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MEASUREMENT OF GLYCOGEN CONTENT IN OYSTERS (CRASSOSTREA VIRGINICA)

SHELLEY A. BURTON.! ALLAN L. MACKENZIE.'
T. JEFFREY DAVIDSON.? AND AUDREY C. FRASER*

'Department of Pathology and Microbiology, Atlantic Veterinary College,

University of Prince Edward Island, 550 University Avenue,
Charlottetown, PEI, CIA 4P3, Canada

EDEPH?'HH{?HI of Health Management, Atlantic Veterinary College,
University of Prince Edward Island, 550 University Avenue,
Charlottetown, PEI, CIA 4P3, Canada

ABSTRACT A colorimetric method for indirect measurement of glyvecogen concentrations in tissue homogenates of eastern oysters
(Crassostrea virginica) was evaluated. This method uses a conversion of glycogen to glucose by amyloglucosidase. The procedure was
optimized for extracting buffer pH (5.0) and amyloglucosidase concentration (5 mg/mL.). Coefficients of vanation (n = 10) for oyster
homegenates with mean glycogen concentrations of 84 and 242 mg/dL. had within-run values of 3.29 and 3.66%, and between-run
results of 4.46 and 3.15%, respectively. When mean glycogen concentrations of thawed oyster homogenates were compared with those
of initial fresh homogenates. no significant (P = 0.05) differences were detected in samples thawed after 1 h. 1 day, 1 wk, or 1 mo.
Glycogen recovery percentages of 1041, 103.7, and 104.5% were obtained with mixed solutions containing 111, 94, and 19 mg/dL
glycogen, respectively. The lower limit of sensitivity for the procedure was approximately 14 mgfdL. The assay was considered to be
linear to 436 mg/dL. Lyophilized samples appeared to provide the most rehable determination of glycogen concentrations per gram
of tissue by avoiding variable water content in oyster tissues. Initial laboratory ranges for tissue glycogen based on wet (mean = 2 SD:
7-43 mg/e) and dry (mean = 2 SD: 19-145 mg/g) weights were determined with 49 second-year growth oysters obtained duning July
1998 (Covehead, Prince Edward Tsland, Canada). It was concluded that the colorimetric assay offered a reliable indication of tissue

concentrations of glycogen in eastern oysters (C. virginica).
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INTRODUCTION

Glycogen in oyster tissues has been evaluated in association
with growth (Kaufmann et al. 1994, Littlewood and Gordon 1988),
nutrition level (Whyte et al. 1990). and reproductive cycle (Little-
wood and Gordon 1988). Tissue concentrations of glycogen could
impact on disease resistance and commercial shelf life in this
species. Any method for glycogen determination in oysters must
undereo a validation procedure to ensure accuracy of results. Vali-
dation procedures are mandatory prior to the use of any assay in a
human or veterinary clinical chemistry laboratory (Peters and
Westgard 1986, Murray et al. 1993). It is logical to use the same
assurance of gquality for assays used in laboratory investigations in
shellfish. Validation includes assessment of precision, hinearity,
recovery, and sample stability for the reagent system (Peters and
Westgard 1986). The method (Carr and Neff 1984) most fre-
quently used to measure glycogen in shellfish tissues utilizes an
enzymaltic conversion of glycogen to glucose with amyloglucosi-
dase, followed by measurement of glucose concentrations with
commercially available reagents. This method was recently vah-
dated for Mvtilus edulis tissues (Burton et al. 1997), but it would
be erroneous to extrapolate results to other shelltish species. The
purpose of the study reported here was to determine whether a
commercial oxidase/peroxidase assay for measurement of glucose
in human sera could be validated for indirect measurement of
glycogen 1n homogenates of eastern ovster (Crassostrea virginica)
f1ssues.

MATERIALS AND METHODS

Assay Procedure

Mature (6- to 7-cm shell length) oysters (C. virginica) were
obtained from a lease in Covehead. Prince Edward Island. Canada.
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They were removed from their shells, blotted dry and weighed,
then individually homogenized in ice cold trisodium citrate buffer.
The assay procedure has been described previously for marine
mussels (Burton et al. 1997), except that glycogen standards from
oysters (Glycogen type Il from oyster, Sigma Chemical Co., St
Louis, MO) rather than mussels were prepared. Briefly, following
individual homogenization of oysters in buffer, the samples were
heated in a boiling water bath. cooled, and rehomogenized. Ali-
quots were incubated with amyloglucosidase and the glucose con-
tent was determined using benchtop techniques and a commercial
glucose reagent. Enzyme-untreated (blank) aliquots and standards
were also prepared and analyzed using the same protocol.

