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An Analysis of the Fibrilization of pS3tet-R337H and p53tet-WT
Prentice L. Bowman
St. Jude Supervisor: Richard W. Kriwacki

Faculty Mentor: Terry Hill

Introduction:

Pediatric Adrenal Cortical Carcinoma (ACC) tumors are very rare as the annual
occurrence in the US is about 0.3 per million children under the age of 15. In some areas
of Brazil, however, the occurrence of ACC is about 10-15 times greater. Since inherited
p53 mutations are associated with the incidence of ACC, researchers examined the
coding regions of the p53 genes of 36 patients, and 35 of them displayed a mutation at
codon 337 in the tetramerization domain, at which arginine had been replaced by
histidine (p53-R337H)".

p53 is a tumor suppressor protein that regulates celi growth through apoptosis and
cell cycle arrest. As with any protein, the function of p53 is linked to its structure.
Alterations in the conformation of ‘the protein inhibit its ability to function, and the result
of this is often cancer. However, p5S3-R337H function is nearly, if not exactly, the same
as that of the wildtype (WT)'. Since there was no apparent change in the function of the
protein, the effect of the mutation on the structure and stability of the tetramerization (tet)
domain was investigated. It was determined that while p53tet-R337H and p53tet-WT
have similar structures, the R337H mutant is less stable. One of the ways.in which the
domain’s stability was tested was by conducting thermal denaturation experiments with

the mutant and the wildtype at pHs 5-9 and comparing the results. While p53tet-WT
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remains in its normz;I conformation at all pHs at temperatures up to S0°C, p53tet-R337H
begins to unravel at temperatures below 37°C (body temperature). Most importantly,
though, the denaturation data also revealed that at pH 5, the WT begins to refold itself at
high temperatures after being completely denatured®. The thermal denaturation results

are shown In figure 1 below.
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Another thermal denaturation experiment was then conducted with both versions of p53
at pHs 4-6. At pH 4 after denaturing, both the R337H mutant and the wildtype p53tet
fully refolded into a stable, secondary structure that was determined to be fibers?.
According to Harper, J.D. and Lansbury P.T., fiber formation consists of three
main steps. The first step is a slow nucleation step, in which the protein undergoes
unfavorable association steps to form a nucleus or “seed.” The second step is a growth

phase, in which the nucleus grows rapidly to form polymers. The third step is a steady
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state phase, in which the system is at equilibrium and fiber formation is complete’. My
research consists of an analysis.‘of the kinétics of p53 fiber formation at pH 4 in an
attempt to gain more about the R337H mutant and to see if p53tet fiber formation
corresponds with the model illustrated by Harper and Lansbury.

Methods:

The experimental R337H mutant and wildtype p53tet were synthetic. The gene
responsible for its transcription was put on a plasmid and transformed into E. Coli for
amplification. The p53 protein was then isolated, purified, 1y§philized, and placed at -
80°C in microfuge tubes for long-term storage. To prepare the protein to be used in the
experimental assay, it was it dialyzed overnight in the cold room in at least 1L 10 mM
NaPi pH 6, 50 mM.NaCl. When dialysis was complete, the protein was placed at -20°C
for shorter-term storage. When ready to begin the assay, the protein was thawed and
diluted to the appropriate concentration(s). Next, 45 ul of 360 mM citrate, pH 3.8 was
added to .1 55 ul of protein to lower the pH to 4, starting the fiber formation process, and
the mixture was incubated at the appropriate temperature via a water bath. At time points
0f0,05,1,2,4,6, and 8 hours, 20 u1 aliquots were removed from the incubating
solution, added to 600 ul of 40 an NaPi pH 6.0, and placed at 4°C. This action
restabilizes the solution, halting fiber formation while maintaining any fibers that may
have already formed.

With the use of a fluorometer, the fluorescence of the protein solution was
measured at the emission wavelength of 485 nm after 600 ul of the yellow, fluorescent
compound Thioflavin T (ThT) was added. The fluorescence of unbound ThT normally

peaks near 440 nm, with the fluorescence tapering off at higher and lower wavelengths.
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However, when ThT is bound to fibers, its fluorescence peaks near 485 nm. The
fluorescence of the entire solution is a composite of the fluorescences of unbound ThT
and the bound Tht. Thus, more fibers present in solution means more bound ThT, which
causes a higher fluorescence at 485 nm.

The fluorescence of every sample was measured 7 times (every 10 seconds for a
minute), and the average of these 7 measurements was used to represent the fluorescence
of each individual sample.

ResultS/Diséussion:

The results of the assays were graphed by plotting the fluorescence as a function

of the time at which the aliquot was taken. The resulting graphs-are as follows:
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Figures 2 and 4 correspond to wildtype fiber formation at 65°C and 37°C
respectively while Figure 3 and 5 correspond to mutant fiber formation at 40°C and 37°C
respectively. By comparing figures 2 and 3 or figures 4 and 5, one can see the difference
in stability between the wildtype and the mutant. Figures 2 and 3 illustrate complete fiber
formation in less than 8 hours. While the mutant does this at 40°C, the wildtype must be
placed at a higher temperature in order for this to happen. It should be noted that
wildtype does appear reach complete fiber formation about an hour or so before the
mutant does, yet these data still show that mutant is less stable than the wildtype. This
fact is definitely evident in the comparison between Figure 4 and 5, both of which are at
37°C. At the 8 hour time point, fiber formation is near completion in the mutant, but the
wildtype h.as failed to form any fibers at all. Since the experiment was officially over at
the 8 hour time point, the temperature of the water in the wildtype assay waé shifted to
65°C as a control to make sure that p53tet protein was actually present in the solution,
and the results were positive. Thus, the wildtype appears to be completely stable at 37°C
while the mutant is not. Assuming that the in vitro effects are the same as the in vivo
effects, this data suggests that if this mutant form of p53 is subjected to a pH of about 4 in
the body, then it will form fibers.

The graphs which “officially” form fibers (figures 2,3, and 5) also show the p53 -
fiber formation appears to be consistent with the three step model proposed by Lansbury.
Furthermore, figures 2 and 3 suggest that the rate of fiber formation is concentration
dependent and seems to follow 1% order kinetics (if the concentration is doubled, the rate
is doubled. In these figures, fiber formation completes at about the same time at all

concentrations. Each concentration differs from the next by a magnitude of two.
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Therefore, in order for fiber formation to be complete at the same time at all
concentrations, the rates of fiber formation must also differ by a magnitude of two.

Finally, a comparison of Figures 3 and 5 indicates that the rate of fiber formation
is also directly related to temperature. The only difference between these two
experiments is the temperature at which they were conducted, and fiber formation is
slower in the figure corresponding to a lower temperature. However, the direct
relationship between rate and temperature may only occur after a certain temperature is
reached, one that allows fibers to form. This is suggested by figure 4, in which fibers
don’t form at all. This failure to form fibers probably occurs because a certain permissive
temperature has not been surpassed. If this is the case, then any change in temperature
that remains below the permissive temperature would obviously have no effect on the
rate of fiber formation because no fibers would form at either temperature.

These results in general imply that the formation and accumulation of stable, non-
functional fibers due to the R337H mutation is a major if not the primary cause of ACC.
Of course, before this conclusion can be made, more experiments must be conducted,
including an investigation to determine if the full-length p53-R337H forms fibers. Ifthe
full-length protein forms fibers, then ACC could possibly join the league of diseases
known to be linked to the formation of fibers, such as Alzheimer’s and Parkinson’s
disease. These are two of many neurodegenerative disorders characterized by the
formation and accumulation of fibers. Ifit can be determined that ACC is also a result of
fibers, then it would probably be able to be treated by creating a drug that increases the

stability of p53-R337H, inhibiting the formation of fibers’. However, this could only be
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done if more is known about the mechanism(s) by which the R337H mutant forms fibers,
something that also needs to be studied further.
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Functional analysis of EBNA-3C required for regulation of the EBV oncoprotein LMP-1
Courtney Frye |
Professor Loprete

Abstract:

To test the effects of specific protein interaction of the Epstein-Barr virus (EBV) EBNA-
3C protein with cellular proteins in its regulation of the EBV oncoprotein LMP-1, modified
EBNA-3C genes were cloned into the pTRE vector, which contains a Tetracycline responsive
minimal CMV promoter (Pnincmv)- The specific plasmids used encoded a Flag tag wild-type
EBNA-3C, a Flag tagged EBNA-3C with the amino acids 629-683 deleted, and an EBNA-3C
fused N-terminal to an estrogen receptor (ER). Each gene was cloned downstream of the
Princmy, Which allows for the regulation of EBNA-3C expression in mammalian cells through
the chemical doxycycline. These plasmids were then used to develop a Double-Stable BD Tet-
Off cell line in Raji cells. Through PCR (Polymerase Chain Reaction) and Western Blot
analysis, this process selected individual cell lines with high EBNA-3C expression in the absence
of doxycycline and a lack of EBNA-3C expression in the presence of doxycycline. Selected cell
lines can then be used to explore the specific effects of EBNA-3C on the expression of LMP-1.
Introduction:

The Epstein-Barr virus (EBV), which is commonly transmitted through saliva, has a
virion structure like that of all herpesviruses and is a member of the Herpesviridae family. Initial
exposure to EBV, which occurs primarily during childhood, may lead to an asymptomatic
primary infection or a symptomatic infection such as infectious mononucleosis (IM). IM, an
immune response to the virus, presents with non-specific symptoms of an upper respiratory

infection. (Miller 1990). Primary infection establishes a latent infection in B lymphocytes (B
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cells) that, once established, will maintain itself for the remainder of life. The exact method of
establishmeﬁt of latent infection is currently under debated. It is thought that direct infection of
B cells of the oropharyngeal cavity or replication in epithelial cells which secondarily infect |
circulating B cells is the primary rﬁethod of infection. (Kieff & Rickinson, 2003; Zhao &
Sample, 2000; Sample, 1999).
EBV’s main activity is its ability to cause open-ended in vitro proliferation of B cells or
immortalization. Immortalization is a two stage process consisting of a preliminary phase of B |
cell activation in which the virus binds to the cell surface, and a secondary stage of unending
blastogenesis which necessitates the production of EBV gene products. (Miller 1990). EBV has
oncogenic properties and is associated with malignancies such as nasopharyngeal carcinoma,
Burkitt’s lymphoma, and Hodgkin’s disease, among many others. EBV latency has been studied
in vitro using EBV-immortalized B lymphoblastic cell lines '(LCLs) and Burkitt’s lymphoma
(BL) cell lines. These cells express latency-associated genes (12 EBV genes) including 6 EBV '
nuclear antigens (EBNA-1, -2, -3A, -3B, -3C and -LP) and 3 latent membrane proteins (LMP-1, -
2A and -2B). Ofthe 12 EBV genes, six, including EBNA-3C and LMP-1, are required for B cell
immortalization. EBNA-3C and LMP-1 are also extremely influential in the control of cell
differentiation and growth due to their effect on cellular signaling pathways. EBNA-3C has been
shown to activate expression of the oncogenic LMP-1 protein, which is not capable of sustaining i
B cell growth alone but is largely involved with cell survival and proliferation. A number of
associations between EBNA-3C and cellular proteins, many of which are transcriptioh factors,
have been reported, but it is not known which of these are required for activation of LMP-1. 1

(Kieff & Rickinson, 2003; Zhao & Sample, 2000; Sample, 1999).
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The human Burkitt lymphoma cell line Raji posses EBV DNA that has two deletions, one
of which results in the deletion of EBNA-3C while the remaining latent genes are still able to be
expressed (Polack et al., 1984). Therefore, EBNA-3C can be introduced into Raji cells and the
specific effects due to EBNA-3C can be observed. The pTRE vector is a response plasmid that
has a Tetracycline responsive element (TRE) just upstream of a minimal CMV promoter
(Pmincmv), Which allows for control of genes cloned downstream of the promoter. The TRE
responds to a tetracycline-controlled transactivator (tTA), a chimeric protein, which is
constitutively expressed from the pTet-Off regulator plasmid.‘ The tTA binds the TRE and
activates transcription in the absence of doxycycline (EBNA-3C gene expression) or presence of
doxycycline (no EBNA-3C gene expression). Cells influenced by this specific mechanism are
referred to as Tet-Off cells. Raji cells can also be transfected with a pJ6Qpuro plasmid in
conjunction with the pTRE plasmid to allow for selection by pufomycin resistance. (BD Tet User
Manual, 2002). Induction of wild-type EBNA-3C expression leads to an increase in LMP-1
expression and a dramaﬁc"phenotypic change in the cells (Sample, Unpublished).

