EMR- | (Lawn growth) | (Lawn growth) (Lawn growth)

T-test statistical analysis of transduction data /£ A iSEMR+, B iSEMR-

The T-test statistical analysis of the data indicates that the number of colonies
grown on EMR+ and EMR- platesis significantly different. The results go against the

proposed null hypothesis Hy - exposure to 15 G, 60 Hz EMR during the recognition and
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uptakes phases of the T4 bacteriophage life cycle causes an approximate 30% decreasein

transduction frequency. Severa mechanisms have been proposed to account for the

apparent inhibition of transduction in the presence of 60 Hz EMR (see following section).

Work at Phillips Academy: I nvestigations on Proposed M echanisms

Follow-up investigations were undertaken at Phillips Academy to evaluate the validity of

several proposed mechanisms and explanations to account for the 30% difference in

infection frequency between the control and experimental groups of the Adelphi

University experiments. Following isthe chart of proposed mechanisms from the

Adelphi work scientific paper:

Brief description of mechanism: | Aspect of Test in future studies by:
transduction
affected:

Theory 1: 60 Hz EMR changes | T4/ E. cali Isolate the peripheral protein(s)
structure, form, or function of interaction involved in the lock-key mechanism
E. coli cell membrane of the T4 recognition phase. Usea
peripheral proteinsthat the T4 marker that indicates when the
bacteriophage normally binds to protein and a virus complex and lock
during recognition/uptake together. Determine whether
phases of infection. exposure to 60 Hz EMR affects the

creation of the T4-protein complex.
Theory 2: 60 Hz EMR T4 function Expose only the T4 viruses to the 60
somehow damages T4 viruses Hz EMR for 15 minutes.
or otherwise causes them to Immediately after, combine the T4
malfunction and become unable and E. coli and have infection take
to infect E. coli. place as before.
Theory 3: 60 Hz EMR E. coli Expose only the E. coli cellsto the 60
somehow damages E. coli cells | 2competency™ | Hz EMR for 15 minutes.
ability to be infected by the T4 | for being Immediately after, combine the T4
bacteriophage. infected? and E. coli and have infection take

place as before.

* Not to be confused with cell competency of bacteria cellsin regards to undergoing transformation
procedure. Transformation procedure isthat in which a bacteria cell uptakes a piece of DNA through a
plasmid vector directly through its cell wall and cell membrane.
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Theory 4. 60 Hz EMR damages | DNA Expose DNA to 60 Hz EMR in vitro.

transferred DNA in E. coli cells Use gel electrophoresisto check for
damage.

Theory 5: 60 Hz EMR inhibits | Gene Determine whether 60 Hz EMR

the ability of the cell to express | expression exposure inhibits the expression of

the gene for ampicillin the gene coding for the protein

resistance involved in ampicillin resistance.

Theory 6: Exposuretimein 60 | Experimental | Do future trials of this experiment as

Hz EMR chamber istoo long design well as others holding &l things

and extra exposure time inhibits
cell processes unrelated to
transduction like DNA
synthesis or gene expression

constant except for time. Determine
what affect different times of
exposure have on the transduction
process.

During the course of this study, there was only time to study theories 2, 3, 4, and 5

through what will hereafter be referred to as Tests A, B, C, and D respectively:

Test A: Exposure to 60 Hz EMR causes malfunction of the T4 bacteriophage?

The purpose of Test A wasto determine whether exposure to 60 Hz EMR affected

the function of the T4
bacteriophage. Thistest
was performed with the
expectation that there
would be no significant
difference found between
the experimental and

control groups, due to the

Miller, 1999)

Figure 7 Timeline of infection of T4 bacteriophage (Car son and

aphoton energy

discrepancy concept® - 60

Hz EMR probably lacks the energy to cause real damage to the T4 bacteriophage.
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1.5 uL of T4 bacteriophage lysate was set apart in each of two 800-uL microtubes
for each infection set. One of these tubes was placed in the 60 Hz EMR exposure
chamber set at 15 Gauss (which was powered on before inserting the sample) for 15
minutes, and the other was placed at a distance under the same conditions, except in the
absence of EMR.

Meanwhile, 200 uL of E. coli culture grown approximately to mid-log phase at
37° C (see Figure 8) was set aside in each of two 1.5-mL minitubes and marked for
EMR+ and EMR-. After the 15 minute ELF EMR exposure period of the bacteriophage
was over, 1.5 uL of bacteriophage was taken immediately from the bacteriophage tubes
and pipetted directly into the correctly marked tubes of E. coli cells.

After mixing gently®, the tubes were allowed to rest at room temperature for 15
minutes, the typical period of time necessary for viral recognition and uptake to take
place. (SeeFigure7). The tubeswere then vortexed and 50 uL of cell mixture was
spread on each nutrient agar plate, which contained ampicillin to select for those cells
that been given ampicillin-resistance by the T4 bacteriophage. Colony counts were made

after the plates incubated at 37° C overnight.

