
« Mitochondrial DNA of the Thatching Ant, Formica obscuripes

Submitted in Partial Fulfillment of the Requirements for 
Graduation with Honors to the 

Department of Biology and Chemistry at 
Carroll College, Helena, Montana

Gregory Park 
April 12, 1996

CORETTE LIBRARY CARROLL COLLEGE
CORETTE LIBRARY CARROLL COLLEGE

*

3 5962 00099 000



This thesis for honors recognition has been approved for the Department of 
Biology and Chemistry by:

Dr. John Addis, Director

Dr. Art Westwell, Reader

i



Acknowledgments

I would like to thank first and foremost Dr. John Addis, who was a very patient 
and forgiving thesis director, the man who gave me the opportunity to do research with 
him in the summer of '95, and fellow ant wrangler. I would also like to thank Fr. Jerry 
Lowney and Dr. Art Westwell, who assisted in reading and correcting the many mistakes 
in my thesis. Of course I cannot forget my friends, who I hold dear, and who constantly 
encourage me despite the many setbacks I have faced. They include my roommate-Dirk 
"Money" Williams, the man who helped me graph some data-Stephen "We" Sullivan, the 
man whose computer I used without his knowledge while he was away-Jay "Martial Art's 
Guy" Taylor, the guy whom I've been close to the longest-Justin "Gerbil" Sheer, and the 
rest of the senior biology class of 1996.

*

ii



ABSTRACT

In a continuing attempt to purify mitochondrial DNA from the thatching ant,
* modifications were made to a previously developed extraction procedure. Although

mitochondria were highly enriched in a subcellular fraction derived from the heads of 
the ants, when DNA purified from the fraction by an alkaline lysis procedure was 
electrophoresed, inconsistent results were obtained. Bands in the gel show a molecule 
larger than 22 kilobase pairs, which is not expected of mtDNA.
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Introduction and Literature Review

Mitochondrial DNA (mtDNA) has been used to study population structure in
4

animals and is relatively easy to isolate, but expensive equipment and long experimental

times needed to isolate it have limited its utility (Tamura and Aotsuka, 1988). To address

this problem, Powell and Zuniga (1983), Carr and Griffith (1987), and Tamura and

Aotsuka (1988) developed relatively inexpensive and simple procedures to isolate

mtDNA. The purpose of the present study is to develop a procedure for the isolation and

purification of thatching ant mtDNA as an extension of the work begun by Deborah Dover

in 1995. The long term objective of this procedure is to analyze the inter-nest genetic

variability of the thatching ant.

Mitochondrial DNA is a covalently closed circular molecule approximately 15-19

kb (Palva and Palva, 1985) that makes up less than 1% of the total cellular DNA (Wolfe,

1995), is thought to have a high rate of evolution (Brown et al., 1979), and has been used

to study the genetic divergence of closely related populations (Brown et al., 1979). It is

different from nuclear DNA because it has four codons with nonstandard meanings: AGA

and AGG were stop codons rather than encoders for arginine; AUA is an encoder for

methionine instead of isoleucine; and UGA is an encoder for tryptophan rather than a stop

codon (Stryer, 1988). In the ant, these nonstandard meanings may be different because

universal code varies with the organism. The function of the mitochondrial genome is to

code for some proteins, all the tRNAs, and both rRNAs necessary for mitochondrial

protein synthesis (Griffiths et al., 1993). In addition it appears to be maternally inherited
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(Lansman et al., 1981; Holldobler, 1994), thus in a thatching ant colony the queen's 

mtDNA genes should be found in her offspring, which is the rest of the colony.

The thatching ant belongs to a eusocial system made up of a queen, workers, and 

male reproductive ants. Together with other nests they form a supercolony where

independent nest growth is linked to the free exchange of workers from other nests by

odor trails (Holldobler, 1994). Generally, a virgin queen leaves a nest and makes her way

to a nest site where she entices a male to mate with her. After a few workers are born, she

becomes simply an egg laying machine, as she is taken care of completely by her offspring

workers (Holldobler, 1994). Thus by characterizing the mtDNA of several nests, the inter

nest genetic relatedness and genetic divergence of the thatching ant can be established.

