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COMPARATIVE EFFECTS OF IONIZING RADIATION
AND HIGH ENERGY ELECTRON BEAMS ON

MOLLUSCAN SHELLFISH

Dustin W, Dixon and Gary E. Rodrick, Ph.D.
Department of Food Science and Human Nutrition

University of Florida, Gainesville, FL

There exists a public health risk associated with the consumption of raw or inadequateiy
cooked shellfish. Several bacterial agents have been isolated from shellfish like the American
oyster  Crassostrea virginica!, perhaps most importantly being the Vibrio species. Vibrio vulnificus
is a halophilic bacterium that is located in warm estuarine waters, and has been recently
implicated as a human pathogen �!.

V, vulnificus is the causative agent of a primary septicemia that is rapidly induced, and often
fatal in certain individuals who have a history of liver disease or have some other
immunocompromised condition �!. V. vulnificus demonstrates a seasonal variation, and seems
to pose the most significant health risk in the warm summer months P!, Because of this potential
health risk, several methods have been proposed to reduce bacterial numbers and increase the
shelf-life of molluscan shellfish.

The proposed methods include the use of gamma irradiation, high energy electron beams and
depuration as means of reducing bacterial numbers and also increasing product shelf-life.
Shellstock oysters were exposed to varying doses of gamma irradiation, and were subsequently
tested for microbiological and shelfdlfe consequences. Similar tests were performed using a
linear accelerator, and depuration. The linear accelerator data shows the resWts in reducing
bacterial numbers, while the depuration data shows the effects on increasing shelf-life.

MATERIALS AND METHODS

Source of Oysters
Oysters were provided by two Florida shellfish processors. One source was Laavin's Seafood,

located in Apalachicola, FL, and the other source was Calvert's Seafood, located In Cedar Key,
FL Oysters were harvested dunng the morning hours, and then transported to the University of
Rorida, Gainesville, in the evening, where they were stored at 34-36oF, for next day Irradiation,
or depuration. Gardner and Watts �! showed that oysters which received 3.0 kGy or more of
gamma radiation, did not die until 7 hours post irradiation.

Source of Gamma Radiation
The source of gamma radiation used was a 60Co unit called a Gamma-Cell 220. This was

a 30 kiiocurie source that is located on the campus of the University of Rorida at the USDA
Entomology Research Center. The unit was equipped with a 6" by 8' opening in which oysters
could be placed for irradiation, The subsequent flaw chart details how the shellstock oysters were
irradiated and monitored.

Source of a Linear Accelerator
The preliminary data that is presented, was obtained by Dr. Rodrick from a linear accelerator

located at the Mevex Corporation, in Ontario, Canada. The University of Rorida Is obtaining its
own linear accelerator from France, which should be operational March 1 ~ 1990, so that the
experiments may be repeated. Sheiistock oysters were expo.ied to varying doses from the linear
accelerator, and bacterial numbers were expressed in colony forming units per gram of meat
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Depuration Source
Depuration tanks are generally 55 gallons or larger, and are filled with a 2,5% salt. The tanks

are equipped with a recirculating pump and filter system, as well as disinfecting ultraviolet light.
The oysters are placed in the tanks for 48 hours @ 70-72oF, and allowed to fitter feed, At the end
of 48 hours, oysters are removed, stored at 34-36oF, and monitored for death.

Methodology Flow Chart
The flow chart of Figure 1. demonstrates how the oysters were handled during the gamma

irradiation experiments. Approximately 12-15 oysters were placed in a 6" by 8" plexiglass
container packed with ice above and below, Oysters were irradiated at 1, 2, and 5 kGy. Separate
experiments were performed for the microbiological and shelf-life studies. The microbiological
analysis consisted of carrying out a serial dilution �0-1 to 10%! using 50 grams of irradiated
oyster meat homogenized in peptone water, and then preparation of Most Probable Number
 MPN! tubes in alkaline peptone water @ 2.5% NaCI, Positive MPN tubes were transferred to
TCBS  thiosulfate citrate bile salts! agar for selection of "vibrio-like" organisms, and to CPC
 cellobiose polymixin colistin! agar for selection of V, vulniTicus �!. V. vulnificus was enumerated
by the MPN technique �!. All bacteriological media were obtained from Difco Corp.