10/26/01
Sample 1 Sample 2 Sample 3
Experimental 182,111,39 168,167,102 62,121,114
Control 181,137,144 158,202,128 101,46,110
11/2/01
Sample 1 Sample 2 Sample 3 Sample 4
Experimental 7,21 35,25 36,57 43,47
Control 93,68 66,37 38,16 53,9
11/6/01

® Vortexing can cause physical damage to T4 bacteriophages!
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Sample 1 Sample 2 Sample 3 Sample 4
Experimental 82,60 69,41 31,27 17,37
Control 40,4 29,65 81,67 11,73

The statistical analysis print-out indicates that the difference in colony counts

between the experimental and control groupsis not significant. The p-valueis rather

high at 0.24. What isimportant to note here, however, is the incredibly huge size of the

standard deviation £ which is responsible in large part for the high p-value. The high

standard deviation implies that there must have been a great deal of experimental error in

TEST A: statigtical analysis £ C1isEMR+, C2isEMR-

thistest. Therefore, the results of this test are best deemed inconclusive and this test

should be repeated at alater date.
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Test B: Exposureto 60 HzEMR causes E. coli cells to become “immune” to infection
by the T4 bacteriophage?

The purpose of Test B was to determine whether exposure to 60 Hz EMR affected
the @ability® of E. coli bacteriato get infected by the T4 bacteriophage. Similar to as
with Test A, Test B was performed with the expectation that there would be no
significant difference found between the experimental and control groups, due to the
aphoton energy discrepancy concept.©

200 uL of E. coli culture grown approximately to mid-log phase at 37° C (see
Figure 4) was set aside in each of two 1.5-mL minitubes for each infection set. One of
these tubes, labeled EMR+, was placed in the 60 Hz EMR exposure chamber set at 15
Gauss (which was powered on before inserting the sample) for 15 minutes, and the other,
labeled EMR-, was placed at a distance under the same conditions, except in the absence
of EMR.

After the 15 minute 60 Hz EMR exposure period of the bacteriophage was over,
1.5 uL of bacteriophage was pipetted directly into all tubes of E. coli cells. After mixing
gently®, the tubes were allowed to rest at room temperature for 15 minutes, the typical
period of time necessary for viral recognition and uptake to take place. (See Figure7).
The tubes were then vortexed and 50 uL of cell mixture was spread on each nutrient agar
plate, which contained ampicillin to select for those cells that been given ampicillin-
resistance by the T4 bacteriophage. Colony counts were made after the plates incubated

at 37° C overnight.

® Vortexing can cause physical damage to T4 bacteriophages!
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10/25/01

Sample 1 Sample 2 Sample 3
Experimental 132,167,214 252,201,396 142,163,173
Control 243,361,194 155,204,268 251,258,568
11/12/01
Sample 1 Sample 2 Sample 3 Sample 4
Experimental 65,73 244,253 217,154 213,217
Control 222,236 117, --- 238,217 97,197

TEST B: satistical analysis £ C1isEMR+, C2isEMR-

The statistical analysis print-out indicates that the difference in colony counts

between the experimental and control groupsis not significant. The p-valueis rather

high at 0.1751, but quite a bit lower than the p-value for Test A: notice that the standard

deviation inthistest is, relatively to the data it describes, much smaller. Thisiswhat was

responsible for the decrease in p-value. However, a standard deviation of aimost half the

mean is unacceptable + there was too much experimental error and variation between

experimentsin thistest. Therefore, the results of this test also are best deemed

inconclusive and should be repeated at alater date.




Test C: Exposure to 60 Hz EMR causes physical damage to DNA?
The purpose of Test C was to determine whether 60 Hz EMR causes damage to
DNA. Though UV radiation and other high-energy forms of radiation cause DNA
damage, no damage to DNA was expected from exposure to the ELF in the exposure
chamber. The result would be in accordance with the 2photon energy discrepancy
theory.°
5 uL of plasmid pcDNA3 was aiquoted to each of two 800-uL microtubes. One
was placed in the 60 Hz EMR exposure chamber, set to 15 Gauss, for aperiod of 15
minutes, while the other was placed in the absence of EMR. Following the 15 minute
period, both were run through an agarose gel by gel electrophoresis. The resulting gel:
Itisclear that the DNA
incurred no significant
damage due to exposure
to 60 Hz EMR.
Conclusion: 60 Hz EMR

has no significant

damaging effects on
On thefar left is Lambda DNA (ladder). The other two

are EMR- pcDNA3 and EMR+ pcDNAS3, respectively. DNA.