The objective of this research was to determine which domains of EBNA-3C are required
and thus, which of the interactions between the EBNA-3C protein and cellular proteins are
essential for regula;ion of the LMP-1 protein. This project focused specifically on acquiring the
tools necessary to distinguishing the effects of different domains of EBNA-3C in regard to
regulation of LMP-1 and cellular transcription factors. This was to be accomplished through the
establishment of multiple double-stable Tet-Off cell lines.

Methods:
In order to study the specific effects of the EENA-3C protein, an array of 11 different

EBNA-3C genes were produced (Figure 1). This includes the EBNA-3C wild-type genes tagged
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with.the Flag epitope, different EBNA-3C mutant genes, aﬁd an EBNA-3C gene. fused to the
estrogen receptor (ER). The 11, EBNA-3C Variatioﬁs were cloned into separate pTRE response
plasmids downstream Qf the Pmincmy. Using the pTRE EBNA-3C genes, FuGENE transfections
were performed to check for protein expression of each pTRE EBNA-3C genes.

First, 293T adherent cells were plated in a six-well plate at 1.5 x 10° cells'per mL with 2 mL
in each well. The cells were incubate overnight in order to reach 50-70% confluency for the
transfection. The follow day, Eppendorf tubes were set up and properly labeled in the tissue
culture hood where the transfection was to take place. Via pipet, 92 ul of serum-free DMEM
media, 6 Hl of FuGENE 6 Transfection Reagent (Roche Diagnostics Corporation), 1ul of the
appropriate pTRE EBNA-3C gene, and 1pl of the pTet-Off regulatory plasmid were added to
each Eppendorf. After incubating for 15 minqtes at room temperature, the contents of each
Eppendorf were added to one of the 6 wells by pipet and _then mixed by swirling the entire plate.
The plate was then incubated for 48 hours to allow the transfection to bccur. After 48 hours, thé

| media was aspirated from each of the 6 wells. 1 mL of PBS (1x) was carefully added to each
well, swirled around, and then aspirated off. The process of adding and aspirating PBS for each
well was repeated a second time. 500 ul of SDS Cracking Buffer (2x) was used to resuspend and
transfer the sample from each well to the appropriately labeled Eppendorf tube. Each sample
was sonicated for 10 seconds at 40 on the output control to lysis the cells. The sonication
process was repeateq two more times for a total of 3 sonications per sample.

50 ul of SDS Sample Buffer (1x) was added to each sample before being boiled for 2
minutes and centrifuged for 5 minutes at 10,000 RPM. 20 pl of each sample was run on a 8.5%
SDS Page gel (2x) and transferred to Immobilon-P membrane by Western Blotting. One

membrane, entitled Flag, was probed by the Anti-Flag M2 monoclonal antibody (Sigma) in a
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1:10,000 dilution. Later, it was probed with a secondary antibody of Anti-Mouse Ig (Amersham
Biosciences UK limited) in a 1:25,000 dilution. The second meﬁlbrane, called 3C, was probed
with a polyclonal 3C primary antibody in a 1:50:000 dilution and a Rabbit x Sheep secondary
(Chemicon International) in a 1:25,000 dilution. The Flag membrane was treated with the ECL
Western Blotting Kit and applied to Hyperfilm for 40 seconds and 2 minutes with adjustments
being made for background. The 3C membrane, however, expresses better with the use of the
ECL +Plus Western Blotting Kit. The 3C membrane was exposed to Hyperfilm for 10 seconds
and 2 minutes with adj.ustments in time being made for clarity. The visualization of bands of
correct sizes at specific locations indicates the successful expfession of the EBNA-3C genes
from the pTRE plasmids.

Successful plasmids were used to develop multiple double-stable Tet-Off cell lines in Raji
cells. First, 8.0 x 10° cells per sample were centrifuged for S minutes at 1,000 RPM. For each
sample to be traﬁsfected, a T-25 tissue culture flaks was properly labeled. 1 mL of the
supernatant was pipetted into each flask along with 9 mL of the Tet-Off media (See Procedure).
The remainder of the supernatant was aspirated and the pellet was resuspended in 250 ul of Tet-
Off media per sample. 250 ul of resuspended cellé were pipetted into each properly labeled
cuvette along with 15ul of the appropriate pTRE expression plasmid. 1l of the pJ6Qpuro
plasmid, which allows for selection of cells based on puromyéiﬁ resistance, was also added to
each cuvette The samples were incubated forr 10 minutes at room temperature before being
electroporated at 250 V and 960 puF. The samples were incubated on ice for 10 minutes before
being resuspended in 700 ul of cold PBS and being transferred to the cofresponding T-25 flasks.
Doxycycline, the chemical that regulates gene expression, was added to each flask to achieve a

final concentration of 1 ul / mL. (BD Tet User Manual, 2002)
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The cells were grown for 2 days before being plated into 24 well-plates at a concentration of
1to 2 x 10° cells per well. The cells were diluted to the proper concentration using the Tet-Off
media with freshly added doxycycline (see above conéeptration). Over the course of 2-4 weeks,
the cells were feed at least weekly with the Tet-Off media (witﬂ doxyclyine added) and evaluated
using a microscope to find isolated, healthy colonies. Those cells demonstrating puromycin
selection were plated into six-well plates and later split into small flasks if they continued to
grow healthily. Samples from these flasks were frozen in liquid Nitrogen for later use. (BD Tet
User Manual, 2002)

To determine the success of our double-stable Tet-fo Raji cell lines, a Qiagen DNA
extraction was performed on samples from the aforémentioned T-25 ﬂaské. First, 5mL of 1 x
10° cells per mL of each sample were aliquoted into individual Eppendorfs and centrifuged for 5
minutes at 400 RPM. The supernatant was aspirated off taking great care not to disturb the
pellet. Each pellet was resuspended in 20 pl Proteinase K (from kit) before the addition of 200
il Buffer AL (from kit). Each sample was pulse vortexed for 15 seconds and then incubated at
56°C for 10 minutes. 200 pl of ethanol (96-100 %) was added to each sample, which was then
pulse vortexed for 15 seconds. The QIAGEN spin columns were labeled and placed in collection
tubes and the Eppendorf contents were transferred to the correspondingly labeled spin columns.
Each sample was centrifuged for 1 minute at 8,000 RPM, and then the collection tube was
discarded and replaced by an empty collection tube. 500 pl of Buffer AW1 (from kit) was added
to each sample and the same centrifuge and collection tube procedure was repeated (see previous
step). 500 pul of Buffer AW2 (from kit) was added to each sample, which were then centrifuged
for 3 minutes at 14,000 RPM. The collection tubes were replaced and the samples were

centrifuged again for 1 minute in an optional step to prevent DNA contamination. The collection

Spring 2003 C. Frye




The Rhodes Journal of Biological Sciences 14

tubes were discarded and replaced by Eppendorfs before the addition of 200 pl of Buffer AE
(from kit) and incubation at room temperature for 1 minute. The samples were centrifuged at
8,000 RPM for 1 minute, which concluded.the DNA purification process. (Qiagen, 1999).

Samples from the previous DNA extraction were then used in a Polymerase Chain Reaction
procedure to screen clones for the presence of the EBNA-3C vector. This was accomplished by
selecting a portion of the ENBA-3C vector that was common to all of the genes, A 690-750,
creating primers to amplify this portion of the protein, and creating a PCR program with the
temperatures and time frames best suited for amplification of this specific portion.

F-3C Primers
F-3C Screen Fwd CCCACGGGCTCCAATCATCTTCA

F-3C Screen Rvs GGGAATCTTGTTGGAATGGGGCG -

PCR Program
94°C for 5 minutes—Hold

8 Cycles
95°C for 20 seconds

66°C for 20 seconds
72°C for 30 seconds

35 Cycles
95°C for 20 seconds

62°C for 20 seconds
72°C for 30 seconds
72°C for 7 minutes—Hold
4°C until end
Properly labeled PCR mini-tubes were setup for each sample purified above, a negative

control, and a positive control. 1 pl of both Fwd and Rvs Primers (10 mM), 1 ul dNTPs (10
nM), 5 pul Tag 10x Buffer, and 0.75 pl Tag Expanol (5 units / 1 ul) were added to each tube. 1 pl
purified DNA and 50 pl DDH,0 were added to each tube except the negative control (positive
control F-3C purified DNA). No purified DNA was added to the negative control so 51 pul

DDH,0 was added to maintain the same volume in all the sample tubes. The tubes were

-randomly distributed across the holding grid of the GeneAmp PCR System 9700 (PE Applied
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Biosystems) and the above program was activated. Several hours later, the samples were run on
an agarose gel to confirm the presence of EBNA-3C vector in the Raji cells. The visualization of
bands running at the same size, 340 base pairs, is an affirmation of the presence of the EBNA-3C
vector.

The Estrogen Receptor (ER3C) plasmid, when found in cells, is retained in an inactive state
in the cytoplasm of the cell. ER3C should oniy become active and move into the nucleus if it
comes into contact with the hormone estrogen. To test the ability to regulate this proce‘ss, pTRE
ER3C was FuGene transfected into 293T cells (see previous procedure). The samples were
allowed to grow for several days and then split onto two slides. The cells of one slide were fed
with media containing estrogen and the other cells were fed with media lacking estrogen. Both
slides were tk‘wn treated with a primary antibody, o - ER Rabbit diluted 1:200 in PBST + rabbit
serum, and a secondary antibody, o - Rabbit which fluoresces diluted 1:200 in a PBST + rabbit
serum which fluoresces. Under aﬁpropriate conditions, this sequence of antibodies allows the
location of the pTRE ER3C to be visualized. The two slides were examined by
immunbﬂuorescencc microscopy to verify that cells. treated with estrogen would contain ER3C
in the nucleus and tha;[ cells lacking estrogen would contain ER3C in the cytoplasm.

Results and Discussion:

To verify that the pTRE EBNA-3C plasmids could be cxpréssed and produce proteins of
the appropriate size, plasmids were transfected into 293T cells using a FuGene transfection. The
results for the western transfer probed with the anti-Flag antibody (Figure 2) show detection bf
proteins at the predicted sizes from each EBNA—3C gene. The visualization of bands of correct
sizes relative to the specific sample conﬁrms.expression of the plasmid. The positive controls in

lanes 1 and 2 ran at the appropriate sizes. Lane 3 was blank as was expected for the negative
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~ control. In lane 4, the wild-type Flag-EBNA-3C (F-3C) sample ran the same size as the positive
control in lane 1, which was from a previously confirmed F-3C sample. Lane 5 is blank as was
expected because the ER3C sample did not have a Flag tag and is therefore unable to be detected
by this antibody. The Flag-EBNA-3C A629-683 (F-3C A629-683) has a deletion that makes it
slightly smaller than the original F-3C, consequently F-3C A629-683 was expeéted to run a little
faster (lower on the gel) than F-3C. While the difference between the F-3C and the F-3C A629-
683 1s not great, the F-3C A629-683 does appear to have run a little lower.

The results for the western transfer analyzed with anti-EBNA-3C a‘ntibodies were similar
(Figure 3A). Lanes 1 and 2 contain the positive controls F-3C and F—SC Al 1-365 respectively,
whicﬁ ran at the approiariate sizes. Lane 3 is blank because protein ladders show up on transfers
but not on film, and lane 5 is blank because it is a negative control. F-3C and F-3C A629-683 in
lanes 4 and 6 respectively, ran at the appropriate sizes with F-3C A629-683 running slightly
lower than F-3C. While ER3C should have been detected by the anti-3C in lane 7, it is not
present at this exposure time. A longer exposure time, Figure 3B revealed a faint ER3C band
running at a larger molecular weight (higher on the gel) than the other samples as was expected
due to its large size.