RESULTS AND DISCUSSION

The MPN results of control and irradiated oysters, obtained from Cedar Key and Apalachicola,
are found in Tables 1 and 2. These tables consist of data obtained using oysters . A 3-4 log
reduction in bacterial numbers was observed at every exposure dose, with the exception of the
2 kGy exposure of the Apalachicola oysters, as compared to the non-Irradiated controls. Tables
3 and 4 show the results of the MPN'S, as well as the numbers of bacteria observed on TCBS
and CPC agar for both the Apalachicoia and Cedar Key oysters. There were no V. vulnificus
bacteria found on any of the CPC agar plates streaked with Irradiated oyster homogenate. This
would indicate that V. vuinificus is in fact radiosensitive, and this correlates well with the work of
Grodner �!,

Tables 5 and 7 show the effect on shelflrfe of irradiating oysters at 1 and 5 kGy. At the 1 kGy
exposure, 50% of the oysters were dead within 12 days, whereas at the 5 kGy exposure, 50% of
the oysters were dead within 7 days. Table 6 shows the effects on sheNife of 2 kGy exposure,
as well as some depuration data. Fifty percent of the oysters were dead within 10 days after 2
kGy exposure, however even after twenty days post depuration, 50% of the oysters were not
dead. The data in Table 8 shows depuration results obtained by Leavin's Seafood. One-half of
the oysters were dead within 31 days.

Table 9 shows the results obtained using the linear accelerator in Ontario, Canada. The cfu/g
of bacteria were reduced as exposure dose was increased. Furthermore, there was also a
marked reduction in bacterial numbers in oysters that were exposed on both sides.

Irradiation proved to have potential in reducing the numbers of V. vulnificus in shellstock
oysters. V. vulnlicus appears to be radiosensitive, as it was not detected in any Irradiated sample
 negative CPC results!. Bacterial numbers are in fact reduced 3X log cycles, however the
product shelf-life is compromised.

CONCLUSIONS AND REFERENCES

The use of gamma irradiation, high energy electrons and depuration could prove to be
valuable mechanisms for reducing the risk associated with the ingestion of raw shellfish. Gamma
irradiation and high energy electrons appear to be very succesful for reduction of bacterial
numbers, however shelf-lite is compromised. For Irradiation to be successful, both enhanced
food safety and extended product shelfdlfe are required, however both of these criteria do not
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appear to be met, Depuration and the linear accelerator may be the answer for increasing the
safety of raw shellfish ingestion. Further research is being performed before the plausibility of
high energy electrons beams can be addressed,
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Figure 1. Methodology Flow Chart
Oysters stacked in 6" X 8" Plexiglass Container
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INTERNAL DOSIMETER FOR IRRADIATED SEAFOODS

P. M, Achey, Ph.D, and G. E. Rodrick, Ph.D.
Departments of Microbiology and CeII Science and

Food Science and Human Nutrition,
IFAS, University of Fiorida, Gainesville 32611

INTRODUCTION

There is an increasing application worldwide of ionizing radiation as a method for
prolonging the shelfiife and enhancing the safety of various foodstuffs, including seafood products
�,12!. Associated with this, there is a need to develop a method which is reliable, and relatively
easy to use, whereby the amount of ionizing radiation dose received by the foodstuffs can be
determined. Dr. Mark Desrosiers, of the National Institute of Standards and Technology  NIST!
has recently been cited as saying that "the NIST is seeking screening methods for irradiated foods
which also may measure the dose of irradiation. Such a method would be used for post-
irradiation detection, he indicated," �!. This wIII lead to increased consumer acceptance of
irradiated foods, and provide a means by which sovereign governmental regulatory authorities
can enforce their respective laws governing the use of ionizing radiation in food processing.
These laws vary considerably among the nations of the world �2!. In order for such a method
to be useful, certain criteria should be fuNlled, including: �! inexpensive, �! easy to perform, �!
sensitive detection of radiation damage, �! stability of the radiation damage being detected, and
�! reproducible,

Previous efforts in the development of a dosimeter for irradiated foodstuffs have focused
on detection of unique radiolytic products or chemical changes in the food. Techniques have
included electron spin resonance spectroscopy, high resolution nuclear magnetic resonance
spectroscopy, mass spectrometry, direct epifluorescent fiRer technique, and gas chromotography
 9,10,14!.

This paper presents the technique of horizontal agarose slab gel electrophoresis for
detection of DNA single-strand and double-strand breaks as a means of measuring ionizing.
radiation damage in cell tissue of irradiated foodstuffs. The technique has been previously used
for detection of ionizing radiation damage in DNA of cultured insect cells �5!, and has been
applied for quantitation of single- and double-strand breaks in DNA irradiated in ~r �!. The
technique has been demonstrated to distinguish shrimp and oysters which are not Irradiated from
those which have been exposed to ionizing radiation doses of 1, 2, 3, and 5 kGy. These
preliminary results suggest that this technique will be useful in the estimation of the amount of
ionizing radiation received by these seafoods. Data not reported in this paper indicate that the
technique can be applied to chicken, turkey, and mullet. It is reasonable to expect that, indeed,
this technique can be used as an ionizing radiation dosimeter in a variety of foodstuffs, providing
that DNA can be extracted from the foodstuffs with suffic/ently large molecular weight to allow
detection of the strand breaks above a background level of strand breaks that are introduced as
a result of the tissue processing for DNA extraction and analysis.



MATERJALS AND METHODS

Overview

Figure 1 presents a flow chart of the technique.

