
Effects of Dilantin on DNA Polymerase BRNA in Preimplantation Mouse Enlbryos 

An Honors Thesis (HONR499) 

By 


Shelby Puterbaugh 


Thesis Advisor 


Clare L. Chatot 


Ball State University 


Muncie, IN 


May 2013 


Expected Date of Graduation 

May 2013 




:5pCIJ/1 

Uilde(Jra 

7h~5i~ 
1-]) 
?-,-/89 Abstract
.zlf
,,~ I 3 
. Pg,tJ3 

Dilantin (DPH), an anticonvulsant drug, is known for increasing the incidence of 

abnormal prenatal development. Previous research indicates that protein levels of DNA 

Polymerase Delta (Pol 8) are reduced in DPH-treated embryos in Gland do not rise again until 

what would be late S-phase in controls. This study began to investigate the level of Pol 8 RNA 

in 2-cell embryos during Gland S-phases using Reverse Transcription-Polymerase Chain 

Reaction (RT-PCR). Primers were designed for Pol 8 and RT-PCR optimization was performed 

using liver tissue extracts and second cell cycle G 1 embryos. This study found that for liver the 

optimal concentration of MgS04 is 2mM when used with O.5~1 of each primer in Pol 8 Primer 

Set 2. Further optimization ofRT-PCR components is necessary to obtain a clearer picture of 

how Dilantin affects Pol 8 in the developing embryo. 
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Author's Statement 

The goal of this experiment is to determine if the anticonvulsant drug, Dilantin, alters the levels 

of Polymerase 0 (DNA Polo) mRNA in 2-cell preimplantation mouse embryos in Gland S phases of 

development. Dilantin causes human embryo developmental abnormalities. DNA Polymerase 0 is 

responsible for DNA replication. We can predict that DNA replication during the cell cycle may be 

extended due to DNA Polo not being properly regulated. With this prediction, we are prompted to 

investigate if perhaps levels of mRNA regulating DNA Polo have been altered in DPH treated specimens. 

Since DNA Polo is a key factor in DNA synthesis, alterations in its level due to lack of mRNA may 

cause it to hypo-elongate the strand during DNA replication, thus extending the process of DNA 

replication. We will use Reverse Transcription- Polymerase Chain Reaction (RT-PCR) and specially 

designed primers to identify targeted sequences within the Polo RNA sequence. This process is sensitive 

to quantifying the amount of RNA present in a sample. After running the RT -PCR products on an agarose 

gel, the bands of DNA will be visible and we will be able to determine the relative amount of DNA Polo 

RNA present within the embryo at our selected timing. The results from this study will provide further 

insight into understanding the mechanism by which Dilantin causes embryonic developmental defects. 
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Introduction 

Dilantin (DPH), an anticonvulsant drug, is known for increasing the incidence of 

abnormal prenatal development. Blosser and Chatot (2003) found that DPH treatment extends S

phase of the cell division cycle when DNA is replicated in preimplantation mouse embryos. 

Tolle and Chatot (2009) found that DPH treatment causes Cyclin A protein overexpression at the 

start of the cell cycle (G 1 phase) and under expression during DNA synthesis (S phase). Recent 

experiments indicate that these changes are not due to alterations in levels of Cyclin A RNA. An 

alternative explanation supported by Cornielle-Dipre and Chatot (2011) suggested that protein 

levels of DNA Polymerase Delta (Pol 8, responsible for DNA replication) are reduced in DPH

treated embryos in Gland do not rise again until what would be late S-phase in controls. 