The PCR procedure amplified a region of DNA, A 690-750, within the EBNA-3C gene
which is common to all the modified pTRE EBNA-3C plasmids. Therefore, the PCR results
from the double stable Raji cell line samples containing the EENA-3C modified plasmids should
all yield a fragment migrating at the same size, 340 base pairs. Initial data shown in Figure 4
demonstrates (excluding lanes 1, 16, 17 as markers and lane 14 as a negative control) that almost
all the samples produced a band that ran at the correct size and therefore contained the EBNA-3C

gene. Lane 5, also a negative control, contained a weak band suggesting a small amount of
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contamination. Lane 8 also showed a very weak band. Since one of bur two negative controls
revealed a band, we cannot determine whether the weak band in lane 8 reflects the presence of
the plasmid in the cells, or is the result of additional DNA contamination. Due to the possibility
of contamination, probably from the use of non-filter tips, the PCR will be répeated'and the gel |
will be rerun. Although there appears to be some contamination, the strong bands produced for
several samples are a good indication of the successful production of double-stable transfected
Raji cell lines.

The immunoflouresence of ER3C demonstrates our ability to regulate the activation of
ER3C, and as such directly influence the activities of the nucleus of a cell. Figure 5 A, clearly
shows that the 293T cells treated With the media lacking estrogen contained ER3C in the:
cytoplasm of the cell (the bright area surrounding the dark nucleus). Figure 5 B, shows that cells
treated with media including estrogen contained ER3C in the nucleus of the cell (the bright area
or bright spots surrounded by the dark cytoplasm).

The newly established Tet-Off Raji cell lines can now be utilized in further exploration of
determining which domains of EBNA-3C are required forjlinteraction with cellular protéins for

regulation of the oncogenic LMP-1 protein.
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Figure 1: EBNA-3C Constructs
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Figure 2.

Western transfer of EBNA-3C
expression in 293 Ts with anti-FLAG
M2.

Lane 1—F-3C Full Length

Lane 2—F-3C A11-365

Lane 3-— (-) Control

Lane 4—F-3C

Lane 5—ER3C

Lane 6—F-3C A629-683
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Figure 3 A. :

Western transfer of EBNA-3C expression in
293Ts with anti-3C .

Lane 1—F-3C

Lane 2—F-3C A 11-365

Lane 3—Protein Ladder

Lane 4—F-3C

Lane 5— (-) Control

Lane 6—F-C3 A629-683

Lane 7—ER3C
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Figure 3 B.
Longer exposure of
anti-3C western.
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Figure 4

An agarose gel of EBNA-3C PCR samples.

Lane 1- 100 Kb Ladder Lane 10—ER3C (S 11)

Lane 2—- F-3C (S 6) Lane 11—F-3C A629-683 (S 4)
Lane 3—F-3C A 629-683 (S 3) Lane 12—F-3C (S 7)

Lane 4—F-3C A 629-683 (S 1) Lane 13—F-3C (+) Control
Lane 5—(-) Control Lane 14—F-3C (Confirmed +)
Lane 6—F-3C A629-683 (S 2) Lane 15—(-) Control

Lane 7—ER3C (S 12) Lane 16—100 Kb Ladder

Lane 8—ER3C (S 10) Lane 17—1 Kb Ladder

Lane 9—F-3C (S 8)
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Figure 5 A.

Immunofluoresence of cells transfected
with pTRE-ER3C without estrogen. The
protein is in the cytoplasm (dark is
nucleus). ‘

Spring 2003

Figure 5 B.

Immunofluoresence of cells transfected
with pTRE-ER3C with estrogen. The
protein is in the nucleus; sometimes all
over or in spots (lower cell).
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Investigation into the Herpes Simplex Virus Type 1
Alison Groeger

A. Herpes Simplex Virus ?‘ype 1 as the Cause of Cold Sores

Herpes simplex virus type 1, HSV-1, is a virus that causes small red lesions commonly
know as cold sores or fever blisters. Between 60% and 95+% of people in various populations
are infected with HSV-1, but only about a third of those infected develop lesions (5, 37).
Approximately nine out of ten Americans become infected with HSV-1 during their lifetime (5).
HSV-1 lesions commbnly appeér on the lips or other oral tissues, but the virus has been known
to show symptoms in ocular,tissue, genital tissue, and to a lesser extent, other human and
mammalian tissues (see figure 1). The virus usually spreadé from individuals shedding the virus
sharing food or kissing others. Since only one third of those infected express visible symptoms,
a person can spread the virus unknowihgly during periods of viral shedding (5).

Once infected with HSV-1 a person will carry the virus for life. HSV-1 has the ability to
establish latency in sensory neurons and the neurons of the central nervous system, in particular
aural neurons. During HSV-1 latency, viral DNA exists in the nuclei of ganglia as
extrachromosomal concatemers (15). Létency permits recurrent infections during periods of
stress, such as lack of sleep, exposure to ﬁltra violet radiation, and weakened immune system.
Primary infection with HSV-1 usually céuses “mild flu-like symptoms,” which include soreness
and swelling in the mouth, swollen lymph nodes in the neck, and fever. Those who develop
lesions do so upon recurrent infections, during which a cluster of small blisters turn iﬁto painful

sores, crust over, and eventually heal. These infections usually last seven to fourteen days (5).
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To those with normal immune systems, oral HSV-1 infections are not serious. However,

physicians can prescribe topical creams, such as Zovirax® (acyclovir) and Denavir®.

(penciclovir), to reduce pain and duration 6f problematic infections (5).

B. Classification and Architecture of Herpes Simplex Virus Type 1

Herpesvirus Subfamily

Alpha herpesviruses:
*Neurotropic (infect
nervous system tissue) -
*Short reproductive

Common Name Scientific Name | Diseases Caused
Herpes simplex virus 1 | Human Facial, labial and
herpesvirus 1 ocular lesions
Herpes simplex virus 2 | Human Genital lesions

herpesvirus 2

C%'(f:}e , I Varicella zoster virus Human Smallpox,
lcient ce ’ herpesvirus 3 chickenpox,

destruction shingles
*Variable host range

Beta herpesviruses: Human Human Birth Defects
«Lymphotropic cytomegalovirus herpesvirus 5
"Long reproductlye cycle No common name Human Mild early
*Enlargement of infected . )
cells herpesvirus 6 and | childhood
*Limited host range 7 roseola

Gamma herpesviruses: Epstein-Barr virus Human herpes Infectious
=Lymphotropic virus 4 mononucleosis
(specifically T or B Karposi's sarcoma Human cofactor in
lymphocytes) ) herpesvirus herpesvirus 8 Karposi's sarcoma
=Latency observed in ‘
lymphoid tissue

Table 1: Table classifying the eight different types of human Herpesviruses (18, 36).

HSV-1 is one of the many members of the Herpesviridae family. This family
demonstrates great diversity in host range, as well as conservation of 26 genes among the three
subfamilies (15, 42). Not only do herpesviruses infect a variety of vertebrates and a few species
of invertebrates, the three spbfamilies, Alpha herpesviruses, Beta herpesviruses, and Gamma
herpesviruses, can infect a variety tissues. There are eight members of the Herpesviridae family
that are known to infect humans (see Table 1). Herpes simplex-1 is an Alpha herpesvirus

because of its short reproductive cycle, ability to infect nervous tissues, lytic cycle, and wide host
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range including a variety of small mammals such as mice, guinea pigs, and rabbits. This wide
host range makes HSV-1 a convenient virus to study in vivo.

Viruses belonging to the Herpesviridae family usually share four major characteristics;
(1) herpesviruses encode a variety of enzymes that promote virus replication, (2) viral capsids
and the viral genome are synthesized in the nucleus, (3) herpesviruses eventually destroy host
cells, (4) most herpesviruses have the ability to “remain latent in natural hosts(37). All herpes
virions have a core composed of viral DNA, a capsid, a tegument, and an envelope (see Figure 2)
(37).

A herpesvirus core is composed of a single linear double-stranded DNA molecule
“packaged in the form of a torus” (37). The viral capsid or nucleocapsid surrounding the core
(see Figures 3 and 4) is approximately 15 nm thick and 100 nm in diameter (6, 15). It is an
icosahedral structure composed of six different types of protein, with a triangulation number of
T=16 (6, 15, 36, 37, 45, 47). Itis constructed of 12 pentameric and 150 hexameric capsomeres,
for a total of 162 capsomeres (6, 15, 36, 45, 47). Capsomeres are connected by trivalent
structures called friplexes (6).

Surrounding the capsid is a protein layer of variable structure called the tegument (see
figure 2) (37). The tegument is composed 15-20 proteins. Two of these tegument proteins,
VP16 and vhs, enhance viral gene expression in addition to supporting virion structure (47). The
envelope is an altered host cell membrane encasing the tegument and bears at least 11 viral
glycoproteins, appearing as “short spikes embedded in the envelope” (see Figure 2)(36, 37).

Finally, the entire HSV-1 virion is approximately 200 nm in diameter (6).

C.  Description of HSV-1 Iytic cycle
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The length of the HSV-1 lytic cycle is approximately eighteen hours from infection to
lysis. Viral infection of a target cell begins with the binding of glycoprotein-C (gC), one of
many glycoproteins embedded in the viral envelope, to cellular membrane proteoglycans, such as
heparan-sulfate (see Figure 5). Once the virus has attached to the target cgll membrane, gD
binds to cellular HVEM (herpesvirus entry mediator) receptors and gB and other viral
glycoproteins prompt the fusion of the two membranes (37, 47). Fusion of the viral envelope
with the host.cell’s plasma membrane releases viral contents into the cytoplasm. Upon release,
members of the tegument, begin to prepare cellular machinery for virion production. One of
these members, the virus host shutoff protein, vhs, begins to destroy mRNA and degrade
polyspmes. Other members of the tegument such as VP16 (see a-TIF in Figure 5) are
transported to the nucleus where they promote transcription of viral genes.

The capsid and associated proteins are also released upon fusion and transported to the
surface of the nuclear envelope by microtubules and cellular transport machinery (37, 47).
Subsequently,l capsid prqteins associate with nuclear pore complexes in the nuclear envelope and
promote the injection of viral DNA through the nuclear pore into the nucleus (see Figure 5) (37,
47). Once in the nucleus, viral DNA circularizes with the help of nuclear and viral proteins, and
uses cellular RNA polmerase II to transcribe mRNA. HSV genes are expressed in a regulatory
cascade, beginning with Immediate Early (IE) or a genes, followed by Early (E) or  genes, and
finally Late (L) or y genes (see Figure 7). The HSV genomé is approximately 152 kbp in length
and encodes over 80 proteins (6, 15, 37, 47). The six major regions of the HSV-1 genome are
the ends, the long repeat (Rr), the long unique region (Uy), the short repeats (Rs), the origins of
replication, and the unique short \rAegio‘n (Us) (See Figure 6). The ends of the viral DNA are

important for circularizing linear DNA upon entry into the nucleus and packaging DNA in the
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virion (47). UL and Us regions and contain at least 56 and 12 ORFs respectively and encode for
the majority of viral proteins. The pairs of inverted repeats bind the U and Us regions in
addition to encoding for important IE regulatory proteins and latency genes.

Although the regulatory cascade is divided into three basic phases of gene expression (IE,
E, L), the actual expression process is more of a continuous cascade with certain genes reaching
peak transﬁription rates before others in the same phase. VP16 aids in 1nitiating transcription of
the 6 IE genes. IE protein synthesis peaks at about 2-4 hours after a cell has been infected, but
some IE proteins will continue to be synthesized though the rest of the cycle (15, 37). Once
synthesized, 5 of the six IE proteins enter the nucleus to participate in transactivation of E genes.
E genes encode for enzymes that assist in viral gene regulation, nucleotide metabolism, and the
replication of viral DNA. Synthesis of E protein experiences peak rates between 4-8. hours
postinfection, and DNA replication begins between IE and I prdtein synthesis and continues for
12 hours (15, 37). E proteins include thymidine kinase, ribonucleotide reductase, viral DNA
polymerase, viral proteins with helicase and primase activities, and a protein involved in DNA
replication and gene regulation called ICP8. E proteins induce the transcription of L. genes,
which code for capsid proteins, tegument proteins, and viral glycoproteins. L genes peak
expression at various times during or after viral DNA synthesis (15, 37, 47).

