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ABSTRACT

Seven bacteria strains were isolated from fresh uncooked ark shells and
were subsequently identified by their unique fatty acid profile using Sherlock
Microbial Identification System (MIS). Identification with MIS followed the
manufacturer’s instruction except for 2.7% NaCl supplement in culture
medium because these halophilic bacteria do not grow well on the standard
trypticase soy broth agar medium. Results obtained from MIS were verified
by 16S rRNA sequence analysis. Based on the sequence of 16S rRNA gene,
SB1 was Vibrio alginolyticus, SB3 was Vibrio parahaemolyticus, SB2 was
Pseudoalteromonas haloplanktis, AS1 was Vibrio furnissii, TG1 was Vibrio
mediterranei, TG2 was Bacillus circulans, and TG3 was Pseudomonas fluo-
rescens. The results obtained from 16S rRNA sequence analysis were con-
sistent with those obtained from MIS. These results suggested that both
methods can be applied for routine identification of bacteria isolated from
fresh seafood to ensure that the consumption of uncooked ark shells is
safe.

PRACTICAL APPLICATIONS

Uncooked seafood mainly includes fresh mollusks and processed prod-
ucts such as crab paste and Bullacta exarata. They are popular with lots of
customers as they are not only delicious, but also rich in nutrients. However, it
is a pity that bacteria were commonly found in uncooked seafood primarily
because of its special edible way, uncooking. As a result of this, foodborne
disease caused by uncooked seafood occurred frequently. In this article, the
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author did research on bacterial community in uncooked seafood to provide
evidence for food safety and quality control.

INTRODUCTION

Ark shells comprise Scapharca broughtonii, Scapharca subcrenata
and Tegillarca granosa belonging to Mollusca, Lamellibranchia, Arcoida and
Arcidae. People living in Jiangsu, Zhejiang, Fujian and Guangdong province
of China consume a large amount of ark shells as one kind of nutritious and
delicious seafood for centuries. However, ark shells are bivalve benthonic
mollusks, and consequently, they cannot move flexibly. Ark shells may take in
detrimental substances including bacteria, some of which may be pathogenic
to humans (Li and Xu 2005). Thus, identification of pathogenic bacteria within
the ark shells is essential to prevent the occurrence of foodborne diseases.

Traditional biochemical tests to detect the presence of bacteria are time-
consuming, laborious, insensitive and are not suitable for food-safety moni-
toring. As an alternate identification method, a commercially available system
for microbial identification based on the profile of whole-cell fatty acids using
gas chromatography (GC) has been developed. This method is highly auto-
mated, rapid, easy to perform and does not require particular experiences. This
technique has been frequently applied in various taxonomic studies (Vauterin
et al. 1996) since its first introduction by Abel et al. (1963). Numerous studies
have been reported to characterize genera and species of bacteria by using the
fatty acids between 9 and 20 carbons in length. For example, Mosca et al.
(2007) utilized GC to analyze the profile of fatty acids and identify mycobac-
terial species in clinical laboratory. Wu et al. (2006) reported the utilization of
GC for the rapid identification of soil bacteria. A large amount of information
on the fatty acids composition of bacteria are available, which provide a robust
tool for discrimination of bacterial species present in different clinical or food
samples (Dawyndt et al. 2006).

Besides the Sherlock Microbial Identification System (MIS) with GC, a
popular method for food microbial identification is based on the specific DNA
sequences of 16S rRNA gene. This method has been used for the identification
of Streptococcus thermophilus from cheese (Aponte et al. 2008) and lactic
acid bacteria from aquatic and meat products (Najjari et al. 2008).

In this study, we combined 16S rRNA gene sequencing and MIS methods
to identify and differentiate bacteria isolated from ark shells. The purpose of
this study was to develop a proper and rapid method primarily for the identi-
fication of bacteria from shells. We have also taken into consideration that
some nonpathogenic bacteria may be isolated from seafood shells.

786 X. SU ET AL.



MATERIALS AND METHODS

Materials

Ark shell samples used were purchased from the aquatic product market
in Ningbo and were transported to the laboratory immediately. Trypticase soy
broth (TSB) and granulated agar for making TSB agar (TSBA) medium were
purchased from Sigma (St. Louis, MO). Reagents for polymerase chain reac-
tion (PCR) were purchased from TaKaRa Co., Ltd. (Dalian, China). Nutrient
agar medium and other reagents were purchased from Aobo Co., Ltd. (Guan-
dong, China). The equipments used in this study included 6850 gas chromato-
graph (Agilent, Santa Clara, CA) and MIS.