Test D: Exposureto 60 Hz EMR inhibits expression of the beta-lactamase gene
The purpose of Test C was to determine whether exposure to 60 Hz EMR was
truly affecting infection frequency or smply the ability of abacteria cell that had uptaken

the gene for ampicillin-resistance to express that gene + it is conceivabl e that afewer
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number of colonies had grown from cells that had been exposed to EMR in the Adelphi
experiments only because the EMR had suppressed the synthesis of sufficient beta-
lactamase (which provides ampicillin resistance) to save the bacteria cell from the
ampicillin in the nutrient agar plate media. In order to test this possibility, cells were
exposed to 60 Hz EMR following infection by T4 bacteriophage.

200 uL of E. coli culture grown approximately to mid-log phase at 37° C (see
Figure 4) was set aside in each of two 1.5-mL minitubes for each infection set. Then, 1.5
uL of bacteriophage was pipetted directly into all tubes of E. coli cells. The tubeswere
mixed gently. After 10 minutes, when viral recognition and uptake reached completion
for the most part in the mixture, the experimental tubes, labeled EMR+, were placed in
the 60 Hz EMR exposure chamber set at 15 Gauss (which was powered on before
inserting the sample). The others, labeled EMR-, were placed at a distance under the
same conditions, except in the absence of EMR.

After the 15 minutes of infection, the tubes were vortexed and 50 uL of cell
mixture was spread on each nutrient agar plate, which contained ampicillin to select for
those cells that been given ampicillin-resistance. Colony counts were made after the

plates incubated at 37° C overnight.

11/2/01

Sample 1 Sample 2
Experimental 34,35 18,15
Control 30,30 36,18
11/6/01

Sample 1 Sample 2
Experimental 58,132 114,170
Control 86,111 29,128
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TEST D: statistical analysis £ C1isEMR+, C2isEMR-

The statistical analysis print-out indicates that the difference in colony counts between
the experimental and control groupsis not significant. The p-valueisvery high at
0.3255, despite the fact that the two means vary greatly. Thisis due to the incredibly
high standard deviations. In thistest, standard deviation is about 70% of the mean! In
addition, only 8 plates of data were available for each set. The standard deviation and
relatively small number of platesis unacceptable for use as scientific proof and assertion+
there was too much experimental error and variation between experimentsin this test.
Therefore, the results of thistest as well are best deemed inconclusive and should be

repeated at alater date.
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Continued Work at Phillips Academy: Does 60 Hz EMR affect the T4-

E. coli interaction during the virus'srecognition/uptake phase?

Having finished testing several of the proposed theoretical mechanisms by which
60 Hz EMR could affect E. coli infection by the T4 bacteriophage without reaching any
significant positive result, research moved in the direction of determining the effect of 60
Hz EMR on the interaction between T4 and E. coli during the recognition/uptake phase.
During the @latching on® of the T4 bacteriophage to a potential host E. coli cell, there are
many interactions that occur between T4 proteins and structures on an E. coli cell
membrane surface including lipopol ysaccharides and proteins. Below isalisting of the

major interactions and changes that occur during this period:

T4-E. coli interactions

T4 Gp37, the protein that forms the distal tip of the long fibers, interacts
with E. coli.

Repositioning of the phage so that the base plate sits above a site of
adhesion between inner and outer membranes.

Short tail fibers extending from the baseplate (T4 gp12) 2pin the phage to
the cell, via binding to outer membrane lipopolysaccharide.

Conformational change A hexagon-to-star transformation in the
baseplate. Opens a hole in the baseplate large enough for duplex DNA to
pass through and triggers rearrangement of T4 gp18 subunits, the tail
sheath protein.

Thetail sheath contracts, forcing the core (composed of T4 gp19) through
the host cell surface.

One baseplate protein (T4 gp5) (and possibly also T4 gp25) isan active
lysozyme, and these activities may facilitate tail penetration by weakening
the outer membrane.

Ends of the injected DNA are protected from degradation by binding T4
gp2, aputative pilot protein.
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Gp37 (glycoprotein, or gene product 37) and gpl12 were chosen for this study
because they are the two initia interactions that occur between the T4 and the E. coli.
These genes would be isolated and amplified using the Polymerase Chain Reaction
(PCR). Components from E. coli cell membranes would also be isolated. An assay
would be performed to determine if there was any significant difference between the
number of gp37 and gpl2 particles that would bind to E. coli in the presence of 60 Hz

EMR and in acontrol group (No EMR).

Producing a large stock of T4 secondary lysate

It was necessary to produce a new secondary lysate stock of T4 bacteriophage for
two reasons: (1) For useinisolating and purifying T4 DNA, and (2) because supplies
were running low.

