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ABSTRACT
A method for determining the number of carcinogenic 

molecules bound (adducted) to a DNA sequence was studied. 
Samples of purified plasmid DNA were exposed to increasing 
concentrations of the carcinogenic chemical benzo(a)pyrene 
diol epoxide (BPDE). Treated plasmids then served as the 
template in a Polymerase Chain Reaction (PCR). Desired test 
regions of the plasmid were selectively amplified. Samples 
from the PCR were then electrophoresed to study the number 
of successful copies produced by the PCR and the size and 
density of the bands.

DNA replication levels decreased proportionately as 
BPDE exposure concentrations increased. The results suggest 
that the number of BPDE adducts in a DNA sequence increases 
as exposure levels increase. This correlation can be used 
to develop a means of accurately quantifying the number of 
adducts in a given DNA sequence.
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INTRODUCTION
A group of chemicals collectively known as the 

polycyclic aromatic hydrocarbons (PAH) is known to include 
some of the most common and potent carcinogens present in 
the environment. For hundreds of years, the presence of 
epithelial tissue tumours in humans has been linked with 
exposure to materials containing PAH (Graslund and 
Jernstrom, 1989). PAH are released whenever petroleum and 
some other organic matters are burned. Such commonplace 
substances as automobile exhaust and tobacco smoke also 
contain PAH. Because human contact with these chemicals is 
so prevalent, the exact nature of the danger presented by
PAHs must be studied.

The most widely researched mutagenic PAH is 
benzo(a)pyrene (BP). Yet, it is not BP itself that is 
suspected to be carcinogenic. As with so many chemical 
carcinogens, BP is transformed during metabolism. The 
resulting substance contains an epoxide, termed 
benzo(a)pyrene 7,8-dihydrodiol 9,10-epoxide (BPDE), that is 
the ultimate carcinogenic suspect (Graslund and Jernstrom, 
1989). Specifically it is a portion of the BPDE molecule 
known as the "bay-region diol epoxide" that is thought to be 
responsible for some of the chemical's tumourigenic nature 
(Fig. 1). Furthermore, BPDE can exist in a variety of 
steric forms (Fig. 2), but it has been determined that the 
(+)-enantiomers of the anti-diasteriomers have the greatest
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mutagenic effect on mammalian cells (Graslund and Jernstrom 
1989). Thus, (+)-anti-BPDE is used when research of this 

nature has human (or other mammalian) implications.

OH
Fig. 1 Carcinogenic anti-form of bay region diol epoxide 

of benzo(a)pyrene. The bay region is indicated by the arrow.

OH
(+)-syn-BPDE

Fig- 2 Molecular structure of the steric forms of BPDE
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Early studies have provided researchers with a limited 
understanding of the interaction between (+)-anti-BPDE and
DNA structure. Cosman and coworkers (1992) showed that (+)- 
anti-BPDE forms covalent bonds predominantly with the 
exocyclic amino group of guanine in the DNA chain (Fig. 3). 
Recent evidence has further shown that (+)-anti-BPDE 
adduction to deoxyguanosine (dG) is not a random process. 
Deoxyguanosine bases are apparently more vulnerable to 
attack by (+)-anti-BPDE when surrounded by other dGs in the 
DNA sequence. A deoxyguanosine in the vicinity of BPDE- 
adducted dGs is also suspected to be at a greater risk of 
forming a bond with (+)-anti-BPDE (Graslund and Jernstrom, 
1989). Ongoing research has recently added that DNA 
sequences bound to histones are not as susceptible as the 
"naked" linker regions between histones to adduction by (+)- 
anti-BPDE (Graslund and Jernstrom, 1989). Such observations 
provide important leads in the search for BPDE's mechanism 
of mutagenesis.