Mitochondria are organelles in eukaryotic cells, about 0.5 pm in diameter and 1 to

2 pm in length, that are the centers of ATP synthesis through oxidative phosphorylation

(Wolfe, 1995). The unique structure of mitochondria is related to its function. The

structure includes an outer boundary membrane containing porins and some enzymes; an

inner boundary membrane containing all of the carriers and complexes of the electron

transport chain; an intermembrane compartment and the matrix, the inner most part of the

organelle, which contain cristae or the structures formed from extensions of the inner

membrane into the matrix (Wolfe, 1995). Oxidative phosphorylation occurs in the inner

membrane and the citric acid cycle and the pathway of fatty acid oxidation are located in

the matrix (Stryer, 1988). Comparisons of structure and function lead to a hypothesis of

the origin of mitochondria, the endosymbiotic hypothesis. According to this hypothesis,

mitochondria have evolved from endosymbiotic aerobic heterotroph bacteria living inside
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larger prokaryotes, both of which benefited from the other and thus became more 

interdependent (Campbell, 1990). Adding to this theory was the discovery that 

mitochondria divide independently of the cell and that they have their own DNA located in 

the matrix (Campbell, 1990).

Mitochondrial DNA is an appealing molecule to determine genetic divergence of

closely related species because it has a high rate of nucleotide substitution compared with

nuclear DNA (Nei and Li, 1979). In the characterization of mtDNA, restriction

endonucleases are used. A restriction endonuclease is an enzyme that attacks DNA and

cuts it at a specific base sequence (Griffiths et al., 1993). For instance, the restriction

endonuclease Eco R1 recognizes any nucleotide sequence G-A-A-T-T-C (a restriction

site) and will cut the molecule between the G and the A, creating fragments. These

fragments are separated by gel electrophoresis, stained and then viewed. The relative

genetic similarity between pairs of organisms is seen by comparing the number of shared

fragments after an endonuclease digestion (Lansman et al., 1981). This number is

expected to decline as the organisms' DNA sequences diverge (Nei and Li, 1979).

Because the thatching ant is abundant in Montana, it is an attractive insect for a

phylogenetic study.

Weber did extensive research on the thatching ant in North Dakota in 1935.

Formica obscuripes, the thatching ant, is an ant of western North America. This ant is

approximately 5-10 mm in length and has a black thorax and a red head, though all

gradations of color from completely black to red have been observed on the thoraces and

heads. The name given to the thatching ant is from the ant's habits of building a

3



superstructure of twigs, herb stems, and grass roughly 2.5-45.7 cm high and 30.5-343 cm 

wide as its home. As is characteristic of other eusocial insects, there is a caste system 

made up of a queen, male and female sexual forms, and workers of minima, media, and

maxima size. The distinct production of formic acid as a defense, offense, and as a

pheromone by the thatching ant places it into the genus of Formica. The thatching ant's

daily activities are mostly dominated by foraging for food, but they also include nest repair 

and taking care of the brood. The food of the thatching ant is from two main sources,

insects and aphids. Leading from the nest and to the food are trails that workers follow

daily until a food source is depleted and then a new one is found. Trails have also been

observed leading from one nest to another, and workers from one nest sometimes will be

accepted into a different nest (O'Neil, 1988).

*
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Materials and Methods

Collection of the Thatching Ant

Three nests of thatching ants, located on the northeast side of Mt.Helena, were

identified and used in the experiments. The ants were collected at the most active part of

their day, either in the morning or in the early evening. To collect a large number of ants

with minimal nest destruction the surface of the nest was lightly tapped. Because of the

activity that resulted, collection then involved little more than scooping the ants into a jar

with a little nest material.

