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ABSTRACT

This project was intended to be a pair of preliminary experiments from which 

more detailed and specific experiments could be expanded. There were two 

procedures used in carrying out this study involving the isolation of DNA from a 

freshwater sponge. First, genomic DNA was isolated and purified. This genomic 

DNA was digested with the restriction endonuclease EcoR1 and then analyzed 

using agarose gel electrophoresis. The results showed an accumulation of the 

sponge DNA in one major band roughly slightly larger than the 21226 bp band

generated by EcoR1 digestion of X-phage DNA. The second part of this

experiment was an attempt to isolate mitochondrial DNA (mtDNA) from the 

sponge. Prior to isolation a succinate-INT reductase (SIR) assay was done on 

fractionated sponge tissue. SIR activity is due to succinate dehydrogenase, an 

enzyme that is specific to mitochondria. The results of this assay confirmed that 

the fractionation procedure used in the purification procedure yielded a fraction 

rich in mtDNA. A simple and relatively quick procedure was then used in an 

attempt to isolate mtDNA from the sponge tissue, but upon analysis by agarose 

gel electrophoresis no mtDNA was detectable.
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INTRODUCTION AND LITERATURE REVIEW

In establishing phylogenetic relationships among and between species, 

DNA sequence comparison is considered the most direct method of relating 

organisms to one another (Campbell, 1992). It is therefore necessary to develop 

and establish effective procedures for the isolation and purification of the 

different types of DNA found in all types of living material. The physiology of 

certain organisms, however, may prevent a common procedure for the isolation 

of DNA from working properly. Organisms within the phylum Porifera, which 

includes the sponges, are among the most primitive metazoans and have not 

been subject to much research regarding the isolation of their DNA. This thesis 

represents an attempt to isolate genomic DNA from a freshwater sponge, an 

experiment which had been accomplished previously (Aotsuka et al., 1988), and 

also to isolate mitochondrial DNA, something which had not been done before.

Isolation of genomic DNA can be useful in several areas of research. The 

discovery of the homeobox gene in Drosophila melanogaster, for example, 

spawned research into many species in an effort to determine the evolution of 

and phylogenetic relatedness between homeoboxes. The homeobox codes for 

the homeodomain, which is one of the major types of structural motifs that can 

bind to DNA in a sequence-specific manner (Seimaya et al., 1994). Analysis of 

sponge DNA could be useful from an evolutionary standpoint since these 

homeodomains are present in large numbers of transcription factors from 

various organisms. The homeodomains have been divided into more than 20
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classes from their similarities in sequence (Seimaya et al., 1994). Since in each 

class of homeodomain, the homeodomains of Drosophila and mammals are 

more than 80% identical in terms of amino acid residues, it is likely, according to 

Seimaya et al.(1994), that representatives of each class of homeodomains were 

established before the divergence of arthropods and vertebrates. Seimiya et al. 

reported the presence of homeobox genes in the sponge Ephydatia fluviatilis. 

They discovered the presence of three homeodomains which were 72% and 

62% identical to comparable genes in Drosophila, and one which was 77% 

identical to a comparable human gene product (Seimaya et al. 1994). 

Experimentation in extracting and purifying DNAfrom Ephydatia muellericould 

possibly lead to the discovery of further evidence of homebox genes in 

freshwater sponges and of other genes having phylogenetic importance.

The isolation of mtDNA also has several important research applications.

One of the most prominent areas of mtDNA research is to establish sequence 

diversity in mtDNA within and between organisms of the same species.

According to Lansman et al. (1981), cleavage of mitochondrial DNA samples 

with a relatively small number of endonucleases provides information concerning 

the phylogenetic relatedness of individual organisms which cannot now be 

readily obtained by any other type of molecular analysis.

