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Abstract
The current study investigates the conservation of mitochondria DNA (mtDNA) from skeletal
material prepared by enzyme maceration. Ten individuals of Stone Marten (Martes foina)
were enzyme-macerated using a mixture of protease and lipase. After using a fast enzyme
preparation method the skeletal material was stored for two years in order to see if
degradation of DNA had taken place. As warm-water maceration is the traditional
maceration technique used for example at The Natural History Museum of Denmark, ten
different individuals of Stone Marten were warm-water macerated so a comparison of the two
different maceration techniques’ amplifiable DNA outcome could be made. Samples for DNA
analysis were taken from two different kinds of bone (pelvic and costa) from each individual.
The analyses showed that the mtDNA was intact and all PCR products could be indentified to
the right species without contamination, demonstrating that both the warm-water maceration
and the fast enzyme preparation method had not compromised the DNA.
Keywords: forensic science; mtDNA; conservation; enzyme maceration; skeletal material; bones

Introduction
For many years natural history museums have practiced the cleaning of bones for
scientific studies, exhibitions and dry storage, but also the fields of forensic science,
anthropology and taxidermy have been using different techniques to clean skeletal material [17]. Mostly insect consumption and cold- or warm-water maceration have been used as standard
maceration techniques [4, 8-12]. Most of these methods require between 2 days and 8 weeks
depending on the amount of bacteria present, the size of material being macerated and the
temperature used during the maceration [4, 13]. Boiling and subsequent mechanical cleaning of
skeletal material is also used, however, such heat treatment may compromise surface
morphology [14] and in future research affect the ability to retrieve useful DNA from the
material [12, 15-18]. Also detergent maceration has been used for years as a cleaning agent [2,
3, 14, 16, 19-21]. However, information on the exact composition of commercial detergents
used is normally not available. It is also worth noting that various kinds of detergents contain
tensides, builders (inorganic complexing agents), additives, bleaching agents, and corrosion
inhibitors [20, 22-25]. The aggressive mixture in detergents may cause damage to the bones,
and softening, decalcification, and transparency of detergent-macerated bones have thus been
*
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observed [3, 24, 25].
Recent results using commercial proteases and lipases to perform enzyme maceration
proved to be remarkably fast compared to the traditional methods used [26]. This method
allows preparation of skeletal material in an essentially odourless way within a matter of hours,
making the method useful not only in natural history museums, but also in forensic science, in
private conservation workshops and for educational purposes [26].
The development of DNA extracting methods is progressing fast. With the invention of
the polymerase chain reaction (PCR) and second generation sequencing [27], DNA research has
progressed from the retrieval of small fragments of mitochondrial DNA to large-scale studies of
ancient populations and even complete mitochondrial as well as nuclear genome sequences [2830]. The PCR technique is an extremely sensitive method that can detect minute amounts of
specific DNA molecules and amplify these molecules billions of times in a few hours.
The increasing use of DNA in biology, conservation, forensic casework and in science in
general does not allow maceration methods that destroy the use of DNA extraction. Therefore,
in the current study we have investigated a traditional skeletal maceration, warm-water
maceration, as a large part of the skeletal material found in the storage facilities and in
exhibitions today has been macerated this way, together with the enzyme maceration method
published by Simonsen et al. [26]. This was done in order to examine whether the traditional
maceration method and the one using these enzymes have any impact on extracting useful
mtDNA from the treated bones.
Material and Methods
Ten different individuals of Stone Marten (Martes foina) were enzyme-macerated using a
solution of protease and lipase. Each individual was skinned and the organs were removed
before the remains were secured in gauze and macerated for 5 hours at 55°C ± 5°C. The
maceration bath consisted of 2.9L of tap water, 50mL of Savinase® 16L Type EX and 50mL of
Lipex® 100L, giving a concentration of protease and lipase around 22 and 11µM, respectively.
The completion of the maceration was defined as the point in time, with resolution of 15min
intervals, where the skull and jaw were separated and tongue and cerebral matter were dissolved
[26]. Each specimen was stored in a separate plastic bag at the laboratory at ambient
temperature.
Ten other individuals were skinned, the organs were removed, and the remains were
macerated in warm water (37°C) for one week. The maceration was brought to an end by
boiling the bones for half an hour in a mixture of water and Na2CO3. Thereafter the bones were
kept in a solution of water and H2O2 for 12 hours. The bones were cleaned in fresh water and
dried.
As DNA yields can vary greatly between bone types [16], two different kinds of bone
material (pelvic and costa bones) from the 20 different individuals were investigated.
