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Table 1. Designations and Nucieotide Sequences of the Primers Used for Molecular Cloning of Crustacean Tropomyesins

designation of primer nucieotide sequence of primer cormesponding amino acid sequence?
et 5'-ATCAAGAAGAAGATGCAGGCG-3' 4IKKKMQA-10
cru2 5'-AGAAGGCCAACCAGCGCGAGGA-3' 212-EKANQREE-219
kwuma-f 5'-AGAAGGCTAACCAGCGCGAGGA-3 212-EKANQREE-219
crut -TCTTCGAGCCTGTCGACCIC-3' 251-KEVDRLED-258
cnr2 5'-GGATGTTAGCCTTCAGCAAGGATT-3' 62-ESLLKANIQ-70
pink-s 5'-CGTTAGAGAGAGCCTTGTCC-3' 74-KDKALSNA-81
pink-r 5'-GGTGTTGGTTAGCCTTCAGC-3' 64-LLKANTQL-71
snow-f 5-GGAACAGATCAAGACCCTTGCC-3 222-KEQIKTLA-229
SNOW-T 5-TATGGGTAGCGGCGGACAACTGCT-3' 62-ESLLKANIQ-70
horsehafr-s 5'-CCTCCTCGAGAAGCTGGATG-3' 91-RIQLLEED-98
horsehair-r 5"-CACCTCACCCTCGGCATTCT-3' 79-SNAEGEV-85
king-f1 5'-CGAGGAGGAGGTTCACGGCCTT-3" 39-AEEEVHGL-46
king-12 5'-TGAGGAGGAGATTCGCCTTACC-3 39-[EEEIRLT-46
king-r1 5'-TTGCGTATTCGCCTTAAGCAGGGA-3’ 63-SLLKANTQ-70
king-r2 5'-CTTAGTGTTAGCCAGAGATAGCTG-3 63-QLSLANTK-70
AP 5'-CCATCCTAATACGACTCACTATAGGGC-3
AUAP 5'-GGCCACGCGTCGACTAGTAC-3'
AAP 5-GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGHG-3’

* Refer to Figure 2 for amino acid sequences.

American lobster, for which the major allergen has previously
been established to be tropomyosin (4), was used as a reference.
Subsequently, amino acid sequences of tropomyosins from the
six species of crustaceans were elucidated by a cDNA cloning
technique. We report here the identification of tropomyosins
as allergens in six species of decapod cruslaceans and the
primary structural features of their tropomyosins in comparison
with the known crustacean tropomyosins.

MATERIALS AND METHODS

Crustaceans. Live specimens of kuruma prawn, pink shnamp,
American lobster, and horsehair crab were purchased at the Tokyo
Central Wholesale Market. Live specimens of black tiger prawn
imported from Vietnam and those of king crab and snow crab caught
along the coasts of Hokkaido, Japan, were kindly supplied from Nippon
Suisan Kaisha. Abdominal muscle was obtained from each live
specimen of black tiger prawn, kuruma prawn, pink shrimp, and
American lobster and both leg muscle and chest protection muscle from
king crab, snow crab, and horsehair crab. Muscle samples for extraction
were stored at —20 °C until used, and those for molecular cloning
experiments were immediately frozen in liquid nitrogen and stored at
—80 °C until used.

Preparation of Heated Extracts. Each muscle sampie was homog-
enized with 4 volumes of 0.6 M KQ1 in 0.01 M phosphate buffer (pH
7.0). Tropomyosin, a target protein in this study, is heat-stable.
Therefore, the homogenate was then heated in a boiling water bath for
10 min and centrifuged at 18000g for 20 min to remove insoluble
proteins. The supernatant thus obtaincd was uscd as heated extract
Protein concentrations of the heated extracts were estimated according
to the method of Lowry et al. (17), using bovine serum atbumin as a
standard.

Purification of American Lobster Tropomyosin. An acetone
powder of myofibrillar proteins was prepared from the abdominal
muscle of American lobster as reported by Greaser and Gergely (I8)
and extracted with 25 mM Tris-HCl buffer (pH 8.0) containing 1 M
K, 0.1 mM CaQl, and | mM dithiothreitol. The extract was subjected
successively to salting-out with ammonium sulfate (50—60% saturation)
and isoelectrical precipitation (pH 4.6) essentially according to the
method of Cummins and Perry (19). Finally, small amounts of
impurities were removed by reverse-phase HPLC on a TSKgel ODS-
120T column (0.46 x 25 cm; Tosoh, Tokyo, Japan), which was eluted
at a flow rate of 1 mL/min with a linear gradient of acetonitrile (38.5—
49.0% in 50 min) in 0.1% tnifluoroacetic acid. The homogeneity of
the final preparation was supported by SDS-PAGE. American lobster
has previously been reported to contain three types of tropomyosin
(fast, slow-twitch and slow-tonic) (14, 15). Because the abdominal

muscle of American lobster is mosty composed of fast muscle fibers
(14), our purified preparation was judged to be fast-type tropomyosin.

Human Sera. Sera were donated from 10 crustacean-allergic
patients. The patients were all diagnosed to be allergic to crustaceans
on the basis of the determined capsulated hydrophilic carrier polymer—
radioallergosorbent test (CAP-RAST) classes of 2—5 against shrimp
or both shrimp and crab as well as on the experiences of immediate
hypersensitive reactions after ingestion of crustaceans. Written informed
consent was obtained from each patient. In this study, sera from five
healthy volunteers without adverse reactions after ingestion of any foods
were pooled and used as a control. All sera were stored at —20 °C
until used.

Sodium Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis
(SDS-PAGE). SDS-PAGE was performed on a PhastSystem apparatus
(GE-Healthcare Bio-Sciences, Piscataway, NJ) according to the manu-
facturer's instructions. Ready-made gels (PhastGel Gradient 8-25) and
ready-made buffer strips (PhastGel SDS Buffer Strips) were purchased
from GE-Healthcare Bio-Sciences. Prior to electrophoresis, each sample
was dissolved in 0.0625 M phosphate buffer (pH 7.5) containing 2.5%
SDS and 5% dithiothreito! and heated at 100 °C for 10 min. Precision
Plus Protein Standards (Bio-Rad Laboratories, Hercules, CA) were run
as a reference, along with samples. After running, the gel was stained
with Coomassie Brilliant Blue R-250.

Immunoblotting and Inhibition Immunoblotting. Immunoblotting
was performed as described in our previous paper (20). Briefly, the
proteins separated by SDS-PAGE were electrotransferred from the gel
to a nitrocellulose membrane, which was reacted successively with
primary and secondary antibodies. To detect tropomyosin, an antiserum
(diluted 1:40000) raised in rabbits against king crab tropomyosin, which
was a kind gift from Dr. H. Ushio of our university, was used as a
primary antibody and horseradish peroxidase-conjugated goat anti-rabbit
1gG antibody (diluted 1:20000; Kirkegaard and Perry Laboratories,
Gaithersburg, MD) as a secondary antibody. On the other hand, patient
or contro! serum (diluted 1:500) and horseradish peroxidase-conjugated
goat anti-human IgE antibody (diluted 1:10000; Kirkegaard and Perry
Laboratories) were used as primary and secondary antibodies, respec-
tively, to detect IgE-binding proteins. Blots were visualized using an
ECL Plus Western Blotting Detection System (GE-Healthcare Bio-
Sciences) and an ECL. Mini Camera (GE-Healthcare Bio-Sciences), as
recommended by the manufacturer. For inhibition IgE-immunoblotting,
patient serum (diluted 1:250) was preincubated with an equal volume
of American lobster tropomyosin solution (20 ug/mL) at 37 °C for
1 h and used as a primary antibody.

Primer Design, Polymerase Chain Reaction (PCR), and Nucle-
otide Sequencing. Designations and nucieotide sequences of the primers
used in this study are shown in Table 1. Both forward (cru-f1) and
reverse (cru-rl) primers were designed from the known nucleotide
sequences of the crustacean tropomyosin ¢DNAs. The nucleotide
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sequence of cru-f1 is completely identical with the cDNAs encoding
tropomyosins from brown shrimp (accession number of the DDBJ/
EMBL/GenBank nucleotide databases: DQ151457) and red crab
(AR)61783) and three types of tropomyosin from American lobster
(AF034954 for fast tropomyosin, ARI34953 for slow-twitch tropomyo-
sin, and AY 521627 for slow-tonic tropomyosin). On the other hand,
the nucleotide sequence of cru-rl is identical with the cDNAs encoding
tropomyosins from sand shrimp (UG8008) and American lobster and
spiny lobster (AF030063) but is different by one nucleotide from the
cDNAs encoding tropomyosins from brown shrimp and red crab. Except
for three primers, AP adapter primer (AP1), abridged universal anchor
primer (AUAP), and abridged anchor primer (AAP), the other primers
were designed on the basis of the determined partial nucleotide
sequences. PCR amplifications were all performed using HotMaster
Taq DNA polymerase (Eppendorf, Hamburg, Germany) under the
following conditions: 94 °C for 2 min; 35 cycles of 94 °C for 20 s,
55 °C for 20 s and 72 °C for 1 min; and 72 °C for 7 min. The PCR
products were subcloned into the pT7Blue-2 T-vector (Novagen,
Darmstadt, Germany), and at least three clones were analyzed for
nucleotide sequences using a PRISM Dye Terminator Cycle Sequencing
Ready Reaction Kit (Applied Biosystems, Foster City, CA) and a
PRISM 310 genetic analyzer (Applied Biosystems).