Preparation of the Ants for Mitochondrial DNA Isolation

The ants were killed by soaking a paper towel in ethyl acetate, placing it in the jar,

and closing the lid. After 5-10 minutes the paper towel was removed, the contents were

spread onto another paper towel, and the ants were separated from any nesting material.

Preliminary experiments confirmed that a good source of mitochondria was in the

head and alitrunk (Jermiin and Crozier, 1994) of ants and thus Formica obscuripes heads

were used in the isolation procedure. By using a sterile razor blade, the ants were 

decapitated and the heads were placed in a plastic weighing dish kept at 4°C. Between 

0.18-0.25g of heads were used as the starting mass.

Homogenization

All steps performed in the homogenization procedure were done at 4°C and all
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solutions and labware used were sterile. The heads of the ants were diced in a weighing 

dish and added directly to a loose fitting homogenization tube. The dish was then rinsed 

with a small volume of homogenization buffer (HB, 0.25 M sucrose/30 mM Tris-HCl, pH 

7.5/10 mM EDTA) and poured into the homogenization tube with the remaining HB (50

mg ant tissue/mL HB). The suspension underwent 8 cycles of homogenization with a

Bellco homogenizer set at 8. The homogenate was then allowed to settle, the supernatant

was removed with a Pasteur pipette, and equal amounts were transferred into two

centrifuge tubes. The same amount of HB as used initially was added to the

homogenization tube with the settled ant parts and the suspension was re-homogenized 8

cycles at a setting of 8. Again, the homogenate was allowed- to settle, the supernatant was

removed, and equal amounts were transferred into the same two centrifuge tubes.

Separation of Mitochondria

The two centrifuge tubes were moved to a Sorvall RC-2B centrifuge with an SS- 

34 rotor (kept at 4°C) and were centrifuged at 1075 x g (3000 rpm) for 2 min to pellet 

any large material. Most of the mitochondria were located in the supernatant, so the

supernatants were moved to two new centrifuge tubes. When removing the supernatants

some lipid material was observed at the top and was avoided. The pellets of the first

centrifugal spin were brown and black.

The two centrifuge tubes containing the supernatants of the first spin were placed

back in and centrifuged at 11950 x g (10,000 rpm) for 15 minutes to pellet the

mitochondria. After centrifugation, the supernatant was removed and discarded, and the
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tan pellet of approximately 50 uL was stored on ice for the isolation procedure.

Succinate-INT Reductase Assay

The activity of the mitochondrial sample was tested at this point by doing a

succinate-INT reductase assay. An aliquot (0.1 mL) of sample was placed into a

centrifuge tube with 0.9 mL of buffer-substrate; pH 7.4 (50 mM KH2PO4/0.1% INT,

iodonitrotetrazolium violet/50 mM Na succinate/25 mM sucrose). After 30 min of

incubation, the reaction was stopped by adding 1.0 mL of 10% trichloroacaetic acid and

vortexing the mixture. After addition of 4 mL of ethyl acetate, the tube was covered with

Parafilm and mixed by inverting it several times. The tube was then centrifuged for 2-3

min at around 1000 x g (to separate the phases). The top phase, the ethyl acetate layer,

was transferred to a glass cuvette with a Pasteur pipette and the absorbance was read in a

spectrophotometer at 490 nm.

Isolation

Nuclear DNA Denaturation: The mitochondrial pellet was resuspended in 200 pL of

Saline-Tris-EDTA(STE, lOmM Tris-HCl, pH 8.0/0.15 M NaCl/10 mM EDTA) and

transferred to a 1.5 mL microcentrifuge tube. To the resuspension, 500 pL (two times the 

final resuspended volume of the pellet) of 1% sodium dodecyl sulfate(SDS)/0.2 M NaOH

were added, and the mixture was vortexed using a VWR vortexer with a setting of 5.

This suspension was then placed on ice for 10 min. The addition of the SDS caused the

lysis of the mitochondria and the denaturation of the contaminating nuclear DNA (Csaikl
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and Csaikl, 1988).