Fig. 3 Molecular structure of BPDE adducted to dG.
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Adducts of large molecules (such as BPDE) in a 
nucleotide sequence are capable of interfering with the 
action of polymerases. BPDE-adducted DNA can thus become an 
ineffective template for such processes as replication and 
transcription. A greater understanding of this "blocking" 
characteristic of BPDE is necessary because it has been 
suggested that faulty polymerase activity may be the 
mechanism by which chemical adducts cause mutation, altered 
gene expression, and toxicity in the cell (Thrall efc al. ,

1992) .
This study investigated the extent of DNA polymerase 

blockage on a nucleotide sequence that suffered exposure to 
increasing concentrations of (+)-anti-BPDE. The Polymerase 
Chain Reaction (PCR) was employed in the development of a 
quantitative assay through which the number of BPDE-adducted 
sites in a DNA sequence can be determined. Such a study may 
enable us to distinguish acceptable levels of environmental 
carcinogens from those that pose a serious threat to human 
life. The research presented here is part of an ongoing 
study that eventually will incorporate BPDE interaction with 
the five nucleosomes contained in the same DNA test 
sequence. The ultimate goal of this continuing research is 
to apply the knowledge obtained in vitro to more direct 
studies in vivo. Only then can the true danger of these 
carcinogens be evaluated and their effects prevented or
reversed.
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MATERIALS AND METHODS
The pLTL-1 plasmid (Fig. 4,5) was propagated in 

Escherichia coli bacteria by standard methods. E. coli 
cells containing the desired plasmid pLTL-1 were added to a 
small volume of sterilized LB medium (Appendix). Ampicillin 
was included in the inoculum to prevent the growth of 
undesired bacterial strains and to select the desired E. 
coli cells. The bacterial cells were then placed in a 
shaking incubator at 37 C. After initial growth was 
observed under these limited conditions, the pLTL-1- 
containing bacteria were transferred to a larger volume of 
sterile LB broth. The cells were again incubated as before 
until the desired cell number was achieved (as indicated by 
an absorbance of 0.6-0.8 at OD600 ) . Chloramphenicol was 
added to the culture halting further bacterial cell growth. 
In this manner, the optimum population level for this 
procedure could be maintained for up to 16 hr. The exact 
procedure follows:

1. Inoculate 5 mL of LB medium containing appropriate 
antibiotic in a culture tube with a single 
bacterial colony.

2. Inoculate 500 mL of LB medium (containing 
antibiotic) in a 2-L flask with 5 mL of overnight 
culture. Incubate at 37 C with vigorous shaking 
until ODS00 of the culture reaches 0.6-0.8.

3. Add 2.5 mL of a solution of chloramphenicol (34 
mg/mL in ethanol). The final concentration of 
chloramphenicol in culture is 170 ug/mL.

4. Incubate at 37 C with vigorous shaking for an 
additional 12-16 hr.
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The amplified plasmid pLTL-1 was isolated from the 
cells of E. coli by alkaline lysis and harvested by 
centrifugation. The walls of the cells were weakened with 
lysozyme. The compromised cells were then treated with a 
mixture of sodium hydroxide and 10% sodium dodecyl sulfate 
(SDS) to completely lyse the bacteria, releasing the DNA 
from the cells. Potassium acetate and acetic acid were 
added to the freed DNA solution to complex the chromosomal 
DNA and other DNA from the cells. Further centrifugation 
and filtration through layers of cheesecloth separated 
chromosomal DNA from smaller plasmid DNA. The pellet 
obtained contained mainly pLTL-1 plasmid DNA. The isolated 
plasmid was stored in Tris-EDTA (TE) buffer (Appendix). The 
exact procedure follows:

1. Centrifuge bacterial cells in 250-mL centrifuge 
bottles at 4,000 g for 10 min. Discard 
supernatant.

2. Resuspend pellet in 10 ml TE buffer for each 250- 
mL bottle.

3. Centrifuge cells again at 4,000 g for 10 min. to 
remove TE buffer.

4. Resuspend the cell pellet in 20 mL of Solution I 
(Appendix). Let stand at room temperature for 5- 
10 min.

5. Add 40 mL of freshly made Solution II (Appendix). 
Mix gently until homogenous and clear (do not 
vortex). Let stand on ice for 10 min.

6. Add 30 mL of ice-cold Solution III (Appendix).
Mix by inverting the tube sharply several times. 
Let stand on ice for 15 min.

7. Centrifuge in GSA rotor at 8-10,000 rpm for 30 
min.
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8. Decant supernatant through four layers of 
cheesecloth into another tube.

9. Add 0.6 volumes of isopropanol to each tube. Mix 
well and let stand at room temperature for 15 min.

10. Recover the DNA by centrifugation at 12,000 g for 
30 min at room temperature (salt may precipitate 
if centrifugation is carried out at 4 C).