Before the synthesis of capsid proteins, E proteins replicated nicked viral DNA via a
rolling circle mechanism to produce DNA concatemers (37). Subsequently, capsid proteins,
produced in the L phase of expression, localize to the nucleus where the viral capsid is
assembled. Assembly begins with the construction of a capsid scaffold, to create a procapsid.
Then portions of a concatemer are cleaved into monomers after b.eing inserted into the procapsid.

With capsid proteins and DNA in place, degradation of scaffold proteins ensues. The complete
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capsid then buds through the inner nuclear merﬁbrane containing viral glycoproteins. After
release into the cytoplasm, capsids associate with viral tegument proteins (including VP16 and
vhs), and bud into exocytotic vesicles containing viral glycoproteins. Mature virions then bud
from the cell membrane and go on to infect other cells (15, 37, 47).

D. Details on VP16

The herpes simplex virus type 1 exploits cellular resources and machinery to produce more
virions. Virus particle 16, VP16, is a prime example of this ability to utilize the host cell’s
natural procésses for viral production. The VP16 phosphoprotein is also known as alphaTIF
(alpha trans-inducing factor), Vmw®o5, and ICP25. Its location on the HSV-1 genome is U 48,
and it does not demonstrate differential expression. VP16 is a structural member of the HSV-1
virion tegument that enters the nucleus with viral DNA. In addition to its role as a trans-
activator of genes, VP16 also modulates the viral host shutoff protein, vhs, and recruits vhs to
nascent virion capsids in the cytoplasm (40).

Upon infection, VP16 is released from the viral envelope into the cytoplasm where it
dissociates from its partner tegument protein, vhs, and binds to host cell factor 1, HCF. VP16 is
believed to have a higher binding affinity for HCF than vhs and forms a DNA-independent

heterodimeric complex. HCF then escorts VP16 proteins to the nucleus where the two form a

complex with Oct-1 and DNA (see Figure 8) (21, 23, 30, 53). Once in the nucleus, VP16 directs

the formation of a multiprotein-DNA complex (see Figure 9) (4). VP16 is a powerful
transactivator, which acts upon the cis-regulatory elements located in the promoter sequences of
the immediate-early (IE) genes. However, VP16 has weak DNA-binding affinity when it is not

bound as part of the VP16 induced complex, VIC (13, 40). This complex includes two host cell
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transcription factors, Oct-1 and HCF-1, and viral DNA coding for the cis-regulatory sequence
TAATGARAT (where R is a purine).

Oct-1 is an octamer-binding transcription factor with a POU domain allowing Oct-1 to bind
to ATGCTAAT consensus sequences. The POU domain has two regions; a carboxy-terminal
POU homeodomain (responsible for binding to DNA) and an amino-terminal POU-specific sub-
domain linked by a flexible sequence of amino acids (4). Studies have also demonstrated that
VP16 binds to two specific sequences in the cis-regulatory elements of IE genes (2, 30, 35, 38).
The GARAT sequence is important for VP16 binding to DNA in the VIC complex, as well as the
3-bp D clement, located 3' of the GARAT sequence (4). At low multiplicities of infection, MOI,
VP16 is required for initiating viral gene transcription (2, 44). However, once immediate early
gene transcription has begun, the expression of these genes is enough to sustain the lytic cycle.

VP16 also regulates gene expression by binding to and deactivating the virion host
shutoff protein, vhs (see Figure 9) (25, 43). During the HSV-1 lytic ;:ycle, vhs disables host
protein synthesis and initiates mRNA degradation at the onset of infection and in later stages (22,
25, 31, 42). The vhs phosphoprotein is 489-amino-acids in length and targets mRNA for
cleavage at non-sequence specific sites. Functional VP16 is‘necessary as a deactivator of vhs at
the later stages of the cycle; virions are not assembled when VP16 that cannot bind to vhs (29,
33, 47). VP16 is also responsible for incorporating bound vhs into the tegument.

HSV-1 VP16 is approximately 490-residues in length and contains an acidic carboxy-
terminal transcriptional activation domain. Deletion of this domain cripples the ability of VP16
to transactivate IE genes (20). Crystal structures characterizing the conserved core of VP16,

have identified several surface residues that are important for interaction with DNA and the VIC

complex (see Figure 10).
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.E. Purpose and Overview of Two Studies Concerning VP16

The two studies to be discussed are, “DNA recognition by the herpes simplex virus
transactivator VP16: a novel DNA-binding structure” and “A single amino acid substitution in
herpes simplex virus type 1 VP16 inhibits binding to the virion host shutoff protein and is
incompatible with virus growth” (4, 20). These recent studies have identified VP16 DNA
binding domain residues important for binding in the VIC complex and binding with vhs.
Significant discoveries such as these not only expand knowledge about the herpes virus proteins
and gene regulation, but also provide potential approaches to disrupting the lytic cycle of the
virus (4, 20). Knez goes so far as to suggest that inhibitors of the VP16 complexes could be
developed for use in antiviral therapeutics (20).

IL Materials and Methods

A. Cloning VP16

Site-specific VP16 mutations (for the second study to be discussed) were engineered by
Knez et al. using Stratagene’s QuikChange® Site-Directed Mutagenesis Kit. The mutat'ion of
leucine 344 to alanine in VP16, the VP 3444) mutant, was found to be important to the study,
rendering the cloning of this mutant equally important. The first step to constructing the
VP (13444) mutant was site-directed mutagenesis of the in virro transcription vector, pGEMSZA{(-)-
VP404 (Promega). The pGEMS5Z{(-)-VP404 “contains the Ncol/Sacll fragment” from “amino-
terminal residues 1 to 404 of VP16” in its multiple cloning site (see Figure 11) (20).
QuikChange site-directed mutagenesis introduced the leucine 344 to alanine mutation into
pGEMSZ1(-)-VP404 by using the oligonucleotide primer

5'-GTTGATTCGGGCGAAGCGGGACTCGTATTCCAG-3'
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(the altered nucleotides are displayed and underlined, and the complimentary oligonucleotide is
not shown). Site directed mutagenesis would have been preformed on DNA isolated from dam+
E. coli strains, because these strains methylate their DNA. Purified pPGEM5Zf(-)-VP404 was
then added tubes containing pfiTurbo® DNA polymerase (a high fidelity DNA polymerase), the
oligonucleotide primer displayed above, ANTP, buffer, and distilled-deionized water. The tubes
would have run through about 12 thermal cycles in temperature cycler to activate 12 cycles DNA
dissociation, annealing of primers, and DNA replication. During the last stage of each thermal
cycle, the pfuT urbo® DNA polymerése, would have extended the two complimentary
oligonucleotidebprimers using pGEMSZ{(-)-VP404 DNA as a template. This process would
have produced a plasmid containing staggered nicks with the desired leucine 344 to alanine
mutation. Upon completion of all 12 temperature cycles, Dpn 1, an endonuclease that targets
methylated DNA, would h'ave been used to digest parental DNA while leaving the mutated
plasmids intact. Subsequently, XL-1 Blue.supercompetent cells would have been transformed
with nickéd mutant and control plasmid DNA. The transformants repair the nicks in the
plasmids and would have been selected using antibiotic and color screening (46).

Once the VP (3444 mutation was made, the pGEMSZA(-)-VP404 1 3444) plasmid was
digested with Sall and Sacll once again to obtain a fragment of VP16 with the mutation. Knez’s
study uses the mammalian expression vector pEVRF65 in western blot analyses and virus
complementation assays (40). While pEVRF65 vector expresses the entire wild-type VP16 gene,
it has two Sall sites; one at residue 5 and another at residue 411. Site-directed mutagenesis was
employed to create a silent mutation at residue 411 and thus delete the Sall site from pEVRF65.
The sequ‘ences primers used in this reaction were 5'-CGCAGACTGTCTACGGCCCCCCC-3'

and the complimentary oligonucleotide. The new Sall deletion vector, pEVR65Asal, was then
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digested with Sall and Sacll. The “Sa/l/Sacll fragment was excised from pEVRF65Asal and
replaced with the corresponding SalﬁchII fragments” from the pGEMSX(-)-VP4041 3444)
mutant to create the pEVRF 65(L344 ) clone (40).
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Impact of Water Lilies (Nymphaea tuberosa) on Predator-Avoidance Behavior Aof
Daphnia magna

Lisa M. Harsch and Romi L. Burks
Abstract

Daphnia magna, a common species of freshwater large-bodied zooplankton,
undergo diel horizontal migration (DHM) into littoral zones in shallow lakes as a means
of predator avoidance. We wanted to determine hc;w different refuge properties of
floating-leaved macrophytes, e.g the white water lily, Nymphaea tuberosa, influenced the
survival of Daphnid. For example, stem density of Nymphaea might provide complexity
while the floating leaves, or pads, could lower light penetration. This experiment tested
whether the submerged vegetation,'ﬂoating canopy, or both proved necessary to attract
Daphnia and increase their survival against predators during both day and night. We
used zooplankivorous fish and larval odonates, dragonflies, as predators to determine the
refuge effects of the macrophytes. Surprisingly, we found no difference in abundance
during day and night. However, according to Daphnia aBundance results pooled among
all samples taken from different tréatments, the presence of submerged structure
significantly inc’reased Daphnia survival. Overall, our results showed that, in contrast to
the control groups containing no plants, floating-leaved macrophytes did serve as a
reasonablé refuge against predation. Howgver, mortality rates remained high within them
and any refuge provided depended on the submerged complex structuré.
Introduction

Submerged macrophytes play an important role in the ecosystem of shallow
freshwater lakes. They are the main impetus behind maintaining a state of clear water

versus turbid (Moss, 1998) as well as for providing a refuge to phytoplankton-grazing
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zooplankton (Carpenter and Lodge, 1986, Lauridsen ez al., 1996; Burks et al., 2002).
Turbid water occurs when a lake experiences eutrophication in which there is an excess
of nutrient loading (phosphorus and nitrogen) which causes an increase in phytoplankton
growth (Lauridsen et al., 1996, Moss, 1998). Macrophytes compete with phytoplankton,
commonly called algae, for nutrients (Cattaneo et al., 1998; Moss et al., 1998) and also
cause significant changes to abiotic of the water including light, temperature and
dissolved oxygen concentration (Frodge et al., 1990; Diehl and Kornijow, 1998).

Zooplankton and ofher microinvertebrates graze on the phytoplankton and
epiphyton which also attributes to the clear water state (Moss, 1998). Macrophytes
function in providing a refuge for zooplankton from predation by certain
zooplanktivorous fishes (Burks et al., 2001a). Such fishes, generally juvenile piscivores
or small planktivores, also use macrophytes as refuge from adult piscivores (Chick and
Mclvor, 1994, Jeppesen et al. 1997; Moss et al., 1998). In addition, macrophytes serve
as habitats for larval odonates and other benthic predators (Burks et al., 2001b). The
amount of plant density is thought to be negatively related to zooplankton mortality
(Schriver et al., 1995; Jeppesen et al., 1997).

Daphnia, a large-bodied zooplankter, is a commonly-found grazer in shallow
lake systems. These microcrustaceans, known as water fleas, are commonly studied due
to their wide distribution as well as their ability to survive well in culture. Although large
compared to other pelagic zooplankton, Daphnia can be considered an intermediate size
in comparison with all zooplankton. Thus, theoretically, they represent a median for the
study of zooplankton, especially in their effects on the ecology of shallow waters (De

Bernardi and Peters, 1987).
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When coming into contact with pelagic fishes, recent studies have indicated that,
Daphnia commonly undergo diel horizontal migration (DHM) into littoral zones as a
predator-avoidance strategy (White, 1998; Blindow et al., 2000; Burks et al., 2001a).
This is a behavior recognized in shallow water as opposed to deep water where studies
demonstrate that Daphnia undergo diel vertical migration (DVM) as a form of predator
avoidance (Stich and Lampert 1984). In areas were DVM takes place, Daphnia avoid
littoral areas and maintain themselves as an open water genus (Burks et al., 2001a).
Consideﬁng the general avoidance of plants, it is important to determine the effectiveness
and mechanism behind the use of macrophytes for protection. This information has not
been studied well.