Cloning Experiments for Tropomyosins of Black Tiger Prawn,
Kuruma Prawn, King Crab, and Snow Crab. Total RNA was
extracted from 2 g of each muscle sample with the TRIzol reagent
(Invitrogen, Carlsbad, CA), and poly(A)* mRNA was purified by
affinity chromatography on oligo(dT)-celfulose using an mRNA
Purification Kit (GE-Healthcare Bio-Sciences). A small aliquot (1 ug)
of the purified mRNA was converted to double-strand cDNA, followed
by ligation of an AP1 adapter at both 3" and 5’ ends, using a Marathon
cDNA Amplification Kit (Clontech Laboratories, Palo Alto, CA). The
Marathon cDNA library thus constructed was subjected to PCR as a
template. At first, intermediate cDNA fragments were amplified using
the forward primer (cru-fl) and the reverse primer (cru-rl). All
amplified products were subcloned into the pT7Blue-2 T-vector and
sequenced as described above. Then, the remaining 3’ region was
amplified using the gene-specific forward primer (cru-f2 for black tiger
prawn and snow crab, kuruma-f for kuruma prawn, king-fl for king
crab fast-type isoform or king-f2 for king crab slow-tonic-type isoform)
and the AP1 primer and the remaining 5' region using the gene-specific
reverse primer (cru-r2 for black tiger prawn and kuruma prawn, king-
r1 for king crab fast-type isoform, king-r2 for king crab slow-tonic-
type isoform or snow-r for snow crab) and the AP1 primer. In the case
of snow crab, nested PCR was additionally performed to amplify the
3’ remaining region using the gene-specific forward primer (snow-f)
and the APl primer. All amplified products were subjected to
subcloning and sequencing.

Cloning Experiments for Tropomyosins of Pink Shrimp and
Horsehair Crab. Molecular cloning of pink shrimp and horsehair crab
tropomyosins was simply performed by the rapid amplification of cDNA
ends (RACE) method using total RNA extracted from each muscle
sample, without construction of the Marathon ¢cDNA library. For
3'RACE, first-strand cDNA was synthesized from 5 ug of total RNA
using the 3'RACE System for Rapid Amplification of cDNA Ends
(Invitrogen) as described in the manufacturer’'s manual and used as a
template. Amplification was carried out using the cru-f1 primer and
the AUAP primer. 5RACE was performed using the 5RACE System
for Rapid Amplification of cDNA Ends (Invitrogen) according to the
manufacturer’s instructions. First-strand cDNA was synthesized from
5 ug of total RNA using the gene-specific reverse primer (pink-s for
pink shrimp or horsehair-s for horsehair crab). The gene-specific reverse
primer (pink-r for pink shrimp or horsehair-r for horsehair crab) and
the AAP primer were subjected to SRACE reaction using the
synthesized first-strand cDNA as a template. All amplified products
were subcloned and sequenced.

RESULTS AND DISCUSSION

Identification of Tropomyosins as Allergens in Crusta-
ceans. As analyzed by SDS-PAGE, a prominent protein of 37
kDa, which is comparable in molecular mass to American
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lobster tropomyosin used as a reference, was detected in all of
the heated extracts, except for that from the chest protection
muscle of king crab (Figure 1A). Irrespective of the species
and the muscle types, the 37 kDa protein reacted with the
antiserum against king crab tropomyosin (Figure 1B), allowing
us to conclude that the 37 kDa protein is tropomyosin of each
crustacean muscle. In the case of the chest protection muscle
of king crab, two proteins of about 37 kDa with a considerably
weaker staining intensity than tropomyosins in the other samples
were observed in SDS-PAGE (Figure 1A). The two proteins
also reacted with the antiserum against king crab tropomyosin
(Figure 1A). Importantly, two different tropomyosins (fast and
slow-tonic tropomyosins) exist only in the chest protection
muscle of king crab, as described in detail below. Taken
together, it is reasonable to consider that the two proteins of
about 37 kDa observed in the chest protection muscle of king
crab are tropomyosin isoforms. 1gE-immunoblotting, using the
pooled serum from 10 crustacean-allergic patients and 4
individual patient sera, showed that all tropomyosins, except
for the two tropomyosin isoforms in the chest protection muscle
of king crab, are IgE-reactive, regardless of the patient sera
(Figure 1C). When the pooled control serum was used, no blots
were detected in any of the heated extracts (data not shown).
As for the two isoforms in the chest protection muscle of king
crab, their IgE reactivity was established by the results with
the pooled patient serum and the patient 2 and 4 sera. However,
only one biot was observed when patient 1 and 3 sera were
used, suggesting that only either one of the two isoforms is
reactive with IgE in the patient 1 and 3 sera or that the two
blots have appeared as one blot due to poor resolution. Apart
from this problem to be clarified in future, it is important to
note that tropomyosin seemed to be almost the sole IgE-reactive
protein in all of the crustaceans examined, although another IgE-
reaclive protein of about 30 kDa was also detected in the chest
muscle of king crab only when the patient 2 serum was used.
In iphibition immunoblotting experiments using American
lobster tropomyosin as an inhibitor, the patient sera completely
lost their reactivity to tropomyosins from six species of
crustaceans (only the results with the pooled patient serum are
shown in Figure 1D), demonstrating the cross-reactivity
between tropomyosins from American lobster and the other
crustaceans.

Our results may be as expected from the current opinion that
tropomyosin is a major and cross-reactive allergen in crustaceans
(7, 11, 12). However, it should be noted that, of the six species
of crustaceans used in this study, pink shrimp belonging to the
suborder Pleocyemata and king crab (a kind of hermit crabs)
are taxonomically distinct from the crustaceans so far studied
on allergens. Therefore, this study is of value in providing
experimental evidence that the current opinion is true for almost
all crustaceans belonging to the order Decapoda.

Nucleotide Sequences of Crustacean Tropomyosin cDNAs.
The cDNAs encoding tropomyosins from black tiger prawn,
kuruma prawn, king crab, and snow crab were successfully
cloned by PCR using the Marathon cDNA library as a template
and those encoding tropomyosins from pink shrimp and
horsehair crab by both 3’'RACE and 5'RACE using total RNA.
In the case of the chest protection muscle of king crab, two
different cDNAs (encoding fast and slow-tonic tropomyosins
as described below in more detail) were obtained; three of the
five clones analyzed corresponded to the fast tropomyosin and
the rest to the slow-tonic tropomyosin. On the other hand, only
one kind of cDNA was cloned from the other samples. The
cDNA from the leg muscle of king crab was identical with one

-179 -



988 J. Agric. Food Chem., Vol. 55, No. 3, 2007 Motoyama et al.

(A) ©
kDa kDa
159 7 . 150
100 - 5 B 100
75 ‘ - P “ 75
50 ‘ : Fs o ;i o 50
37 ‘*“‘Wd%‘*“uw“& 37
25 b P = 25
20 e 20
15 + 15
10 10

123 456785101 1234567881011 1234567891011 1234567861011

(B) = (D)
kDa kDa
150 150
100 H o)
75 73
50 50
37 PP eee v et TR I 37
25 25
20 20
15 15
10 10

1234567898101 1234567891011 1234567851013 1234567881011

Figure 1. Analysis of heated extracts from various crustaceans by SDS-PAGE (A), igG-immunoblotting (B), igE-immunoblotting (C), and inhibition
immuncblotting (D). Lanes: 1, tropomyosin purified from American lobster; 2, extract from American lobster; 3, extract from black tiger prawn, 4, exiract
from kuruma prawn; 5, extract from pink shrimp; 6, extract from king crab leg muscle; 7, extract from king crab chest protection muscle; 8, extract from
snow crab leg muscle; 9, extract from snow crab chest protection muscle; 10, extract from horsehair crab leg muscle; 11, extract from horsehair crab
chest protection muscle. A magntfication of the 37 kDa region in lane 7 (extract from king crab chest protection muscle) is shown above each figure in
A, B, and C. (A) Heated extracts (0.3 uL each) with the following protein concentrations were subjected to SDS-PAGE: 3.6 mg/mL for American lobster,
6.6 mg/mL for black tiger prawn, 3.0 mg/mL for kuruma prawn, 9.8 mg/mL for pink shrimp, 3.8 mg/ml for king crab leg muscle, 7.8 mg/mL for king crab
chest protection muscle, 4.2 mg/mL for snow crab lsg muscle, 3.2 mg/mL for snow crab chest protection muscle, 3.2 mg/mL for horsehair crab leg
muscle, and 5.6 mg/mL for horsehair crab chest protection muscle. (B) Antiserum against king creb tropomyosin was used as a primary antibody. (C)
Patient sera ware used as a primary antibody: &, pooled serum from 10 patients; b, patient 1; ¢, patient 2; d, patient 3; e, patient 4. (D) Pooled serum
(diluted 1:250) from 10 patients was preincubated with an equal volume of inhibitor (American lobster tropomyosin) solution (20 #g/mL) and used as a

primary antibody.

(encoding the fast tropomyosin) of the two cDNAs from the
chest protection muscle. The same cDNA was found in the leg
and chest protection muscles of snow crab, whereas the cDNAs
from two types of muscles of horsehair crab differed from each
other. These results agreed well with the data obtained in SDS-
PAGE and immunoblotting showing the presence of two
tropomyosin isoforms only in the chest protection muscle of
king crab (Figure 1).

Although not shown in this paper to save space, the
determined nucleotide sequences of the full-length cDNAs have
been deposited in the DDBJ/EMBL/GenBank databases under
the following accession numbers AB270629 for black tiger
prawn tropomyosin (1260 bp), AB270630 for kuruma prawn
tropomyosin (1299 bp), AB270631 for pink shrimp tropomyosin
(1050 bp), AB270632 for king crab fast tropomyosin (1493 bp),
AB270633 for king crab slow-tonic tropomyosin (1559 bp),
AB270634 for snow crab tropomyosin (1148 bp), AB270635
for horsehair crab slow-twitch tropomyosin (1137 bp), and
AB270636 for horsehair crab slow-tonic tropomyosin (1016 bp).
Irrespective of the cDNAs, an open reading frame contains 852
bp coding for 284 amino acid residues.