Altered length of S phase could be due to reduced Pol 8 interaction with Cyclin A and/or reduced 

Pol 8 protein levels after DPH treatment. This study will begin to investigate the level of Pol 8 

RNA in 2-cell embryos during Gland S-phases using Reverse Transcription-Polymerase Chain 

Reaction (RT-PCR). We hypothesize that a reduced level of Pol 8 RNA causes reduced Pol 8 

protein levels and delays in DNA replication. The goal of this experiment is to determine ifDPH 

treatn1ent alters the levels of Pol 8 RNA in 2-cell pre-implantation mouse embryos in Gland S 

phases of development. The experiments that follow were performed to design and optimize 

primers for RT-PCR and to determine optimal RT-PCR buffer conditions to amplify Pol 8 RNA 

in control liver tissue as well as in second cell cycle G 1 2-cell embryos. 
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Literature Review 

Effects of Dilantin 

Administration of DPH during human pregnancy is known to cause developmental 

defects including cleft lip and palate, shorting of the digits and overall slowing of growth, known 

collectively as Fetal Hydantoin Syndronle (FHS) (Anlicarelli et aI., 2000). Biotransformation of 

DPH includes several intermediate metabolites which are targeted as the primary source of 

teratogenicity (Buehler et aI., 1990). The arene oxide metabolite, considered an epoxide, is 

indicated as the primary teratogenic agent of DPH. Epoxides are very reactive due to their 

oxygen bridge. An embryo is considered at high risk for developmental defects because this 

epoxide is able to bind with embryonic or fetal nucleic acids and cause abnormal development 

(Strickler et aI., 1985). 

Susceptibility to the negative effects of Dilantin may, however, be subject to the genetic 

make-up of the embryo. Highly reactive epoxides are detoxified by the enzyme, epoxide 

hydrolase. A genetic defect in epoxide hydrolase may make an embryo more at risk for FHS 

(Strickler et aI., 1985). Buehler et aI. (1990) suggested that the gene encoding epoxide hydrolase 

is made up of two alleles and that it is the various combinations of these alleles which affect the 

likelihood of an embryo to show symptoms of FHS. Homozygous dominant and heterozygous 

forms of the gene do not put an embryo at high risk for FHS. It is the embryos bearing 

homozygous recessive genes for epoxide hydrolase that have low epoxide hydrolase activity and 

thus are more susceptible to FHS. 
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Prein1plantation Mouse Development 

Mouse development closely resembles human development, thus it can be used as a 

model for experimentation. After fertilization in the ampulla of the oviduct, the zygote will travel 

through the oviduct for approximately 4 days. Asynchronous cleaving develops a morula (16

cells). On the third day, the morula becomes a blastocyst, a mass of 16 to 40 cells surrounding a 

fluid filled cavity. By day four, the blastocyst implants itself into the uterine lining (Amicarelli et 

aI., 2000). 

This study will target embryos in the 2-cell stage. This period of embryo development is 

of particular interest because it features zygotic gene activation. This major step in the 

development of the embryo marks the switch from the embryos reliance on the maternal genome 

for development to directions from its own unique genome (Minami et aI., 2007). Mouse 

embryos go through zygotic gene activation during the late I-cell and early to mid-2-cell stage. 

This transition occurs in three parts; degradation of the maternal components for development, 

replacement of maternal components with embryonic components and generation of new 

embryonic transcripts that program the further development of the embryo. The events 

constituting zygotic gene activation account for the elongated second cell cycle (Sakkas and 

Vassalli, 2008). It is during this elongated cell cycle that DPH additionally slows the process of 

replication (Blosser and Chatot, 2003). The delayed process of replication may contribute to the 

symptoms seen in embryos affected by FHS. 

Cell Cycle 

The eukaryotic cell cycle can be divided into two parts: Interphase and Mitosis. While in 

Interphase, cells undergo three separate cell stages: G 1, S, and G2. Following the conclusion of 
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prior cell division, somatic cells in G 1 spend 6-12 hours primarily focused on the production of 

enzymes needed for DNA replication via RNA and protein synthesis. During S phase, DNA 

replication occurs for approximately 6-8 hours or until the entire genome has been duplicated. 

Somatic cells then enter G2 where the development of membranes and organelles necessary for 

cell division occur. Cell division finally occurs over the course of about an hour during mitosis 

and two cells identical to the parent cell are formed (Alberts et aI., 2007). 