Nuclear DNA Precipitation: After the 10 min incubation, 375 pL (50% of the total 

volume) of potassium acetate (3 M potassium acetate/5 M acetic acid) was added. The

suspension was vortexed and incubated on ice for 5 min. The addition of the potassium 

acetate caused the renaturation and precipitation of the nuclear DNA. The suspension 

was centrifuged at 12,000 x g for 5 min at 4°C, incubated for 5 min on ice, and 

centrifuged again at 12,000 x g for 5 min to pellet the precipitate. The supernatant was

removed, split into two microcentrifuge tubes, and their volumes were estimated.

Removal of Protein Contaminants: At room temperature, equal volumes of

phenohchloroform! 1 phenol: 1 chloroform: 24 isoamyl alcohol) were added to the

supernatants and the solutions were vortexed and centrifuged at 12,000 x g for 3 min.

The aqueous phases of each were removed, transferred together to one new sterile

microcentrifuge tube, and the volume was estimated. The transfer was done using a

Pasteur pipette making sure that neither phenohchloroform nor the white precipitate layer

between the two phases were transferred. The purpose of the phenohchloroform was to

remove any protein contaminants.

Precipitation of mtDNA: Two volumes of absolute ethanol were added to the isolated

aqueous phase, vortexed, incubated at room temperature for 15 min, and finally
A

centrifuged at 12,000 x g for 5 min at room temperature. DNA precipitates in 67%
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ethanol. After the centrifugal spin, the supernatant(ethanol) was discarded and the very 

small tan pellet was washed with 1 mL of 70% ethanol and allowed to dry for 5-10 min.

♦
RNA denaturation: In order to remove RNA contaminants in the mtDNA pellet, the pellet

was resuspended in 200 pL of Tris-EDTA (TE, 10 mM Tris-HCl, pH 8/1 mM EDTA) to

which 4 uL DNase-free RNase (1 pL RNase/50 pL TE) was added. The mixture was

incubated at 37°C for 30 min. In the same manner as before two volumes of

phenokchloroform were added, the microcentrifuge tube was vortexed, and then

centrifuged at 12,000 x g for 2 min. The phenokchloroform addition inactivated and

removed the RNase.

Purified mtDNA: Again, the aqueous phase was removed and transferred to a new

microcentrifuge tube. To the estimated volume of the aqueous phase, 2 volumes of

absolute ethanol were added. The solution was vortexed, incubated for 15 min at room

temperature, and then centrifuged at 12,000 x g for 5 min. The very small, white pellet 

was washed with 1 mL of 70% ethanol and put in a desiccator for 3 hours or until the

pellet was completely dry.

Restriction Endonuclease Digestion

After the mtDNA pellet was completely dried, it was ready for restriction

endonuclease digestion. The mtDNA pellet was-rcsuspendcd in one of three ways. First it

was resuspended either in 50 pL of TE, 20 pL of 2X digestion buffer (diluted from 10X),
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or in 10 pL of water (sterile 2X distilled). The two endonucleases used were, Eco R1 and 

Bam Hl. All restriction enzymes, buffer concentrates, and bovine serum albumen (BSA) 

were obtained from Sigma. Digestion was carried out in a 20 pL volume at 37°C for 1 hr. 

The digestion was stopped with 2 pL of loading buffer(20% Ficoll 400/0.1 M Na2EDTA, 

pH 8/1.0% SDS/0.25% bromophenol blue). In order to verify that the endonucleases

were functioning correctly phage A, DNA (Sigma) was routinely digested in parallel with

the mtDNA samples.

Electrophoresis of mtDNA Samples

An 0.8% agarose gel was made up using 0.16g of agarose, 0.4 mL of 50X Tris-

acetate-EDTA (TAE, 40 mM Tris-acetate/2 mM EDTA) buffer, and 19.6 mL of water.