Using an inoculating loop, T4 bacteriophage from a plague on aE. coli-T4 phage
plate was taken and transferred to a 15-mL test tube containing a culture of mid-log phase
" + o-strain E. coli cells. After incubation at 37 degrees Celsius in a shaking incubator
for afew hours, the cell lysis by the T4 should have caused significant clearing in the
tube + depending on the strain, each lytic cycle takes approximately one hour to
complete. Thetest tube was removed and placed in a centrifuge for 15 minutes. The
phage-containing supernatant was pipetted into a new test tube and chloroform was
added. Thetube was allowed to let sit at room temperature overnight in order to ensure
complete lysis of al E. coli cellsthat may remain. The tube was centrifuged for 15

minutes once more the next day. The supernatant, which contained the T4 bacteriophage
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and nutrient broth, was pipetted into a separate tube and this secondary |ysate was set
asidefor later use.

A plague assay was performed on the new secondary lysate by infecting 100 uL
of E.cali ' + o WMDQ FAHYZ MK 10-log dilutions of the lysate, plating the cells on
nutrient agar plates, and counting the number of plaques on the plates after overnight

incubation at 37 degrees Celsius.

A secondary stock |ysate was successfully created using E. coli strains CR63 and
DH5a. However, the plaque assay of each revealed avery low titer + on the order of one
million vira particles per milliliter (10"6 particles/ mL). The most likely reason for the
low titer is a problem with successfully infecting and lysing E. coli cultures with T4.
During the course of the research, there was arecurring problem with the E. coli cultures
never completely clearing after the addition of virus to the tubes.

It is possible that the cultures were overcrowded at the time of addition of viral
particles and that because of the lack of nutrients for bacterial growth, replication of
viruses also stops and lysisisinhibited. In this case, depositing virus into the cultures
earlier in the culture®growth curve would solve the problem.

It isalso possible that the strains of bacteria being used, CR63 and DH5a. have
defects that make for inefficient or incorrect duplication of the virus. Defective virus or

poor infection rate could conceivably account for the lack of clearing in the culture tubes.
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DNA isolation/purification

(Asthis phase was never taken to completion due to time constraints, this section will be
discussed only briefly)

100 uL of 1 M TrisHCI (pH=8.0), 100 uL of 0.5 M EDTA, 190 uL of distilled H,O, 10
uL of proteinase K, and 500 uL of the secondary lysate produced in the previous step
were put in a 1.5-mL microcentrifuge tube. After 30 minutes of incubation at 37 degrees
Celsius, 100 uL of CTAB (5%) was added to the tube. CTAB isadetergent that binds to
DNA under low-salt conditions and unbinds under high-salt conditions. After 5 minutes
of incubation at 65 degrees Celsius, the tube was centrifuged for 10 minutes so that there
would be a CTAB-DNA 2lollipop° at the bottom of the tube. The supernatant was
removed, 1 mL 1.2 M NaCl was added to the lollipop to unbind the CTAB from the
DNA, and the pellet was resuspended into the solution, adding another milliliter of 1.2 M
NaCl in the process. 4 mL of 70% ethanol was added to the tube and the DNA was
spooled out of the tube using a Pasteur pipette. The DNA was dried: 70% ethanol was
dribbled over the lollipop and the DNA was allowed to dry for less than 5 minutes. The
DNA was resuspended in 2 mL of steriledistilled H,O. The DNA was to be used in the

gene amplification phase.

As stated above, this part of the study was not completed due to time constraints.
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Primer design

Primers were designed for the 3' and 5' ends of the DNA that codes for the gp37 long
fibersdistal tip protein of the T4 bacteriophage and the gp12 short baseplate fibers
protein discussed earlier. A Bam HI site was engineered into the 5' end of each primer
and an Eco RI site was engineered into the 3' end. Theoretically, after afew cycles of
PCR, the Bam HI site and the Eco RI site would be incorporated into al copies of the
amplified DNA. (See Appendix A for the gp37 and gp12 T4 DNA sequences and the
sequences of the primers that were used in this study.)

The freeware primer design program Jellyfish was used to ensure that the Bam HI and
Eco RI restriction sites were unique * there were previously no Bam HI or Eco RI sitesin
the gp37 and gp12 sequences. PCR melting temperature and annealing temperature (45

degrees Celsius) for the sequences were determined.

It isunlikely that there were any significant errors made in this portion of the study.

However, it may be useful to note that the primers were ordered from a biotechnology

company that we have had no past experience with.
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Amplification of the gp37 and gp12 genes by the Polymerase Chain Reaction (PCR)
PCR was performed using rTag premix, the primers designed in the previous phase and
ordered from a biotechnology company, and samples of T4 bacteriophage DNA from
three different sources:

1) swabbed fromaplaqueonaT4-E. coli ' + a-strain) plate,

2) from achunk of agarose from a plaque, and

3) straight from a secondary lysate.

30 cycles of PCR were performed with the annealing temperature set to 45 degrees
Celsius.