For floating-leaved macrophytes, the predator avoidance action could be signaled
by the floating portion of the plant which creates a canopy over the water that blocks light
from entering (Frodge et al. 1990; Olson, 1995). Alternatively, the movement could be
caused by the structural complexity created within the submerged stems of the plants.
Identification of the actual stems or the general chemical cues that they give off
(Ostrofsky and Zettler, 1986; Dorn et al., 2001) rather than the effects perceived from
light may prompt the Daphnia (Marklund et al. 2001). The full effect of both stems and
floating canopy togethér may be requiréd to initiate this diel horizontal movement among
Daphnia.

In our study, we wished to identify the key factors behind Daphnia predator-
avoidance movement into floating-leaved macrophytes by determining the daphnid
resbonse to environments with oﬁly floating canopy, only submerged macrophyte stems,

or both canopy and stems. These treatments acted to separate the specific refuge
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The stem densities of all Nymphaea were statistically the same before alteration
into treatments (Fig. 2; 1-way ANOVA p <0.05). Although we collected more Daphnia
at night, no significant difference existed in the abundance of Daphnia at night versus
during the day (Fig. 3; 3-way ANOVA F| 25 = 0.886, p = 0.348). In addition, we did
not find a statistical difference between the abundance of Daphnia found at the upper
surface of the tubs versus the bottom (Fig. 4; 3-way ANOVA F, 1,3 F=1.362, p=0.245).
For these reasons, we pooled all daphnid abundance data to determine the overall impact
of the treatments.

We found that Daphnia abundance did significantly differ between treatments
(Fig. 5;1-Way ANOVA p=0.014). The “stems only” treatment did not differ from the
“canopy only” treatment (Tukey’s MCT p = 0.161) but it did differ from the treatments
containing “both stems ahd canopy” as well as the control groups (Tukey’s MCT p =
0.020, 0.023, respectively). The other three treatments did not show any significant
differences between them (Tukey’s MCT all p-values > 0.05). The presence of predators
played an extreme role on the mortality of the daphnids in every treatment expressed in
the low capture among each treatment (n < 24).

A considerable number of other invertebrates that were not originally placed in
the experimental tubs occurred in the samplés. The abundance of Choaborus dominated
in the “stems only” treatments more than any of the others (Fig. 6a; Tukey’s MCT
p<0.05). We found the abundance of mosquito larva to be significantly greater among
the “canopy only” treatments than the other treatments (Fig. 6b; Tukey’s MCT p<0.05).
An excessive number of Copepods occurred almost exclusively in the control groups

(Fig.6¢ Tukey’s MCT p= 0.027). The number of Eurycercus found in each treatment did

Spring 2003 : L. Harsch




The Rhodes Journal of Biological Sciences 41

the center, and one from the center (Figure 1). Different sampling positions insured that
all distributions of Daphnia are considered. After sampling, we filtered the contents
through a 50-um mesh filter and then preserved the contents in vials with Lugol’s

solution for later enumeration. We examined the samples under a dissecting microscope
to determine zooplankton abundance. We took recordings of the number of Daphnia,
mosquito larva, Chaoborus, copepods, and Eurycercus present in each sample. No other .
invertebrates occurred in the samples.

We used the number of Daphnia present as the dependent variable in a 3-way
analysis of variance (ANOVA) to determine differences among time (day vs. night)
sampling position (top vs. bottom) and treatment (stems, no stems, or both). Pooling
non-significant factors, we used a 1-way ANOVA to determine differences between
overall treatments followed by a post hoc, Tukey’s multiple comparison test to compare
differences between treatments. We used these tests to determine whether the presence
of structure, canopy, or both produced a signiﬁcant-imbact of the mortality rate of
Daphnia among natural predation.

Abiotic conditions

We monitored abiotic conditions in order to exclude alternative explanations for
the differences between treatments. Temperature and dissolved oxygen (DO) readings of
the surface, middle and bottom of each experimental tub occurred routinely. We took
measurements of water clarity using a Secchi disk.

Results

Outdoor Laboratory Study
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the bottom to determine Daphnia situational preference within the stratification of the
experimental environment. The third treatment (both stems and canopy) leavés the water
lilies completely intact. The final three tubs remained as controls, containing no plantsA
but the same amount of soil and predators.

Once the plants developed, the actual predation experiment began. We
enumerated the stem density of each tank to maintain uniformity between tanks. We
cultured Daphnia within the lab until time for their placement in the experimental tubs.
Each tub received an iniﬁal concentration of approximately 900 daphnids. Common
goldfish, Carassius auratus, acted as the representative zooplanktivorous fish, due to
their availability and the mortality rate of other species. We also gathered larval odonates
of varying sizes from a local pond. Each tub contained one goldfish, one large, larval
odonate, Somatochlora ozarkensis, between 0.2g-0.4g and a few smaller larval odonates
with a combined mass of approximately 0.4g to create natural predation for Daphnia.
Zooplankton Sampling

The experiment lasted approximately two weeks and included several samplings.
We added the initial concentration of daphnids to each tub at the beginning of the first
week. We collected 3 sets of paired day/night samples (Day 3/5, 7, and 11/12). We
sampled the tubs using a tube sampler (height = 44-cm). Measured on the tube, a 14-cm
sample holding approximately 450-mL of water represented “top” samples and a 29-cm
sample holding approximately 1.06 L of water taken from the entire depth of the tub
constituted the whole sample. In each tub, we took three samples from the top for a
combined top sample and three samples from the bottom for a combined bottom sample.

One sample occurred near the outside edge, one from the middle between the outside and
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mechanisms. We also examined diel effects in relation to nighttime versus daytime when
fish are considered to be more active as visual predators (Lauridsen et al., 1996; White,
1998). To assess the impact of multiple predators, as would be present in nature, we also
included larval dragonflies in our study which are benthic predators known to feed on
Daphnia when present (Burks et al., 2001b). Together, these predators provided an
effective environment for investigating the mechanism of predator-defense among
macrophytes.

Methods

OQutdoor Laboratory Study

The research took place in an outdoor courtyard at Rhodes College in Memphis,
TN in late summer. We used 12, large 54-gallon black tubs for the experiments. The
water lilies, Nymphaea tuberosa, occurred in 9 of the tubs, planted in May, allowing 3 for
controls. We divided the original Nymphaea tubers into 3 groups of small, medium and
large. Each of the tanks received approximately 40 small tubers, each with a weight
below 5.5g, 45 medium tubers ranging from 5.5g- 13g and 3 large tubers with weight
greater than 13g. We allowed 3 months for growth. The éxperiment took place in an
outdoor uncovered courtyard in order to create a natural environment subject to all
naturally occurring weather and insects.

Before adding any animals to the experiment, we assigned the tubs to four
different treatments. In the first treatment (stems only), we removed all of the floating
vegetation from the plants leaving only the submerged stems. In the second treatment
(canopy only), ﬂoating tops remained but we cut the submerged stem from the water

surface to approximately two inches from the soil bottom. We left minimal vegetation at
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not statistically differ but it appeared to be much greater among the “canopy only” and
control treatments, those treatments containing no submerged vegetation (Fig. 6d).
Abiotic conditions

The overall temperature did not differ significantly among tubs with the exception
of the surface température being slightly lower in the tanks containing the full plant,
stems and canopy (Taple 2; 3-way ANOVA, 3 F = (top) 6.923, (mid) 5.677,(bot) 21.790
all p-values < 0.05). We found dissolved oxygen (%) to be significantly different
betWeen treatments as well as di_ffering between surface, middle, and bottom
-(Fig. 7; Tukey’s MCT all p-values <0.05). The “stems only” treatment had the highest
percent followed by the control group. The two groﬁps which contained a floating-leaf
canopy (“canopy only” and “both stems and canopy”’) were found to have much lower
percentage than the other two. Water clarity tested with a Secchi disk proved to be fairly
similar between the treatment groups in contrast to that of the control groups which

experienced a exceptionally high level of clarity.

Table 1. Mean temperature, dissolved oxygen, and water clarity through Secchi disk

measurement (+ 1standard deviation).

Treatment Mean Temp. °C Dissolved Oxygen Secchi Disk in cm

“Stems Only” | Surface | 32.37 + 0.47 | Surface | 17.17+2.02 | 11.67 + 2.89

Middle | 31.3+1.15 | Middle | 10.17 £+ 6.07

Bottom | 30.53 + 0.45 | Bottom | 5.75+2.22

“Canopy Only” | Surface | 32.53 +£0.31 | Surface | 839+3.19 |10.0+2.0
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Middle | 31.60 £ 0.50 | Middle | 4.48 £2.16

Bottom | 29.37 £ 0.59 | Bottom | 0.64 = 0.48

“Both” Surface | 31.10+ 0.20 | Surface | 6.11 £4.84 | 16.67+4.73

Middle | 30.33 +0.57 | Middle | 2.13+1.20

Bottom | 29.77 £ 0.21 | Bottom | 1.86+1.79

Contfol Surface | 32.23 £ 0.40 | Surface | 12.35+1.77 | 29.0 = 3.61

Middle | 31.40 +0.72 | Middle | 12.18 £2.02

Bottom | 29.47 +1.42 | Bottom | 9.66 + 0.90
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Figure 1.

OUTSIDE

MIDDLE

Figure 1. A surface view of the tubs which indicates the three positions in which
we took samples.
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Figure 2.

Average Nymphaea density (+1 SE)

Tank number

Figure 2. The average stem densities found among Nymphaea tuberosa in the
tubs before transformations into different treatments for use in the experiment
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Figure 3.

Mean Abundance of Daphnia (#/L)(+1 SE)

Day Night

Time

Figure 3. A display of the mean abundance of Daphnia recovered during the
night versus those recovered during the day. Absence of any asterisk indicates the
lack of statistical difference.
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Figure 4. The mean Daphnia abundance we collected from samples taken from

the top versus those taken from the whole length of the tub including bottom.
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Mean Number of Daphnia (+ 1 SE)
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Figure 5. A significantly greater abundance of Daphnia occurring in the “‘Stems
only” groups as compared with the lower abundance occurring within the other
treatments.
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Figure 6a. The abundance of Chaoborus occurring within the different tubs.
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Figure 6b.
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Figure 6b. The amount of mosquito larva occurring in the tubs compared with the
treatment in which it was persisting.
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Figure 6c.
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Figure 6¢. The mean abundance of copepods occurring within the treatments.
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Figure 6d.
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Figure 6d. The mean Eurycercus abundance occurring within the different
treatments.
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Figure 7.
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Figure 7. The mean dissolved oxygen concentration found in the surface, middle,
and bottom layers of the different tubs compared with treatment.
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Figure 8.

Water Clarity incm (£ 1 SE)
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Figure 8. Results of the amount of water clarity found with in each tub in
comparison with its treatment.

Discussion

High Daphnia morfality occurred throughout all divisions of the experiment. The
multiple predators consumed nearly all specimens. The “stems only” experimental tubs
showed the most sigﬂiﬁcant potential for predgtor avoidance by the number of Daphnia
recovered. Our results are comparable to other experiments which indicate that an
increase in dehsity and complexity of the macrophytes is positively correlated with a
decrease in predation (Winfield, 1986; J eppesen et él., 1997; Burks et al., 2001). This

decrease may occur because prey fish prefer sparse vegetation, thus keeping
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planktivorous fish within minimal densities (Jeppesen et al., 1997; Murklund et al.,
2001). The difference, however, is that in this experiment the “both stems and canopy”
tubs did not display a significant role as an anti-predator refuge. Thus, it remains a bit
perplexing as to why the addition of the canopy negated the refuge effect instead of
supplementing it.

The “tops only” tubs, or canopy alone, did not appear to serve as a refuge. These
results lead to the indication that the canopy creates its own effect. According to Frodge
et al. (1990), developrﬁent of dense macrophyte canopies contributes to a partitioning of
the littoral water column into areas with distinct physical and chemical characteristics.
One of these characteristics is change in the lighting. This lack of lighting would
presumably be linked to inefficiencies among visual predators. However, several studies
contradict this notion (Blois-Heulin et al., 1990; Moss et al., 1998; Burks et al., 2001).
According to our water clarity results using the Secchi disk, the depth of light penetration
within the different treatments was basically the same, thus indicating some other reason
for our results.

