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Native Troponin-T of the American cock-
roach (CR), Periplaneta americana,
Binds to IgE in Sera of CR Allergic Thais

Onruedee Khantisitthiporn', Nitat Sookrung?® Anchalee Tungtrongchitr’, Pongsri Tongtawe",
Chaweewan Bunnag®, Potjanee Srimanote’, Pramuan Tapchaisri' and Wanpen Chaicumpa™®

SUMMARY The American cockroach, Periplaneta americana, is the predominant cockroach (CR) species in Thai-
land and a major source of indoor allergens second only to the house dust mite. The incidence of CR allergy
among allergic Thai patients is increasing but basic information on the allergenic components is scarce. In this
study a recombinant troponin-T was produced by using cDNA prepared from RNA of the P. americana as a tem-
plate and PCR primers designed from the P. americana troponin-T sequence deposited in the GenBank database.
The recombinant protein (Mr ~50) did not bind to IgE in the sera of 18 skin prick test positive CR allergic patients.
Rabbit polyclonal antiserum (PAb) against the recombinant troponin-T was produced and used in preparing an af-
finity column for the purification of native troponin-T from the crude P. americana extract (Mr ~47). IgE-
immunoblotting revealed that the native protein bound to IgE in 3 of the 18 (16.7%) patients. Our results imply that
native P. americana troponin-T, but not its recombinant counterpart, is a minor allergen among the CR allergic

Thais

Allergic diseases such as atopic dermatitis,
rhinitis and asthma, have become a major public
health problem worldwide.'? People with severe al-
lergic manifestations, i.e. bronchial asthma, have a
poor quality of life and less choice of activities than
those without the disease. Sources of the allergens
may stem from outdoor and indoor environments.
The role of indoor allergens has become accentuated
during the past few decades owing to the life style of
urban people in closed apartments with inadequate
fresh air ventilation. Among the indoor allergens,
the house dust mite is regarded as the most important
source.”® The role of the cockroach (CR) as another
important source of indoor allergens was recognized
in 1964 when skin rashes appeared soon after a cock-
roach crawled over an allergic patient’s skin.” Skin

tests later in 1967 confirmed that the patient had a
CR allergy which is a type-I, IgE-mediated, hyper-
sensitivity.® People may be allergic not only to the
insect’s tissues and cast but also to their body secre-
tions and excretions.” Presently several CR allergens
have been recognized and characterized. These in-
clude: Per a 1,'" Per a 3 or aryl phosphorin-
hemocyanin,'? Per a 6 or troponin-C (FT Chew, un-
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published data), Per a 7 or tropomyosin," Per a 9 or
arginine kinase,'"* and Per a 10 or serine protease,"
of the American CR, Periplaneta americana, and
Bla g 1,'° Bla g 1(Bd90K),'"Bla g 2 or aspartic pro-
tease,"” Bla g 4 or lipocalin/calycin,"” Bla g 5 or glu-
tathione-S-transferase,” Bla g 6 or troponin-C,”' Bla
g 7 or tropomyosin,” and Bla g 8 or myosin light
chain,” of the German CR, Blattella germanica.

In Thailand, the incidence of CR allergy
among allergic Thais as examined by skin testing us-
ing crude CR extract ranged from 41-77.5%,*** P.
americana which is the predominant CR species in
the Kingdom was found to be the most important
source of CR allergens in the homes of CR allergic
patients.”® Among the American CR allergens, the
Per a 1 variant, i.e. Per a 1.0105 (AY259514) and
Per a 9 (arginine kinase) were found to react with
IgE in the sera of all CR allergic Thais implying their
role as the major P. americana allergens.'"'* Recent
findings, however, indicating that proteins involved
in the muscle regulation of the CR, i.e. myosin light
chain, tropomyosin and troponin-C are also CR al-
lergens>*** led to this study investigating further
the allergenic role of troponin-T, a major protein in
the troponin-tropomyosin-actin complex.

MATERIALS AND METHODS

Production of recombinant troponin-T of Ameri-
can cockroach, P. americana

Adult cockroaches were trapped and only
those entomologically identified as P. americana
were kept at -70°C. The whole bodies of the frozen
CR were ground in liquid nitrogen using a homoge-
nizer (IKA, Germany). Total RNA was prepared
from the CR powder using TRIzol Reagent (Invitro-
gen, USA) and reverse transcribed to cDNA by using
a RevertAid™ H Minus First Strand cDNA Synthesis
kit (Fermentas, USA) under RNase-free conditions.
The cDNA was used as template for the PCR ampli-
fication of the troponin-T encoding gene.

Forward (F) and reverse (R) nucleotide
primers for the PCR amplification of the P. ameri-
cana CR troponin-T gene were designed from the
DNA sequence encoding troponin-T of the GenBank
database (Accession no. AF133520). Restriction
sites of Ncol and Xhol were introduced to the 5’ and