The mixture was heated until the agarose dissolved and then it was poured onto a 5 cm x

7.5 cm casting tray with both open ends covered with masking tape. A gel comb was put

in place and the gel was allowed to solidify. The comb and the tape were removed and the

tray was placed in a electrophoresis chamber with the wells farthest away from the

cathode and with enough TAE buffer to cover the casting tray approximately 1 cm deep. 

Each designated well was carefully filled with 15 uL of sample so that no spillover

occurred. The Ficoll of the loading buffer caused the solution to sink into the well in

presence of the TAE buffer. Agarose gel electrophoresis was carried out at 86 V for 90

to 100 min. After stopping electrophoresis, the tray was removed from the chamber and

was ready for staining.
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Staining

To keep a reference point a razor blade was used to notch the gel's edge at the 

farthest distance the tracking dye moved to. The gel was delicately pushed out of the 

casting tray into a staining tray that contained 100 mL of distilled water and 100 uL

1000X ethidium bromide (0.001% final concentration). The staining tray was placed in 

the refrigerator at 4°C for 4-24 hr. Next, the gel was moved to another staining tray filled 

only with distilled water and then moved to a Foto-Dyne UV 15 transluminator for

viewing. Photographs of the gels were taken using a Foto-Dyne FCR-10 camera system.

*
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Results

In an initial series of experiments variations in the length of times of centrifugal 

spins from the procedure outlined by Deborah Dover in 1995 were made in an attempt to

better isolate mtDNA from the thatching ant. Also, different sources from which the

mtDNA was being collected were explored. A protein assay and an Succinate-INT

reductase assay (S-INTred) were performed for each of the four initial experiments. To

show a better relation amongst specific activities, a bar graph was created and is located at

Fig. 1.

In the first experiment, the working procedure was not modified, but as seen from

the graph, the specific activity is low for test tube 2 (Fig. 1). In the second experiment,

the first centrifugation length of time was lowered to 2 min and the second centrifugation

length of time was increased to 15 min, but the specific activity for tube 2 decreased (Fig.

1). In the third experiment, the first centrifugation length of time was kept at 2 min and 

the second centrifugation length of time was increased to 60 min, but again the specific

activity for tube 2 decreased (Fig. 1). In the fourth experiment only ant heads were used.

The first centrifugation length of time was again kept at 2 min and the second

centrifugation length of tune was decreased to 15 min. The specific activity of the tube 2

turned out extremely high (Fig. 1). Along with the fourth experiment another experiment

using pupae was executed but the results were not nearly as promising as the fourth

because specific activity levels were lower than the fourth, yet higher than any previous
*

experiments (Fig. 1). Next, the mtDNA was purified by alkaline lysis and characterized by
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endonuclease digestion. After purifying the mtDNA, problems were encountered as the 

gels showed very little DNA in the lanes, but it appeared that a lot of DNA was located in 

the wells. This is seen at the top of the wells on the pictures of the gels as a highly stained 

area (Figs. 2,3). After multiple electrophoretic runs, using variations of both kind and

quantity of restriction endonucleases and of both kind and quantity of solvents to

resuspend the mtDNA pellet, many gels still showed a large amount of DNA located in the

well. This excludes the first electrophoretic run in which the entire procedure was started

and completed in the same day, and in which the resulting gel did not have the DNA

aggregation problem.

Some gels did show banding. In Fig. 2 a band is located at approximately the same

position in the lane as the largest fragment of an Eco R1 digested A, which would be a

fragment of around 21,226 base pairs. In Fig. 3 an uncut band of mtDNA is seen at an

even higher area than the the 21,226 band of Eco Rl. Finally, in Fig. 4 two bands of the

same length, cut by Eco Rl, are seen in closely the same area as the band of Fig.3. The

band of lane 5 created by a higher concentration of Eco Rl appeared more distinctly than

the band of lane 6 where a lower concentration of Eco Rl was used. A third possible

band is seen in the Bam Hl lane close to the 5643 bp band of A.
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Fig.2. Eco R1 digested mtDNA and Eco R1 digested A. In the gel 
in well 1 is the banding pattern of lambda digested by Eco R1 and 
in well 5 is mtDNA digested by Eco R1. A band is seen at approxi
mately the same site as the slowest band of lambda. This band is 
approximated by the drawing on the right.