If low light cannot explain our results, dissolved oxygen (DO) could have
produced an impact. In our experiment, significant differences in DO existed between
those experimental tubs which contained é form of canopy (“‘canopy only” and “Both”)
and those which contained no form of canopy (“stems only” and control). The DO in thé
canopy tubs was lower overall than that found in the non-canopy tubs. This is consistent |
with other experiments that indicate that the canopy of floating leaves reflects a marked
change in DO concentration (Carpenter and Lodge, 1986; Frodge et al., 1990). Further

experimentation is needed to elaborate on the idea of DO being the reasoning for
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Daphnia movement into littoral zones. Other abiotic conditions did not seem to differ
very ..greatly between treatments, thus indicating their lack of significance in the defense
mechanism.

Other factors may also be associated with the canopy. Several studies investigate
the idea of chemical cues from plants (Olson et al., 1995; Burks et al., 2001; Burks and
Lodge, 2002). Many herbivores feed on aquatic plants. In defense of this herbivory,
many plants produce toxins which deter the predator either immediately or over time
(Cronin, 1997; Dom et al., 2001). Thesé chemical toxins may be released into the water,
thus signaloing the dispersal of any microinvertebrates especially Daphnia (Lauridsen and
Lodge, 1996). This mirrors the influence of chemical cues thought to be released from
other_predators (Kvam amd Kleiven, 1995; Bronmark and Hansson, 2000). The
chemicals are supposedly found within the leaves of the macrophytes (Ostrofsky and
Zettler, 1986), which could indicate why the canopy of the Nymphaea produced neggtive
r¢fuge effgcts.

A significantly higher presence of Chaoborus with in the “stems only” treatments
versus the other treatments serves as an additional factor that suggest the stems to provide
adequate predator refuge. Chaoborus feed on juvenile daphnids, thus providing an
additional predator to the Daphnia population within the tubs. According to Kvam and
Kleiven (1995), Daphnia species respond to chemical signals from Chaoborus and
change their migration patterns. Chaoborus eat significantly more daphnids in the light
thus illustrating their dependence on visual prey detection (Kvam and Kleiven, 1995).
The submerged density of the plants may produce a visual deterrence for Chaoborus.

The fact that they are more heavily present in the “stems only” tubs indicates that they
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may too be influenced by abiotic conditions. Their lack of presence in the control groups
demonstrates the further effects of the stems in providing protection from predators for
them as well. In lakes where Chaoborus and Daphnia coexist, more studies are
necessary to better understand their relationship with macrophytes.

Results from this experiment contradict the idea that a difference exists in
Daphnia location between day versus night. Daphnia are considered to be an open-water
genus (Moss et al., 1998) that undergoes diel horizontal migration (DHM) in to the
littoral Zoh.e duﬁng the day for protection from zooplanktovorus fish (Jeppesen ef al.,
1997; White, 1998; Burks ef al., 2001). Our results did not find any significant.
difference betweeﬁ the abundance of Daphnia among all treatments during the day versus
their abundance during the night. This, however, is complementary to other experiments
which have experienced the same results (Lauridsen et al., 1996; Murklund et al., 2001).

~ Macrophytes provide a refuge for shallow water grazing Daphnia from predatofs.
The mechanism of this refuge within floating-leaved macrophytes centers on the
complexity of the stems alone with the presence of the canopy leaves having negative
effects. Further research among the differences between floating-leaved and submerged
macrophytes is necessary to detérmine the relationship between the stems and the refuge.
Abiotic conditions appear to be provide the probable reasons; however, more detailed

studies of these aspects are needed.
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Activation of GABA-B Receptors Attenuates N-type and Facilitates L-type Calcium
Currents in Isolated Hippocampal Neurons through Different Intracellular Mechanisms

A. Paydar, Rhodes College, Memphis, TN and M. Mynlieft, Marquette University, Milwaukee, WI

Introduction:

The GABA-B receptor pathway, which is activated by GABA neurotransmitter under
normal physiological conditions, regulates synaptic neurotransmitter release.by modulating
calcium currents (Ica2+) in both excitatory and inhibitory hippocampal neurons. Upon activation,
this metabotropic pathway controls presynaptic calcium influx through high voltage activated
(HVA) calcium channels (chiefly N- and L-type). Studies with specific channel antagonists have
previously demonstrated that the GABA-B receptor activation produces two opposing effects on
calcium conductance in these cells. It can distinctively attenuate Ic,p+ through N-type channels
and facilitate, or increase, Icao+ through L-type channels. GABA-B induced attenuation of
calcium influx through N-type channels, which mostly reside at the nerve terminal, plays a role
in presynaptic autoinhibition of neurotransmitter release. On the other hand, GABA-B
facilitation of calcium currents through L-type channels, which occupy the neuronal soma and
proximal dendrites, governs such processes as enzymatic activity and gene expression. These
discrete effects are often present simultaneously in a single cell (Carter and Mynlieff, 2001).

Many intracellular mechanisms for both N-type inhibition and L-type facilitation of Icao+
hav¢ been observed and proposed in different neuronal systems, all of which involve
transmembrane G-protein activation (Table 1). Different subtypes of G-proteins are speculated
to medi.ate this mechanism either by direct allosteric coupling with the calcium channels or,
alternatively, by amplification or depression of second messenger molecules (e.g. cAMP and
DAG), possibly resulting in an increase in activi~ty of kinases, such as Protein Kinases A (PKA)

or Protein Kinase C (PKC). The discrepancy between the previous findings is most likely due to
Spring 2003 A. Paydar




The Rhodes Journal of Biological Sciences 62

observations in different cell types. None of these experiments have specifically focused on‘the

intracellular mechanisms for GABA-B regulation of HVA calcium channels in rat hippocampal
neurons, particularly the inhibitory interneurons.

The present study investigates the specific intracellular pathways through which GABA-
B receptor activation inhibits and facilitates N- and L-type calcium channels, respectively, in
cultured hippocampal neurons. The effects of baclofen, a GABA-B agonist, on calcium currents
in cultured rat pup hippocampal cells is examined in control cells and in cells treated with
pertussis toxin, which permanently inactivates the G; and G, protein a-subunits, or RP-cAMP,
Whiéh inactivates PKA.
Methods:

The heterogeneous excitatory and inhibitory neurons that constitute the superior region
(CA1) of the hippocampus were initially i'solate‘d for electrophysiological recordings. As
explained by Mynlieff, transverse hippocampal slices were obtained from 5-8 day old Sprague-
Dawley rats (Rattus norvegicus) and later cultured (1997). After a 24-hour incubation period,
whole cell patch clamp recording (voltage clamp mode) was carried out at room temperature on
the isolated neurons with a DAGAN 3900A amplifier (DAGAN Corp, Minneapolis, MN),
Digidata 1200 data acquisition system and PClamp 8.0 software (Axon Instruments, Forest City,
CA; Cartef and Mynlieff, 2001). Recording electrodes weré méde from borosilicate glass and
had resistances of 4-8 MQ when filled with 10mM CaCl,, 145mM TEA-CI, 10mM HEPES,
I1uM TTX, pH 7.4. Cells were bathed in a 10 mM calcium based external solution (140mM
CsAsp, SmM MgCl,, 10mM CsEGTA, 10mM HEPES, 2mM ATP-Na,, 0.1mM GTP, pH 7.4).
Calcium currents were elicited by a single 300ms depolarizing pulse to 10mV from a holding
potential of -80mV or by successive 300ms depolarizing pulses from ~50 to +50 mV in 10mV

increments from a holding potential of -80mV.
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The experiments in this study were conducted under three separate conditions. First, a
control study was performed to examine the cultured cells’ natural calcium current responses to
GABA-B receptor activation. By using a U-tube system, 10uM baclofen was directly
superfused onto the entire cell in the recording dish in order to specifically activate GABA-B
receptors expressed by these cell (Carter and Mynlieff, 2001). Then, cultured dishes were
incubated overnight (minimum of 16 hours) with the Go,0/Gjq protein inactivator, pertussis toxin
(PTX), prior to recording. 200ng/ml PTX was applied one hour after the cells were dissociated
in culture. Finally, 50 uM Rp-Adenosine 3°,5’-cyclic onophosphorothioate triethylammonium
(RP-cAMP) was infused into another population of cells by intracellular dialysis in order to

inhibit PKA activity at the time of recording.

N-Type inhibition:

Direct Coupling = -
GABAg > G > L,
(Clapham, 1994; Shen & Slaughter, 1999; Misgeld et al, 1995; Sweeney & Dolphin, 1992; Zhang et al, 1997; etc. )

GABAB 9 GBY Direct Coupling > \L ICa
(Hille, 2001; Clappham, 1994; Zhou et al, 2000; etc.)

GABAg = Gio > L AC 2> { cAMP > 4 PKA > 4 I¢,
(Hille, 2001; Bowery et al, 2002; Freissmuth, 1989; Misgeld et al, 1995; etc.)

GABAg > Gy > AC © ¢cAMP > PKA D | I,
(Carter & Mynlieff, 2001)

L-type facilitation:

GABAg > Goo Direct Coupling > 0 Ieq
(Sweeney & Dolphin, 1992)

GABAg = Gyo. > AC > cAMP > PKA > T,
(Hille, 2001; Capogna et al, 1995; Obrietan & van del Pol, 1997; Kavalali et al, 1997; Clapham & Neer, 1993; etc.)

GABAg > Gg, / Gqo. > PLCB > DAG > PKC > TI, }
(Hille, 2001; Clapham & Neer, 1993, Bartschat & Rhodes, 1995; Bowery et al, 2002; Shen & Slaughter, 1999).

Table 1: Possible intracellular pathways proposed by former experimentalists that may mediate N-type inhibition
and L-type facilitation of I¢,,. by GABA-B activation.
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Results and Discussion:

The original inward currents traces evoked due to calcium influx at different time
intervals during recording from a single cell (Figure 1A) are converted to voltage-current (IV)
relationship curves that illustrate peak, sustained, and transient I, as a function of an
increasing membrane voltage (Figure 1B). These IV plots are used to determine the peak
currents that show a prominent change in calcium currents due to the application of baclofen for
all the patch clamped cells. - Representative examples of cells that exhibit different responses (N-
type inhibition, L-type facilitation, or no response) to baclofen are shown in peak current versus
recording time graphs for the control, PTX, and RP-cAMP experiments (Figures 5-7
respectively). Linear regression lines in these graphs (fit with control and washout data points)
exhibit the magnitude of change in currents during the application of baclofen for all the
recorded cells. Consequently, the average percent changes in peak currents upon baclofen

application for all three experimental conditions are determined (Figu're 6).

Cavaara Membrane Voltage (mV)
40 20 0 20 40
& n \\n 1 .
< o -2 \/
<
s e
N &
50 ms § 400 |
—s— Peak Ca2* currents
—e— Transient Ca2* currents 600
—a— Sustained Ca2* currents
-800 J
(A) (B)

Figure 1: A) Inward calcium currents were elicited by a series of 300ms depolarizing pulses from —50mV to
+50mV in 10mV increments from a holding potential of —-80mV. B) A voltage versus current plot represents the
peak current of recorded calcium traces, the sustained current (baseline current observed at the end of the traces),
and the transient current (the difference between the peak and sustained currents in pA).
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Figure 2: Time vs. current graphs show an example of a control cell exhibiting no response to baclofen, one
showing inhibition, and one displaying facilitation of 1¢,,. (black points represent control and washout recordings
and the white point represents recordings during baclofen application). Linear regression lines are produced using
control and washout data points.
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Figure 3: Time vs. current graphs show an example of a PTX-treated cell exhibiting no response to baclofen and
one showing facilitation of I¢,». (black points represent control and washout recordings and the white point
‘represents recordings during baclofen application). Linear regression lines are produced using control and washout
data points.
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Figure 4: Time vs. current graphs show an example of a RP-cAMP-treated cell showing no response to baclofen,
one exhibiting inhibition, and one displaying facilitation of I¢,. (black points represent control and washout

recordings and the white point represents recordings during baclofen apphcatlon) Linear regression lines are
produced using control and washout data points.