Pulverize Frozen Tissue
Under Liquid Nitrogen

Figure 1, Diagram outlining the steps of the procedure used in obtaining crude DNA extracts for measuring DNA
strand breaks by agarose gel electrophoresis.

Figures 2 and 3 outlinethe use of agarose gel electrophoresis for the detection of radiation-
induced strand breaks in DNA, An important, and reasonable assumption, isthat the number of strand
breaks increases as the radiation exposure dose increases.

Lysis and Digestion
at 65 - 70 'C

Alcohol Precipitation of
Nucleic Acid, and
Digestion of RNA

Phenol Extraction
of Pmtein

Agarose Gel
Electrophoresie
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Ala kali

denaturation

Figure 2. Measurement of DNA single-strand breaks by alkaline agarose gel electrophoresis.
Molecular weight marker DNA in lane 1, DNA from irradiated sample in lane 2, and
DNA from control  unirradiated! sample in lane 3.

Figure 3. Measurement of DNA double-strand breaks by neutral agarose gel electrophoresis.
Molecular weight marker DNA in lane 1, DNA from irradiated sample in lane 2, and
DNA from control sample in lane 3.
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Approximately 0,5 g of tissue has been found to be sufficient to carry out the analysts.
The dark bands of the agarose geis depicted indicate the location of the DNA, as detected by the
presence of ethidium bromide stain which intercalates in the DNA and fluoresces orange when
excited with near-UV radiation. Samples are applied into wells of the agarose gel, indicated by
the open rectangular boxes, and DNA migration in the gel is toward the positive electrode of the
eiectrophoresis apparatus  left to right in the diagram!. The rate of migration is directly
dependent on the size of the DNA fragments. Smaller DNA fragments are characterized as having
faster rates of migration, The gel electrophoresis profiles of the DNA from irradiated samples is
broader  more smeared! than that of control DNA because of the wider range of DNA sizes from
irradiated samples, as expected from the random distribution of strand breaks in the DNA from
radiation damage. Molecular weight marker DNA has sharp bands, representing the collection
of homogeneous size ciasses of DNA in the sample. The details of the technique are now
discussed.

~Ear tion of DNA from ~first~

This procedure is modified from the method described in Current Protocols in Molecular
Biology �!. Finely dice 0.5 g of tissue sample from the foodstuff with a scissors or scapel, and
transfer to a mortar and pestle, Add liquid nitrogen to the pestle to cover the tissue, and grind
the frozen tissue under liquid nitrogen. Transfer the frozen, powdered tissue, using a pre-chilled
spatula into a 30 ml Corex centrifuge tube, containing 4 mi digestion buffer, which has been
equilibrated to 65-70 C, and incubate
20 min. at this temperature. Digestion buffer contains 100 rnM NaQ, 50 rnM tris-HQ, pH 8, 25
mM EDTA and 0,5% SDS. The solution is not allowed to age more than two weeks before use.

Remove the sample from the 70 C water bath, allow to stand several minutes at room
temperature, and then hold on ice for 20 - 30 min. CentNuge at 10 kRPM in a Sorvall SS-34
anglehead rotor �2,000 X G!, at 2 'C for 10 min, Carefully remove the tubes from the rotor, and
hold in an ice-water slush while decanting the supernatant with a pipete  recording the volume
of the supernatant!, and transferring to a 15 ml Corex centNuge tube. Add an equal volume of
redistilled phenol which is buffered according to the procedure described in Current Protocols
in Molecular Biology  pp. 2.2.1 - 2.2.3! to the samples, vortex at moderate speed for thorough
mixing, and let stand 15 min. at room temperature, Redistilled phenol is obtained from VWR
Scientific, Inc., Marietta, GA, and was manufactured by IBI  a Kodak Company!.

Centrifuge the sample at 5 kRPM in a Sorvall HBR swinging bucket rotor �,000 X G! at
room temperature for 5 min. Carefully decant the top aqueous phas, and transfer to a fresh 15
ml Corex centrifuge tube, noting the volume. Add 0.1 volume 3 M sodium acetate, and 3 volumes
cold absolute ethanol to the sample, transfer to an ice bath for 10 min., then hold in a -20 C
freezer for one to two hours.

Centrifuge the alcohol precipitate at 9 kRPM ln a Sorvall H~ rotor �3,000 X G! at 2 C
for 20 min. Pour off the supernatant, drain the pellet well, and resuspend the pellet in 0.2 ml 0.1X
TNE buffer. Full strength TNE contains 10 mM tris-HCI, pH 8, 100 mM NaQ, and 1 mM EDTA.
Store the sample at 4 C until ready to carry out agarose gel electrophoresis.