*
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□ □□□ncziczicn

Fig.3. Predigested A and undigested mtDNA. In the gel in well 1 is 
the banding pattern of lambda precut by Eco Rl and in well 3 is 
mtDNA uncut. A band is seen at approximately the same site as 
the slowest band of lambda. This band is approximated by the 
drawing on the right.
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Fig.4. Predigested X, undigested mtDNA, Eco R1 and Bam Hl 
digested mtDNA. In the gel in well 1 is the banding pattern of 
lambda digested by Eco R1 and in wells 5 and 6 is mtDNA cut by 
Eco R1. In well 7 is mtDNA cut by Bam H1. A band is seen for 
each of lanes 5 and 6 and a very faint, possible band is seen in well 
7. These bands are approximated by the drawing on the right.

t
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Discussions and Conclusion

H In the first four experiments centrifugations were done at varying times. The first

centrifugation pellets the nuclei and cell debris. The second and most important

centrifugation pellets the mitochondria. The protein assay and the S-INTred assay were

done to determine which fraction contained the highest concentration of mitochondria. In

the fourth experiment a significant enrichment of mitochondria was obtained in fraction 2

when heads were used as the starting material. Therefore, the procedure for experiment 4

was the procedure used for the rest of the larger experiment, namely purifying the mtDNA

and characterizing it.

Analyzing undigested mtDNA indicated that most of the DNA was associated with

a single band. Because it was slower than the largest X fragment, it can only be concluded

that this fragment is very big, in fact bigger than most mtDNA molecules. Despite this,

progress has happened because two bands were seen before in roughly the same area in

the work of Deborah Dover in 1995; now there is only one.

There are other problems besides the size of the putative mtDNA molecule, namely

the appearance of large amounts of DNA in the well, the ability of Eco Rl to cut the

molecule, and the low molecular weight band in the gel of Fig. 4. There is a number of

possible reasons for the problems in the gels. It appeared that Eco Rl did not cut but this

could be due to a large number of factors. The enzyme was tested to make sure it was

working and it was. Many factors curtail the ability of Eco Rl to cut. For instance, there

may be no Eco Rl sites or there may be chloroform, phenol, or ethanol present. All three
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of these chemicals were used in the purification process, and these could have been 

contaminants carried over to the restriction endonuclease digestion, stopping Eco Rl.

£ The efficiency of Eco Rl is dependent on the purity of the DNA. However when more

Eco R1 was used, a more distinct band was produced which lends evidence that maybe

not enough of the Eco Rl was used. It has been reported that it may take up to 20 times

the amount of Eco Rl used here to cleave mtDNA (Ausubel et al., 1994).

The low molecular weight band seen in Fig. 4 may be a contaminant that has been

carried over through the experiment or it may have some significance because it is seen in

the lane of the Bam Hl digestion.

To address the apparently large amount of mtDNA in the well, the procedure used

to resuspend the mtDNA pellet before loading was explored. In experiments five, six,

seven, and eight, different solutions were used. Another observation that may be a

problem is that everytime the DNA was stored in ethanol overnight the problem remained

unsolved. However when the entire isolation, purification, and electrophoretic run were

performed on the same day there seemed to be less of this aggregation.

In the future there are many avenues that should be explored to answer questions 

brought up by problems in this experiment. There is a need for more experimentation with 

different restriction endonucleases. In addition, the completion of the entire procedure on 

the same day may be another step toward a solution to the DNA clumping. Finally, it will

be necessary to work with the purification procedure so that all possible contaminants can

be eliminated.
♦
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