Amino Acid Sequences of Crustacean Tropomyosins. The
amino acid sequences of eight tropomyosins from six species
of crustaceans were elucidated by a cDNA cloning technique.
This is the first report of the amino acid sequences of
tropomyosins from shrimp (pink shrimp) belonging to the
suborder Pleocyemata and hermit crab (king crab), making it

possible to understand the overall features of the amino acid
sequences of tropomyosins from edible crustaceans (decapod
crustaceans). The known amino acid sequences of crustacean
tropomyosins, including our results, are aligned in Figure 2. 1t
is worth mentioning that three types of tropomyosin (fast, siow-
twitch, and slow-tonic) have been identified in American lobster
(14, 15). As compared to the amino acid sequence of the fast
tropomyosin, both slow-twitch and slow-tonic tropomyosins
have as many as 15 alterations in the region 39—79 and the
slow-tonic tropomyosin has 4 additional alterations in the
C-terminal region. On the basis of the sequence features of the
three types of tropomyosin from American lobster, the tro-
pomyosins from the abdominal muscle of shrimps (or prawns)
and spiny lobster and one tropomyosin isoform from the chest
protection muscle of king crab are assignable to the fast type,
that from the leg muscle of horsehair crab to the slow-twitch
type, and another tropomyosin isoform from the chest protection
muscle of king crab, those from the leg and chest protection
muscles of snow crab, and that from the chest protection muscle
of horsehair crab to the slow-tonic type. The abdominal muscle
tropomyosin of pink shrimp has some differences in the region
4472 compared to the fast-type tropomyosin but is distin-
guishable from the slow-type tropomyosin. Thus, we tentatively
classify the pink shrimp tropomyosin into the fast-type family.
In the case of red crab tropomyosin, it is apparently a member
of the slow-twitch or slow-tonmic type family, although its
C-terminal sequence is unclear. Taken together, the relationship
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American lobstser (stow-twitch} QLQKEVDRLEDELVNEK
Arngrican lobster (stow-tonic) LVNEK
Spiny iobster (fast) LQKWDRL“U LVNEKH!
King crab (fash) LVNEKQVYKSIT
King crab {slow-tonic) LVNEK
Snow crab (slow-tonic qe OK VD LEDLVNEK
Harsehair crab (slow-twitch) VNE
Horsehalr crab {slow-fonic) Bl V KEK
Red crab (slow) FAERSVQWL QKEVDRLEDELVNEK

Figure 2. Aminc acid seguence alignment of crustacean tropomyosins.

Tropomyosin type (fast, slow-twitch, or slow-lonic} is Indicated in paren éheses

after the crustacean name. Accession numbers (DDBJEMBL/GenBank nucisctide ssquence databasss). brown shiimp (Panasus atecus), DQ151457
black tiger prawn (Panasus monodon), AB270829; kuruma prawn (Penasus japonicus;, AB270630; sand shrimp {Mslanenasus ensls;, U08008, c;nk

shrimp (Pandalus ecus), AB270521; American lobsier (Homarus americanus; (fast tropomyesing, AF034954, American ichster (slow-twitch

fopom

YOSinY,

AF(24853; American lobster {slow-tonic tropomyosin), AY521627; spiny Iobster {Panulinus stimpsonh, AF030083; king crab (Paralithodes camtech&iws‘\

e
115

{fast tropomyosin), AB270832; king crat (slow-to

tropomyosins), AB270633; snow crab (Chionoscetes opiio), AB270634; horsehalr crab (Ermacru:

Isenbekf) (Siow-twitch trapomyosin), AB270535; horsshalr crab (slow-tenic trepemyosin), AB270836; red crab (Charybdis ferlalus), AF061783. The n—.sid.tee

differing from the brown shrimp ‘ropomyosin are shown in whife on the biack background. The Ig!

fropomyosin are boxed.

of the major ropomyosin type in edible muscles with the
taxonomical position of crustaceans is summarized as foliows:
fast-type topomyosins are contained in shrimps (or prawns)
and lobsters, slow-type tropomyosins in crabs, and both fast-
and slow-type tropomyosins in crayviishes and hermit crabs.

E-binding epilopes proposed for the brown shiimp

As shown in Table 2, the aminc acid sequence identities
between fast tropomyosins and between slow tropomyosins are
extremely high; even 100% identity is observed among the fast
tropomyosins from three species of Peracus shrimp or prawn
{orown shrimp, black tiger prawn, and kurumma prawn). The
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Table 2. Amino Acid Sequence identity between Crustacean
Tropomyosins

amino acid sequence identity (%)
telationship range ' mean = SD
between fast tropomyosins $6.0-100.0 98.11.0(n=28)
between slow tropomyosins 92.3-98.5 96.1:14(n=21)
between fast and siow 88.3-94.7 91.4 = 1.4(n=56)
tropomyosins

sequence identity between fast and slow tropomyosins is also
considerably high. These facts seem to provide a molecular basis
for the cross-reactivity among crustacean tropomyosins (6, 7,
11, 12). More detailed discussion on the cross-reactivity among
crustacean tropomyosins can be derived on the basis of the IgE-
binding epitopes proposed for the brown shrimp tropomyosin
(Pen a 1) (10, 16). All eight epitope regions (43—55, 88—101,
137—-141, 144—151, 187—197, 249—259, 266—273, and 273~
281; refer to Figure 2) of Pen a 1 are well conserved in fast
tropomyosins, with the exceptions of pink shrimp tropomyosin
having four alterations in the region 43—55, spiny lobster
tropomyosin having one alteration in the region 187—197, and
king crab tropomyosin having one alteration in the region 43—
55. This implies that the cross-reactivity among fast tropomyo-
sins is simply realized by the common IgE-binding epitopes.
In the case of slow tropomyosins, five of the eight Pen a 1
epitopes are completely or almost completely conserved.
However, both slow-twitch and slow-tonic tropomyosins have
as many as six to eight alterations in the region 435S, and
slow-tonic tropomyosins have additional two alterations in the
two regions 266—277 and 273—281. Moreover, diverse alter-
ations between fast and slow tropomyosins are also observed
in the region 56—79, which is not identified as the Pen a 1
epitope. For a better understanding of the cross-reactivity
between fast and slow tropomyosins, an examination of how
the significant differences in specific regions between fast and
slow tropomyosins are associated with the IgE-binding potency
is needed.

In general, crustacean-allergic patients are mostly sensitive
to both shrimp and crab. This is easily understood by the
presence of several common IgE-binding epitopes in shrimp
and crab tropomyosins. However, some crustacean-allergic
patients specifically recognize only shrimp or crab. This can
be realized by two possibilities. One is that both shrimp and
crab have specific allergens differing from tropomyosins; for
exampie, arginine kinase has recently been identified as a new
allergen in black tiger prawn (2/). Another possibility is derived
from our finding that there are significant differences in amino
acid sequences of specific regions between fast tropomyosins
(mainly contained in shrimp) and slow tropomyosins (mainly
contained in crab). Namely, it is possible that both shrimp-
allergic and crab-allergic patients have IgE specifically binding
to the regions with significant differences between fast and slow
tropomyosins. In conclusion, the amino acid sequences of
crustacean tropomyosins determined in this study will facilitate
future molecular study to understand crustacean allergy in more
detail.
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Abstract

Tropomyosin, a myofibrillar protein of 35-38 kDa, represents a major and cross-reactive allergen in decapod crustaceans. This study was
initiated to clarify whether decapod-allergic patients also recognize tropomyosins of bamnacles, crustaceans phylogenetically remote from
decapods, which are locally consumed as a delicacy. On SDS-PAGE, a 37 kDa protein was observed in all the heated extracts prepared from two
species of decapods (American lobster Homarus americanus and black tiger prawn Penaeus monodon) and two species of barnacles (acom
barnacle Balanus rostratus and goose barnacle Capitulum mitella). In immunoblotting, the 37 kDa protein was found to react with monoclonal
antibodies against American lobster tropomyosin and hence identified as tropomyosin. The patient sera reacted to tropomyosins from both
decapods and bamacles and the reactivity was abolished by preincubation with American lobster tropomyosin, demonstrating that barnacle
tropomyosins are allergens cross-reactive with decapod tropomyosins. However, the amino acid sequence of acorn barnacle tropomyosin, deduced
by cDNA cloning experiments, shares higher sequence identity with abalone tropomyosins than with decapod tropomyosins. In accordance with
this, the phylogenetic tree made for tropomyosins from various animals showed that the acorn barnacle tropomyosin is evolutionally classified not

into the decapod tropomyosin family but into the molluscan tropomyosin family.

© 2007 Elsevier Inc. All rights reserved.

Keywords: Allergen; Acom bamacle; cDNA cloning; Cross-reactivity; Crustacea; Decapod; Goose barnacle; Tropomyosin

1. Introduction

Crustaceans are well known as a common cause of food
allergy mediated by IgE antibodies. Since edible crustaceans
mostly belong to the order Decapoda (including shrimps,
prawns, crayfishes, lobsters, hermit crabs and crabs) of the class
Malacostraca, previous studies on crustacean allergens have
been performed only with decapods. As a result, the major
allergen has been identified at the molecular level as
tropomyosin, a myofibrillar protein of 35-38 kDa, common
with the following decapods: Indian white shrimp Penaeus
indicus (Shanti et al., 1993), brown shrimp P. aztecus (Daul
et al., 1994), sand shrimp Metapenaeus ensis (Leung et al.,
1994), American lobster Homarus americanus (Leung et al.,
1998a), spiny lobster Panulinus stimpsoni (Leung et al., 1998a)
and red crab Charybdis feriatus (Leung et al., 1998b).

* Corresponding author. Tel.: +81 3 5463 0601; fax: +81 3 5463 0669.
E-mail address: shiomi@kaiyodai.ac.jp (K. Shiomi).