Figure 5 Average percent changes in peak currents upon application of baclofen under control, PTX-treated, and
RP-cAMP treated conditions are illustrated in the left, middle, and right graph respectively. The number of cells
tested is indicated in parentheses for every effect.
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The control experiment carried out in this study demonstrates the unmanipulated
response of cells to the baclofen-induced GABA-B activation. Control results contain 2 cells
showing no stgtistically significant response to the application of baclofen (-3.33%), 6 cells
exhibiting inhibition (-7.60% £ 2.16), and 1 cell displaying facilitation of calcium currents
(31.73%; Figure 5). Former investigations of GABA-B modulation of I¢,,+ in heterogeneous
hippocampal cell populations show similar results. Carter and Mynlieff have identified that 15%
of cells non-responsive to baclofen, 54% demonstrating inhibition, and 30% exhibiting
facilitation of peak Ica2+ (2001). These different responses to GABA-B activation may reflect
the complement of Ca®* channels in different cell types or differential coupling between the
GABA-B receptors and various second messenger systems. In other words, this data account for
the heterogeneity of the various cell types in the hippocampal cultures that use various types of
Ca2+ channels and signal transduction systems, and thus, response differently to baclofen.

Results from the PTX experiment provide evidence as to whether Gija or G,o protein
subtypes are involved in the GABA-B metabotropic pathway that leads to N-type inhibition or L-
type facilitation of Ican+. In this study,v six cells exhibit no statistically significant response to
baclofen (-5.25% % 2.42), 0 cells demonstrate inhibition, and 2 cells display facilitation
(29.33%; Figure 5). These data suggest that N-type inhibition of Icaz+ is hindered by PTX’s
inactivating Goo/Giat protein subunits, verifying that N-type inhibition is probably mediated by
Gia or G, rather than by Gy, an, or GBy subunits. L-type facilitation of Ic,2+, however, is
not affected by PTX application, suggesting that the signal transduction pathway that results in
facilitation does not depend on a PTX-sensitive Gi/G,-protein subtype. These results are
supported by findings of Clapham (1994), Shen & Slaughter (1999), Hill (2001) and many

others. Accordingly, attenuation, and not facilitation, of Ic,o+ by GABA-B receptors is mediated

by a PTX sensitive G-protein (G; or Gy).
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The experiment with Rp-cAMP investigates the involvement of PKA activity in the
GABA-B modulatory pathway, allowing us to eliminate more possibilities of the proposed
mechanisms of GABA-B inhibition and facilitation. In the PKA inhibition study, 2 cells
demonstrate no statistically significant response to baclofen (-2.26%), 4 cells exhibit inhibition (-
24.21% % 5.28), and 3 cells demonstrate facilitation (26.08% =+ 2.51; Figure 6). Evidently,
neither inhibition nor facilitation is affected by RP-cAMP’s PKA blocking capacity since these
results are very similar to the control data. Thus, according to these results, it is likely that
kinase activity by PKA, in particular, does not play a major role in intracellular modulation of
Ica2+ by GABA-B receptors in hippocampal neurons, regardless whether it is a decrease or an
increase in kinase activity. These findings are specifically in accordance with and supported by
the observations of many others (Clapham and Neer, 1993; Bartschat and Rhodes, 1995).
Nonetheless, it has been formerly proposed that PKA activity may still play a minor role in
facilitation of L-type channels (Shen and Slaughter, 1999).

In conclusion, after refuting certain formerly proposed mechanisms and supporting
others, our findings suggest that inhibition of I,,+ by activation of GABA-B receptors is most
likely through direct allosteric coupling of G, proteins with N-type calcium channels (Table 2).
In addition, GABA-B Ica,+ facilitation may be primarily linked to PKC kinase activity that leadé
to activation of L-type channels through internal phosphorylation; although PKA might still play
a minor role in this pathway (Table 2). More studies need to be performed to confirm these
results. More cell recordings need to be carried out for each of these experiments to reduce the
sampling error. The PKA inactivation data (RP-cAMP experiment) may also be confirmed by
using another type of PKA inhibitor. Furthermore, other pharmacological manipulations need to

be directed towards other G-proteins, second messenger molecules, and protein kinases to
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eliminate other possibilities of how the GABA-B receptor modulates these HVA Icg+ in

hippocampal neurons.

N-Type inhibition:
(Clapham, 1994; Shen & Slaughter, 1999; Misgeld et al, 1995; Sweeney & Dolphin, 1992; Zhang et al, 1997; etc. )

Direct Coupling LI
v ca

L-type facilitation:

GABAg = Gp,/ Gqo. > PLCB - DAG = PKC > 1L,
(Hille, 2001; Clapham & Neer, 1993, Bartschat & Rhodes, 1995; Bowery et al, 2002; Shen & Slaughter, 1999)

Table 2: Experimentally supported GABA-B receptor metabotropic pathways that distinctively modulate N- and L-
type HVA calcium channels in the hippocampal neuronal system.
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Quantitative Real-Time RT-PCR Assay

Shauna Torrence

ABSTRACT

Background: To evaluate potential anti viral treatment strategies and to understand RSV pathogenesis
requifes quantitative tests for RSV. Currently, this is determined by quantitative culture (plaque assay); however,
real-time quantitative RT-PCR theoretically offers the potential advantages of increased sensitivity, stability of
the assay after specimen freeze/thaw, and low cost. These potential advantages would facilitate multi-center
studies of pathogenesis and therapeutic trials.

Methods: The GenBank Database, was searched to locate conserved regions within the RSV genome.
Due to relatively low homology between strains A and B, these strains were separated and homologous regions
within each strain were analyzed to find appropriate primers and prqbes. A quantitative viral RNA extraction |
protocol was developed for use on nasal washings followed by reverse transcription and subsequent real-time
PCR reaction using ABI 7900HT. Primers and probes from regions of the N gene and F gene were developed.
RSV A patient aliquots which had been frozen for >1 year at —80 °C, but had been quantified fresh using plaque
assay were analyzed. Values were extrapolated from standard curves prepared by parallel RNA extraction of
RSV-A long quantitative standards. |

- Results: The predicted quantity of RSV as measured by real-time RT-PCR using RSV-A N gene in

spiked nasal Washings correlated well with predicted values (R°=0.9560) (n=8). The lowér limit of detection was
10"’ PFU/mL. The quantity of RSV from supematant.s of 'HEp-2 cells infected with individual patient isolates
measured by real-time RT-PCR correlated with that measured by fresh plaque assay (R*=0.866) (n=22). The
quantity of RSV in direct patient specimen (respiratory secretions) was measured by real-time RT-PCR. Intra
assay precision was high (R>=0.961, n=35). Results correlated with that measured by fresh plaque assay
(R*=0.296) (n=35) (P=0.0007). Mean values in log PFU equivalents/mL were 1.31 times higher than those
obtained by plaque assay.

Conclusions: Real-time RT-PCR appears to provide sensitive and reliable quantitative assessment of

RSV A strains in frozen patient specimens, correlating with existing fresh plaque assay values. Further evaluation
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is necessary to define the kinetics of RSV using this assay and to compare the plaque assay with the real-time RT-

PCR assay under the influences of neutralizing antibodies and other antiviral experimental therapeutics.

INTRODUCTION

Respiratory syncytial virus‘(RSV) is the most common cause of lower respiratory tract infections in
infants. In the United States, RSV hospitalizes 3% of all previously healthy infants within their first year of life
[1], and the rate is increasing [2]. RSV has now become the single most common cause of hospitalizations in
infants less than two years of age [3]. The virus, characterized by bronchiolitis, which causes wheeéing, lung
hyperexpansion and hypoxia, and is often associated with pneumonia, occurs in annual outbreaks in the winter
months of temperate climates.

RSV is known to be a single-strand RNA virus that targets the respiratory epithelium, but the general
pathogenesis is not well understood. It is thought that ‘c‘lisease is due to both direct cytopathic effects of the virus
and a pathogenic proinflammatory response [4,5]. There is no vaccine for RSV, and the only FDA-approved drub
treatment currently available, aerosolized ribavirin, provides only moderate reduction of RSV concentrations,
with the clinical benefits remain debatable [6]. Although clinical research has shown a direct correlation between
the quantity of RSV presenvt‘ in the patient and disease severity, the theoretic utility of any antiviral treatment
remains in doubt [6]. However, determining the success of this type of treatment requires the accurate ability to
measure viral load in re§piratory secretions.

Quantita}ive culture is the. current method used in determining viral load of clinical samples. Reverse
transcription polymerase chain reaction (RT-PCR) may offer several potential advantages in determining viral
load including an increése in sensitivity and dynamic range, stability after freeze/thawing patient specimen thus
facilitating multi-center trials, low cost, and the inability of neutralizing antiBodies and experimental antivirals
used in RSV therapy to affect this assay. | |

PCR does however present some problems in the quantification of RSV in that the final concentration of
amplicon does not reflect the starting concentration of DNA. This disadvantage has been overcome with the
development of real-time PCR‘, a technique that can perform amplification, detection and quantification all in one

closed system as the amplification cycles are ongoing {7,8]. The 5 and 3” ends of the probe are linked
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respectively to a 6-FAM reporter (6-carboxyfluorescein) and a TAMRA quencher (6-

Cérboxytetramethylrhodamine) (Figure 1). As the Taq polymerase begins transcription, its 5’ endonuclease
activity begins to digest the probe, releasing the reporter from its proximity to the quencher such that the
fluorescence can be detected. This increases as the PCR products accumulate., At a cértain point during
amplification, there is an exponential accumulation of PCR product (fluorescence) detected at differing time
intervals within each reaction tube. This is known as the threshold cycle (Cy), the point at which the amount of
fluorescence rises exponentially above the background. There is a linear relationship between the C, and the log
of the starting amount of DNA template.

Due to the need for viral quantification in the study of RSV pathogenesis and control as well as the
potential advantages of real-time RT-PCR for quantification of RSV, we sought to design, deveIOp,‘and validate

such an assay.

MATERIALS AND METHODS
Figure 1: Process of Absolute Quantification Quantitative Culture by Plaque Assay
Polymerization R o Beportsr .
Forward ® .. @ Hep-2 cells at 80% confluency were placed in
Timer Y robe
. . 12 well plates. The plates were then inoculated with
- 5
Reverse .
Primer ten-fold serial dilutions in triplicate. After one hour
Strand displacement .
@R Probe j_ incubation at 37°C, methylcellulose media was added

to the plates. The plates were allowed to incubate for

4

Cleavage @ five days and were then fixed and stained with Eosin.
¢
- '
s : Probe @3 The plaques were counted using an inverted light
3 5
P . microscope.
Polymerization completed o @ ' Creation of RSV Standards
@l' - Probe ;3, .
5 AN 4 > A passage of HEp-2 cells was inoculated with
ka .
5 3
< 5 an aliquot of lab strain RSVA-long. After five day

incubation, allowing for optimal cytopathic effect on the cells, the supernatant was removed, aliquoted, and frozen
at -70°C to preserve the RSV. A fresh plaque assay was run on one aliquot of the supernatant to determine the

viral goncentrétion of the RSV A-long strain prior to freeze/thawing at differing serial dilutions. A second assay
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was run on a frozen aliquot of the same viral strain to determine parallel quantitative culture between fresh and
frozen samples. The concentration generally achieved is approximately 107 plaque forming units per milliliter
(PFU/ml) and is the value assigned to our lab standard. Parallel aliquofs were also used for real-time RT-PCR to

allow for comparison of fresh plaque assay and the effects of freeze-thawing on real-time RT-PCR results.

Human Subjects and Clinical Specimens

Respiratory secretions were collected by members of the research team in a standardized manner and placed
immediately in a RSV stabilization media on wet ice. Quantitative cultures were initiated with fresh respiratory
secretions within four hours of collection. Subjects were identified using RSV DFA or Directigen® (Becton

Dickinson, Franklin Lakes, NJ), an

Figure 2: Significant Similarity Map of N Gene A and B Strains . )
v available, rapid RSV diagnostic test.

#Areas of significant similarity (in windows 20 bases in
Subjects were enrolled if they were '

i

NC_001B803N
Mil4g8N
M74 568N
U39e62N
X000 LN

=

NC_001761N
DO0736N . .
had congenital heart disease,

sw .
|

RSV positive and were < 2 years of

- owm w ww

age. They were excluded if they

A strains : . . . !
immunodeficiency, and chronic lung 5

disease or had received corticosteroids (conditions thought to disturb the relationship between RSV load and

disease severity. The Institutional Review Board of the University of Tennessee approved all activities.