This study will utilize mouse embryos in the two-cell stage. The timing of the cell cycle 

for mouse embryos differs slightly from a typical somatic cell and these variations can be 

attributed to particular events related to zygotic gene activation. The cycle is lengthened during 

the 2- to 4-cell stages (Sakkas and Vassalli, 2008). While the degree of this lengthening varies 

among strains of mice, a general time scale can be expected. The first cell cycle totals 15-23 hour 

with 3-8 hours spent in G 1, 6 hours spent in S phase and 6 hours spent in G2/M (Krishna and 

Generoso, 1977). The lengthened second cell cycle ranges as long as 22.8 hours to 30 hours with 

the typical breakdown of 1.3 hours spent in G 1, 6.1 hours spent in S phase and 15.4 hours spent 

in G2IM (Sawicki et aI., 1978). 

DNA Polymerase 8 

Three of the nuclear DNA polymerases, a, 8 and E belong to a group of a-like DNA 

polyn1erases that have similar structural and catalytic properties (Hiibscher et aI., 2002). They are 

responsible for nuclear DNA replication and are each composed of a large catalytic subunit and 

several smaller catalytic or regulatory subunits. Similar to all DNA polymerases, DNA 

Polymerase 8 (DNA Pol 8) is structurally compared to a human right hand with palm, thumb and 

finger domains. DNA Pol 8 is a multi-enzyme complex responsible for binding to the DNA 
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ten1plate strand and creating a new, complementary DNA daughter strand (Bashir et aI., 2000). It 

is primarily responsible for lagging strand synthesis. 

Interaction between Polymerase Delta and Cyclin A 

Cyclin A is a protein that plays a major role in cell cycle regulation, especially during 

DNA replication. Bashir et ai. (2000) indicated that Cyclin A activates DNA Polo-dependent 

DNA synthesis. Cyclin A and DNA Polo interact in two ways during synthesis. Cyclin A 

inhibits DNA Pol a initiation of DNA synthesis and also activates DNA Polo driven DNA 

elongation (Bashir et aI., 2000). In this way, Cyclin A facilitates the switch between replication 

initiation and elongation. Cyclin A functions with Cyclin-dependent Kinase 2 (Cdk2) to 

stimulate the change between Gland S phase. Lemmens et al. (2008) reported that DNA 

polymerases can be phosphorylated by Cdks. In the case of DNA Polo, this phosphorylation 

blocks PCNA binding, which is an enhancer of DNA processivity. 

We predict that S-phase may be extended due to DNA Polo not being properly regulated. 

We are prompted by observed declines in Polo protein concentration in 2nd cell cycle S phase 

(Comielle-Dipre and Chatot, 2011) to investigate iflevels of RNA for DNA Polo have been 

altered in DPH treated specimens. Since DNA Polo is a key factor in synthesis, alterations in its 

level due to lack of RNA may cause it to hypo-elongate the strand during S phase, thus extending 

S phase and the process of DN A replication. 

9 



Significance 

The goal of this experiment is to begin to determine ifDPH treatment alters the levels of 

Pol 8 RNA in 2-cell preimplantation mouse embryos in Gland S phases of development. We 

predict that S-phase may be extended due to DNA Pol 8 not being properly regulated. We are 

prompted to investigate if levels of RNA for DNA Pol 8 have been altered in DPH treated 

specimens. Since DNA Pol 8 is a key factor in synthesis, alterations in its level due to lack of 

RNA may cause it to hypo-elongate the strand during S phase, thus extending S phase and the 

process of DNA replication. This research will hopefully provide further insight into and 

understanding of the causes of detrimental developmental defects seen with the use of Dilantin in 

pregnant women. 
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Materials and Method 

Super-ovulation and Mating 

NSA female mice (Harlem, Indianapolis, IN) were super-ovulated via intraperitoneal (lP) 

injections of Pregnant Mare Serum (PMS) and Human Chorionic Gonadotropin(hCG). Females 

were injected with 10 IU of PMS to induce maturation of multiple ovarian follicles. Forty-eight 

hours after the initial injection, females were given 5 IU hCG also via IP injection to stimulate 

synchronous ovulation. Super-ovulated female mice were mated overnight with B6SJLF 1IJ 

males (Jackson Laboratories, Bar Harbor, ME). 