1096-4959/% - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.cbpb.2007.01.004

Besides decapods, barnacles, members of the subclass
Cirripedia of the class Thecostraca, are also edible crustaceans.
They inhabit the rocky shores of warm seas and some species of
them are consumed as a delicacy in coastal countries such as
Japan and the Mediterranean countries. The subclass Cirripedia
is further divided into two orders, Sessilia (acorn bamacles
lacking a stalk) and Pedunculata (goose barnacles having a
stalk). The acorn bamacle Balanus rostratus and the goose
bamacle Capitulum (Pollicipes) mitella are the most consumed
species in Japan and the goose barnacle Pollicipes pollicipes in
the Mediterranean countries. Recently, barnacles were reported
to cause IgE-mediated allergic reactions by two research groups
(Moreno Escobosa et al., 2002; Marinho et al., 2006). A number
of IgE-binding proteins were detected in the barnacle extract by
immunoblotting experiments using sera from bamacle-allergic
patients. Interestingly, one IgE-binding protein of about 37 kDa
was suggested to be tropomyosin from the molecular mass.
However, only one of the five bamnacle-allergic patients was
diagnosed to be also allergic to shrimp in one study (Marinho
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et al., 2006), while susceptibility to shrimp was unclear for the
five barnacle-allergic patients in another study (Moreno
Escobosa et al., 2002). It is therefore still unknown whether
decapod-allergic patients recognize bamacle tropomyosin as
well as decapod tropomyosin.

Tropomyosin is regarded as a pan-allergen that is implicated
in IgE cross-reactivity among various invertebrates including
crustaceans (decapods), mollusks, mites and cockroaches (Leung
et al.,, 1996; Reese et al., 1999; Santos et al., 1999; Chuo et al.,
2000; Ayuso et al., 2002a,b; Lehrer et al., 2003). In view of this, it
is possible that barnacle tropomyosin is also cross-reactive with
decapod tropomyosin, having a potential to cause adverse
reactions in decapod-allergic patients. The present study was
initiated to confirm this possibility by immunoblotting and
immunoblotting inhibition, using two species of barnacles (acom
barnacle B. rostratus and goose bamacle C. mitella) locally
consumed in Japan. Subsequently, the primary structure of acorn
barnacle tropomyosin was elucidated by cDNA cloning to obtain
a molecular basis for the confirmed cross-reactivity between
tropomyosins from acorn bamacle and decapods.

2. Materials and methods
2.1. Crustacean samples

Live specimens of American lobster and acorn barnacle and
fresh specimens of black tiger prawn Penaeus monodon were
purchased at the Tokyo Central Wholesale Market. Specimens
of goosc barmacle werc caught along the coasts of Noto
Peninsula, Ishikawa Prefecture, and transported alive to our
laboratory. Abdominal muscles collected from American
lobster and black tiger prawn and muscles from acorn barnacle
and goose bamacle were all stored at —20 °C until used. For
cloning experiments, part of the muscle samples from acom
bamacle and goose barnacle was immediately frozen in liquid
nitrogen and stored at —80 °C until used.

2.2. Preparation of heated extract

Each muscle sample was homogenized with four volumes of
10 mM phosphate buffer (pH 7.0) containing 0.6 M KCl. Since
this study was focused on tropomyosin, a thermostable protein,
the homogenate was heated in a boiling water bath for 10 min to
make thermolabile proteins insoluble. After centrifugation at
18,000 g for 20 min, the supernatant obtained was used as
heated extract. Protein concentrations of the heated extracts
were determined by the method of Lowry et al. (1951), using
bovine serum albumin as a standard.

2.3. Purification of American lobster tropomyosin

An acetone powder of myofibrillar proteins was prepared

from thc decp abdominal muscle of American lobster as -

reported by Greaser and Gergely (1971) and extracted with
25 mM Tris—HCI buffer (pH 8.0) containing 1 M KCl, 0.1 mM
CaCl, and 1 mM dithiothreitol. The extract was subjected
successively to salting-out with ammonium sulfate (50-60%

saturation) and isoelectrical precipitation (pH 4.6) by the
method of Cummins and Perry (1973). To remove small
amounts of contaminated proteins, the tropomyosin-rich
fraction thus obtained was further applied to reverse-phase
HPLC on a TSKgel ODS-120T column (0.46 x 25 cm; Tosoh,
Tokyo, Japan), which was eluted at a flow rate of 1 mL/min with
a linear gradient of acetonitrile (38.5-49.0% in 50 min) in 0.1%
trifluoroacetic acid. The homogeneity of the final preparation
was supported by SDS-PAGE. American lobster has previously
been reported to contain three types of tropomyosin (fast, slow-
twitch and slow-tonic) (Mykles et al., 1998; Medler et al.,
2004). Since the deep abdominal muscle of American lobster is
composed of fast muscle fibers (Mykles et al.,, 1998), our
purified preparation was judged to be fast type tropomyosin.

2.4. Human sera

Sera were obtained from ten crustacean-allergic patients with
clinical histories of immediate hypersensitive reactions after
ingestion of crustaceans but without experiences of eating
bamacles. The patients were all diagnosed to be allergic to
decapod crustaceans based on the determined CAP-RAST
(capsulated hydrophilic carricr polymer-radioallergosorbent
test) classes of 2—5 against shrimp or both shrimp and crab.
Written informed consent was obtained from each patient. In
this study, sera from four healthy volunteers without adverse
reactions afier ingestion of any foods were pooled and used as a
control. All sera were stored at —20 °C.

2.5. SDS-PAGE

SDS-PAGE was performed with a PhastSystem (GE-Health-
care Bio-Sciences, Piscataway, NJ) according to the manufac-
turer’s instructions. Each sample was dissolved in 62.5 mM
phosphate buffer (pH 7.5) containing 2.5% SDS and 5%
dithiothreitol, heated at 100 °C for 10 min and subjected to
electrophoresis on a PhastGel Gradient 825 gel (GE-Healthcare
Bio-Sciences). Precision Plus Protein Standards (Bio-Rad
Laboratories, Hercules, CA) were run as a reference, along with
samples. After running, proteins were visualized by staining with
Coomassie Brilliant Blue R-250.

2.6. Immunoblotting

Immunoblotting was carried out as reported previously
(Motoyama et al., 2006). Briefly, the proteins separated by
SDS-PAGE were electrotransferred from the gel to a nitrocellu-
lose membrane, which was reacted successively with primary and
secondary antibodies. To detect tropomyosin, either one of the
two monoclonal antibodies (0.5 pg/ml. of 2A7H6 and 1 ug/mL of
5G5E1) against American lobster tropomyosin (Lu et al., 2007)
was used as a primary antibody and horseradish peroxidase-
conjugated goat anti-mousc IgM+IgG+IgA antibody (diluted
1:20,000; Cosmo Bio, Tokyo, Japan) as a secondary antibody. For
the detection of IgE-binding proteins, patient serum (diluted
1:500) and horseradish peroxidase-conjugated goat anti-human
IgE antibody (diluted 1:5000; Kirkegaard and Perry Laboratories,
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Fig. 1. Analysis of the heated extracts from decapods and barnacles by SDS-PAGE (A), immunoblotting using monoclonal antibodies against American lobster
tropomyosin (B), immunoblotting using patient sera (C) and inhibition immunoblotting (D). Lanes: |, tropomyosin purified from American lobster; 2, American
lobster extract; 3, black tiger prawn extract; 4, acorn bamacle extract; 5, goose barnacle extract. (A) Heated extracts (I pl each) with the following protein
concentrations were subjected to SDS-PAGE: 3.6 mg/mL for American lobster, 6.6 mg/mL for black tiger prawn, 3.6 mg/mL for acorn barnacle and 4.4 mg/mL for
goose bamacle. (B) Monoclonal antibodies: a, 2A7H6; b, SG5E1. (C) Sera: a, pooled serum from ten patients; b, patient 1; c, patient 2; d, patient 3; e. patient 4. (D)
Pooled serum (diluted 1:250) from ten patients was preincubated with an equal volume of inhibitor (American lobster tropomyosin) solution (20 ug/mL) and used as a
primary antibody. The same results were also obtained with the sera from patients 1-4. )

Gaithersburg, MD) were used as primary and secondary  Bio-Sciences) and an ECL Mini Camera (GE-Healthcare Bio-
antibodies, respectively. Positive bands were visualized using Sciences), according to the manufacturer’s instructions. For 1gE-
an ECL Plus Western Blotting Detection System (GE-Hcealthcare  immunoblotting inhibition, paticnt scrum (diluted 1:250) was

ATAGCCCTTTCGAGTTTGCGGCAGCAGGATTGTGGT TCTGACAGCTCTCGTCTGCTAAAGTCACTTGTAGCTTCGACATTCCTATTTAT 89

T TATTTTATTTGTGTGTTAGGTGAGAATAAACTAAARATCAGCCATGGATGCCATCAAGAAGAAGATGCAGGCARATGAAATTGGAAANG 179
M D A I K K K ¥ Q a4 ¥ K L E K 15

GRAAATGCCTTGGATAAAGCAGAACAGTTAGAACARARACTTIAGGGATGTTGAGGAAACCARAGCAAAGGCAGAGGAAGATCTTACTCTT 269
E N A L D XK A E Q . E Q K L R D v E BB T X A KX A B E D L T L 45

CTCCAAAAGAAATACACAAACCTCGAGAATGAGTTCGACCAAGTCAACGARCAATACAATGAAGGTGTCACCAAGCTTGAGGTCTCCGAG 359
L Q K K ¥ T ¥ L E N E F D Q V N E Q ¥ N BE 6 VvV T XK L E V S E 75