Detection of radiation damage ln DNA by horizontal agarose gel electrophoresis was first
introduced by Achey et. al. to measure cyciobutane pyrimidine dimers in DNA extracted from cells
exposed to ultraviolet  UV! radiation �!. The principal of the method, specifically the detection
of DNA single-strand breaks, was extended to indude DNA damage arising from ionizing radiation
damage �,15!, in the form of strand breaks in the DNA strands,
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All gel electrophoresis is performed using a DNA Sub Cell" Eiectrophoresis System  Bio-
Rad Laboratories, Richmond, Calffomia!, A 60 ml volume of molten agarose geI is poured into
the 15 x 10 cm gel tray, resulting in a 4 mm thick slab gel. Sample wells are made using a 15
well comb, to form rectangular wells that are 5 x 1.5 rnm. Sample volumes between 8 and 16 ul
are applied to the wells, with loading buffer which contains a tracking dye and glycerol, The
actual amount of sample loaded into the well is adjusted so that approximately equal quantities
of DNA are loaded in each well. Heat-treated RNaseA is added to a final concentration of 50
ug/ml, and RNA is digested for 30 minutes at 37 C. The reaction is stopped by adding 1 volume
loading buffer to 5 volumes of sample, and the entire volume is loaded into the well,

The loading buffer consists of 1 part 500 mM
Na3EDTA to 9 parts glycerol, to which is added 20 mg bromocresol green per 10 ml of the mix.
Immediately before use, 3 parts of 1 N NaOH is added to 10 parts of the mix.

Electrophoresis is carried out for 4 hours at 28 volts �.65 V/cm!, 5 hours at 24 volts �.4
V/cm!, or 16 hours at 12 volts �.75 V/cm!, The running buffer contains 0.03 N NaOH, and 2 mM
trisodium EDTA. After electrophoresis, the slab gel is transferred to a tray to soak 30 minutes in
250 ml neutralizing buffer, which is removed and replaced with 250 mi neutralizing buffer
containing 100 ng/ml ethidium bromide, Soak the gel for 30 minutes, remove and safely discard
the ethidium bromide solution. The gel is transferred to a near-UV transillumination table, and
photographed.

The procedures are the same as for alkaline agarose gel electrophoresis, except that the
running buffer is TAE or TPE buffer �,13!. The loading buffer contains 0.25% bromophenol blue
as a tracking dye, and 50% glycerol.

Electrophoresis is carried out for 16 hours at 12 volts �.75 V/cm!, The staining
procedure is the same as used for alkaline gels, with omission of the neutralization step.

DNA~Mr~iurar~wei ra~mark ra

Eco Rl restriction endonuclease digest of lambda-DNA  called DNA molecular weight
marker I! and Hind III restriction endonudease digest of lambda-DNA  called DNA moleciar weight
marker II! were obtained from Boehringer Mannheim. The base pair lengths of the DNA fragment
mixtures  in kilobase pair units - kbp! are: 21.2, 7.4, 5.8, 5.6, 4.9, and 3.5 for DNA MW I marker
DNA, and 23.1, 9.4, 6.6, 4.4, 2.3, 2.0, 0.56, and 0.12 for DNA MW II marker DNA.

The 1 Kb DNA ladder consists of 1014 bp fragments that are linked together, providing
a mixture of fragments which differ from one another by 1014 bp lengths, up to a maximum of
12.2 kbp, and is a product of Bethesda Research Laboratories, Inc., Gaithersburg, Maryland.

Lambda DNA �8.5 kbp length! is obtained from Sigma Chemical Co., St. Louis, Missouri.

Marker DNA is diluted with TNE buffer to final concentrations of 0.05 ug/ul, except
lambda DNA is diluted to 0.033 ug/ul. 15 ul volumes of the diluted marker DNA are applied to
the wells being used to calibrate the migration distance of DNA with known size, except the
lambda DNA volume applied is 5 ul.



~Densit m t r~tnning~nat~i ot~htoggtt~hs

A video densitometer is used to scan the photographs, and to plot the intensity of the
bands as a function of distance of travel from the origin. The camera 1-D scanning program
software is used as provided by Biomed Instruments  Fullerton, CA!. The video camera, which
is attached to an IBM PC computer, is a product of Biomed Instruments.

~lrradtad n of~i aamttltt

A custom-made cobalt-60 irradiator was used for radiation exposure of shrimp samples.
The irradiator is a cave-type, with a centrally positioned rod containing 600 Ci of cobalt-60 pellets
sealed in a 5/8" diameter stainiess steel rod, which can be raised and lowered into the irradiation
chamber for radiation exposures, The design of the irradiator has been described �1!.

Whole shrimp were exposed to cobalt%0 gamma radiation at a distance of 2" from the
cobalt-60 rod, providing an exposure dose rate of 13.3 Gy/min. The exposure dose rate was
determined by Fricke ferrous sulfate dosimetry. Radiation exposures were performed at room
temperature, in air.

irradiation of oysters is described elsewhere in these Proceedings  8!,

RESULTS AND DISCUSSION

DNA extracts from control and irradiated shrimp were subjected to alkaline agarose gel
electrophoresis. Figure 4 is a photograph of this gel. DNA molecular weight markers were run
in lanes flanking the DNA samples from shrimp.