Assay Optimization

A buffer volume of 100 mL for homogenization was chosen for
ease of use and to minimize error due to sample loss. To deternine
whether the conversion of oyster glycogen to glucose could be
optimized, final buffer pH values of 4.5, 5.0, and 5.5 were evalu-
ated. To achieve this, six oysters were homogenized separately n
20 mL of 0.1 M trisodium citrate buifer (pH 5.0). After boiling
water bath incubation and rehomogenization. the samples were
divided into three aliquots of 5.0 mL each. To these aliquots, 20
mL of 0.1 M trisodium citrate buffer of varying pH were added to
obtain final buffer pH values of 4.5, 5.0, and 5.5. The different
ahquots were analyzed as descrnibed previously. To determine
whether the concentration of amyloglucosidase could be optimized
for maximal conversion of oyster glycogen to glucose, amyloglu-
cosidase solutions with concentrations of 40, 20, 10, 5, 1, and 0.5
meg/mL were prepared in 0.1 M trisodium citrate buffer (pH 5.0).
After the boiling water bath treatment and rehomogenization as
described above, 5.0 mL aliquots of homogenate from six separate
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oyster samples were each incubated with these amyloglucosidase
solutions. Enzyme-untreated (blank) solutions and standards were
prepared as previously described.

Assay Evaluation

To evaluate assay precision, within-run and between-run (day-
to-day) studies were conducted, and coefficients of variation (CV)
were calculated. Two ayster samples with mean glycogen concen-
trations of 84 and 242 mg/dL were analyzed 10 times to obtain
data for the within-run calculations. Aliquots of the same homo-
genates were frozen, thawed, and analyzed 10 times in separate
runs over a period of 1 month to obtain between-run precision. To
determine the frozen stability of oyster glycogen samples, an ad-
ditional six separate homogenates were analyzed for glycogen lev-
els (time zero) and aliquots frozen at =25 °C. These were thawed
after periods of 1 h, 1 day, 1 wk, and 1 mo, and the glycogen
concentrations were determined.

Recovery experiments were conducted to ensure that oyster
glycogen was being recovered and to evaluate the minimal con-
verted glycogen that could be reliably measured by the assay. To
accomplish this, oyster homogenates of known glycogen concen-
trations were diluted 1:9 with the commercial glucose standard (90
mg/dL) provided with the reagent kit, and the observed recoveries
were compared to the theoretical amounts. For minimum recovery
experiments, two oyster homogenates and 0.1 M trisodium citrate
buffer (pH 5.0) were used. One homogenate was diluted (2-, 3-,
and 4-fold) with the second. A second set of mixtures (blanks) was
prepared using buffer and the second homogenate in the same
ratios. Both sets of mixtures were analyzed, and the glycogen
recovered was determined.

Linearity of the assay was evaluated by measuring the glycogen
concentrations of a set of serial dilutions (in 0.1 M trisedium
citrate butter. pH 5.0) of an oyster homogenate sample with a high
elycogen concentration (436 mg/dL). The dilutions, based on per-
centages of the previous sample in the series (with expected results
in brackets expressed as mg/dL) were as follows: 100% (436),
T15% (327), 66.7% (218), 50% (109), 50% (55), 50% (27), and
50% (14).

Initial laboratory ranges (mean + 2 SD) for tissue glycogen
based on both wet and dry weights was determined with 49 sec-
ond-year growth oysters obtained during July 1998 from the Cove-
head region of Prince Edward Island, Canada. To express the
glycogen amounts on a wet weight basis, the homogenates were
aliguoted (11 mL) after the boiling water treatment and frozen at
—25 °C for 2 weeks. After thawing, the aliquots were analyzed for
elycogen content and expressed as mg/g wet weight (initial
shucked weight). To obtain the glycogen amounts on a dry weight
basis, a 20-mL aliquot of each oyster sample was obtained follow-
ing the boiling water bath treatment and rehomogenization and
was dispensed into a 50 mL serum bottle (Wheaton *400° boro-
sthicate glass: Wheaton, Millville, NJ). Samples were then lyoph-
ilized in a freeze dryer (Labconco Corp.. Kansas City, MO) and
stored in a refrigerator (4 °C). The lyophilized sample was
weighed (weight corrected for buffer salt content), reconstituted n
20 mL of deionized water and analyzed for glycogen content. The
glycogen concentrations were expressed as mg/g dry tissue.