AAACGTGTAACAGAGGCAGAAGATYGAAATCAAGGGtTACACTAGGCCTATCCAACTTTTAGAAGATGACCTTGAACGTACCCCAGTCAAG 449
X R v T E A E D E b K G Y T R R I g L L E 2] P L E R T PV R 105

TTGCGACGAAGCCACCTTTAAGTTGGAARGACGCAACCARARACAGCAGATGAGAGTGAAAGAGGACGCAAGGTACTCGAGAGCAGAAGCATTY 539
L D BE A T P K L BE D A T K T A D E 8§ E R G R K v L E s R 8 I 135

GCTGATGATGATAGAATTGATGCATTAGAAAAACAAGTGAAAGATGCTAAATATGTTGCTGAGGAAGCCGACCGTARATACGATGAGGCT 629
A D b D R I D A L B K ¢ v XK 9 A X ¥ v A E E A D R K Y D E A 165

GCCCGTAAACTTGCTATCACTGAAGTGGATCTTGAACGCTCCGAGACCCGATTGGAGGCTGCTGAAGCCAAAATTACCGAACTCAGTGAG 719
A R X L A I T E VvV p L E R S BE T R L B A A E A K I T E L § E 198

GAGCTGGCTGTGGTTGGTARTAACTGTAARGGCCCTGCAGAACGCCGTAGACCAGGCATCTCAGAGAGAAGACAGTTACGAGGAGACTATC 809
E L A VvV VvV 6 N N C K A L © W A V D Q A s © R E DP 8§ Y E B T I 225

CGTGACTTGACCCAGAGACTCAAGGACGCCGAGAATCGTGCGGCGGAGGCTGAACGCGTAGTCAACAAGCTGCAGAAGGAAGTTGACAGA 899
R D L T Q R L K D A E N R A A B A B R V VvV R K L ¢ K B V > R 255

TTAGAAGATGAATTACTTGCTGAAAAGGAGAAGTACAAGGCGATTAGTGACGAATTGGATCAAACATTEGCTGAGTTAGCTGGCATGTGA 989
L E D E L L A E K E K Y K &a I 8 P B L D Q T P A E L A G M g« 284

GACATCAACTTTTGTCAGACAACARGAAAAATACACTTCATTTACATTTCTACAAAGCCCTGTTTCGCTGTTATTGATGAT 1070
Fig. 2. Nucleotide sequence of cDNA encoding for acom bamacle tropomyosin. The deduced amino acid sequence is denoted below the nucleotide sequence.

Nucleotide and amino acid numbers are shown at the right. The region corresponding to the primer used in 3’'RACE is indicated by a straight line and those
corresponding to the primers used in 5S’RACE by dotted lines. An asterisk represents the stop codon (TGA).
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Fig. 3. Alignment of the amino acid sequence of acorn bamacle tropomyosin with those of decapod and abalone tropomyosins. Accession numbers (DDBYEMBL/
GenBank nucleotide sequence databases): acom barnacle (Balanus rosiratus), AB269786; brown shrimp (Penaeus aztecus), DQ151457,; sand shrimp (Metapenaeus
ensis), U08008; American lobster (Homarus americanus) (fast type tropomyosin), AF034954; spiny lobster (Panulinus stimpsoni), AF030063; red crab (Ckarybdis
feriatus), AF061783; Japanese abalone (Haliotis diversicolor), AF216518; red abalone (Haliotis rufescens), X75218; tropical abalone (Haliotis asinina), AY 320360,
The residues differing from brown shrimp tropemyosin are shaded. Of the different residues from brown shrimp tropomyosin, common residues between acorn baracle
tropomyosin and other tropomyosins are shown in white on the black background. The IgE-binding epitopes proposed for brown shrimp tropomyosin are boxed.

incubated with an equal volume of American lobster tropomyosin
solution (20 ug/mlL) at 37 °C for 1 h and used as a primary
antibody.

2.7. Cloning experiments

Total RNA was extracted from muscle sample (2 g) of either
acorn barnacle or goose barnacle with the TRIzol reagent
(Invitrogen, Carlsbad, CA). For 3/ rapid amplification of cDNA
ends (RACE). first strand cDNA was synthesized from 5 ug of
total RNA using the 3'RACE System for Rapid Amplification of
c¢DNA Ends (Invitrogen) as recommended by the manufacturer
and used as a template. A forward primer 5-ATCAAGAAGAA-
GATGCAGGCG-3' (corresponding to *IKKKMQA'%), which
was designed from the conserved scquence of the known ¢DNAs
coding for tropomyosins from brown shrimp (DDBJ/EMBL/
GenBank accession number: DQ151457), American lobster
(AF0349354 for fast tropomyosin, AF034953 for slow-twitch
tropomyosin and AY 3521627 for slow-tonic tropomyosin) and red

crab (AF061783), was used in PCR in combination with the
abridged universal amplification primer (AUAP). Amplification
was performed using HotMaster Tag DNA polymerase (Eppen-
dorf, Hamburg, Germany) under the following conditions: 94 °C
for 2 min; 35 cycles 0f94 °C for 20 s, 55 °C for 20 s and 70 °C for
1 min; and 72 °C for 7 min. After electrophoresis on a 1.2%
agarose gel and extraction with a QlAquick-Gel Extraction Kit
(Qiagen, Tokyo, Japan), the PCR product was determined for
its nucleotide sequence using a PRISM Dye Terminator Cycle
Sequencing Ready Reaction Kit (Applied Biosystems, Foster
City, CA) and a PRISM 310 genetic analyzer (Applied
Biosystems). 5’RACE was carried out using the 5’'RACE System
for Rapid Amplification of cDNA Ends (Invitrogen) following
the manufacturer’s instructions. First strand cDNA was synthe-
sized from 5 pg of total RNA using the gene-specific primer
5'-GCGTCCTTGAGTCTCTGGGT-3' (corresponding to
229TQRLKDA™®). The first 5'RACE reaction using the
gene-specific primer 5'-GCGTTCTGCAGGGCCTTACA-3'
{corresponding to ***CKALQNA?') and the abridged anchor
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primer and the second 5’RACE reaction using the gene-specific
primer 5’-TAGCAAGTTTACGGGCAGCC-3’ (corresponding
to '**EAARKLAI'"") and the AUAP were completed under the
same conditions as adopted for 3’'RACE. Nucleotide sequencing
of the second PCR product was also performed as in the case of
3'RACE.

2.8. Phylogenetic analysis

Multiple alignments of tropomyosins from various animals
were performed with the Clustal W program (Higgins et al.,
1994). Based on the results of multiple alignments, a phylogenetic
tree was constructed using a MEGA 3.1 software (Kumar et al.,
2004) by the neighbor-joining method (Saitou and Nei, 1987).
The robustness of topology nodes was tested by the bootstrap
method with 1000 replications.

3. Results
3.1. Allergens of barnacles

On SDS-PAGE, all the heated extracts from two species of
decapods (American lobster and black tiger prawn) and two
species of barnacles (acorn bamacle and goose bamacle)
afforded a prominent protein band of about 37 kDa at almost
the same position as American lobster tropomyosin (Fig. 1A).
Irrespective of the species, the 37 kDa protein reacted with the
monoclonal antibody 2A7H6 against American lobster tropo-

100

Haliotis diversicolor (AF216518)
—ﬂﬁ; Haliotis rufescens (X75218)
Haliotis asinina (AY 320360)

Octopus vulgaris (AB218917)

100} Sepia esculenta (AB218913)
—7o0_ Todarodes pacificus (AB218915)

Balanus rostratus (AB269786)
LI Patinopecten yessoensis (AB050984)
[ Mytilus edulis (U40035)

Bos taurus (BC102909)
Gallus gallus (AY150210)

—_—
0.05

100! Mytilus galloprovincialis (AB000Y07)
99| Homarus americanus slow-lonic (AYS521627)
_{jﬂomams americanus slow-twitch (AF034953)
Charybdis feriatus (AF061783)

100 Homarus americanus fast (AF034954)
[ Panulirus stimpsoni (AF(030063)
100 [ Penaeus aztecus (DQ151457)
98 * Metapenaeus ensis (L08008)
‘ ___122:—- Homo sapiens (M75165)
Oryctolagus cuniculus (AF399638)

100 Danio rerio (BC062870)

99 Fana temporaria (M24634)

myosin (Fig. 1B), which recognizes both crustacean and
molluscan tropomyosins (Lu et al., 2007), allowing us to
conclude that the 37 kDa protein is tropomyosin of each
decapod and bamacle. Very interestingly, another monoclonal
antibody SG5E] specific only to crustacean tropomyosin (Lu
et al.,, 2007) reacted to the 37 kDa protein in two species of
decapods but showed no substantial reactivity to that in two
species of barnacles (Fig. 1B). This result suggested significant
differences in amino acid sequence between decapod and
bamacle tropomyosins. Indeed, the elucidated amino acid
sequence of acorn bamacle tropomyosin shares no high identity
with decapod tropomyosins, as described below in more detail.
In IgE-immunoblotting, no bands appeared when the control
serum was used (data not shown), while the pooled serum from
ten decapod-allergic patients and four individual patient sera
were all reactive not only to tropomyosins from two species of
decapods but also to those from two species of barnacles
(Fig. 1C). As obviously recognized in the case of sera from
patients 3 and 4, the tropomyosin bands obtained with two
species of barnacles were considerably weak compared to those
obtained with two species of decapods. This can be realized by
assuming that the barnacle tropomyosins with significantly
diffcrent amino acid scquenccs have a lower IgE-binding
potency than the decapod tropomyosins. Besides tropomyosin,
some IgE-reactive proteins, although much less potent in IgE-
binding ability than tropomyosin, were also detected in the
heated extracts from decapods and barnacles; for example, a
75 kDa protein in black tiger prawn reacted with the pooled

Mollusks

Crustaceans

J L

Vertebrates

Fig. 4. Molecular phylogenetic tree for tropomyosins from various animals. The tree was constructed by the neighbor-joining method. Bootstrap values >70% are
reported on nodes of the tree. The length of branches indicates the genetic distance between the tropomyosins. Accession numbers (DDBJ/EMBL/GenBank nucleotide

sequence databases) are shown in parentheses after scientific names.
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patient serum and a 30 kDa protein in acorn barnacle with the
patient 4 serum. On the whole, however, tropomyosin was
almost the sole IgE reactive protein, regardless of the crus-
taceans and patients. In IgE-immunoblotting inhibition, the
patient sera preincubated with American lobster tropomyosin
lost their reactivity to tropomyosins from both decapods and
barnacles (Fig. 1D), demonstrating the cross-reactivity between
decapod and bamacle tropomyosins.