DNA extracted from shrimp exposed to increasing doses of radiation migrates further in
the gel, reflecting the accumulation of single-strand breaks in the DNA during irradiation,
accompanied by smaller singie-strand DNA fragments, which migrate further in the gel during
electrophoresis. This salient aspect provides a means to determine radiation exposure of food
products.

Smearing of the shrimp DNA bands results from the random distribution of the singie-
strand breaks. Control DNA also shows a distribution of fragment sizes, caused by the physical
shearing of the DNA during extraction, All radiation doses result in additional strand breaks
beyond those contained in DNA from the control sample, as observed by the migration profiles
of the DNA samples.

Figure 5 is a video densitometer scan of lanes containing DNA MW marker II, and DNA
from control shrimp. The relative migration rates provide an estimated molecular weight for the
DNA samples. The sharp spike to the far right is the end of the gel at the positive electrode.
Comparison of the peak associated with the largest fragment of Hind IIIAlgested DNA with that
of the control shrimp DNA gives an estimated average length for the control DNA of 40 kb.

Video densitometer scans for control and irradiated shrimp DNA are In Fig. 6. DNA
extracted from shrimp decreases in length as the radiation dose is increased, and the size
distributions of DNA from irradiated samples are signIcanlty greater. There is a relatively
constant fraction of DNA with a size less than 1 kb for all doses of radiation, which may represent
a portion of shrimp DNA that is sensitive to strand break damage from ionizing radiation.
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Panel  a!. Video densitometer scan of lane 9, Fig. 4.
Panel  b!, Video densitometer scan of lane 8, Fig. 4.

Figure 5.

Rendition of alkaline agarose gel. Whole shrimp were exposed to cobalt-60
'gamma irradiation as described in the text. The radiation doses are indicated.
Electropohoresis was in 0.5% agarose gel for 5 hrs. at 1.4 V/cm, Lane 1: DNA
MW I; lane 2: 1 kb ladder; lane 3: lambda DNA; lane 4: DNA MW II; lane 5: 3
kGy; lane 6: 2 kGy; lane 7: 1 kGy; lane 8: control; lane 9: DNA MW II; lane 10;
lambda DNA; lane 11: 1 kb ladder; lane 12: DNA MW I,
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Alkaline gel
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The most important feature of Fig. 6 is the measureable decrease in DNA size with
increasing radiation dose, resulting from accumulation of single-strand DNA breaks as the
radiation dose is increased. Because of the quantitative relationship between radiation dose and
DNA strand breaks, a measure of the radiation dose in the food sample can be obtained by
measuring the number of strand breaks.

Adductor muscle tissue and hemolymph fluid were obtained from oysters which had been
irradiated by Mr. Dusty Dixon, as described in these Proceedings  8!. Grinding of the sample
under liquid nitrogen was not required for the hemolymph samples. Control DNA samples from
hemolymph and adductor muscle tissue were run on alkaline and neutral agarose gels, and video
densitometer scans of photographs of the gels are in Figs. 7 and 8. There is a greater difference
in the profiles for the neutral gels than for the alkaline gels, which is expected for DNA samples
with larger differences in double-strand breaks, arising from the ommission of the grinding step
during processing of the hemolymph.

Video densitometer scans for photographs of neutral agarose gels on DNA samples from
control and irradiated oyster hemolymph are plotted in Fig. 9. Fig. $0 presents the profiles for
scans of photographs of neutral agarose gels of the adductor tissue DNA, Visual inspection of
results from both hemolymph and adductor muscle samples shows that the DNA is progressively
smatter in size for samples exposed to increasing doses of radiation.

Alkaline agarose gel electrophoresis of the hernolymph and adductor muscle samples
qualitatively gave similar results to those observed using neutral gels, with regard to the
comparative migration of the DNA samples extracted from control and irradiated samples.
However, the samples did not have as dear a distinction of the profiles among the control and
irradiated samples. It is possible that at the higher radiation doses of this experiment, there is a
decrease in the resolution due to excessive numbers of single-strand breaks, whereas double-
strand breaks, known to have a yield one-twentieth that of single-strand breaks, are more
appropriate for dose analysis at high radiation levels.

Another possibility is that there were some problems with the configuration of the oyster
samples during irradiation, and that the radiation field was nonuniform, resulting in different
oysters being exposed to different exposure dose rates.



Video densitometer scans of lanes containing shrimp DNA samples from Fig. 4.
Panel  a! = lane 8; panel  b! = lane 7; panel  c! = lane 6; panel  d! = lane 5.
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Origin

Figure 7.

Video densitometer scans of photograph of neutral agarose gel electrophoresis
analysis of control oyster hernolymph DNA  panel a! and control oyster adductor
muscle tissue DNA  panel b!. Electrophoresis was carried out in 0.5% agarose gel for
t6 hours at 1 V/cm using TAE buffer as the running buffer.