Bacterial Isolation and Purification

Ark shell samples purchased from the aquatic market were washed by
sterilized seawater after being scrubbed by 75% alcohol cotton balls to remove
the bacteria from the surface. Bacteria within the deep tissues of shells were
identified under aseptic conditions.

Analysis of Whole-Cell Fatty Acid

Bacteria were grown on TSBA plates supplemented with 2.7% NaCl in an
incubator at 28C for 24 h. Bacterial cells were harvested and transferred into
a Teflon-lined screw-cap test tube for extraction and derivatization of fatty
acids to methyl esters (FAMEs). Briefly, each bacterial sample in the test tube
was saponified with sodium hydroxide in methanol, methylated with hydro-
chloric acid in methanol and then extracted with hexane in methyl tert-butyl
ether to remove the FAMEs from the acidic aqueous phase. The organic phase
was washed with sodium hydroxide to remove both free fatty acid and residual
reagents. The final samples were transferred into a clean vial for GC analysis
or stored at -20C. The entire procedure of FAMEs derivatization required
approximately 2 h. FAMEs analysis was performed using an Agilent 6850 gas
chromatograph along with MIS software. The gas chromatograph is equipped
with an autosampler, a phenyl silicone-fused silica capillary column, a flame
ionization detector and an integrator coupled to a computer system. Peaks
were automatically integrated, and the names of each fatty acid were deter-
mined based on the percentages of the total peak areas. The results of fatty acid
analysis of each bacterial isolate were compared with the database of TSBA40
library (version 4.10, MIDI Inc., Plainsboro, NJ). The chromatographic analy-
ses required approximately 20 min.

787IDENTIFICATION OF BACTERIA FROM UNCOOKED ARK SHELLS



Preparation of Total DNA From Pure Cultures

Bacterial colonies of each isolate were suspended in sterile water, and the
DNA was extracted by boiling the samples for 10 min. The cell lysate was
centrifuged at 13,000 ¥ g for 2 min, and 0.5 mL of the supernatant was added
to the PCR reaction for the amplification of 16S rRNA gene.

PCR Amplification

The 16S rRNA genes were amplified by PCR with the two universal
primers 16SF (5′-AGAGTTTGATCCTGGCTCAG-3′) and 16SR (5′-
CCGTCAATTCCT -TTRAGTTT-3′). The PCR reactions were performed in a
total volume of 25 mL containing 2.5 mL of 10 ¥ PCR buffer, 2.0 mL of MgCl2

(25 mM), 2.0 mL of deoxyribose nucleotide (2.5 mM), 1.0 mL of each primers
(10 mM), 1.0 mL of DNA template, 0.2 mL (1 U) of Taq polymerase and
15.3 mL of sterile water. The parameter for PCR was 95C for 4 min, followed
by 30 cycles of 94C for 45 s, 56C for 45 s, 72C for 1 min and a final extension
step at 72C for 10 min. PCR products were eletrophoresed on a 1.3% (w/v)
agarose gel before visualization.

Sequence Analysis

PCR products amplified from each bacterial isolate were sequenced, and
the DNA sequences were analyzed for their identity and similarity with other
known sequences available in the NCBI databases. Multiple sequence align-
ments and phylogenetic analysis were performed on Nucleotide collection
(nr/nt) genome database.

RESULTS AND DISCUSSION

Identification of Bacteria by MIS

Seven bacterial strains were isolated from fresh uncooked ark shells,
among which SB1, SB2 and SB3 were from S. broughtonii, AS1 were from S.
subcrenata, and TG1, TG2 and TG3 were from T. granosa. Differences within
some structures of lipids provide a tool to distinguish bacterial genus grown on
the standard TSBA medium and to differentiate bacterial species within the
same genus. However, the most stable and reproducible cellular fatty acid
profile is achieved by carefully regulating the growth conditions. To minimize
these variables, a specific temperature and growth medium were selected for
each library. For example, most aerobic bacteria grow well on TSBA, which is
composed of 30 g of TSB and 15 g of agar (BBL). The procedure used for
identification follows the manufacturer’s instruction except for 2.7% NaCl
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supplement because those halophilic bacteria isolated from marine ark shells
do not grow well on the standard TSBA medium.