3.2. Primary structure of acorn barnacle tropomyosin

In the case of goose bamacle tropomyosin, no amplified
products were obtained by 3’'RACE. On the other hand, a cDNA
fragment encoding acom barnacle tropomyosin was success-
fully amplified by 3’RACE, although the specific primer used
was different by one nucleotide from the finally elucidated
nucleotide sequence of the acorn bamacle tropomyosin. Based
on the nucleotide sequence of the cDNA fragment, the re-
maining 5’ region sequence was analyzed by 5’RACE. The
nucleotide sequence of the full-length cDNA (1070 bp) en-
coding acom barnacle tropomyosin was thus established as
shown in Fig. 2. This nucleotide sequence has been deposited in
thc DDBJ/EMBL/GenBank databascs under the accession
number of AB269786.

An open reading frame of the acom barnacle tropomyosin
c¢DNA is composed of 852 bp coding for 284 amino acid residues
from the putative initiating methionine to the putative last
methionine. The deduced amino acid sequence of acorn barnacle
tropomyosin is shown in Fig. 3, together with those from five
species of decapod crustaceans and three species of abalones.
Tropomyosins of decapod crustaceans share an extremely high
sequence identity (more than 90% identity) with one another.
Although acom barnacle is a member of the Crustacea, its
tropomyosin has only 58—-61% sequence identities with decapod
tropomyosins. Interestingly, a homology search by the BLAST
program (Altschul et al., 1997) revealed that the highest sequence
identity (76—78% identity) with acorn barnacle tropomyosin is
displayed by abalone tropomyosins. In order to predict the
evolutional position of the acom barnacle tropomyosin, a mole-
cular phylogenectic tree for tropomyosins was constructed. As
shown in Fig. 4, crustacean (decapod), molluscan and vertebrate
tropomyosins independently form a specific cluster and the acom
barnacle tropomyosin is classified into the molluscan tropomy-
osin family.

4. Discussion

Tropomyosin has been established to be a major and cross-
reactive allergen in decapod crustaceans (Reese et al., 1999;
Lehrer et al., 2003). Our immunoblotting data demonstrated that
serum IgE of decapod-allergic patients reacts not only to
tropomyosins from two species of decapods (American lobster
and black tigcr prawn) but also to thosc from two spccics of
bamacles (acom barnacle B. rostratus and goose bamacle
C. mitella) locally consumed as a delicacy in Japan. IgE cross-
reactivity between decapod and barnacle tropomyosins was also
verified by immunoblotting inhibition using American lobster

tropomyosin as an inhibitor. Based on these results, we
recommend that decapod-allergic patients should avoid con-
sumption of barnacles as well as decapods unless they are
clinically diagnosed to be insensitive to barnacles.

Bamacles are not so widely consumed and hence barnacle
allergies may be rare. It is, however, worth mentioning that
barnacles are crustaceans but significantly distinct in appearance
from decapods such as shrimps and crabs. Moreover, they are
sessile crustaceans differing from decapods. Therefore, barna-
cles are not always correctly recognized as members of
crustaceans and often misunderstood as members of sessile
bivalves or snails by consumers and food servers. In other words,
patients allergic to decapods but not to mollusks may mistakenly
eat barnacles, resulting in the manifestation of allergic reactions.
To prevent accidental incidents of fool allergy by consumption
of barnacles, it is particularly important to let the public in-
cluding decapod-allergic patients fully understand that barnacles
are members of the Crustacea, having a potential to cause
allergic reactions similar to decapods.

The significance of this study is the finding that the amino
acid sequence of the acorn barnacle tropomyosin, elucidated
by a cDNA cloning technique, is more homologous to those
of abalonc tropomyosins than to thosc of dccapod tropomyo-
sins. In accordance with this, the phylogenetic tree made for
tropomyosins from various animals showed that the acorn
bamacle tropomyosin is evolutionally classified not into the
decapod tropomyosin family but into the moliuscan tropo-
myosin family. From the viewpoint of molecular evolution,
future study is nceded to cxaminc whether the sequence
features observed with the acorn barnacle tropomyosin are a
common feature of barnacle tropomyosins. In addition, it
should be noted that such crustaceans as mantis shrimp (be-
longing to the order Stomatopoda of the class Malacostraca)
and Antarctic krill (belonging to the order Mysidacea of the
class Malacostraca) are also edible and may be allergenic. It
is, therefore, interesting to elucidate the amino acid sequences
of tropomyosins from these crustaceans not only for a
molecular understanding on the possible cross-reactivity with
decapod tropomyosins but also from the viewpoint of com-
parative biochemistry.

Although the sequence homology between acom barnacle
and decapod tropomyosins is not so high, the cross-reactivity
between them is apparent from the immunoblotting inhibition
data. This cross-reactivity can be partly realized by the fact that
one (region 249-259) of the eight IgE-binding epitope regions
(43-55,88-101, 137-141, 144-151, 187-197, 249-259, 266—
273 and 273-281; refer to Fig. 3) proposed for brown shrimp
tropomyosin (Pen a 1) (Ayuso et al., 2002a,b) is completely
conserved in the acom barnacle tropomyosin. However, there
are more than two alterations in the other seven regions between
acorn bammacle and decapod tropomyosins. It is unclear whether
these seven regions are also IgE-binding epitopes of the acorn
barnacle tropomyosin. In order to undcrstand in morc dctail the
cross-reactivity between acorn barnacle and decapod tropomyo-
sins, future study using synthetic peptides is needed on the IgE-
binding epitopes of acorn barnacle tropomyosin. Such study will
also provide helpful information on the IgE-binding epitopes of
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abalone tropomyosins that are highly homologous to the acom
barnacle tropomyosin.
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A sensitive qualitative detection method for soybeans
in foods by using the polymerase chain reaction (PCR)
was developed. For specific detection of soybeans with
high specificity, the primer pair of Gym 81/Gym 82 was
designed on the gene encoding the Glycine max repet-
itive sequence. The trace amount of soybeans in com-
mercial food products could be qualitatively detected by
this method.

Key words: food allergy; soybean; Glycine max L.; de-
tection method; polymerase chain reaction
(PCR)

Food allergies have constituted an important health
problem in recent years in industrialized countries, and it
is estimated that approximately 8% of children and 2%
of adults have some type of food allergy.!® To prevent
possible life-threatening reactions, the only effective
treatment is to strictly avoid the consumption of these
allergenic foods. Therefore, sufficient information about
potentially allergenic ingredients in a food product is
necessary.*> In 1999, the Joint FAO/WHO Codex
Alimentary Commission agreed to label eight kinds of
food which contain ingredients known to be allergens,
including soybeans.” In Japan, the Ministry of Health,
Labor and Welfare has enforced a labeling system for
allergenic food material since April 2002.» With this
system, labeling of five food products (egg, milk, wheat,
buckwheat, and peanuts) is mandatory, and is recom-
mended for twenty other food materials such as
soybeans and shrimp. Soybean labeling is particularly
important, because of the almost unlimited uses of
soybean, and the number of patients with an allergy to
soybeans has been increasing.®!? In the present study,
we developed a detection method for soybeans with high
specificity and sensitivity using PCR. We show that the

established method could be applicable for processed

food products, and a trace amount of soybeans contained ..

in a commercial food product can be detected by the
proposed method.

Nine varieties of soybean (Glycine max L.), including
seven varieties of domestic soybean (Toyokomachi,
Toyomusume, Ryuhou, Tachinagaha, Enrei, Fukuyutaka
and Murayutaka) and two varieties of U.S. soybean
(Vinton and Navy), were collected in our laboratory.
Legume relatives such as two varieties of the common
bean (Phaseolus vulgaris cul. Tebou and Phaseolus
vulgaris cul. Toramame), azuki bean, cowpea, broad
bean, pea, lentil, lupine, chickpea and peanut, and grain
samples of wheat, rye, barley, oats, corn, rice, buck-
wheat and rapeseed were also purchased by our labo-
ratory. Eight kinds of nuts (almond, cashew, macadamia,
pistachio, hazelnut, Brazil nut, pecan and walnut) were
kindly provided by Morinaga Co., Ltd. Soybean-derived
food materials including seasonings, lecithin, fiber and
protein were collected by our laboratory, and ten kinds
of commercial food products with soybeans in the list
of ingredients were purchased from a local market in
Japan.

The seed materials of the soybeans, other crops, food
materials and commercial food products were ground
with a Multi-Beads Shocker (Yasui Kikai, Osaka, Japan)
and then the homogenous powders were used as the test
samples. Wheat was used as the matrix to prepare the
model mixed samples. Wheat grains were ground to a
fine powder with a grinder and 0, 0.001, 0.005, 0.01, 0.1
and 100% of soybean flour (Nikka Fats & Qils, Tokyo,
Japan) was then mixed according to the procedure
described in a previous study with a slight modifica-
tion.'?