11. Discard the supernatant leaving the pellet as dry 
as possible. Air dry the pellet 10-15 min.

12. Dissolve the pellets in 8 mL of TE (pH 8.0) for 
each L of original culture.

The stored plasmid solution was incubated with RNase
cocktail for the purpose of dissolving small nucleic acid 
fragments that might have been isolated with the plasmid. 
Sodium acetate inactivated RNase after the contaminant 
sequences were broken down. Centifugation and treatments 
with ethanol removed the unwanted nucleic acids and resulted 
in a solution containing only the purified plasmid pLTL-1. 
Spectrophotometric readings at OD260/28o supported the 
anticipated purity of the plasmid solution. Agarose gel

I

electrophoresis further indicated a successful plasmid 
isolation. The exact procedure follows:

1. Add 50 uL of cold RNase cocktail.
2. Incubate for 1 hr at 37 C without shaking.
3. Add 0.8 mL 3M sodium acetate.
4. Add 18.0 mL cold ethyl alcohol.
5. Mix well. Let stand at room temperature for 5 

min.
6. Centrifuge at 12,000 rpm for 20 min. Discard 

supernatant.
1
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1. Add 10-15 mL 70% ethyl alcohol.
8. Centifuge at 12,000 rpm for 10 min. Discard 

supernatant.
9. Dry pellet then resuspend in 4.0 mL TE buffer.

Isolated pLTL-1 plasmid was then exposed to the 
carcinogenic chemical BPDE. Five samples of plasmid DNA 
were damaged at the following concentrations of BPDE: 0.4 
mM, 0.8 mM, 2.0 mM, 4.0 mM, and 8.0 mM. The indicated 
amounts of BPDE were added to plasmid solutions and left to 
react overnight in a cool, dark environment. A standard 
phenol/chloroform extraction was performed to isolate the 
damaged DNA. This procedure produced various levels of 
damaged DNA to be later used as templates for the PCR. The 
exact procedure was performed as follows:

1. Centrifuge the BPDE-adducted samples in a 
microcentrifuge for 2 sec.

2. Add 50 mL TE buffer to each tube.
3. Add equal volumes of phenol to each tube.
4. Vortex until pellet is fully resuspended.
5. Centrifuge each sample for 2 sec.
6. Pipet off the upper aqueous layer and save.
7. Repeat steps 3-6.
8. Repeat steps 3-7 substituting chloroform for 

phenol. The final extraction should yield an 
aqueous layer with no trace of chloroform.

9. Add an equivalent volume of 2-butanol to the tube
10. Vortex thoroughly.
11. Centrifuge for 2 sec.
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12. Pipet off and discard the upper 2-butanol phase 
(any excess chloroform and water will be removed 
with the alcohol layer).

13. Repeat steps 9-12.
14. Speed vacuum (without heat) the liquid until only 

a few uL remain. Resuspend the pellet in 40 uL TE 
buffer. Store in this manner until preparation 
begins for the PCR.

DNA oligonucleotide primers were then prepared for PCR. 
Two oligonucleotides were manufactured for the purpose of 
specifically amplifying the chosen DNA test sequence 
contained in the plasmid. One primer, a 20-mer
oligonucleotide (5' ACC CTC TGG AAA GTG AAG GA 3')
designated #446, was designed to be complementary to bases 
numbered 2791 to 2810 on the "upper" strand of plasmid pLTL-
1. The second primer, a 27-mer oligonucleotide (5' GAA CAT 
TAT TCT CCA AAA ACT TAT GGC 3') designated #471, was 
produced to be complementary to bases numbered 2444 to 2470 
on the "lower" strand of plasmid pLTL-1. These two specific 
primers would eventually single out the desired 367 base 
pair test sequence that lies between their respective 
complementary attachment sites. The primers accounted for 
the specificity of the PCR and made possible the selective 
exponential replication of the chosen DNA test region. The 
chosen primer sequences were entered into a computer 
software program that calculated statistical PCR success 
rates. The two primers had a low degree of self
complementarity and a negligible probability of adhering to

I
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one another. Once these obstacles had been overcome, the 
two primers were synthesized by phosphoramadite chemistry 
using an Applied Biosystems 381A DNA synthesizer.