Since mtDNA had never been isolated from freshwater sponges before, 

the primary goal of this experiment was to determine whether or not a common 

procedure for isolating mtDNA would be effective. Tamura and Aotsuka's 

procedure for the rapid isolation of animal mitochondrial DNA by the alkaline
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lysis procedure (1988) was used in this study. This procedure relies on an initial 

homogenization to break the cell walls and then a centrifugation to separate the 

mitochondria from the nuclei. Sodium dodecyl sulfate (SDS) is then added to the 

solution because of its ability to denature linear nuclear DNA selectively, while 

circular mtDNA remains intact (Welter et al., 1989). This method of mtDNA 

isolation has been used for many different experiments, including isolation from 

the grasshopper Melanoplus sanguinipes (Chapco et al., 1992). Mitochondrial 

DNA has also been isolated from human tissues such as placental, kidney, 

colon, stomach, and cell cultures using a very similar method (Welter et al., 

1989).

Another method for isolating mtDNA involves using a cesium chloride 

(CsCI) gradient centrifugation. This method is older and more well established, 

but the newer procedure is advantageous because of its rapidity and economy.
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MATERIALS AND METHODS

Isolation of Genomic DNA

Collection of Organisms. Through May, June, and July, 1995, sponges

were collected from two lakes in west-central Montana: in Salmon Lake

(T15N/R14W/S8) and Cooper's Lake (T15N/R11W/S12). The sponges were 

found attached to the underside of rocks and/or logs in approximately 0.25 to 1.0 

m of water. Samples were taken and placed in small containers along with 

enough lake water to submerge them completely. If the sponges were not used 

immediately, they were stored in a refrigerator at approximately 4°C. Prior to 

DNA purification, the sponges were maintained for 24 hr in distilled water in 

order to allow degradation of ingested algae.

The samples taken were beige to tan in appearance suggesting that they 

contained few or no symbiotic algae within them, which would have given the 

sponges a greenish color. Minimizing the algal content is important in order to 

prevent any misleading results in isolating DNA from the algal nuclei and 

chloroplasts.

The sponges used for this work could not be identified positively because 

of the absence of gemmules. The structure of the megascleres and absence of 

microscleres suggested that the sponge might be an ecotype of Ephydatia

muelleri.
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Glass and Solution Preparation. All solutions used in these experiments

were prepared with double distilled water and autoclaved at 121° C for 15 min.

Glassware was double rinsed in distilled water and autoclaved or rinsed in 70%

ethanol. The solutions were stored at 4° C and kept on ice during the

experiment.

Genomic DNA Isolation. Specimens were first dissected to remove any

visible contamination; i.e., dark brown portions were excised. They were then 

blotted gently with filter paper to remove any excess water that might have 

interfered with weight measurements. The sponges were then weighed to the 

nearest 0.01 g and quickly transferred to a small plastic tray which was then 

floated in a dry ice I ethanol bath. Once frozen solid they were removed from the 

bath, placed into a pre-chilled mortar, and ground with a pestle until no large 

pieces remained. This ground material was transferred into 1.2 mL digestion 

buffer/100 mg of tissue (100mM NaCI, 10mM Tris-HCI, pH 8.0, 25mM EDTA, pH 

8.0, 0.5% SDS, 0.1mg/mL proteinase K-added fresh with each use). The solution 

was then incubated at 50° C in a shaking water bath for approximately 12-18

hours in tightly capped 1.5-mL microcentrifuge tubes, a process which allows for 

most of the cellular protein to be degraded.
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After incubation an equal volume of phenol/chloroform/isoamyl alcohol 

(25:24:1) was added to each of the tubes to extract remaining protein 

contaminants. These mixtures were vortexed briefly and then centrifuged for 10 

min at 1700 x g in a microcentrifuge. The aqueous (top) phase containing the 

DNA was carefully removed from the tubes with a Pasteur pipette and 

transferred to new tubes. If any white precipitate was present at the interface 

between the two phases, then the extraction was repeated until no precipitate

was visible. To each of the tubes, 1/2 volume of 7.5 M ammonium acetate and 2 

(original) volumes of 100% ethanol were added. This brief precipitation in the 

presence of high salt reduces the amount of RNA in the DNA. The tubes were 

then centrifuged at 1700 x g for 2 min to pellet the precipitated DNA. The 

aqueous phase was removed from the tubes and the pellets were rinsed with 

70% ethanol. The ethanol was decanted and the pellets were allowed to air dry.