Statistical Analysis

A computer software program (Minitab Statistical Software
Inc., Version 9.1, State College, PA) was used for statistical cal-
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culations. All tests were performed at the P = 0.05 significance
level. Repeated-measures analysis of variance (ANOVA) calcula-
tions were performed to determine if differences existed in glyco-
gen concentrations due to changes in buffer pH and for different
amyloglucosidase concentrations. A repeated measures ANOVA
was also performed to see if significant differences were present
between glycogen concentrations of fresh and frozen aliquots in
the frozen stability assessment over a 1-month period. A paired t-
test was used to test for difference between glycogen concentration
obtained with frozen (wet) and lyophilized (reconstituted) homo-
genates. Linear regression analysis was performed for comparison
between glycogen concentrations of the wet and lyophilized (re-
constituted) samples, expressed as either mg/g or mg/dL and be-
tween wet and dry tissue weights.

RESULTS

Varying the buffer pH and changing the concentration of amy-
loglucosidase in the reagent mixture resulted in no significant (P =
(0.05) optimization in glycogen concentrations in oyster samples.
The buffer pH of 5.0 and an amyloglucosidase concentration of
(0.5% (5 mg/mL) previously reported by Carr and Neff (1984) and
used for marine mussel tissues (Burton et al. 1997) were therefore
used throughout the study.

In the precision study, the coefficients of variation (n = 10) tor
oyster homogenates with mean glycogen concentrations of 84 and
242 mg/dL had within-run values of 3.29 and 3.66%, and between-
run results of 4.46 and 3.15%, respectively.

In the frozen stability assessment, the mean percentage differ-
ences in the glycogen concentrations of the thawed samples com-
pared to the fresh samples was 1.3, 2.7, 1.6, and 1.4%, for the 1 h,
1 day, 1 wk, and 1 mo samples, respectively. No significant (P =
0.05) differences were observed between fresh aliquots and
samples thawed after each time period. Therefore, glycogen in
frozen homogenates was concluded to be stable for at least |
month. Linearity was assessed to be at least 436 mg/dL (Fig. 1) as
serial dilutions of an oyster homogenate solution with a high gly-
cogen concentration (436 mg/dL) gave observed results within
3.7% of expected, including a value with an expected glycogen
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Figure 1. Linearity plot of a tissue homogenate of an oyster (C. vir-
ginica) with a high glycogen concentration (436 mg/dL) diluted in 0.1
M trisodium citrate buffer (pH 5.0). Observed glycogen concentration
correlated closely (within 3.7%) with expected concentrations.
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concentration of 14 meg/dL. Recovery percentages of 103.7% and
104.1% were obtained using mixtures containing 94 and 111 mg/
dL, respectively (Table 1). Concentrations of 25 and 19 mg/dL
were acceptably recovered (94% and 104.5%, respectively) using
the minimum recovery experiments. However, solutions contain-
ing an expected glycogen concentration of 13.3 mg/dL had an
unacceptably low recovery of 27.1%. Based on the combined in-
formation from the minimum recovery experiment and the linear-
ity assessment, the lower limit of sensitivity for this assay was
considered to be approximately 14 mg/dL.

Initial laboratory ranges for oyster tissue glycogen concentra-
tions are presented in Table 2. Supporting data regarding wet and
dry weights for these 49 oysters are also provided. Linear regres-
sion analysis of the relationship between the converted glycogen
concentration (expressed as mg/dL in solution) in wet and dry
samples, showed significance (P = 0.05) with an r value of (.98
(Fig. 2). Additionally, a paired t-test indicated no significant (F =
0.05) difference in these converted glycogen concentrations (in
mg/dL) between wet and dry samples. When expressed as glyco-
gen concentrations (in mg) per gram of wet or dry tissue, a sig-
nificant (P = 0.05) relationship was found. with an acceptable
r-value of 0.87 (Fig. 3). The relationship between the actual
weights of the wet and dry tissues (in grams) was significant (P =
0.05), with an r-value of 0.65.