Theoretically, a successful PCR run would have produced amplified pieces of DNA
corresponding to the gp37 and gp12 genes but with a Bam HI restriction site added to the

5' end and an Eco RI restriction site added to the 3' end.

Checking for success of gene amplification by gel electrophoresis

10 uL of solution was taken from the PCR tubes from the previous phase and run through
an agarose gel for about 25 minutes at about 150 V aongside a 2-log DNA ladder.
Ethidium bromide was added to the gel, so a picture was taken under UV light to
determine if PCR gene amplification of gp37 and gpl2 was successful. A picture was

taken under UV light (ethidium bromide binds to DNA and glows under UV light).

Gene amplication was unsuccessful as can be seen from the lack of DNA bandsin

the agarose gel used for gel electrophoresis. Some material isvisiblein the gel
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photograph that is of approximately 70-85 bp in length. These are most likely primer
dimers (two primers bound together along complementary bases): in some cases, primers
will bind to each other and create elongated segments of primer that are about twice the
length of the original primer.

There will have to be significant tweaking done next term with the PCR in order

to amplify gp37 and gp12 properly.
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OVERALL SUMMARY OF FINDINGS

Provided that repeat experimentation shows that differences between control and
experimental sets of data are not significant, it can be safely concluded that at least four
of the mechanisms proposed in the Adelphi-study scientific paper are not responsible for
the 30% decrease in infection frequency in cells exposed to 60 Hz EMR: (1) interaction
of ELF EMR with the bacteria cells aone, (2) interaction of ELF EMR with the viruses
alone, (3) inhibition by ELF EMR of expression of the viral genetic material onceitis
incorporated into the host bacteria cell, or (4) damage done to DNA by ELF EMR.

In vitro study of the effect of 60 Hz EMR on the interaction between T4 proteins
involved in infection and E. coli lipopolysaccharides and other surface structures will
continue as described in 2Future Studies.® The results of this future study may account
for some or al of the 30% decrease in infection frequency by exposureto 15 G 60 Hz

EMR that was shown in the Adelphi University experiments.
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FUTURE DIRECTION

The work of thisterm will have to be redone and corrected next term. First a
stock secondary lysate of T4 will be made with much higher titer (on the order of at |east
10"9 particles/ mL). Secondly, DNA will beisolated and purified from this lysate using
the detergent CTAB. This purified DNA will then be used with the primers that were
designed thisterm in order to create the gene products under investigation in this study,
gp37 and gpl2.

Thereis apossibility that, given further problems and delays in obtaining purified

T4 DNA, the DNA may simply have to be ordered for a biotechnology company.

Once a sufficient amount of gpl12 and gp37 is synthesized in vitro from the PCR-
amplified DNA, a Glutathione-S-transferase interaction assay will be used to quantify the
relative number of interactions that occur between gpl2, gp37 (T4) and
lipopolysaccharides and other key components of the E. coli cell wall in the presence of
and in the absence of 60 Hz electromagnetic radiation (EMR), 15 Gauss. The Western
blot technique will be used to determine what percentage of T4 gpl2 and gp37 bindsto a
matrix of E. coli cell membrane components. This procedure will be thought through and
described in more detail after further research. Through statistical analysis, it will be
determined if 15 G, 60 Hz EMR significantly affects the lock-key mechanism of the

recognition/uptake phase of the T4 virus's infection of E. coli.
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APPENDIX A

gene 156542. . 159622
/ gene="37"
CDSs 156542. . 159622
/ gene="37"

/note="Di stal segnent of long tail fiber"

/codon_start=1

/transl _table=11

/ product="tail fiber"

/ prot ei n_i d=" AAD42460. 1"