Storage. Air dried pellets were resuspended in 100 pL TE buffer (10 mM

Tris/1mM EDTA, pH 8.0) until dissolved. DNA was shaken gently at room 

temperature to facilitate solubilization.

Restriction Endonuclease Digestion. Some of the samples were 

subjected to restriction endonuclease digestion before electrophoresis. Eco R1 

was the endonuclease used in this experiment. The Eco R1, buffer concentrates,
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and bovine serum albumin (BSA) were all obtained from Sigma. For the 

restriction endonuclease digestions, two dilutions of the DNA were used. In one

* set, 10 pL of the DNA solution were added to 5 pL 10 x buffer, 25 pL 2 x distilled 

water, and 5 pL BSA (1:20 dilution-final concentration 0.005 mg/pL). In the other

set 20 pL DNA were added to 5 pL 10 x buffer, 5 pi BSA (0.005 mg/pL), and 15

pL 2 x distilled water. Then 5 pL Eco R1 (1:50/ 50 units/mL) were added to each

of the samples that was to be digested. These tubes were incubated for 1 hr in a 

37° C water bath. Uncut samples were also prepared for electrophoresis along

with the cut DNA. In the uncut samples an extra 5 pL of 2 x distilled water were

added instead of 5 pL of Eco R1. These samples were stored at room

temperature while the other samples were incubating. Just prior to loading the

wells in the agarose gels, 5 pL loading buffer were added to each of the

samples. This dye carries a negative charge similar to the DNA and migrates 

through the gel during electrophoresis.

For comparative purposes, X DNA was digested with Eco R1 and run in

the gel along with the sponge DNA. To 10 pL X DNA stock, 5 pL 10 x buffer, 25

pL 2 X distilled water, and 5 pL BSA (0.005 mg/pL) were added. To this solution

were also added 5 pL Eco R1 (1:50/50 units/mL), and incubated in the water

bath with the sponge DNA for 1 hr.

*
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Electrophoresis. The DNA was analyzed using agarose gel 

electrophoresis. Negatively charged DNA fragments will move through an 

agarose gel matrix in response to an applied voltage. Larger DNA fragments 

move more slowly than smaller ones, and linear DNA moves more slowly than 

circular DNA of equal mass.

Agarose gels (0.8%) were prepared immediately before electrophoresis. 

To 30 mL of Tris-acetate-EDTA (TAE, 40mM Tris-acetate/2mM EDTA, pH 8.5) 

buffer, 0.24 g of electrophoresis grade agarose (Sigma) was added and heated 

on a stir plate until the agarose was completely dissolved. The molten agarose 

solution was removed from the heat and allowed to cool for approximately 2 min 

and then poured into a 5 cm by 7.5 cm casting tray which had been sealed at 

both ends with masking tape. Immediately after pouring, an eight-well comb was 

inserted into the casting tray. Once the gel was completely solidified, the comb 

and tape were removed from the casting tray, and the gel (still in the casting 

tray) was submerged in electrophoresis buffer (TAE) approximately 1 cm 

beneath the surface of the buffer in the horizontal electrophoresis apparatus with 

the well end of the gel placed near the cathode end of the apparatus.

Gels were electrophoresed at 170 V for approximately 60 min or until the 

dye front had migrated to a position about 1 cm from the opposite end of the gel.

To visualize the DNA in the gel, the gel was stained with SYBR Green I. 

The gel was transferred from the casting tray into a staining tray filled with 100 

mL distilled water and 100 pL 1000 x SYBR Green I. Staining was carried out at
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4° C for 24 hours. The gel was photographed with a Fotodyne UV 15 

transluminator and an FCR-10 camera system (Fotodyne).