Control and Dilantin Treatments 

Mated fen1ales were dosed IP with either 55 mg/kg DPH in O.OlM NaOH vehicle or 

vehicle alone by 1pm the day after overnight mating (IACUC approved protocol # 147871-1 

breeding colony and 91855-7 - Dilantin study) Treatment was given at O.lml per 10grams of 

body weight in each mouse. 

Embryo Collection and Storage 

Cervical dislocation was utilized to rapidly sacrifice female mice for embryo collection in 

accordance with procedures approved by IACUC. The oviducts were excised and placed into a 

dish of Hank's Balanced Saline Solution with 0.4% Bovine Serum Albumin (HBBS + BSA). 

Approximately 25 hours after hCG injection, DPH and vehicle control treated preimplantation 

n10use embryos were flushed from the oviducts using HBBS + BSA during Gland S-phases. 

Dissection microscopy allowed for the identification of embryos in the 2-cell stage. Unfertilized 

embryos were discarded. Two cell embryos were collected via mouth-pipetting and washed in 

HBBS + BSA. After washing, embryos were placed in a drop ofCZB + Glutamine medium 
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covered in CZB washed light mineral oil and stored in an incubator at 37°C. Embryos intended 

for future use in experimentation were removed from culture dish and placed into PCR tubes in 

aliquots of 10 embryos each with 2~1 CZB, 8~1 Nuclease-Free Water and 0.5~1 RNasin and 

stored at -80°C until needed. The process of thawing lysed the embryos and allowed for their use 

in RT-PCR. 

Mouse Liver RNA Isolation 

Mouse liver collected from a sacrificed female NSA mouse was used as a positive control 

in this experiment. After a small piece of the liver was excised, it was weighed and placed into a 

microcentrifuge tube. RNA lysis buffer from a Promega SV -Total RNA isolation system was 

then added. 

Liver tissue was hon10genized and 350 ~l of RNA dilution buffer was added. The 

mixture was then mixed and heated gently for three minutes at 70°C. Centrifuging at 14000 x g 

for ten minutes promoted the formation of a pellet containing cell membranes and nuclei in the 

bottom of the tube. To precipitate the RNA, 200~1 of 950/0 ethanol was then added and 

incorporated into the supernatant via pipetting. A spin basket assembly was used to collect the 

RNA via centrifuging at 14000 x g for 1 minute. RNase-free DNase was then use to treat the 

crude RNA extract and remove any DNA for 15 minutes at which point 200~1 SV Stop solution 

was added. The mixture was then centrifuged again at 14000 x g to remove any DNA. The RNA 

was washed with 600~1 and 200~1 SV Wash Solution and centrifuged for 2 minutes after each 

wash. Nuclease-free water (1 00~1) was used to elute the RNA off the spin basket assembly 

which was collected into an elution tube. After centrifuging for one minute, the liver sample was 

split into 10 aliquots of 1O~l of liver RNA solution and stored at -80°C. Spectrophotometry 
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determined O.D. values at 260nm and 280nm which were utilized to determine the concentration 

and purity of liver RNA in the solution. 

Primer Design 

Primers for this experiment were designed based on a Polymerase 8 cDNA sequence 

published by Cullman et al. (1993). Two fragments within the sequence were targeted to create 

two sets of Pol 8 Primers using the Integrated DNA Technologies website primer design 

progran1. Pol 8 Prin1er Set 1 targeted a 904 base pair (b.p.) portion of the sequence between 664 

b.p. and 1568 b.p. The sequences utilized for Pol 8 Primer Set 1 were 5' -TCA TGG CCC TTC 

TCC ATT TC-3' (sense) and 5'-CGT CTG TTC GTT CCC ATT CT-3' (antisense). Pol 8 Primer 

Set 1 has a GC content of 50%. This primer set should produce amplicons with a length of 904 

b.p. Pol 8 Primer Set 2 targeted a 667 b.p. portion of the sequence between 633 b.p. and 1537 

b.p. The sequences utilized for Polo Primer Set 2 were 5'-CAG AAC TTT GAC CTC CCA 

TAC C-3' (sense) and 5'-GCG TGG TGT AGC ACA GAT TA-3' (antisense). Polo Primer Set 

2 has a GC content of 50%. This primer set should produce amplicons with a length of 667 b.p. 

Glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) primers were designed by Dr. 

Chatot using Vector NTI Suite Version 7.0 (Informax, Frederick, MD) software. The expected 

amplicon from GAPDH primers should be 281 b.p. in length. This amplicon comes from the 

sequence between 1585 b.p. and 2464 b.p. The sense primer sequence for GAPDH is 5'-GCA 

TGG CCT TCC GTG TTC CT-3'. The antisense sequence for GAPDH is 5'-CCC TGT TGC 

TGT AGC CGT ATT CAT-3'. 
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RT-PCR Protocol 

To determine whether DPH alters the synthesis of DNA Pol8 RNA, a Promega Access 

RT-PCR kit (Reverse Transcription-Polymerase Chain Reaction) combined with a DNA 

polymerase specific primer was used to convert any DNA Pol8 RNA present into DNA and then 

amplify the DNA to levels that could be detected. Glyceraldehyde Phosphate Dehydrogenase 

(GAPDH), an enzyme known to be consistently present in liver tissue and embryos, served as an 

internal positive control and the lack of liver RNA or embryos in a sample as the negative 

control. 

Following the protocol suggested in the Promega Access RT-PCR kit for 50JlI RT-PCR 

reactions, a master mix was designed for each experiment containing the components which 

were similar throughout all tubes in that experiment. Specific pipettors designated for use with 

RNA and individual pipette tips were utilized to avoid contamination throughout each 

experiment. Each RT -PCR tube contained 10JlI of AMVITtl Reaction Buffer which served to 

buffer the reaction and overcome issues created by secondary RNA structures by working with 

AMV Reverse Transcriptase at an elevated temperature of 45°C. Each tube also contained 1 JlI 

deoxynucleotide triphosphate (dNTP) mix to create the sequence of the amplified DNA off of the 

RNA template and throughout amplification. Depending on the experin1ental design for 

optimization, MgS04 and primer concentrations varied. The RNA sample, either 1 Olliliver RNA 

in nuclease-free water or 10111 embryo lysate containing 10 embryos in CZB, nuclease-free water 

and RNasin, was added to each tube to serve as the RNA template. At this point, AMV Reverse 

Transcriptase (l Ill) and Ttl DNA Polymerase (l JlI) were added. Nuclease Free water was added 

to make each reaction tube total 50Ill. The tubes were then loaded into the thermo cycler to be 

incubated at 45°C for 45 minutes to allow for reverse transcription. Samples were incubated for 2 
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minutes longer at 94°C inactivate AMY Reverse Transcriptase and denature the RNA, eDNA, 

and primers. Thermocycling continued with 40 cycles of 94°C for 30 seconds, 60°C for 1 minute 

and 68° for 2 minutes. This cycling allowed for the denaturing of double stranded DNA 

templates, primer annealing and polymerization and extension of DNA necessary for PCR 

amplification. The samples were incubated at 68°C for 7 minutes for a final extension and then 

soaked at 4°C. Samples were then stored at -20°C until they could be loaded into an agarose gel 

for analysis. 

Agarose Gel Electrophoresis 

Each RT-PCR sample (15/-11) was loaded into an Agarose gel and DNA was separated by 

size using a 100 b.p. ladder to allow identification of the correct amplification product. A 2% 

agarose gel was created using 2g agarose in 100ml 1 X Tris/Borate/EDT A buffer(TBE). It was 

then submerged in 1 X TBE + Ethidium Bromide for electrophoresis. Then, 15/-11 of each PCR 

amplified sample was added to each well with 2/-11 loading buffer. On each gel, the ladder was 

loaded at 12/-11 with 2/-11 loading buffer. The gels were run for 2-2.5 hours at 50-60 volts. 

Amplified products were visualized and analyzed for intensity of the bands using a Biorad Gel 

Imaging System and Gel Doc™ XR software. Intensity of the DNA Pol8 bands were normalized 

to the GADPH internal control. 
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Results and Discussion 

Initial experimentation focused on optimization of MgS04 for R T -PCR. The magnesium 

requirement of both the AMV Reverse Transcriptase and the Tjl DNA Polymerase in these 

experiments was dependent on the final concentration of nucleotides, oligonucleotide primers 

and RNA templates. Optimizing the MgS04 concentration used for RT -PCR should improve 

sensitivity and specificity of the reverse transcription and amplified products. 