Figure 8.

Video densitometer scans of photograph of alkaline agarose gel electrophoresis
analysis of control oyster hemolymph DNA  panel a! and control oyster adductor
muscle tissue DNA  panel b!. Electorphoresis was carried out in 0.6% agarose gel for
l6 hours at 0.75 V/cm
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Origin

Video densitometer scan of photograph of neutral agarose gel electrophoresis analysis
of oyster hemolymph DNA. Panel a =control; panel b=1 kGy; panel c=2 kGy; panel
d=5 kGy.
Eiectrophoresis was as in Fig. 8.



Video densitometer scan ofphotograph of neutral agarose gel electrophoresis
analysis of oyster adductor muscle tissue DNA.
Panel a = control; panel b = 1 kGy; panel c = 2 kGy; panel c = 5 kGy.
Electrophoresis was as in Fig. 8,

Figure 10,

CONCLUSIONS

Analysis of DNA strand breaks in DNA has been shown to provide a method for
determining the amount of radiation exposure in several seafood samples, The technique
presented here will likely be useful for a variety of foodstuffs. Data firom our laboratory indicates
that the technique can be applied to mullet and poultry  chicken and turkey!.

There are a number of questions which must be answered before this technique can be
used with confidence for measuring radiation doses in foods. Firstly, the time elapsed between
radiation exposure of the food and analysis for strand breaks may Influence the number of strand
breaks observed, because of the action of enzymatic repair systems for this type of damage
which has been shown to be active in prokaryotes and eukaryotes �!. Previous data indicate
that a constant fraction of single- and double-strand breaks is repaired in the dose range from



0.25 kGy to 1 kGy in cultured mammalian cells �!. If this is true for food tissue, then analysis for
strand breaks will still provide a measure of exposure dose, even in the presence of active repair
of the damage. Experiments must be designed to answer this question.

Another requirement for validation of this dosimeter method is to ascertain the influence
of food handling, especially the temperature and length of storage of the food product. Strand
breaks may be introduced into DNA by physical, chemical, and enzymatic mechanisms,
Chemical induction of DNA strand breaks is not expected to be a problem under the normal
accepted procedures for food processing. Enzymatically-produced strand breaks could result
from the release of digestive enzymes from lysozornes, when organellar membranes are
disrupted, for example by freezing the tissue. However, as described in this paper, strand break
analysis of seafood s which had been frozen is able to distinguish irradiated from control samples.
A direct comparison of strand breaks in frozen and unfrozen tissue for unirradiated samples of
foods to which this technique is to be applied will be required to determine whether freezing alone
can give rise to strand breaks. Preliminary results do not indicate that a detectable number of
strand breaks are introduced by feezing.

Physical agents that are relevant as possible sources for strand breaks are heat and
microwaves. Neither of these agents are reported to introduce any significant number of strand
breaks. Direct tests will be performed on food products for which this technique is proposed as
a dosimeter for ionizing radiation exposure in order to determine whether these physical agents
might produce detectable amounts of DNA strand breaks.

The preliminary results of this paper show that agarose gel electrophoresis of DNA
samples from seafoods can be used as an indication of radiation exposure of the seafoods. Only
two varieties of seafood are the subject of this paper, however, It is reasonable to expect that the
technique will be useful for a broad variety of seafood products as a dosimeter for radiation
exposure. This technique will provide a means to enhance consumer confidence in irradiated
foods, and a method by which regulatory agencies can enforce the regulation of this actiVity.
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COMPARISON OF DIFFERENT EXTRACTION METHODS ON THE
PURIFICATION OF SHRIMP POLYPHENOLOXIDASE

D. J, Charest, J.S. Chen, M. R. Marshall, Ph.D. and C. I. Wei, Ph.D.
Food Science and Human Nutrition Department, University of Florida

Gainesviiie, FL 3261141 63

INTRODUCTION

Polyphenoloxidase  PPO!, also known as polyphenolase, phenolase, tyrosinase and
catechol oxidase, has been implicated in the discoloration of fruits, vegetables, and crustaceans
�, 4!. The formation of melanin or black spot on the surface of crustaceans is of concern to the
seafood industry because the unappealing discoloration reduces marketability �!.

Affinity chromatography was shown by Simpson et al. �, 6! to be superior to ion-
exchange chromatography on the recovery and purification of shrimp PPO, However, the former
method is tedious and the use of ammonium sulfate precipitation, lf not performed cautiously,
adversely affects PPO recovery.