Genomic DNA was extracted from each plant mate-
rial including soybean flour by using a silica-gel mem-

¥ To whom correspondence should be addressed. Tel: +81-3-3700-9397; Fax: +81-3-3707-6950; E-mail: akiyama@nihs.go.jp
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Table 1. List of Designed Primers

Name Sequence (5'—>3") Specificity Amplicon
CP 03-5' 5'-CGG ACG AGA ATA AAG ATA GAG T-3 Chloroplast DNA,
A sense Plants 123bp
CP 033 5".TTT TGG GGA TAG AGG GAC TTG A-¥ Chloroplast DNA,
antisense
Gym 81 5“TCA GCA GAT TCA AAT CTC CCA GTG A-¥ Interspersed repetitive
B: element 1, sense
Imerspersed repetitive Soybean 118bp
Gym 82 5'-CAT CTC AAG AAG CAG AGG AAA GGA C-3' spersed repe

element 1, antisense

A: To confirm the validity of DNA extracted from plants for the polymerase chain reaction.

B: For specific detection of soybean.

brane-type kit (DNeasy Plant Mini; Qiagen, Hilden,
Germany) according to the procedure described in a
previous study with some modification.'® Genomic
DNA was extracted from each soybean-derived food
material and commercial food product by using an anion
exchange-type kit (Genomic-tip 20/G; Qiagen, Hilden,
Germany) according to the procedure described in a
previous study.'? The extracted DNA was diluted with
the appropriate volume of distilled water (DW) to a final
concentration of 20ng/ul, and stored at —20°C until
needed. When the concentration of the extracted DNA
was less than 20ng/ul, an undiluted DNA extract was
used for the subsequent PCR analysis. The primers were
synthesized and purified in a reversed-phase column
by Operon Biotechnologies (Tokyo, Japan), and then
diluted with the appropriate volume of DW to a final
concentration of 50 umol/l, and stored at —20°C until
needed.

The reaction mixture for PCR was prepared in a PCR
reaction tube. The reaction volume of 25pul contained
50ng of genomic DNA, 0.2mM dNTP, 1.5 mm MgCl,,
0.2uM of the 5 and 3’ primers, and 0.625 units of
AmpliTaq Gold (Applied Biosystems, Foster City, CA,
USA), all topped up with DW. When the concentration
of the extracted DNA was less than 20 ng/pl, 2.5 pl of an
undiluted DNA extract was added to a PCR reaction
tube. The reaction was buffered with PCR buffer 11
(Applied Biosystems), and amplified in a thermal cycler
(PTC-220 DNA Engine DYAD; Bio-Rad Laboratories,
CA, USA). The PCR step-cycle condition was as fol-
lows: pre-incubation at 95 °C for 10 min, 40 cycles con-
sisting of denaturation at 95 °C for 0.5 min, annealing at
60°C for 0.5 min, and extension at 72°C for 0.5 min,
followed by a final extension at 72°C for 7 min. After
PCR amplification, agarose gel electrophoresis of the
PCR product was carried out according to previous
studies.!>!»

To specifically detect soybeans by using PCR, we
investigated the soybean-specific genes such as the
Glycine max gene for Bd 30K, the Kunitz trypsin
inhibitor, beta-1,3-glucanase, cytosolic glutamine syn-
thetase, the GB-D-II gene for proteinase inhibitor, vspA

gene, the Bowman-Birk protease inhibitor, repetitive -

sequence (soybean interspersed repetitive element 1,
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SIRE-1) and satellite STR120-A.1. Based on these
soybean-specific gene sequences, we designed the
respective primer pair and examined PCR amplification
by using the designed primer pairs and the mixed
samples described later.

Consequently, the Glycine max repetitive sequence
(SIRE-1) should be considered to be the most sensi-
tive and specific for amplifying the gene sequence.
Therefore, we chose a gene encoding SIRE-1 as a
soybean-specific gene and designed the primer pair
Gym 81/Gym 82 by referring to GeneBank Accession
No. L06326. In addition, the primer pair, CP 03-5'/CP
03-3, for the universal detection of DNA derived from
plants was used to verify the extracted DNAs.!Y The
primer pair, CP 03-5'/CP 03-3', generated a 123-bp
amplified fragment. The sequences of the designed
oligonucleotides in this study are listed in Table 1.

As shown in Fig. 1A, a fragment (118 bp) amplified
by using the primer pair Gym 81/Gym 82 was specif-
ically detected from the soybean genomic DNA. In
contrast, no amplified fragment was detected when the
DNA was extracted from other legumes such as lupine
and peanut, as shown in Fig. 1B. In addition, 16 kinds of
other plant species (wheat, rye, barley, oats, corn, rice,
buckwheat, rapeseeds, almond, cashew, macadamia,
pistachio, hazeinut, Brazil nut, pecan and walnut) as
the template DNA are shown in Fig. IC and D. These
data suggest that the soybean-genomic DNA can be
specifically detected by using the Gym 81/Gym 82
primer pair.

To assess the sensitivity of the proposed PCR method,
we tested the mixed wheat flour samples containing 0,
0.001%, 0.005%, 0.01%, 0.1% and 100% of the soybean
flour powder. Fifty ng of the genomic DNA extracted
from the mixed samples was amplified in the PCR re-
action. As expected, the target sequence for the soy-
beans was clearly detected in the 0.001% to 100% mixed
samples. This result suggested that the contaminated
soybean flour in wheat flour can be at least detected at
the level of 0.001% in a product without processing.
To investigate the applicability of the soybean DNA
detection method for commercial food products and
food materials, we purchased 18 food items and tested
them for the presence of soybean DNA by using the
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1 23 45 67 8 910 M I 2 3 4 5 6 7 8 91011 12

Fig. 1. Specificity of the Polymerase Chain Reaction Method Using the Primer Pair Gym 81/Gym 82 to Identify the DNA Sequence of the Gene
Encoding Soybean Interspersed Repetitive Element 1.

A. Agarose gel electrophoresis of PCR products amplified from nine varieties of soybean genomic DNA (lane 1, Toyokomachi; lane 2,
Toyomusume; lane 3, Ryuhou; lane 4, Tachinagaha; lane 5, Enrei; lane 6, Fukuyutaka; lane 7, Murayutaka; lane 8, Vinton; lane 9, Navy;
lane 10, no template contrel; M, 100-bp ladder size standard]. B, Agarose gel electrophoresis of PCR products amplified from legume-relative
genomic DNA [lane |, Toramame; lane 2, Tebo; lane 3, azuki bean; lane 4, cowpea; lane 5, broad bean; lane 6, pea; lane 7, lentil; lane 8,
lupine; lane 9, chickpea; lane 10, peanut; lane 11, no template control; lane 12, soybean; M, 100-bp ladder size standard]. C, Agarose gel
electrophoresis of PCR products amplified from grain and rapeseed genomic DNA [lane 1, wheat; lane 2, rye; lane 3, barley; lane 4, oats; lane 5,
com; lane 6, rice; lane 7, buckwheat: lane 8, rapeseeds; lane 9. no template control; lane 10, soybean; M, 100-bp ladder size standard]. D,
Agarose gel electrophoresis of PCR products amplified from nut genomic DNA [lane 1, almond; lane 2, cashew; lane 3, macadamia; lane 4,
pistachio; lane 5, hazelnut; lane 6, Brazil nut; lane 7, pecan; lane 8, walnut; lane 9, no template control; lane 10, soybean; M, 100-bp ladder size

standard].

proposed method. A sufficient amount (20ng/pl) of
genomic DNA for PCR was obtained from almost all the
food products by using the purification method already
described, except for the fried tofu and seasoning A. All
the food product samples had soybean labeled on the list
of ingredients. As shown in Table 2, the universal
primer pair CP 03-5'/CP 03-3' could generate a specific
amplified fragment from all of the samples except for
the fried tofu and seasoning A. In 16 food products
except the fried tofu and seasoning A, soybean DNA
was clearly detected with the PCR method by using the
Gym 81/Gym 82 primer pair. Based on these results,
we postulate that the absence of amplified PCR products
from the fried tofu and seasoning A was probably due to
the limited amount of genomic DNA in them. These
results suggest that the proposed PCR method using the
Gym 81/Gym 82 primer pair would be applicable for
identifying soybean in processed food products, except
for those that are highly processed.

In summary, a rapid PCR detection method was
developed for the specific detection of soybeans. The
methods reported in this study are simple, sensitive, and
reliable for identifying a trace amount of soybean in
processed foods. To minimize the risk of false negative
or positive results, we believe that the PCR method can
be used to complement the protein-based detection
method.
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Table 2. Investigation of Commercial Food Products (1-10) and
Food Materials (11-18)

13 Seasoning A*

14 Seasoning B*

15 Soybean lecithin

16 Bean curd refuse powder
17 Soybean fiber

18 Soy protein

Food item CP 03-5'/CP 03-3' Gym 81/Gym 82
1 Fish sausage + +
2 Loin roll + +
3 Bread + +
4 Soymilk drink + +
5 Biscuit + +
6 Roasted soybean tea + +
7 Potato chips + +
. 8 Fried tofu - -
9 Retort rice porridge + +
10 Retort sauce + +
11 Soy sauce + +
12 Miso + +
+ +
+ +
+ +
+ +
+ +

+, positive; —, negative
*Seasonings containing hydrolyzed soy protein.
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A sensitive qualitative detection method for walnut
(Juglans regia) using polymerase chain reaction (PCR)
was developed. For detection of walnuts with high
specificity, the primer pair WAL-F/WAL-R was de-
signed based on walnut matK genes. Trace amounts of
walnuts in commercial food products can be qualita-
tively detected using this method.