/db_xref="4G :5354253"
/transl ati on="MATLKQ QFKRSKI AGTRPAASVLAEGELAI NLKDRTI FTKDDS
GNI | DLGFAKGGQVDGNVTI NGLLRLNGDYVQTGGMIVNGPI GSTDGVTGKI FRSTQG
SFYARATNDTSNAHLWFENADGTERGVI YARPQT TTDGEI RLRVRQGT GSTANSEFYF
RSI NGGEFQANRI LASDSLVTKRI AVDTVI HDAKAFGQYDSHSL VNYVYPGT GETNGV
NYLRKVRAKSGGTI YHEI VTAQT GLADEVSWASGDTPVFKLYG RDDGRM | RNSLAL
GITFTTNFPSSDYGNVGVYMGEDKYLVLGDTVTGEL SYKKTGVFDLVGGGYSVASI TPDSFR
STRKA FGRSEDQGATW MPGTNAAL L SVOTQADNNNAGDGOTHI GYNAGGKIMNHYFR
GTGQVNI NTQQGVEI NPGA LKLVTGSNNVQFYADGT T SSI QP KLDNEI FLTKSNNTA
GLKFGAPSQVDGTRTI QWNGGTREGONKNYVI | KAWGNSFNATGDRSRETVFQVSDSQ
GYYFYAHRKAPTGDETI CRI EAQFAGDVYAKG | ANGNFRVVGSSALAGNVTMSNGLF
VQGGSSI TGQVKI GGTANALRI WNAEYGAI FRRSESNFY1 | PTNQNEGESGDI HSSLR
PVRI GLNDGWGLGRDSFI VDQNNALTTI NSNSRI NANFRMQL GQSAYI DAECTDAVR
PAGAGSFASONNEDVRAPFYMNI DRTDASAYVPI LKORYVQGNGCYSLGTLI NNGNFR
VHYHGGGDNGSTGPQTADFGAEFI KNGDFI SPRDLI AGKVRFDRTGNI TGGSGNFANL
NSTI ESLKTDI M5SYPI GAPI PWPSDSVPAGFAL MEGOQT FDKSAYPKLAVAYPSGVI P
DIVRGQTT KGKPSGRAVL SAEADGVKAHSHSASASSTDL GTKTTSSFDYGTKGTNSTGG
HTHSGSGSTSTNGEHSHYI EAWNGT GVGENKMSSYAI SYRAGGSNTNAAGNHSHTFSF
GI'SSAGDHSHSVAE GAHTHTVAI GSHGHTI TVNSTGNTENTVKNI AFNYI VRLA"

156481 tcaagattt cggctattat

t aagaggact

156541 tatggctact ttaaaacaaa tacaatttaa aagaagcaaa atcgcaggaa
cacgtcctgc
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156601 tgcttcagta
caatttttac

156661 taaagat gat
aagtt gat gg

156721 caacgtt act
caggt ggaat

156781 gact gt aaac
t cagat ct ac

156841 acagggttca
tatggtttga

156901 aaat gccgat
caact gacgg

156961 t gaaat acgc
aattctattt

157021 ccgctctata
attcgttagt

157081 aacaaaacgc
gacaat at ga

157141 ttctcactct
gt gt aaact a

157201 tcttcgtaaa
ttact gcaca

157261 aacaggcctg
ttaaactata

157321 cggtattcgt
gtacattcac

157381 tacaaatttc
agtatcttgt

157441 tctcggcgac
atctagttgg

157501 cggt ggat at
gt aaaggt at

157561 atttggtcgt
atgct gct ct

157621 cttgtctgtt
cccat at cgg

157681 gt acaat gct
t gaat at caa

157741 tacccaacaa
gct ct aat aa

157801 tgtacaattt
t agat aacga

157861 gatattttta
ct agccaagt

157921 tgatggcaca
at aaaaact a

157981 tgtgattatt
ct cgcgaaac

158041 ggttttccaa
aagct ccaac

158101 cggcgacgaa
at gct aaagg

158161 tattattgcc
gcaatgttac

158221 tatgtctaac
ttaaaattgg

tt agccgaag
t caggaaat a
att aacggac
ggacccattg
ttttatgcaa
ggcact gaac
cttagggtta
aat ggaggcg
attgcggttg
ttggttaatt
gttcgcgcta
gct gat gaag
gacgat ggca
ccgtctagtg
actgtaactg
tctgttgett
t ct gaggacc
caaacacaag
ggcggt aaaa
ggt at ggaaa
tacgct gacg
actaaatcta
aggact at cc
aaagcat ggg
gt at cagat a
actat t ggac

aacggaaat t

ggtttgtttg

gt gaat t ggc
t cat cgat ct
ttttgagatt
gttctactga
gagcaacaaa
gt ggcgt t at
gacaaggaac
aatttcaggc
ataccgtt at
atgtttatcc
agtccggtgg
tttcttggtg
gaat gat t at
attatggcaa
gcttgtcata
ctattactcc
aaggcgcaac
ct gat aat aa
t gaaccact a
ttaacccggg
gaactatttc
at aat act gc
aat ggaacgg
gt aactcatt
gt caaggat a
gt at t gaagc
ttagagtt gt

t ccaaggt gg
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tataaactta
aggttttgct
aaat ggcgat
t ggcgt cact
cgatacttca
at at gct cgce
aggaagcact
taaccgtatt
t cat gat gcc
t ggaaccggt
tacaatttat
gt ct ggt gat
ccgt aat agc
cgtcggtgta
caaaaaaact
tgacagtttc
ttggataatg
caat gct gga
tttccgtggt
tattttgaaa
ttccattcaa
gggt ct t aaa
t ggt act cgc
t aat gccact
ttatttttat
tcaatttgct
t gggt caagc