In Figure 1, Lane 1, like all gels produced during this experiment, a 100 b.p. DNA ladder 

is present to be used for viewer orientation and measuring the length of each band produced 

throughout the gel. Figure 1, Lane 2, contains a negative control which had no liver RNA and 

only the GAPDH primers with all other reactants used in the Promega Access RT-PCR Kit. 

Some darkening is visible between the 100-200 b.p marker, but this minimal amount can likely 

be attributed to some primer dimers between and among the GAPDH primers. Lanes 3-6 show a 

curve ofMgS04 (lmM, 2mM, 3mM, and 4mM) with liver RNA. The most pronounced bands 

were produced in Lanes 3 and 4 where the concentrations of MgS04 were 1 mM and 2mM at the 

expected GAPDH size of 281 base pairs. Bands seen below this size are also seen in the negative 

control and can be attributed to primer dimerization. 
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1 2 3 4 5 6 


1000 

300 281 

Figure 1. MgS04 Curve with GAPDH primers and Liver RNA. Lane 1: 100 b.p. DNA 

ladder. Lane 2: negative control. Lane 3: 1mM MgS04. Lane 4: 2mM MgS04. Lane 5: 3mM 

MgS04. Lane 6: 4mM MgS04. The targeted amplicon is 281 bp in length for GAPDH. 

These results prompted the investigation of how various concentrations of MgS04 would 

affect the amplified products visible on the gel in the presence of the Pol <3 primers. Figures 2 and 

3 show each Pol <3 primer set used with varying amounts of MgS04. Lane 1 of each gel shows 

the 100 b.p. ladder. In Figure 2, bands were produced throughout the gel while no band is visible 

at the expected length of 904 b.p. This indicates that the effectiveness of Pol <3 Primer Set 1 is not 
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affected by the concentration of MgS04. Also, the fact that there is no band of this size seen 

across the gel indicates Pol 8 Primer Set 1 may not be effectively binding to the DNA template. 

Bands visible in Lanes 3 -6 are not all visible in the negative control, so may be the result of non

specific binding of the primers. 

1 2 3 4 5 6 

1000 
904 

500 

Figure 2. MgS04 Curve using Pol () Primer Set 1 with Liver RNA. Lane 1: 100 b.p. ladder. 

Lane 2: negative control. Lane 3:1mM MgS04. Lane 4: 2mM MgS04. Lane 5: 3mM Mg S04. 

Lane 6: 4mM MgS04. The targeted amplicon is 904 base pairs in length. 
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Figure 3 shows the same MgS04 curve, but uses Pol 8 Primer Set 2. In Lanes 3-6, the 

expected band at 667 is visible, but in varying degrees of clarity. Lane 4, which contains 2mM 


MgS04 seems to be the most well-defined. There are bands which appear in smaller lengths at 


the bottom of the gel and are also in the negative control lane, which indicate some primer 


dimers that have been amplified by peR. From Figures 2 and 3, it was concluded that of the 


MgS04 concentrations tested, the best results were achieved when using 2mM MgS04 with Pol 8 


Primer Set 2. 


1 2 3 4 5 6 


1'000 

667 


500 


19 




Figure 3. MgS04 Curve using Pol () Primer Set 2 with Liver RNA. Lane 1: 100 b.p. 

ladder. Lane 2: negative control. Lane 3:1mM MgS04. Lane 4: 2mM MgS04. Lane 5: 3mM Mg 

S04. Lane 6: 4mM MgS04. The targeted amplicon is 667 base pairs in length. 