Key words: allergen; walnut; pecan nut; PCR; restriction
enzyme

Botanical food allergies, including allergy to walnuts
(Juglans regia), represent a crucial and growing health
problem in industrialized countries.'™ In Japan, it has
become clear from epidemiological investigations that
the number of patients with walnut allergy has increas-
ed.>® The Ministry of Health of the Japanese govern-
ment has enforced a labeling system for allergenic food
materials since April 2002.% In this system, labeling of
five food products (egg, milk, wheat, buckwheat, and
peanuts) is mandatory, while it is recommended for 20
other food materials, including walnuts. Therefore, the
development of a rapid detection method for hidden
walnut residues in foods is desirable. Recently, a specific
detection method for walnuts using real-time PCR
equipment was reported by European researchers.”
While the method is rapid, it also requires expensive
real-time PCR instruments and specific probes. PCR
methods for detecting wheat, peanuts, soybeans, and
~ kiwifruit have already been established using conven-

tional PCR and electrophoresis.®~'? In the present study,
we developed a detection method for walnuts with
sensitivity and specificity using conventional PCR. We
show that the method established can be applied to
processed food products, and that even trace amounts of
walnut contained in a commercial food product can
easily be detected by it.

Walnuts and samples of kiwifruit, apple, yam, banana,
and soybean were also purchased by our laboratory.
Eight kinds of nuts (almond, cashew, macadamia,
pistachio, hazelnut, Brazil nut, pecan nut, and walnut)
were kindly provided by Morinaga Institute of Bio-
logical Science, Inc. (Yokohama, Japan).

Genomic DNA was extracted from each plant mate-
rial, including walnuts, using a silica-gel membrane-type
kit (DNeasy Plant Mini; Qiagen, Hilden, Germany) ac-
cording to the procedure described in a previous study,
with some modifications.!® Genomic DNA was extract-
ed from each walnut-derived food material and com-
mercial food product using an anion exchange-type kit
(Genomic-tip 20/G; Qiagen), according to the procedure
described in a previous study.'? The extracted DNA was
diluted with the appropriate volume of distilled water
(DW) to a final concentration of 20 ng/ul, and stored at
—20°C until needed. When the concentration of ex-
tracted DNA was less than 20 ng/pl, an undiluted DNA
extract was used for the subsequent PCR analysis. The
primers were synthesized and purified in a reversed-
phase column by Operon Biotechnologies (Tokyo),
diluted with the appropriate volume of DW to a final

* These authors contributed equally to this work.
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Table 1. List of Designed Primers for Detection of Walnut

Name Sequence (5'~3) Specifiity Amplicon
CP 03-5' 5-CGG ACG AGA ATA AAG ATA GAG T-3 Chloroplast DNA
A: /sense Plants 123bp
CP 03-% S-TTT TGG GGA TAG AGG GAC TTG A-3' Chloraplast DNA
/antisense
WAL-F 5'-GAT CTA TAT TGT TGG AAA ATG TAG C-3' Chloroplast maturase
(matK) gene/sense
¥ Chloroplast maturase Walnut 120bp
WAL-R 5'-GGT TAG AAT CAT TAG TGG AAA TCA G-3' P

(matK) gene/antisense

A: For confirmation of validity of the DNA extracted from plants for polymerase chain reaction.

B: For specific detection of walnut.

concentration of 50umol/l, and stored at —20°C until
needed.

The reaction mixture for PCR was prepared in a PCR
reaction tube. The reaction volume of 25pl contained
50 ng of genomic DNA, 0.2mm dNTP, 1.5 mm MgCl,,
0.2uM of the 5 and 3’ primers, and 0.625 units of
AmpliTaq Gold (Applied Biosystems, Foster City, CA),
topped up with DW. When the concentration of the
extracted DNA was less than 20ng/pl, 2.5ul of an
undiluted DNA extract was added to a PCR reaction
tube. The reaction was buffered with PCR buffer 1I
(Applied Biosystems), and amplified in a thermal cycler
(PTC-220 DNA Engine DYAD; Bio-Rad Laboratories,
Hercules, CA). The PCR step-cycle condition was as
follows: pre-incubation at 95°C for 10min, 40 cycles
consisting of denaturation at 95 °C for 0.5 min, anneal-
ing at 64 °C for 0.5 min, and extension at 72°C for 0.5
min, followed by a final extension at 72°C for 7 min.
When the CP 03-5’/CP 03-3’ primer pair was used, the
annealing temperature was changed to 60°C. After PCR
amplification, agarose gel electrophoresis of the PCR
product was carried out following previous studies.'®
For the design of primer pair WAL-F/WAL-R, Vector
NTI Advance version 10 (Invitrogen Japan, Tokyo) was
used.

To detect walnuts specifically using PCR, we inves-
tigated genes specific to walnuts. We designed primer
pairs for various walnut-specific gene sequences, and
examined PCR amplification using the designed primer
pairs on walnuts and the other nut and food samples. We
found that the walnut matK gene was the most specific
for amplifying the gene sequence. Hence, we chose the
gene encoding walnut matK as a walnut-specific gene,
and designed primer pair WAL-F/WAL-R by referring
to GeneBank accession no. AF118027. In addition, the
primer pair CP 03-5'/CP 03-3’, for the universal de-
tection of DNA derived from plants, was used to verify
the extracted DNAs.!? The primer pair CP 03-5'/CP
03-3’ generated a 123-bp amplified fragment. The se-
quences of the designed oligonucieotides in this study
are listed in Table 1.

As shown in Fig. 1, a fragment (120bp) amplified
using primer pair WAL-F/WAL-R was specifically
detected in walnut genomic DNA. In contrast, no

amplified fragment was detected when the DNAs ex-
tracted from other foods, such as kiwifruit and soybean,
were used, as shown in Fig. 1B. In addition, eight other
nut species (almond, cashew, macadamia, pistachio,
hazelnut, brazil nut, pecan nut, and walnut) were used as
template DNA (Fig. 1C and D). The results suggest that
only the genomic DNAs from walnuts and pecan nuts
are detected using the WAL-F/WAL-R primer pair. In
addition, it was confirmed that the detection limit of this
PCR for both walnut and pecan nut was 0.5 pg (10 ppm
equivalency) when we tested salmon genome DNA
samples containing walnut DNA or pecan nut DNA
(data not shown). However, accdrding to the current
Japanese article standard classification, pecan nuts are
not classified as part of the walnut family, and hence, it
is necessary to distinguish walnuts and pecan nuts. The
matK gene, which is the target gene of this PCR, is
known to exist in many edible kinds of walnut, but the
gene sequence is unknown for Juglandaceae, Carya
illinoensis, which is a food pecan nut. Hence, for the first
time, we identified the gene sequence of matK for pecan
nuts using a TA cloning technique. For insertion into the
pCR®II-TOPO® vector (TOPO TA cloning® kit, Invi-
trogen Japan), a partial pecan nut matK gene was
obtained by PCR amplification from pecan nut genome
DNA with a sense primer (walnut-378F, 5-GGA TTT
CTA ACC ATC TTG TTA TCC T-3') and an antisense
primer (walnut-1295R, 5-TCC AGA AGA TGT TAA
TCG TAA ATG A-3'), under the reaction conditions
described above. The 1.0-kb PCR product was cloned
into pCR®II-TOPO® vector by standard procedures, and
its sequence was analyzed by Hokkaido System Science
(Sapporo, Japan). The pecan nut matK gene of the
148 bp fragment, including a domain amplificd using the
walnut PCR method, is shown in Fig. 2A.

By sequence analysis, we found that the products
amplified from walnut and pecan nuts both involve the
restriction enzyme site Acll. and we further determined
that the products amplified from the walnut matK gene
but not from the pecan nut matK gene involve a
restriction enzyme site. Bfal (Fig. 2A). Therefore, to
determine whether Bfal enzyme digestion discriminates
between walnuts and pecan nuts, we examined digestion
by the restriction enzyme with an amplification product
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Fig. 1. Specificity of the PCR Method Using Walnut Primers (WAL-F/WAL-R).

A and B, Amplification of DNA of various plants species with primers for plants (A) or walnuts (B). Genome DNAs were obtained from
kiwifruit (lane 1), walnut (lane 2), apple (lane 3), yam (lane 4), banana (lane 5), and soybean (lane 6). NC is the no-template control. Amplicons
were clectrophoresed in a 1.5% agarose gel. M, 100-bp ladder size standard. C and D, Amplification of DNA of various nut species with primers
tor plants (C) or walnuts (D). Genome DNAs were obtained from almond (lane 1), cashew (lane 2), macadamia (lane 3), pistachio (lane 4),
hazelnut (lane 5), Brazil nut (lane 6), pecan nut (lane 7), and walnut (lane 8). NC is the no-template control. Amplicons were electrophoresed in
a 2.5% agarose gel (plant) or a 1.5% agarose gel (walnut). M, 100-bp ladder size standard.

A

Bfal Pspl14061(Acl I}
Walnut : TTATGATAATAAA' ll TTACTGATTGTAAAACGTTTAATTACGCGAATGTATCAACAGAATCATTTG
Pecan nut:TTATGATAATAAATATAGTTTACTGATTGTAARACGTTTAATTACGCGAATGTATCAACAGAATCATITG
Hickory :TTATGACAATAAATCCCGTTTACTAATTGTAAAACGGTTAATTACTCGAATGTATCAACAGAATCATTTT

B None Acil Bfal Double
M 1 35678M
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Fig. 2. Comparison of matK Genes of Walnut, Pecan Nut and Hickory (A) and Electrophoresis Analysis in 2.5% Agarose Gels of the Products
Obtained with Endonuclease (B).
Primers WAL-F and WAL-R are underlined. GenBank accession nos.: walnut, AF118036, AF118027; hickory. AF118039. B, Odd numbers,
walnut; even numbers, pecan nut; lanes 1 and 2, no endonuclease control: lanes 3 and 4, digestion with Acl 1; lanes 5 and 6. digestion with Bfa 1;
lanes 7 and 8, digestion with Acl 1 and Bfa 1; M, 100-bp ladder size standard.
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