DNA Purity Assessment. In order to assess the purity of the DNA that

had been isolated, absorption of samples was measured at 260 and 280 nm, 

with the ratio between the two wavelengths indicating relative purity of the DNA 

in the solution. Absorbance readings were also taken at 325 nm to detect for the 

presence of particulate matter in solution.

Blanks were made to zero the spectrophotometer by pipetting 1.0 mL 

1xTNE buffer (100 mM Tris, 10 mM EDTA, 2.0 M NaCI, pH to 7.4 with 

concentrated HCI) into each of two cuvettes. Absorbance readings were taken at

325, 280, and 260 nm with the blanks, repeated two more times, and then the

means were calculated. The difference between the means of the two cuvettes

was taken into account to reflect differences in the optical quality of each 

cuvette. Cuvette two was emptied of its contents and rinsed twice with tap water

and three times with double distilled water. To this cuvette 50 pL of the DNA

solution and 1.0 mL TNE were added and absorbance readings were again 

taken at 325, 280, and 260 nm. Three separate readings were taken at 260 and 

280 nm. These numbers were averaged, and the correction factor for the cuvette

> was taken into account; then the ratio was calculated. Three separate readings
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were taken again at 325 nm, then averaged, and the correction factor for the

cuvette was factored in.

Succinate-INT Reductase Assay

In order to ascertain what subcellular fraction contained the highest 

concentration of mitochondria, fractions obtained by homogenization and 

centrifugation were assayed for the activity of Succinate-INT reductase 

(Pennington, 1961). Succinate-INT reductase is an enzyme which is specific to 

mitochondria; that is, reductase activity is localized within the mitochondria itself.

The sponge sample was blotted with filter paper to remove excess water 

and then weighed with a Mettler AC 100 balance. The sponge was then minced 

by hand with a razor blade. This material was added to homogenization buffer 

(HB; 0.25 M sucrose/30 mM Tris-HCI, pH 7.5/10 mM EDTA; 50 mg sponge 

tissue/mL HB). The sponge suspension was homogenized in a glass 

microhomogenizer with a teflon pestle a total of 7 up-down cycles in a Bellco 

homogenizer run at setting 8.

The homogenate was transferred to a 15 mL glass centrifuge tube and 

centrifuged for 2 minutes at 1000 x g. The pellet produced by this centrifugation 

was labeled "pellet 1." The supernatant was transferred to another tube, and 

then centrifuged again at 12000 x g for 15 minutes. This step produced "pellet
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2." The supernatant was again pipetted off into a clean test tube, and the pellets 

from each of the centrifugations were resuspended in 0.5 ml_ HB.

Next, 50 pL of each of the three fractions (pellet 1, pellet 2, and

supernatant) were pipetted into glass centrifuge tubes. These solutions were 

placed into a 37° C water bath and allowed to equilibrate. Also placed into the

water bath was the vessel containing buffer-substrate [50 mM KH2PO4, 0.1%

iodonitroterazolium violet (INT), 25mM sucrose, pH to 7.4 with KOH]. The

samples were allowed to equilibrate, and then 450 pL buffer-substrate were

added to each of the three sample tubes. These were incubated in the 37° C

water bath until the most active sample was quite red (at least 30 minutes). The

reaction was stopped by adding 500 pL 10% trichloroacetic acid (TCA) to each

tube and then vortexing to mix. Next 2 ml_ ethyl acetate were added to each tube 

and they were mixed by gentle inversion, after the tube had been covered with 

Parafilm. The tubes were spun in a clinical centrifuge for 3 min to separate 

phases. The top red layer was transferred to glass cuvettes and absorbances 

read at 490 nm for each sample. Two readings were taken for each sample and 

the results were averaged.
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Isolation of Mitochondrial DNA

The procedure for isolation of mtDNA was adapted from a procedure for 

the rapid isolation of mitochondrial DNA by the alkaline lysis procedure from 

Tamura and Aotsuka (1988).