DISCUSSION

The colorimetric assay evaluated in this study was determined
to be a reliable indirect indicator of tissue glycogen concentrations
in eastern oysters (C. virginica).

Two experiments were carried out to determine whether the
conversion of oyster glycogen to glucose could be optimized by
changing the buffer pH and/or the amyloglucosidase concentration
to levels other than previously published by Carr and Neft (1984)
in soft shell clams (Mya truncata) and scallop adductor muscle
(Placopecten magellanecus) or Burton et al. (1997) in mussels
(Mytilus edulis). Unit changes in pH (4.5-5.5) and a 80-fold in-

TABLE 1.

Recovery data for a colorimetric method for indirect glycogen
measurement in oysters (Crassostrea virginica)

Expected Observed
Sample Glycogen Glycogen Recovery
Description (mg/dL) (mg/dL) Percentages™
Mixture 1 90).3 93.7 103.7
Mixture 2 106.8 111.3 104.1
Mixture 3 26.6 25.0 94.0
Mixture 4 17.7 18.5 104.5
Mixture 5 13.3 3.6 27.1

A = oyster tussue homogenate (93.2 mg/dL), B = commercial glucose
standard (90 mg/dL), C = oyster tissue homogenate (238 mg/dL), D =
oyster tissue homogenate (53.1 mg/dL), E = 0.1 M trisodium citrate butfer

(pH 5.0).

Mixture 1 = (1 volume A + 9 volumes B), Mixture 2 = (1 volume C +
0 volumes B). Mixture 3 = (1 volume D + | volume C) = {1 volume E
+ 1 volume C), Mixture 4 = (1 volume D + 2 volumes C) - (1 volume E
+ 2 volumes C), Mixture 5 = (1 volume D + 3 volumes C) — (1 volume

E + 3 volumes C).
* Recovery percentages = (observed concentration)/{expected concentra-
tion} x 100,

TABLE 2.

Laboratory ranges for oyster tissue glvcogen based upon wet and
dry weights for 49 second-year growth oysters (Crassostrea virginica)
obtained during July 1998 from the Covehead region of Prince
Edward Island, Canada

Standard
Deviation Range
Variable Mean (SD) (mean = 2 8SD)
Wet weight (g) 2163 0.55 1.53-3.73
Dry weight {g) (.80 (.14 (.52-1.08
Glycogen (mg/dL), wel samples  65.6 2.8 10-121
Glycogen (mg/dL),
Iyophilized tissue 66.9 28.8 9125

Glycogen (mg/g), wet weight 24 8 9.04 7—43
Glycogen (mg/g), dry weight 82.1 315 19-145

crease in amyloglucosidase (0.5—40 mg/mL) quantities resulted in
no significant change in glycogen concentration. Therefore, pre-
viously reported values for pH and amyloglucosidase were used in
the rest of the evaluation and are recommended for future glycogen
assays with oyster tissue.

The precision of this assay is acceptable, with coefficients of
variation of less than 3.7% and 4.5% for within-run and between-
run evaluations, respectively. These values are slightly higher than
those reported using the same technique in marine mussels (Burton
et al, 1997). This may be attributed to variability in the technical
skills of different laboratory personnel. The stability of the glyco-
gen levels in the frozen aliquots indicates that samples could be
frozen for at least one month, batched and analyzed in groups. If
glycogen concentrations are proven to influence disease resistance
and commercial shelf life in future studies, batch analysis would be
cost-effective and desirable trom a marketing viewpoint. Recovery
experiments indicate that the oyster glucose produced after amy-
loglucosidase conversion responds in the assay identically to hu-
man glucose. Linearity of the system 1s excellent between 436 and
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Figure 2. Correlation and linear regression analysis of glycogen con-
centrations (mg/dL in solution) for 49 oysters (C. virginica) obtained
from the Covehead region, Prince Edward Island. Canada in July
1998. Glycogen concentrations were obtained with wet and Iyophilized
samples and have a significant (P < 0.05) correlation.