After detennining an optimum concentration of MgS04 (2mM), it was necessary to 

detennine what the optimum primer concentration would be to properly amplify the desired 

sequence. Figures 4 and 5 show separate curves with varying concentrations of Pol 8 Primer Sets 

1 and 2 amplified in the presence of a constant MgS04 concentration of 2mM. In Figure 4, Lanes 

3-5 show significant amplification fron1 non-specific binding and no band at the expected length 

(904 b.p). Since bands were produced beyond those seen in the negative control, these results 

indicated that Pol 8 Primer Set 1 was not targeting and attaching to the proper sequence in the 

liver RNA. 
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1000 904 

5'00 

Figure 4. Pol () Primer Set 1 Curve with Liver RNA. Lane 1: 100 b.p. ladder. Lane 2: negative 

control. Lane 3: 0.5/l1 of each Po18 Primer in set 1. Lane 4: 0.25/l1 of each Pol 8 Primer in set 1. 

Lane 5: 0.1 III of each Pol 8 Primer in set 1. The targeted amplicon is 904 base pairs in length. 

In Figure 5, there are a couple of bands produced across all concentrations, including one 

at the desired length of 667 b.p. Bands seen below 667 b.p. are both present in the negative 

control and thus, can be attributed to primer dimerization. Lane 4, which contained 0.25/l1 of 

21 




each primer in Pol 8 Primer Set 2 shows the most prominent band at 667 and was considered to 

be the optimum concentration. 

1 2 3 4 5 


1000 


667 


500 


Figure 5. Pol () Primer Set 2 Curve with Liver RNA. Lane 1: 100 b.p. ladder. Lane 2: negative 

control. Lane 3: 0.5~1 of each Polo Primer in set 2. Lane 4: 0.25 ~l of each Polo Primer in set 2. 

Lane 5: 0.1 ~l of each Pol 8 Primer in set 2. The targeted amplicon is 667 base pairs in length. 
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With primer concentration optimized, the concentration of MgS04 was re-examined to 

determine if more specific binding of Pol 8 Primer Set 2 could be promoted. To promote binding 

specificity and reduce primer dimer formation prior to synthesis, the enzymes for PCR were not 

added until the tubes were heated in the thermocyc1er to create "hot start" conditions. In Figure 

6, lanes 2-5 contained 0.25~1 of each prin1er in Pol 8 Primer Set 2. These lanes represent a 

MgS04 curve using smaller increments of concentration difference than examined before. Lanes 

3-5 contained MgS04 at concentrations of ImM, 1.5mM, and 2mM. Each of these lanes 

produced the expected band at 667 b.p. Due to fewer primer dimers in Lane 5, which had 2mM 

MgS04, this concentration of MgS04 was determined to be optimal with 0.25 ~l of each primer 

in Pol 8 Primer Set 2. 

In Figure 6, Lanes 6 and 7 used embryos for Pol 8 RT -PCR. Lane 6 contained 2mM 

MgS04, embryos and 0.25~1 of each primer in Pol 8 Primer Set 2. Four bands appear below 400 

b.p. in Lane 6 that can be attributed to primer dimerization and non-specific binding. However, 

the desired band at 667 was not convincingly produced although a light shadow could be seen in 

this lane. Lane 7 contained 2mM MgS04, embryos and 0.5~1 of each GAPDH primer. One band 

is visible around 300 b.p. that could be the 281 b.p. GAPDH amplicon. 
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1 2 3 4 5 6 7 


1000 

667 

500 

281 

200 

Figure 6. MgS04 Curve and Initial Embryo and Primer Trial. Lane 1: 100 b.p. ladder. Lane 

2: 0.5mM MgS04 with liver RNA. Lane3: ImM MgS04 with liver RNA. Lane 4: 1.5mM MgS04 

with liver RNA. Lane 5: 2mM MgS04 with liver RNA. Lane 6: Embryos with 0 .25~1 of each Pol 

8 Primer in Set 2 and 2mM MgS04. Lane 7: Embryos with 0.25~1 of each GAPDH primer and 

2mM MgS04. DNA Pol 8 primer set 2 has an amplicon target size of 667 base pairs and GAPDH 

amplicon is 281 base pairs. 