Following standard methods, the newly created primers 
were extracted from the DNA synthesizer column with ammonium

4 hydroxide treatments. The free oligonucleotides were then
removed from the extraction fluid by centrifugation. 
Successive treatments with 1-butanol removed some impurities 
from the primer solution. Finally High Performance Liquid 
Chromatography (HPLC) was used to highly purify the primers 
prior to their use in the PCR. The exact procedure follows:

Extracting the Primer from the Synthesizer Column
1. Fill a syringe with 0.8 mL ammonium hydroxide.
2. Insert an empty syringe and the ammonium 

hydroxide-filled syringe into opposing ports on 
the synthesizer column.

3. Push approximately 0.5 mL ammonium hydroxide 
through the column into the facing empty syringe.

4. "Swish" the ammonium hydroxide back and forth 
through the column every 10 min for 30 min.

5. Push the ammonium hydroxide into one syringe.
6. Separate the full syringe and attached column from 

the empty syringe. Eject the contents of the full 
syringe through the column into a small glass 
vial.

7. Refill the syringe with 0.8 mL fresh ammonium 
hydroxide and repeat steps 2-6 two times.

Primer Preparation
1. Place the vials of collected primer into a 55 C 

oven for 10-15 hr.
10



2. Transfer the solution to microcentrifuge tubes for 
centrifugal vacuum evaporation.

3. Resuspend the pellet in 1 mL deionized water.
4. Vortex thoroughly.
5. Centrifuge at 12,000 g for 5 min. at room 

temperature. Transfer the supernatant to a 
sterile microcentrifuge tube.

6. Extract the solution three times in succession 
with 400 uL 1-butanol. Discard the upper 
(organic) phase after each extraction.

7. Evaporate the solution to dryness in a centrifugal 
evaporator. The tube should contain a yellowish 
pellet and a creamy, white powder.

8. Redissolve the pellet and powder in 200 uL 
deionized water.
High Performance Liquid Chromatography

1. Mix 10 uL primer solution with 90 uL deionized 
water.

2. Inject the mixture into the HPLC unit.
3. When the peak indicating the desired 

oligonucleotide is observed, collect the purified 
primer.

4. Vacuum evaporate the liquid from the HPLC samples.
5. Redissolve the pellet in 50 uL deionized water. 

Store in this manner for later use in the PCR.
The PCR amplified regions of DNA on the purified pLTL-1

plasmid sample. Six DNA templates were subjected to the PCR
procedure. One plasmid template was not exposed to BPDE.
The five other pLTL-1 templates were those that had been
exposed to BPDE levels at 0.4 mM, 0.8 mM, 2.0 mM, 4.0 mM,
and 8.0 mM, respectively. A control sample was included in
the PCR that lacked template. Each tube contained a Master
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Mix to which the template was later added (except in the 
case of the single control sample). The Master Mix for each 
sample in this experiment contained:

1. 60.5 uL deionized water
2. 10.0 uL 10X Taq buffer
3. 8.0 uL dNTP (free nucleotide triphosphates of the 

four DNA bases: adenine, guanine, cytosine, and 
thymidine).

4. 5.0 uL primer #446
5. 5.0 uL primer #471
6 . 6.0 uL MgCl2
7. 0.5 uL Taq (Thermus aquaticus) DNA polymerase
The different templates added to the uniform Master Mix

made each sample distinct. The templates were individually 
added, and the entire volume of each sample was covered with 
a layer of mineral oil to prevent evaporation during the 
high temperature cycles of the PCR. The PCR was carried out 
by a Perkin-Elmer Cetus DNA Thermal Cycler set to standard 
PCR cycle specifications. A single cycle consisted of a 
melting phase carried out between 94 and 95 C, a DNA 
extending phase occurring at 72 C, and an annealing period 
carried out optimally for these samples at 51 C. Thirty 
cycles were required to produce a suitable amount of DNA for 
this study. The samples were separated from the protective

12



mineral oil and electrophoresed on 1.5% agarose gel 
(Appendix).

The elecrophoresis was performed at 80 V in a 10X TAE 
buffer solution (Appendix). Ethidium bromide was added to 
the buffer and gel to make the bands of DNA visible later in 
the presence of ultraviolet light. The DNA samples were 
mixed with 10X electrophoresis loading buffer and deionized 
water prior to placement in the wells. The exact mixture
follows:

1.0 uL sample
1.0 uL 10X loading buffer
7.0 uL deionized water

Electrophoresis was stopped when the DNA bands reached 
approximately 1 cm from the end of the gel, and Polaroid 
photographs were taken (Fig. 6).