ttcttctatt

aaagat agaa
aaaggcgggc
t at gt acaaa
ggaaaaat tt
aatgcccatt
cctcaaacta
gccaacagt g
ttagcatcag
aaagcatttg
gaaacaaat g
catgaaattg
acaccagt at
cttgcattag
at gggcgat a
ggtgtatttg
cgtagtactc
cctggt acaa
gacggacaaa
acaggt caga
ttggtaactg
cct at t aaat
tttggagctc
gaaggacaga
ggt gat agat
gctcatcgta
ggggat gttt
gctttagecg

act ggacaag



158281 cggaacagca
tccgtcegttc

158341 ggaaagt aac
gagacattca

158401 cagctctttg
t aggaagaga

158461 ttcttttata
ctcgcattaa

158521 tgccaacttt
gt act gat gc

158581 tgttcgcceceg
t ccgt gcgece

158641 gttctatatg
t gaaacaacg

158701 ttatgttcaa
gtaatttccg

158761 agttcattac
ctgattttgg

158821 atgggaattt
caggcaaagt

158881 cagattt gat
act t aaacag

158941 tacaattgaa
ctccgattcc

159001 ttggccgagt
cctttgataa

159061 gt ccgcat at
at at gcgcgg

159121 gcaaactatc
cagat ggt gt

159181 t aaggct cat
aaaccacat c

159241 aagctttgac
act ct ggt ag

159301 tggttctact
at ggt act gg

159361 t gt aggt ggt
ggagt aacac

159421 taat gcagca
ct ggcgacca

159481 ttcccactct
cacat ggt ca

159541 tact at cact
ttgcttttaa

159601 ctatatcgtt

aacgcact ga
ttttatatta
agacct gt ga
gt agat caaa
agaat gcaat
gcgggt gcag
aatattgata
ggcaat ggct
cat ggcggceg
att aaaaacg
agaact ggt a
tcacttaaaa
gattcagttc
ccaaagttag
aagggt aaac
agccat agt g
t at ggt acga
agcacaaat g
aat aagat gt
gggaaccaca
gtaggtattg
gt aaat agt a

cgtttagcat

PRIMER: (5' side, 5 to 3)
Att aagagat ccttat ggct actttaaaacaaat ac

156481
t aagaggact

gaat ttggaa
ttccaaccaa
gaat aggat t
ataatgcttt
t ggggcagt ¢
gttcatttgc
gaact gat gc
gctattcatt
gagat aacgg
gtgattttat
at at cact gg
ct gat at cat
ctgctggatt
ctgttgcata
caagt ggt cg
catcggcttc
agggaact aa
gt gagcacag
catcat at gc
gtcacacttt
gt gct cat ac

caggt aat ac

aaggagaggg

cgct gaat at
t caaaat gaa
aaacgat ggc
aact acgat a
ggcat acat t
tt cccagaat
t agt gcat at
agggacttta
ttctacaggt
ttcacctcgc
tggttctggt
gt cgagttac
tgctttgatg
t cct agcggt
tgctgttttg
aagt act gac
cagt acgggt
ccactacatc
cat at cat ac
ctcttttggg
ccacacggt a
agaaaacacg

gcttcggece

tcaagattt

156541 tatggctact ttaaaacaaa tacaatttaa aagaagcaaa

cacgtcctgc

ggtgctattt
ggagaaagt g
at ggt t gggt
aacagt aact
gat gcagaat
aat gaagacg
gttcctattt
attaataatg
ccacagact g
gatttaat ag
aattttgcta
ccaattggtg
gaaggt caga
gttattccag
agcgct gagg
ttaggtacta
ggacacactc
gaggcat gga
agggcgggt g
act agcagt g
gcaat t ggat

gt t aaaaaca

ttctaaatat ga

cggctatt at

at cgcaggaa



159541 tactatcact gtaaatagta caggtaatac agaaaacacg gttaaaaaca
ttgcttttaa
159601 ctatatcgtt cgtttagcat aaggagaggg gcttcggccc ttctaaatat ga

(3 side, 5 t0 3')
gt agcact cgagagaagggccgaagccc
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gene

90549. . 92132

/ gene="12"

90549. . 92132

/ gene="12"

/codon_start=1
/transl _table=11

/ product =" Short tai
/ protein_id="AAD42417. 1"
/db_xref="Gd :5354210"

fiber"