According to the MIS protocol, results of the comparison between the
unknown isolates and the database were given similarity indices (SI).
SI > 0.5 with a separation of 0.1 between the first and second choices was
considered as the reliable species identification. External calibration was per-
formed by using MIDI Inc. calibration mixture. Identification results of the
seven bacterial strains mentioned earlier were reported in Table 1. MIS
results provided only one choice for the bacterial strains SB1, SB2, SB3,
AS1 and TG3 because their profile is unique with an SI > 0.5. These results
demonstrated that there were good matches among these five bacterial
isolates and the organisms in the databases of the MIS library. Identification
of TG1 and TG2 was probably also correct because the SI was between 0.4
and 0.5.

PCR Amplification of the 16S rRNA Gene

DNA template extracted from a single bacterial colony does not require
further purification after being boiled and can be directly used for PCR ampli-
fication. The results indicated that a single band with expected size was
obtained with a 56C annealing temperature. The length of the PCR fragment
was between 900 bp and 1,000 bp.

Sequence Alignment

However, the traditional biochemical identification systems appeared to
be time-consuming and laborious. More importantly, the discriminatory
ability of the biochemical identification methods is limited and, thus, is not
sufficient to identify each bacterial species. Over the last decade, more and
more genetic information was obtained for a large amount of microbes, and,

TABLE 1.
IDENTIFICATION OF BACTERIA BY MIS AND 16S rDNA SEQUENCE ALIGNMENT

Strain Name SI by MIS (%) SI by 16S rDNA (%)

SB1 Vibrio alginolyticus 81.3 99
SB3 Vibrio parahaemolyticus 61.1 99
SB2 Pseudoalteromonas haloplanktis 42.8 99
AS1 Vibrio furnissii 50.9 99
TG1 Vibrio mediterranei 37.2 99
TG2 Bacillus circulans 46.4 98
TG3 Pseudomonas fluorescens 51.4 98

MIS, Sherlock Microbial Identification System; SI, similarity indices.
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as a consequence, novel molecular diagnostic technologies have been devel-
oped. For example, PCR has been described as a rapid method for the iden-
tification of numerous bacterial species (Fuller et al. 2003). Thus, in this
study, we explored the possibility of using PCR to distinguish between halo-
philic marine bacteria and other species that were associated with seafood
products.

The amplified 16S rRNA fragments (~1,000 bp) were sequenced in order
to verify the accuracy of the MIS identification method. The sequences of PCR
products yielded 98~99% matches with those of the corresponding genes
from the genome databases. SB1 was Vibrio alginolyticus, SB3 was Vibrio
parahaemolyticus, SB2 was Pseudoalteromonas haloplanktis, AS1 was Vibrio
furnissii, TG1 was Vibrio mediterranei, TG2 was Bacillus circulans, and TG3
was Pseudomonas fluorescens (Fig. 1).
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FIG. 1. PHYLOGENETIC TREE OF BACTERIA ACCORDING TO 16S rRNA
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Comparison Between the MIS and the 16S rRNA Results

Identification of bacteria can easily reach the species level by cellular
fatty acid analysis. For instance, isolates designated by TSBA40 library as P.
haloplanktis with only one choice or designated as P. haloplanktis with an
SI > 0.4 are considered as good identification. An isolate identified as V.
furnisii with an SI > 0.4 is also confirmed by 16S rRNA sequence analysis. In
contrast, 16S rRNA sequence analysis could not clearly discriminate strains
to the species level. However, it provided a higher similarity index, which
ensured that these results were reliable. Chiang et al. (2006) showed that
oligonucleotide probes or primers designed from the bacterial 16S rRNA
sequence retrieved from the GeneBank may not allow the detection of all
strains in a bacteria species (Chiang et al. 2006), which was consistent with the
results obtained in our study. The fact that MIS identification was consistent
with that of 16S rRNA analysis in genus level has ensured the accuracy of the
results. In this regard, MIS and 16S rRNA sequence analysis are considered as
good partners to be used as rapid methods to identify halophilic marine
bacteria in the seafood matrices.

CONCLUSION

Seven strains of bacteria were isolated from ark shell samples, among
which were V. alginolyticus, V. parahaemolyticus, V. furnissii, V. mediterranei,
P. haloplanktis, P. fluorescens, and B. circulans. SB1, SB3, AS1 and TG1 were
Vibrio sp., SB2 was Pseudoalteromonas sp., TG2 was Bacillus sp., and TG3
was Pseudomonas sp. Altogether, our data showed that identification of marine
bacteria on the genus level from ark shells by MIS-GC was in agreement with
the results obtained by 16S rRNA sequence analysis. Thus, both methods can
be applied for routine identification of bacteria isolated from seafood.
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