Two years after the enzyme maceration and one week after the warm-water maceration
DNA was extracted from the skeletal material using DNeasy Blood & Tissue Kit (QIAGEN)
following the supplier’s manual. Various precautions were taken in reducing the contamination
hazard. Two sets of blank control samples were made, one purification blank and one PCR
blank. Different rooms for drilling, extraction, and PCR were used and the two different kinds
of bone material were processed in two different laboratories (pelvic at the School of
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Conservation DNA laboratory and costa at the Natural History Museum of Denmark,
Laboratory of Molecular Systematic). Two different sets of carnivore specific primers were
selected. One designed to amplify a short fragment length (approximately 200 bp) on the
mtDNA control region and another designed to amplify a longer fragment length
(approximately 350 bp) on cytochrome b [11, 31]. The DNA extraction was first done with the
short primer in order to determine whether any DNA was preserved in the bone. The longer
primer was used to ascertain that longer fragments of DNA were also preserved.
A standard double-stranded 50µL PCR was carried out using 1µL of the extracted DNA
as template. As mentioned above the first primer selected was designed to amplify a fragment
of approximately 200bp on the mtDNA control region. The forward primer LRCB1: (5’TGGTCTTGTAAACCAAAAATGG-3’) and the reverse primer MARDH: (5’CATGCTTATATGCATGGGGC-3’) [31]. This primer set was used on the ten samples
extracted from the pelvic bones. Thermal cycling was performed on an ESCO swift MinePro,
Buck & Holm. The PCR-conditions for the fragment were: One initial cycle of denaturation
(94°C for 10 minutes), followed by 35 cycles (94°C for 1 minute, 50°C for 1 minute and 72°C
for 1½ minutes) and finally 10 minutes extension step at 72°C [31]). The second set of primers
selected was designed to amplify a fragment of approximately 350bp on cytochrome b. The
forward primer Cb-MM1: (5’- ATGACCAACATTCGTAAAACT-3’) and the reverse primer
Cb-MMR4: (5’-CCAATGTTCCATGTTTCGGG-3’) [11]. The thermal cycling with the second
set of primers was performed on a BioRad, PTC 200. The PCR-conditions were the same as for
the first primer set, except the annealing temperature was increased to 54°C.
The PCR products were visualised on a 2% agarose gel containing SYBR Safe DNA gel
stain SYBR green. The PCR products were purified using QIAquick Purification Kit
(QIAGEN) for all the primers. The purified PCR products were used as templates for a 12µL
cyclic sequencing reaction using ABI prism® BigDye® Terminator v1.1 Cycle Sequencing kit.
For the cyclic sequencing reaction the same primers and PCR conditions were used as for the
two initial PCR reactions. The cyclic sequencing PCR was carried out on a gradient Cycler,
BIO-RAD, DNAEngive, Peltier Thermal Cycler. The purified sequencing products were run on
a 3130xl Genetic Analyser Applied Biosystems HITACHI and the attached computer with
Genetic Analysis Program. The sequences were assembled using the computer program CLC
Main Workbench 5 and submitted to NCBI nucleotide collection for comparison of the
sequences with sequences held at NCBI. The obtained results were used to identify the species
of DNA in the different samples.
Results and discussion
No contamination was evident for either the DNA extraction control or the PCR
amplification control. Using the two primer sets it was possible to obtain positive amplification
products for the entire range of test material. DNA was successfully extracted from all the
bones. During the gel electrophoresis all the products were visualized without any sign of
smear, indicating that only one sequence size was produced during the PCR. It is important to
note that it was possible to species identify all the resulting sequences from both types of bone
material, which clearly indicates that DNA is well preserved in the bones after being macerated
in the warm water together with Na2CO3 and H2O2, and when the enzymes, Lipex® 100L and
Savinase® 16L Type EX, have been used in the maceration process.
http://www.ijcs.uaic.ro
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Conclusions
Both maceration techniques showed that it was possible to species identify the
collected samples of bone material. What is important when choosing the most optimal
maceration technique is that it will quickly provide clean, degreased bones with intact
mitochondrial and/or nuclear DNA. Warm-water maceration is a relatively long process (1
week) that also causes an obnoxious smell. The method developed by Simonsen et al. [26]
proved to be very efficient concerning time, cleaning and degreasing of bones. Our results also
indicate that the mitochondrial DNA is intact when using the above mentioned methods. Our
results were without any smeared products opposed to other results that involved the use of
chemical maceration methods and all PCR products could be identified to the right species
without showing any contamination. The results indicate that the short incubation times and the
relatively low heating conditions required when using pure enzymes permit extraction of the
mitochondrial DNA present in the bones. This method’s long-term effect on DNA was also
tested as DNA extraction was not done until two years after the maceration. This indicates that
the enzymes do not penetrate into the bone after the maceration is completed.
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