The gel was placed on an ultraviolet light table and 
photographed with Polaroid Type 665 Positive/Negative Black 
& White Instant Pack Film. The positive image was coated 
with a company-supplied preservative. The negative image 
was prepared according to the manufacturer's detailed 
instructions included with the film.

A processed negative image can be easily read by a 
scanning densitometer to measure the amount of DNA present 
in a sample band. Thus, the relative success of the PCR for 
each sample can be accurately determined. The data were
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used in the development of the quantal assay that was the 
projected outcome of this experiment.
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RESULTS
Visual examination of the bands produced by agarose gel 

electrophoresis indicated that the PCR had less success in 
replication as the mM dose of BPDE increased (Fig. 6) . As
expected, the undamaged template sample possessed the most 
dominant band, and the template-lacking control sample 
occupied a lane devoid of a visible band (Fig. 6). The 
bands between (representing the amount of successfully
transcribed DNA) became successively smaller and lighter as 
the concentration of BPDE exposure rose. These visual 
results were supported by data derived from scanning
densitometry studies (Table 1).

Fig. 4 Agarose gel electrophoresis 
BPDE-damaged templates.

1. pLTL-1 OmM BPDE Damage
2. pLTL-1 0.4 mM BPDE Damage
3. pLTL-1 0.8 mM BPDE Damage
4. pLTL-1 2.0 mM BPDE Damage
5. pLTL-1 4.0 mM BPDE Damage
6. pLTL_l 8.0 mM BPDE Damage
7. Control (- template)
8. Marker (Hind Ill-cut
phage)

of PCR products obtained from

15



DISCUSSION AND CONCLUSIONS
A specially designed plasmid designated pLTL-1 was used 

because it possesses features useful to this study (Fig. 4). 
Research incorporating (+)-anti- BPDE is most often
conducted with genes from mice. It is, therefore, important 
to note that a portion of the mouse mammary tumour virus 
(MMTV) genome resides in plasmid pLTL-1 (Fig. 5). The 
genome does not exist in its entirety in plasmid pLTL-1, 
however. The genes gag and pol were removed to make room 
for the insertion of the thymidine kinase (tk) gene of the 
herpes simplex virus (Fig. 5). The addition of the tk gene 
to the plasmid provided a selection marker that ensured the 
presence of the plasmid in bacterial culture. Only colonies 
possessing pLTL-1 could grow on the "hat" medium used in 

this study. -

Fig. 5 Map of pLTL-1 plasmid.
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The LTR region of the MMTV genome contained the 
sequence of DNA that was amplified for study. This region 
was chosen because its five evenly spaced nucleosomes result 
in a highly organized chromatin structure: a feature that 
is anticipated to become more important when this research 
moves beyond bacteria to eukaryotic cells. The nucleosomes 
of this site are also known to play a role in directing 
transcription. These characteristics of the LTR are 
invaluable for the correlation study regarding DNA 
structural damage and resulting functional impairment. Such 
research is both a current and long-term goal that begins 

with this study.

(a)

LT ft
gag f>0 cnv

~i- LT-2,

(b)

+kLTR env LTR

Fig. 7 Map of (a) original MMTV and (b) altered MMTV
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Declining success in polymerase activity results from 
an increase in the number of BPDE adducts present in the 
test sequence. The results of this experiment indicate a 
clearly sequential interruption in DNA polymerase activity.e On the basis that these data represent an increasing amount 
of BPDE adducts, a method was developed to give an
indication of the number of BPDE molecules bound to the DNA
test sequence. It is hoped that this method can be used as 
a quantal assay to determine the number of BPDE adducts on
any DNA segment.

In the present study, the number of BPDE adducts was 
determined mathematically. The bands on the agarose gel 
represented samples that had been exposed to varying 
concentrations (in mM) of BPDE. The scanning densitometer 
gave a value to each band in terms of "peak area" (Table 1). 
The band representing the undamaged sample of DNA had the
highest peak area, and it was this sample that served as the

j
"meter stick" against which all other samples were measured. 
The given peak areas for each BPDE-exposed sample were thus 
divided by the peak area for the undamaged sample. In this 
way, the BPDE-free sample obtained a Po (normalized to zero) 
value of one, while all BPDE damaged samples achieved a

® decimal value less than one. The number of BPDE adducts can
be determined by then taking the negative of the natural log 
of these numbers (Table 1). By this method, the undamaged 
sample is calculated to have zero BPDE adducts. In the same
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manner it is shown that the samples suffering increasing
concentrations of BPDE exposure have higher numbers of
adducts along the DNA sequence.