Stelzig et al. �! described a method using butanoi for apple PPO punfication which gave
high enzyme yield and little phenol oxidation. Since the browning in shrimp and other crustaceans
has not been extensively studied as fruits and vegetables, and crustacean PPO employed in most
studies was semi-puriTied which causes difficulty in relating the findings exclusively to PPO �!,
it becomes necessary to develop new procedures or modify the established methods for better
extraction of crustacean PPO. Thus the objective of this study was two-fold:  a! to compare the
effect of various stirring  extraction! times on the recovery of shrimp PPO following the
procedures of Simpson et al. �!, and  b! to compare the effectiveness of the two extraction
methods, ammonium sulfate fractionation and butanol extraction, on shdmp PPO yield, enzyme
specific activity, and purification fold.

MATERIALS AND METHODS

Cephalothorax of non-sulfited white shrimp  Penaeus setiferus! and pink shrimp  P.
duorarum! were frozen in liquid nitrogen and ground into a fine powder using a Warlng blender
at high speed. Shrimp powder was stored at -20 C until needed.

Eff ct f ri tirrin xt i tirn n PP r

Shrimp PPO was extracted according to the method of Simpson et al. �! with slight
modwcations. Shrimp powder was added to three volumes of a 0.05M sodium phosphate buffer
 pH 7.2! containing 1M NaCI  extraction buffer!; the suspension was made up to 0.2% with Brij
35, For each shrimp species, 4 samples were prepared and stirred at 4~C for 0.5, 1, 2, and 3 hr,
respectively. After centrifugation at 23,000g for 30 min at 4 C, each supernatant was checked
for total volume, protein content, and PPO actMty.

Prifi tin f hrim PP in mmnim I t f tl tlnmth

The supernatant prepared from the samples stirred for 0.5 hr was fractlonated with
ammonium sulfate f NHQ>SO/, and the precipitate between OM% saturation was collected by
centrifugation at 23,500g for 30 min �4C!, The pellet was resuspended in extraction buffer
containing 40%  NHQ>SO4, homogenized with a Dounce manual tissue grinder, and then
centrifuged at 23,500g for 20 min � c! �!. The final precipitate was resuspended in extraction



98 buffer, homogenized again and then subjected to hydrophobic interaction chromatography using
a phenylsepharose CL<B column.

Purifi tion f shrim PPO in b nol xt ti n m th

The method of Stelzig et al. P! was followed with slight modifications. Shrimp powder
was added to 3 volumes of 0.1M sodium phosphate buffer  pH 6.G! containing 0.3M sucrose. The
suspension was stirred at 4 C for 30 min, then centrifuged at 20,000g for 20 min � C!. The pellet
was washed and suspended with the same buffer and the suspension was made up to 2% Triton
X-100, Following incubation at 25 C for 15 min, the suspension was centrifuged at 40,000g for
30 min � C!. The supernatant was extracted with -20 C n-butanol and the aqueous phase
collected was dialyzed at 4 C overnight against three changes of water using dialysis tubing with
exclusion limit of molecular weight 6,000 - 8,000. The dialysate was concentrated utilizing an
Omega stirred cel fitted with YM 10 filter and resuspended in extraction buffer before being
loaded onto a phenylsepharose CI=4B column.

Ph n s har L-4B hrom t h

The partially purified PPO preparation loaded onto the phenylsepharose CL-48 column
pre-equilibrated with extraction buffer was eluted with a stepwise gradient of elution buffer [1 00%
extraction buffer  9 mL!, 50% extraction buffer in water �4 mL!, and 10% extraction buffer in
water �4 mL!], followed by 50% ethylene glycol �2 mL!, and distilled water �50 mL! at a flow
rate of 0.2 mL/min � C! �!, Three-mL fractions were collected and the protein profile was
determined spectrophotometrically at 280 nm. Fractions showing PPO activity were pooled and
concentrated utilizing an Omega stirred cel fitted with YM 10 filter.

Pr t in antit ti n ndPP iv t rmi ti n

The protein content of all enzyme preparations were determined using the Bio-Rad protein
assay kit with bovine serum albumin as standard. PPO activity was assayed at 25 C for 5 min
by mhcing 80 pL enzyme preparation with 1.12 mL 1GmM L-DOPA in 0.05M sodium phosphate
buffer  pH 6.5!. The enzyme activity was determined by monitoring the rate of dopachrome
formation at 475 nm using a Beckman DU-7 spectrophotometer. One unit of enzyme activity was
defined as an increase in absorbance per minute at 475 nm.

Statistical analysis was performed using a PC SAS package �!. Duncan's Multiple Range
Test was performed to determine any signNcant difference among various treatments.

RESULTS AND DiSCUSSiON

Eff f irrin xt i n tlm n PP r

Stirring of shrimp powder in extraction bulfer affected the recovery of PPO. For both pink
and white shrimp, the increase in stirring time from G.5 to 1, 2 or 3 hr signNcantly  P < 0.05!
increased the total protein content of the extractants  Table 1!. 'The total PPO actMty and the
specific activity were, however, signNcantly reduced with increasing stirring time. Thus a 0.5 hr
stirring time is adequate to produce hlgh PPO recovery and specNc actMty.
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Effect of different extraction times on the recovery of pink and white shrimp
polyphenoloxidase in terms of total activity, protein content, and specific activity

Table 1.