The sponge samples were blotted with filter paper to remove excess 

water and weighed with a Mettler AC 100 balance. The sample was quickly 

minced by hand with a razor blade and then was added to HB (50 mg sponge 

tissue/mL HB). The suspension was homogenized seven up/down cycles at 

setting 8 in a Bellco homogenizer. The homogenate was then transferred into 

two 15-mL glass centrifuge tubes.

The homogenate was centrifuged at 1000 x g for 2 min at 4° C. The

supernatant was removed (discarding pellet) with a Pasteur pipette and divided 

evenly into each of six 1.5-mL microcentrifuge tubes. The supernatant was

centrifuged again at 12,000 x g for 15 min at 4° C to pellet the mitochondria. The

supernatant was discarded and the pellets in each tube were resuspended in

300 pL saline-Tris-EDTA-buffer (STE; 10 mM Tris-HCI, pH 8.0, 0.15 M NaCI, 10

mM EDTA) to give a ratio of 50 pL STE added per 50 mg starting weight of the

sponge tissue. Next 600 pL freshly prepared alkaline SDS (Sodium dodecyl

sulfate) were added to each tube. The tubes were then gently vortexed and

incubated on ice for 5 minutes.
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Following the incubation on ice, 450 pL ice-cold potassium acetate (3 M K 

acetate in 2 M acetic acid) were added to each of the tubes. They were again 

vortexed briefly and stored on ice for 5 min. Following this process, the tubes 

were centrifuged at 12,000 x g for 5 min at 4° C. To the supernatant from each of

the tubes, an equal volume of phenol-chloroform was added to remove protein 

contaminants. The tubes were vortexed and then centrifuged at 12,000 x g for 2 

min at room temperature. The aqueous (top) phase of each tube was transferred 

to a fresh tube. If any white precipitate was present between the two phases, 

then the phenol-chloroform extraction was repeated until none was visible.

Once the extraction was completed, the remaining supernatant was of 

such a volume that all the remaining liquid could be transferred into one fresh 

1.5-mL microcentrifuge tube. Two volumes of ethanol were added to the tube. 

The tube was vortexed and allowed to stand for 15 min at room temperature.

The tube was then centrifuged at 12,000 x g for 10 min at room temperature.

The supernatant was removed and discarded. Next, the pellet was washed with 

70% ethanol and allowed to dry briefly under a vacuum. At this point RNase (20 

pg/mL DNase-free RNase [Boehringer Mannheim] in 10 mM Tris-HCI, pH 8.0,

1mM EDTA, 1 pl_/50 mg) solution was added, and the pellet was incubated at

37° C for 30 min. Following incubation, the procedure was repeated from the

point of the phenol-chloroform extraction. An equal volume of phenol-chloroform 

was added to the tube. The tube was vortexed, and then centrifuged at 12,000 x 

g for 2 min at room temperature. The aqueous phase was transferred to a fresh

8QRETTE LIBRARY PAnnm ■
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tube, and 2 volumes of ethanol were added. The tube was allowed to stand for 

15 min. Then the tube was again centrifuged at 12,000 x g for 10 min at room 

temperature. The supernatant was removed and discarded, and the pellet was 

washed with 1 mL 70% ethanol. The pellet was stored at -20s C.

Agarose Gel Electrophoresis. All procedures concerning the

electrophoresis of mtDNA were the same as the electrophoresis of the genomic 

DNA, except that the voltage was set at 86V. The running time was 90 to 100

minutes.

A total of 20 pL of the mtDNA solution were combined with 2 pL 10x

buffer, 2 pL 1:20 BSA (0.005 mg/pL), 4 pL 1:50 EcoR1 (50 units/mL), and 12 pL

distilled water. The tube was allowed to incubate for 30 min at 37° C. Following

this process, 5 pL loading buffer were added to the tube, and 15 pL of the

solution were carefully loaded into a well in the agarose gel. A comparative

EcoR1 digested X DNA sample was also run with the sponge mtDNA during the

electrophoresis. This sample contained 10 pLX DNA, 5 pL EcoR1 (1:50/50

units/mL), 5 pL 10x buffer, 25 pL distilled water, and 5 pL 1:20 BSA (0.005

mg/pL).