Selection of Primers and Probes v ' ' ‘.
All available nucleotide sequences of both RSVA and RSVB wild type strain genomes were accessed i

from the GeneBank database. Experimentally mutated strains were excluded. All genes were then aligned and
analyzed for areas of signiﬁéant homology withiﬁ each gene of the GeneBank strains using Clone Manager
Suite™ (Figure 2). It is necessary to conserve complete homology between the differing strains of both RSVA
and RSVB to ensure amplification kinetics are the same, which is necessary for accurate absolute quantification
for all wild type strains. There were no regions in which strains from both the RSVA and RSVB subgroups were
completely homologous therefore the subgroups were analyzed separately to determine the most appropriate sites

for primers and probes. Although some of the genes with in each subgroup were discarded due to insufficient
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areas of homology with in each wild type strain, such genes as N, L, and F showed sufficient regions of homology

and were studied further.
Homologous areas of N, L, and F gene were analyzed for areas of complete homology and for primer and
probe placement using Primer Express® (Applied Biosystems). This was done for each of these genes within

each strain of both subgroups (RSV-A and RSV-B). The program was set to look for TagMan® minor groove

Figure 3: Conserved Region of N Gene (A Strains)

NC_001803NA 1
M11486NA 1
M74568NA 1
U39662NA 1
X00001NA 1
NC_001803NA 71
M11486NA 71 ¢
M74568NA 71
U39662NA 71
X00001NA 67
NC_001803NA 141
M11486NA 141
M74568NA 141
U39662NA 141
X00001NA 137
NC_001803NA 211
M11486NA 211
M74568NA 211
U39662NA 211
X00001NA 207
NC_001803NA 281
M11486NA 281
M74568NA 281
U39662NA 281
X00001NA 277

binding primers and probes. The procedure was successful for both the N and F genes. Primer pairs and probes
were found with appropriate predicted annealing and melting temperatures for both the N and F genes (RSV N-
gene shown only, Figure 3).

Viral RNA Extraction and Reverse Transcription
RSV vRNA was extracted using a QlAamp® Viral RNA Mini Kit (Qiagen, Valencia, CA) utilizing

centrifugation and the unique binding properties of silica, which elutes at least 90% of the viral RNA from the

sample.
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Reverse Transcription was preformed using Omniscript™ Reverse Transcriptase and the primer for
RSVA N gene (5’-ATGGCTCTTAGCAAAGTC-3’). The RT sample was allowed to incubate at 37°C for one
hour fgllowed by reverse transcriptase inactivation at 95°C for 5 minutes. The samples were then immediately
placed on ice.

Real-Time RT-PCR
Frozen aliquots of RSV-A long standards were run in a 96 well plate in five 10-fold serial dilutions using

an ABI Prism® 7900HT Sequence Detection System (Applied Biosystems International). The primers and
probes created for the RSV-A N gene are listed as follows: fqrward primg:r-S’-
CTGTCATCCAGCAAATACACCATCCA-3 ’, reverse primer-5°-
TTCTGCACATCATAATTAGGAGTATCAA-3’, and probe-5’CGGAGCACAGGAGAT-3’ (Figure 3).
Following reverse transcriptase inactivation, reaction mixtures of 25l ;Jvere analyzed in triplicate, which
consisted of: 900nM forward primer, 900nM reverse primer, 250nM p;obe, 12.5u1 2X TagMan® Universal PCR
Master Mix, 5.0ul template cDNA, and 0.5ul of RNase-free water. Each PCR reaction plate also contained a
negative control in which water was substituted for cDNA. Thé reaction was carried out under the following
thermal dynamic cycle parameters: 2 minutes at 50°C, 10 minutes at 95°C, 40 cycles of 15 second iﬁtervals at
95°C and one minute at 60°C.

Standard curves were constructed based on the cyéle threshold resﬁlts of the real-time RT-PCR reaétion
as compared to the known PFU/ml obtained from quantitative culture of fresh plaque assay. The standard curves
were used to interpolate the starting vVRNA concentrations in log PFU equivalents/ml (PFUe/mL) of the unknown

patient samples.
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RESULTS

Quantification of RSVA-long Standards Using the F and N Genes

A set of four RSVA-long standards were quantified using real-time RT-PCR for both the N and F genes.
The amplification plot of the C, values for the N gene read 2.22-2.29 equivalents lower than those of the F gene.

Quantitative culture by fresh plaque assay suggests that each equivalent of standard produces the same PFU/m],

Figure 4: l\%gVA Quantification by N Gene and F Gene

funpﬁﬁtaiion Plot

GRS I N

Y aeng F gene

where as the RT-PCR assay was more sensitive for the N gene, causing the two to have differing PFUe/ml.

(Figure 4). Because of this increased sensitivity of N gene PCR, this gene target was used in the remaining

experiments.

Testing for RNA Extraction Efficiency and RT-PCR Inhibitors
Nasal wash fluid not containing RSV was spiked with eight different quantities of RSV-A long and was

subsequently analyzed by real-time RT-PCR. This allowed for verification that our RNA extraction procedure
was able to successfully extract and detect RSV virus from thick patient nasal secretions. The results correlated
highly with the predicted RSV concentration in the spiked Nasal Wash fluid (R*=0.9560) (See Figure 5). Due to
the tight correlation, RNA extraction efficiency appears high and PCR inhibition appears not to be occurring. A

negative control was assayed using a sample of RSVB strain resulting in no detection of RSVB by RSVA primers

and probes.
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Quantification of Cultured Patient Isolates by N gene

Twenty-two wild fype patient RSV A isolates were cultured in Hep-2 cell monolayers.

Supernatants from these cultures were then
Figure 5: Correlation of RSV A PCR

in Spiked Nasal Washes quantified by fresh plaque assay. Other aliquots

§ ; 5:;0.9560 were frozen at.-80‘?C and then tested by real-time
% j RT-PCR. There were excellent correlation results
;% %_ between the results (?btained b by the plaque assa;l
T ———r T T T} and that obtained by PCR (R*=0.866) (See Figure

predicted (log PFUe/ml) . . .
6). Thus a sizeable number of different wild type

strains of RSV appear to be quantitatively detectable using this real-time RT-PCR assay.

Direct Quantification from Infants Respiratory Secretions

Thirty-five frozen patient samples, previously quantitatively cultured by fresh plaque assay, were
analyzed using real-time RT-PCR. Real-Time RT-PCR correlated with plaque assay in these clinical

nasal washes (R’=0.296) (See Figure 7). The
Figure 6: Correlation of Cultured Patient Isolates

Vvs. ~ dashed line represents 95% confidence intervals
Real-Time RT-PCR for the N gene ,
8 for the calculated slopes of the regression line
7 ' .
= (P=0.0007 for slopes not representing zero).
@
2 7] R?=0.866
o 4-
g 3
e . Determination of Real-Time RT-PCR Assay
1 .
0 Precision
S A S A |
log PFU/mI - In order to determine precision of the
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PCR assay, each patient specimen was run in duplicate in the 96 well plates. There is excellent intra
assay precision based on tight correlation between the two PCR wells for each of the thirty-five patient

specimens (R°=0.961) (See Figure 8).
p

Figure 7: Correlation of Patient Respiratory

Secretions:
Culture vs. Real-Time RT-PCR N gene

log PFUe/ml (RT-PCR)

QO =

T T T 1 T 1 T 4

1 2 3 4 5 6 7 8
log PFU/ml (quantitative culture)

o

DISCUSSION

The real-time RT-PCR assay appears to have good correlating results for spiked naﬂsal wash patient
specimen with known quantities for RSV A-long standard. Therefore, we felt that the extraction of the vVRNA is
successful using our current protocol. It might be possible in the future to use random primers for the reverse -
transcription step; however, our results using our specific primers have given us no reason to change our
procedure at this time.

For the PCR tests run on the supernatant of cultured patient 1solates, the assay produced tight correlation
with quantitative culture. Yet the PCR quantification of freeze/thawed direct patient specimens produced a much
wider spread. It is possible that the supernatant of the cultured patient samples produced a tighter correlation
because the sample is more pure, less viscous and does not contain any inhibitors that might be present in a
patient’s respiratory secretions. Although, our results on spiked nasal wash samples lead us to believe that
inhibitors do not affect the assay, it is possible that inhibitors such as increased mucus produced in the infected

patient might have some affect on the correlation between PFUe/ml and PFU/ml.
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Another reason for the wider spread observed in direct patient specimens is that the quantitative PCR

assay actually detects both infectious virus, viral

'Figure 8: Precision of Assay in Patient Respiratory  particles and free RNA, whereas the plaque
Secretions:
Correlation of PCR vs. PCR assay does not contain any means for accounting
j_ for the presence of viral particles. This includes
% 6 infectious viruses, which are not able to form
D 54
i
%‘, :' plaques, non-infectious viral particles, and any
-o- -
29 fragments, which might contain our desired N-
14
0 —— T gene target. The rate of RSV RNA clearance in
0 1 2 3 4 5 6 7 8

loa PFUe/ml clinical samples and the elimination half-life of
its RNA are not known. It is likely that the PCR yields a wider spread for the patient samples because of the
variable ratios of infectious virus to viral particles in the patient specimens, and the ability of this assay to
measure non-infectious particles. Although the tests run on the patient samples produced a wide spread, we felt

~ confident in the precision of our assay due to the tight correlation between the duplicate wells of each patient
sample in the quantitative PCR assay.

Real-time RT-PCR does overcome many of the disadvantages presented by plaque assay in that it is Iéss
labor intensive, is more cost efficient, and eliminates some of the problems associated with non-sterile collection
sites. Nevertheless, there are limitations to our data. The assay does, however, possess difficulties of its own.
The correlating results of the quantitative PCR assay are presented in PFU equivalents. Currently, the most
commonly used quantitative technique employed RSV therapeutics is the plaque assay. Therefore, most clinical
experience is with this assay. In order to incorporate this experience, we chose to measure the real-time RT=PCR
results in plaque forming unit equivalents (PFUe/ml). An area of further research is to use standards of known
viral pérticle concentrations. This can be done through the use of quantitative electron microscopy.
Alternatively, quantifying the PCR with respect to the number of RNA copies per ml could be accomplished
through the use of N géne cloned into plasmids and used as standards.

Another limitation of our studies was that we only tested for RSV-A subgroup viruses. It is possible to

run multiplex assays of both RSVA and RSVB in the same reaction tubes using RSV-A specific primers and

Spring 2003 ‘ S. Torrence




The Rhodes Journal of Biological Sciences 80

probe in conjunction with RSVB specific primers and probe. However, detection must be at two different
wavelengths in the presence of both RSVA and RSVB standards. We feel that this would be both labor intensive
as well as expensive because the wells used for unknown patients samples would be sacrificed for the dilutions of
the two separate standards. Fluorescent antibody staining is an efficient an accurate way of differentiating
between the two subgroups prior to quantitative PCR assay, and we do not feel altering the current technique
would improve our results at this time. Further research is necessary to establish a reliable PCR assay for RSVB.

Future research directions include establishing the kinetics of RSV concentrations by quantitative PCR
assay in individual patients over time. At the time of hospital admission, which most often occurs late in the
infant’s disease, the RSV concentrations are actually declining. If the elimination kinetics of RSV RNA are
slower than for infectious virus, quantitative PCR might reflect RSV concentrations for earlier times in the disease
process, thus providing additional insight into RSV pathogenesis and the potential usefulness of early antiviral
therapy. Research is also needed to compare the plaque assay with PCR assay in the presence of anti-virals and
neutralizing antibodies. This might also provide insight into the utility of an antiviral. In conjunction with
looking into the correlation clinical samples from both nasal washes and tracheal aspirates might provide insight
into developing an affective anti viral. Based on this research and future research directions, real-time RT-PCR
could prove to be instrumental in allowing doctors to predict disease severity through fast and accurate

determination of viral load as well as for multi-center antiviral therapeutic trials involving this severe infant

A

disease.
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