For actual embryo analysis, duplex RT-PCR must be performed in which both GAPDH 

and Pol 8 products are amplified together in one tube. GAPDH serves as an internal endogenous 

24 



amplification control for normalization of data in this system. In Figure 7, GAPDH primers and 

Pol 8 Primer Set 2 were combined with embryos and 2mM MgS04. To increase binding 

specificity, peR enzymes were not added until the tubes were heated in the thermocyc1er. Also, 

Dinlethyl Sulfoxide (DMSO, O.S~I) was added to each tube to increase specificity of the 

reaction. Lane 1 is the 100 b.p. DNA ladder. Lane 2 serves as the negative control with 0.2S~1 of 

each primer in both GAPDH and Pol 8 Primer 2 sets with no RNA. A few small bands are visible 

in this lane, but should be attributed to binding of the primers to themselves or each other. Lane 3 

serves as the positive control using liver RNA with 0.2S~1 of each GAPDH primer and Pol 8 

Primer Set 2. Four bands are visible below 400. The 281 b.p. amplicon expected with the use of 

GAPDH primers is present. However, the 667 b.p. fragment expected with the use of Pol 8 

Primer Set 2 is not visible. These results suggest that the DMSO concentration used favored the 

amplification of the GAPDH amplicon to the detriment of the Pol 8 amplification. Lanes 4-6 

each have 1 O~l of embryos, O.S ~l of each GAPDH primer and represent a curve of 

concentrations of Pol 8 Primer Set 2. Pol 8 Primer Set 2 was utilized at the concentrations of 

0.2S~I, O.S~I, and l~l each respectively. These lanes all show very non-specific binding with no 

bands appearing over SOO b.p. All bands that are visible in these lanes are also seen in the 

negative control and can be attributed to primer dimerization. Neither the expected GAPDH 

amplicon (281 b.p.) nor the expected Pol 8 amplicon (667 b.p.) are seen. The lack of bands 

produced from Pol 8 Primer Set 2 could be due to conlpetition between the Pol 8 primers and the 

GAPDH primers. All other bands seen in Lanes 3-6 are also present in the negative control and 

can be attributed to primer dimerization. It is plausible that the protocol of this experiment 

favored the binding of the GAPDH primers and restricted the resources needed by the Pol 8 

primers to properly bind to the correct sequence in the embryo RNA. 
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1000 

667 

500 

281 

200 

Figure 7. Pol aPrimer Set 2 Curve with GAPDH and Embryos. Hot Start with DMSO 

added. All lanes have 2mM MgS04. Lane 1: 100 b.p. ladder. Lane 2: negative control. Lane 3: 

liver RNA with 0.25 ~l each Pol8 Primer Set 2 and GAPDH. Lane 4: 0.25~1 each Pol8 Primer 

Set 2 and 0.5 each GAPDH primer with 10~1 embryos. Lane 5: 0.5~1 each Pol 8 Primer Set 2 and 

0.5 each GAPDH primer with 1 O~l embryos. Lane 6: 1~l each Pol 8 Primer Set 2 and 0.5 each 

GAPDH primer with 1 O~l embryos. DNA Pol 8 primer set 2 has an amplicon target size of 667 

b.p. and GAPDH amplicon is 281 b.p. 
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While this study served to begin investigating the Pol 8 RNA levels in embryos, further 

investigation is necessary to fully understand the way that Dilantin may affect Pol 8 levels in the 

developing embryo. Further optimization of the procedure is necessary to produce more specific 

binding of Pol 8 primers. Primer dimerization was seen throughout experiments using these sets 

of primers. DMSO was added in Figure 7, but the concentration used could be altered to produce 

more specific binding. Also, adding Bovine Serum Albumin (BSA) or glycerol in place of 

DMSO may be more ideal for the desired experimentation. Adjusting the primer concentrations 

utilized may minimize the competition between primers that occurred when GAPDH and Pol 8 

Primer Set 2 were used together with embryos. Once combined primer concentrations are 

optimized, MgS04 could be re-optimized to even further promote optimum results. Also, more 

embryos per experin1ental tube may be necessary to provide enough embryonic RNA so that the 

primers can properly bind. Additionally, another set of Pol 8 primers may need to be designed to 

better target Pol 8 RNA in the embryos. This could be done using alternative software, like 

Vector NTl's prin1er design program, which may allow for more specific insight on control of 

primer dimerization when designing the primers. 
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