/transl ati on=" MSNNTYQHVSNESRYVKFDPTDTNFPPEI TDVHAAI AAI SPAGV

NGVPDASSTTKG LFI PTEQEVI DGTNNTKAVTPATLATRLSYPNATETVYCGLTRYST

NDEAI AGVNNESSI TPAKFTVALNNAFETRVSTESSNGVI KI SSLPQALAGADDTTAM

TPLKTQQLAI KLI AQN APSETTATESDQGVVQLATVAQVRQGTLREGYAI SPYTFMNS

SSTEEYKGVI KLGTQSEVNSNNASVAVTGATLNGRGSTTSMRGVWKLTTTAGSQSGGED

ASSALAWNADVI QQRGGQ | YGTLRI EDTFTI ANGGANI TGTVRMTGGYl QGNRI VTQ

NEI DRTI PVGAI MMW\AADSL PSDAVRFCHGGT VSASDCPL YASRI GTRYGGNPSNPGL

PDVRGL FVRGSGRGSHL TNPNVNGNDQFGKPRL GVGCT GGYVGEVQ QOVBYHKHAGG

FGEHDDL GAFGNTRRSNFVGT RKGL DWDNRSYFTNDGYEI DPESQRNSKYTLNRPEL |
GNETRPWNI SLNYI | KVKE"

90481
tcattttgag

90541 agaacagcat
t at gt aaaat

90601 ttgatcctac
gct at agcag

90661 ccatttctcc
aagggaattc

90721 tatttattcc
gcagttacac

90781 cagcaacgtt
tacggattaa

90841 caagatattc
tctat aactc

90901 cagct aaatt
act gaat cct

90961 caaat ggt gt
gat gat act a

91021 ct gcaat gac
caaattgctc

91081 cttctgaaac
acagt agcgc

91141 aggttcgtca
tttatgaatt

91201 catcttctac
gaagtt aact

91261 cgaat aat gc
t ct acgacgt

gagt aat aat
cgat acgaat
t gct ggagt a
cact gaacag
ggcaacaaga
aaccaat gat
tact gt cgcc
tattaaaatt
tccattaaaa
cacagct acc
gggaacttta
t gaagaat at

ttctgttgeg

acat at caac
tttccaccgg
aat ggagttc
gaagt t at ag
ttatcttatc
gaagccattg
cttaataatg
tcatctctac
acacagcagt
gaat cggacc
agagaaggct
aaaggcgt aa

gttact ggcg
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ta
acgtttctaa
agattact ga
ctgatgcatc
at ggaact aa
caaat gcaac
ccggagttaa
cgtttgaaac
cgcaagcatt
tagctattaa
aaggt gt t gt
atgcaatttc
ttaaattagg

caactcttaa

cagtatttta
t gaat ct cgt
tgttcacgct
gt caacaaca
t aat accaaa
t gaaact gt t
t aat gaat ct
gcgagtttca
agct ggt gca
attaattgcg
tcaattagca
tccttatacg

aacacaat ca

t ggt cgt ggt



91321 caat gagagg
ggcgat gct t

91381 catcagcctt
attatctatg

91441 gaacactccg
attacgggt a

91501 ccgt cagaat
aat gaaattg

91561 at agaact at
cctagtgatg

91621 cttggcgctt
tatgcttcta

91681 gaatt ggaac
atgcgtggtc

91741 tttttgttcg
aat ggt aatg

91801 accaatttgg
ggt gaagt ac

91861 agat acaaca
gat gat ct gg

91921 gggcattcgg
cttgact ggg

91981 at aaccgttc
caacgaaat t

92041 ccaaat at ac
tggaacattt

92101 ctttaaacta
acttaccatt

92161 cg

cgtagttaaa
agct t ggaat
catt gaagac
gact ggcggt
tcctgtcgga
ct gccat ggt
aagat at ggc
tggttctggt
t aaacct aga
gatgtcttat
t aat acccgt
atacttcacc
at t aaat cgt

cat aatt aag

PRIMER: (5' side, 5' to 3')

90481
tcattttgag

ttaact acaa
gctgacgtta
acatttacaa
tatattcaag
gctattatga
ggaactgttt
ggaaacccat
cgtggttctc
ttaggt gt ag
cat aaacat g
agat caaat t
aat gacggat
cctgaattaa

gt aaaagaat

ccgceggttce
t ccagcaaag
t agct aat gg
gt aaccgcat
t gt gggccge
cagcgt caga
caaat cct gg
acttaacaaa
gttgtaccgg

ctggtggatt

ttgttggtac
at gaaat t ga
tt ggaaat ga

gacagat at t

ta

90541 agaacagcat gagtaataat acatatcaac acgtttctaa

t at gt aaaat
Ya
Va

Ya Ya

Ya

Ya

Ya

Ya

Ya

92101 ctttaaacta cataattaag gtaaaagaat gacagatatt

acttaccatt
92161 cg

(3 side, 5 t0 3')

gt agcact cgaggt aagt catt cagt acaat atct g
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acagagt gga
aggt ggt caa
t ggagcaaat
cgt aacacaa
tgatagtctt
ttgtccatta
attgcctgac
tccaaatgtt
tggatatgtt
t ggt gagcat
acgt aaagga
cccagaat ca
aacacgt cca

gt act gaat g

cagtatttta
t gaat ct cgt
Ya Ya

gtact gaat g

Ya