Staining of mtDNA with SYBR Green I and photography were performed 

in the same way as with the genomic DNA.
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RESULTS

Genomic DNA Isolation. The isolation of genomic DNA involved 

incubating ground sponge tissue in a homogenization buffer that contained both 

detergent (SDS) and proteinase (proteinase K). The purified genomic DNA was 

subjected to restriction endonuclease digestion and then electrophoresis. An 

assay was also performed to determine the relative purity of the isolated DNA, 

which utilized absorbance readings at 260, 280, and 325 nm.

During the preparation of the genomic DNA, one tube was observed to 

contain more particulate matter than the other. The contents of the tubes were 

therefore kept separate in subsequent steps.

Figure 1 shows the digested and undigested DNA after electrophoresis. 

As would be expected of DNA that is almost completely linear (only mt DNA is 

circular), digestion yielded fragments that migrated more rapidly through the gel 

(compare, for example, lanes 2 and 4). The bulk of the undigested DNA was 

greater than 21 kb as indicated by its mobility relative to that of the largest 

digested X DNA fragment (which is 21,226 bp). Small fragments (less than 3530

kb) of nucleic acid were also present (smear at the bottom of the lanes). Since in 

this preliminary study no attempt was made to remove RNA, it is possible that 

not all of these small fragments are DNA.

An A260/A280 ratio of 2.30 was calculated from absorbance

measurements of the purified DNA. A ratio of 1.8 to 2.0 represents a highly
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purified preparation of DNA. Readings were also taken at 325 nm, giving an 

absorbance of 0.014. Absorbance at this wavelength indicates particulates in the 

solution or a dirty cuvette.

Fractionation and mtDNA Purification. The first goal of this study was 

to determine which subcellular fraction of sponge tissue following centrifugation 

contained the highest level of mitochondrial activity. Fractions were assayed for 

specific succinate-INT reductase activity.

The results of the succinate-INT reductase assay confirmed the 

enrichment of mitochondria in the second pellet. The specific activity of 

succinate-INT reductase was greater in the second pellet (0.690) than in either 

the first pellet (0.400) or the final supernatant (0.034).

The second goal of this study was to isolate mtDNA from the second 

pellet using a rapid, alkaline lysis procedure. To separate mtDNA from nuclear 

DNA, SDS was used to selectively denature the linear, double stranded DNA, 

while the circular mtDNA (which is also double stranded), remained intact. Later 

the linear DNA was renatured by addition of a potassium acetate/acetic acid 

mixture. This renatured, linear DNA aggregated to form an insoluble network, 

which then coprecipitated with protein-SDS complexes and high molecular 

weight RNA. The precipitated complexes were then removed by centrifugation. 

After treatment with RNase, mtDNA was supposedly isolated.
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Although the results of the fractionation indicated that mitochondria were 

present in pellet 2 (which was used for mtDNA purification), no DNA was 

detectable in the gel after electrophoresis (Figure 2).
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Fig.1. Agarose gel of genomic DNA isolation. Lane 1: X DNA. Lane 2: 10 pL 
EcoR1 digested sponge DNA. Lane 3: 20 pL EcoR1 digested sponge DNA.Lane 
4: 10 pL undigested sponge DNA. Lane 5: 10 pL EcoR1 digested sponge DNA*. 
Lane 6: 20 pL EcoR1 digested sponge DNA*. Lane 7: 10 pL undigested sponge 
DNA*.