Table 1. Scanning densitometric indication of PCR success at 
various DNA-damaging BPDE doses and manipulation of the data for 
determining the number of BPDE adducts.

Dose BPDE Peak Area
a.

P,., (normalized to 0)
b

# Adducts
0 8,746 1 0

0.4 5,622 0.642 0.44
0.8 4,459 0.509 0.67
2.0 2,771 0.316 1.15
4.0 2,405 0.274 1.25
8.0 921 0.105 2.25

a P„: These numbers represent peak area relationships between the 
samples by normalization to zero. The peak area for each dose was divided 
by the peak area of the undamaged (0-mM Dose) template.

b The number of adducts was determined using the formula [ —ln(P0) ] .

After the numerical results were obtained, the data 
were displayed in the form of a line graph (Fig. 7). This 
representation of mM BPDE exposure with regard to the 
calculated number of BPDE adducts was expected to yield a 
linear plot. A linear regression of the data points for the 
samples containing 0 mM, 0.4 mM, 0.8 mM, and 2.0 mM BPDE 
damage conformed reasonably to the expected results.
However, the data for the samples containing 4.0 mM and 8.0
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mM BPDE damage did not conform to the rest of the graph, nor 
to our expectations.

It is hypothesized that the 367 basepair DNA test 
sequence chosen for this study might not have provided a 
broad enough spectrum for beginning work in this field. It 
is further suggested that the doses of BPDE used in this 
experiment were excessive, especially for such a short DNA 
test segment. The small template combined with the possible 
overdose of carcinogen may have resulted in a saturation of 
potential binding sites for BPDE adducts. The favorable 
plot obtained from the smaller doses might have been the 
result of a more comparable DNA sequence to dose ratio.
Only when the BPDE exposure levels increased dramatically in 
comparison to the DNA template did the curve begin to 
display saturation kinetics.

mM Benzolalpyrane

Pig. 7 Graph plotting mM BPDE damage against number of BPDE 
adducts.
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The results of this preliminary research indicate the 
need for further study. The next step should be the 
production and damage of a larger template, perhaps in the 
order of approximately 1,000 basepairs. This study should 
also work initially with lower concentrations of BPDE 
exposure, perhaps in the magnitude of micromoles rather than 
the currently employed millimolar levels. If this 
experiment is continued in the same manner under these newly 
stipulated conditions, it is believed the results might 
better conform to expected outcomes.

This experiment represents the first attempt to develop 
a quantal assay of BPDE adduction. The preliminary results 
are promising, and further studies will bring scientists 
closer to the development of a working assay. These studies 
will enable us to determine acceptable tolerance levels of 
environmental carcinogens. Perhaps, someday soon, research 
such as this will provide us with the means for detecting, 
preventing, and curing cancer.
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APPENDIX
LB Medium:

Bacto-Tryptone 10 g/L
Yeast Extract 5 g/L
NaCl 5 g/L
1 N NaOH 1 mL/L

Solution I:
Glucose 50 mM
Tris-HCl (pH 8.0) 25 mM
EDTA 10 mM
(Add 5 mg/mL powdered lysozyme just before use.)

Solution II:
0.2 N NaOH
1% SDS
(Prepared fresh before use)

Solution III:
Potassium Acetate 29.6 g
Acetic Acid 11.5 mL
Deionized Water Bring to 100 mL

TE Buffer (200 mL):
1 M Tris-HCl 2.0 mL
5 M NaCl 4.0 mL
0.5 M EDTA 0.4 mL
Deionized Water Bring to volume
(If 5 M NaCl is unavailable, add 1.16 g NaCl to solution

50 X TAE (250 mL):
Tris Base 60.50 g
Glacial Acetic Acid 14.28 mL
0.5 M EDTA (pH 8.0) 25.00 mL
(Dilute to 10X TAE as needed)
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1.5% Agarose Gel (small):
Deionized Water 40.0 mL
5OX TAE 0.8 mL
Agarose 0.4 g
10 mg/mL Ethidium Bromide 2.0 uL
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