Extraction Total protein Total enzyme SpecNc activity
time  hr! content  mg! activity  units!  units/rng!

2.31'0.5

1.751.0

1.65b2.0

1.293.0

8.560.5

7,161.0

6052.0

7,33'3.0

Values with different superscript in the same column are signlcantly different  P < 0.05! from
each other,

Phen har e L-4B hr rn t h

The chromatographic profiles of pink shrimp PPO following butanol extraction and
ammonium sulfate fractionation were similar  Fig. 1!. They both showed enzyme activity at
fraction number 39. However, the PPO prepared from butanol extraction had a higher activity.

Contrast to pink shrimp, the elution profiles of white shrimp PPO following butanol
extraction and ammonium sulfate fractionation were different  Fig. 2!. Though both extraction
methods showed peak enzyme actMty at fraction 46, the PPO prepared from butanol extraction
showed a greater enzymatic activity than the ammonium sulfate treatment.

An excessive amount of proteins other than PPO was eluted erratically from the
phenylsepharose CL-4B column for white shrimp subjected to ammonium sulfate fractionation
when compared to that subjected to butanol extraction. The erratic nature of the elution profile
could be due to the presence of pigments which were not thoroughiy removed from white shrimp
PPO during the serhl fractionation steps using ammonium sulfate. These pigments tend to
impede the elution of the PPO. When butanol extraction was used, the pigment and lipid micelles
were solubillzed and retained in the organic phase; and the proteins were present in the aqueous
phase.

166.01

178.67

208.85

240.89

171.25

174.41

189.55

212.95

0.0141

0.0097

0.0079

0,0052

0,0495

0.0420

0,0335

0.0350



100

UIW/WU ggP

O O O CU
O O
O

O O OO O

p L

n E

Z'.
0

0

GJ

O

p Ol

O
O

0

CD

E

0!

 U

~ U X
0 0
Q

CL

0 CL
CL ~
~ E E

m 0
O

c CQ

0~
Q g!

M
0 0

CL C

U

M e
C}. ra
05

co <
0 ~
tU CL

E a!
0 a

0!

uoqeuogoes~ a~egns wnluomujy

 WU p8g! eOUeqiOSqy

Uol~euogoes~ aiegns wnluowwy

"-" -" -0

uoqoejixa ioue>ng

Uol+elP a ioue!hH



UIUj/MU g/P

CV

O O
bl
O 0 O O OO O OO O

0 0
CO

O

z C 0
IA

CU
o U
C9

O

O
O

0!
K
C5

Z2 X

0 0 0!
CL

0 CL
CL

E E
K 0

O

oO
03 0!

0!
~ 0

0 CL ~
0 CL

0!
CL U!
05

0 ~

E~
0 ~

K

O

volieuogae>~ egegns wnluowwy

 Uju Psg! aOuagiOSgy

� ----- ~ -""---

volpe>p<a [o veiny

~ U!
LZ

Uof!euolpeJ! 8!8!fns whluowwg uogoeipa ~oue~na



102

Purification of PP from shrim

Compared to butanol extraction method, the ammonium sulfate fractionation of pink
shrimp PPO yielded higher total protein content, but lower specific activity and purification fold
after elution from the CLUB column  Table 2!, Ultimately, the percent yield and the purification
fold of PPO prepared by butanol extraction were 3.7 and 3.6 times, respectively, greater than
those by ammonium sulfate treatment.

Though the total PPO activity of the crude pink shrimp supernatant following butanol
extraction was lower than that of ammonium sulfate fractionation, higher PPO yield was observed
for butanoi-extracted suspension sample  Table 2!. Such abrupt increase in PPO yield was
probably due to the removal of sucrose from the supernatant after the second centrifugation. The
presence of sucrose in the initial supernatant may inactivate PPO and thus iower PPO yield.

The purification scheme of white shrimp PPO is shown in Table 3. For crude supernatant,
the use of ammonium sulfate fractionation resulted in greater total protein content and enzyme
activity than the butanol extraction method. However, butanol extraction samples eventually had
greater PPO yield and purification fold and PPO having higher specific activity. It was speculated
that the ammonium sulfate method did not function as effectively as the butanol method in
removing pigments or pigment-bound proteins from the PPO. It was also noted that white shrimp
PPO was more susceptible to inactivation than pink shrimp PPO using either ammonium sulfate
fractionation or butanol extraction. Such characteristics was also confirmed by Simpson et al,
�, 6!.

CONCLUSION

The study indicates that a 0.5 hour stirring time is adequate for the recovery of PPO. The
extraction of PPO from white and pink shrimp using butanol was superior to ammonium sulfate
fractionation with respect to specific activity, PPO yield, and purification fold.
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