*= DNA solution with particulate matter
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Fig. 2. Agarose gel of mtDNA isolation. Lane 1: EcoR1 digested X DNA. Lane 3: 
20 fxL EcoR1 digested mtDNA
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DISCUSSION

One major concern in purifying the DNA was that there was algae growing 

symbiotically (growing with the sponge in such a way that the two organisms live 

together but do not interfere with each other) with the sponge. The sponge 

samples that were collected were whitish to beige in appearance, which would 

indicate there was little algae present. It was possible, however, that along with 

the sponge DNA some of the algal DNA was isolated as well. To counter this 

problem, the sponge samples were normally stored in distilled water for at least 

24 hrs, to allow for degradation of nonsymbiotic algae (algae that had been 

ingested by the sponge as food).

Another concern in the isolation of the genomic DNA was the action of 

endogenous nucleases. Freezing the tissue during the initial stages of the 

isolation prevents these nucleases from acting on and destroying the DNA. A dry 

ice/ethanol bath had been substituted for a liquid nitrogen bath, and was possibly 

a problem. This bath did not freeze the tissue hard enough and the sample 

thawed during the grinding process. It is therefore possible that the nucleases 

had a brief exposure period to the DNA, and subsequently the DNA was 

digested before isolation, leading to a great deal of smaller DNA fragments as 

shown in the gel. However, as mentioned above it is unclear whether these 

fragments are RNA or DNA.

It was also suggested that after the phenol/chloroform protein extraction, 

organic solvents and salts be removed by dialysis, rather than by ethanol
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precipitation (Ausabel, 1994). If protein contaminants are not fully removed from 

a DNA extraction, then the activity on the DNA by restriction endonucleases may 

be seriously inhibited.

It is possible that all of these factors played a role in the results obtained. 

The isolated DNA appeared to be flocculent, which is an indication of protein 

contaminants (Ausabel, 1994). Although the phenol/chloroform extraction was 

normally performed twice, this may not have been effective enough to remove all 

of the contaminants present in the solution.

The results of the assay also seemed to point to the presence of protein 

or some other type of contaminants. Absorbance at 325 nm indicates 

particulates in solution or dirty cuvettes. The cuvettes were carefully cleaned 

before the readings were taken, so it was assumed that they did not play a role 

in the results. The absorbance readings suggested that a small amount of 

particulate matter was present.

The results of the succinate-INT reductase assay confirmed the presence 

and activity of mitochondria. It was concluded, therefore, that the fractionation 

procedure was effective in isolating the mitochondria. The absence of detectable

mtDNA could indicate a low cellular concentration of mitochondria and a need to

increase further the amount of sponge tissue used as a starting material.

f

21



Literature Cited

Ausabel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Seidman, J.G., Smith,
J.A., and Struhl, K. 1994. Current Protocols in Molecular Biology, pp. 2.2.3

Campbell, N.A. 1990. Biology. Second Ed. p151.

Chapco, W., Kelln, R.A., and Mcfadyen, D.A. 1992. Intraspecific mitochondrial 
DNA variation in the migratory grasshopper, Melanoplus sanguinipes. 
Heredity 69:547-557.

Lansman, R.A., Shade, R.O., Shapira, J.F., and Avise, J.C. 1981. The Use of 
Restriction Endonucleases to Measure Mitochondrial DNA Sequence 
Relatedness in Natural Populations. J. Mol Evol 17:214-226.

Pennington, R. 1961. Biochemistry of Dystrophic Muscle. Mitochondrial 
succinate-tetrazolium reductase and adenosine triphosphatatase. 
Biochem. J. 80:649-654.

Seimaya, M., Ishiguro, H., Miura, K., Watanabe, Y., and Kurosawa, Y. 1994.
Homeobox-containing genes in the most primitive metazoa, the sponges. 
J. Biochem 221:219-225.

Tamura, K., and Aotsuka, T. 1988. Rapid isolation of animal mitochondrial DNA 
by the alkaline lysis procedure. Biochem. Genet. 26:815-819.

Welter, C., Dooley, S., and Blin, N. 1989. A rapid protocol for the purification of 
mitochondrial DNA suitable for studying restriction fragment length 
polymorphisms. Gene 83:169-172.

22