3’ ends of the F and R sequences (underlined), re-
spectively. The F sequence was 5’-ATCCATGGA-
TATGTCC-GACGAGGAGGA GGAA-3’, and the
R sequence was 5’-ATCTCGAGTTCCTCCTTC-
TTCTTCTC-3’. The troponin-T encoding DNA se-
quence was PCR amplified in a ThermoCycler (Ep-
pendorf, Germany). The PCR reaction mixture (25
ul) consisted of: 1 pl cDNA, 0.5 ul containing 10
uM each of the F and R primers, 2.5 ul of 10x
buffer, 3 ul of 25 mM MgCl,, 2 ul of 2.5 mM dNTP,
0.2 ul of 5 units/ul Tag DNA polymerase (Fermen-
tas), and ultra-pure distilled water (UDW). After 5
minutes of an initial denaturation at 94°C, 30 cycles
of PCR reaction were performed. Each cycle con-
sisted of 30 seconds at 94°C, 30 seconds at 55°C,
and 40 seconds at 72°C and was followed by a final
extension at 72°C for 7 minutes. The PCR product
was verified by 1% agarose gel electrophoresis,
ethidium bromide staining and UV transillumination.
The DNA amplicon was purified from the agarose
gel by using the GENECLEAN II kit (Bio101, USA)
and ligated to the Ncol- Xhol pre-cut pGEM®-T Easy
vector (Promega, USA). The recombinant plasmids
were cloned into competent JIM109 E. coli cells and
subcloned into a protein expression vector, pET-
20b(+), which had the 6x-His-tag at the C-terminus
as a fusion peptide. The recombinant pET-20b(+)
plasmids were introduced into  competent
BL21(DE3)pLysS E. coli cells by electroporation.

For preparation of recombinant troponin-T,
a colony of the selected transformed BL21(DE3)-
pLysS E. coli grown overnight on an LB-ampicillin
agar plate was inoculated into 5 ml LB-ampicillin
broth and incubated overnight at 37°C with shaking
at 250 rpm. One milliliter of the culture was inocu-
lated into 50 ml of fresh LB-ampicillin broth and in-
cubated at 37°C with shaking at 250 rpm until the
Agoonm Was 0.6. IPTG was added to the concentration
of 1 mM and the culture was incubated further for 3
hours. The bacterial cells were harvested by cen-
trifugation at 4,000 x g at 4°C for 20 minutes. The
cells were lysed in a lysis buffer containing protease
inhibitors by sonication (Roche Diagnostics GmBH,
Germany) at 20 kHz, 2 minutes pulse-on, 3 minutes
pulse-off. Cell debris was removed by centrifugation
at 12,000 x g at 4°C for 20 minutes. The supernatant
(cell lysate) was collected. The presence of recom-
binant troponin-T in the lysate was verified by SDS-
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PAGE and Western blot analysis using anti-His-HRP
and substrate. The recombinant troponin-T was puri-
fied from the E. coli lysate using a pre-equilibrated
Nickel column (ProBond™, Invitrogen).

Human subjects and serum samples

Sera were collected individually from 18 CR-
allergic Thai patients at the Department of Oto-
Rhino-Laryngology, Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok, Thailand.
These subjects were positive by skin prick test to
crude extract of P. americana. The sera of 12 indi-
viduals who gave negative skin prick tests to the CR
extract were used as non-allergic controls. The work
was approved by the Ethical Committee of the Fac-
ulty of Medicine Siriraj Hospital, Mahidol Univer-
sity, and verbal informed consents were obtained
from all subjects.

SDS-PAGE, Western blot analysis (WB), and
IgE-immunoblotting

SDS-PAGE, Western blot analysis and IgE-
immunoblotting were performed as previously de-
scribed.'* A 4% stacking and 12% separating poly-
acrylamide gels were used in the SDS-PAGE which
was run in a Mini-PROTEAN® 3 Cell (Bio-Rad,
USA) following a method described previously.”®
The components resolved in the SDS-PAGE gel
were electro-blotted onto a nitrocellulose membrane
(NC) and the empty sites on the NC were blocked by
3% bovine serum albumin (BSA) in PBS. The NC
blot was probed with the anti-His-HRP (Pierce,
USA) and the target protein was revealed by using
the HRP chromogenic substrate, i.e. 2,6-dichloro-
phenolindophenol. Alternatively, the NC blot was
covered with the serum/rabbit polyclonal antibody
(PAb) to recombinant troponin-T and the immune
complexes on the NC were revealed by using appro-
priate enzyme labeled-anti-isotypic specific antibody
and substrate.

For IgE-immunoblotting, the NC strips blot-
ted with SDS-PAGE separated-CR proteins were al-
lowed to react with individual human sera diluted
1:10 in Tris buffered saline (TBS) containing 0.5%
Tween-20 (TBS-T) and kept at 4°C overnight. The
strips were washed with the TBS-T and incubated
with appropriately diluted mouse anti-human IgE-

biotin conjugate (Zymed Laboratory, USA) and kept
at 25°C on a rotating platform for 3 hours. The pro-
teins bound by specific IgE in the human sera were
revealed by using streptavidin-alkaline phosphatase
conjugate (DakoCytomation, Denmark) and BCIP-
NBT substrate (KPL, USA).

Two dimensional gel electrophoresis (2DE)

Two dimensional gel electrophoresis (2DE)
of protein samples was performed as previously de-
scribed.”*° For the first dimensional electrophore-
sis, a 7 cm-IPG strip and 0.5% NL pH 3-10 IPG
buffer (Amersham Biosciences) were used. The
electrophoresed-IPG strip was subjected to 12%
SDS-PAGE and proteins in the gel were stained by
Coomassie Brilliant Blue G-250. Gel plugs con-
taining proteins of interest were excised from the
stained gel and subjected to in-gel tryptic digestion
and LC/MS-MS, respectively.”?®  Protein
orthologues were identified by comparing the pep-
tide sequences of the CR proteins generated from the
mass spectrometry with the sequences of the data-
base.

Preparation of rabbit anti-recombinant troponin-
T polyclonal antibody (PADb)

All animal manipulations in this study fol-
lowed the guidelines of the National Research Coun-
cil of Thailand and were approved by the Ethical
Committee of the Faculty of Allied Health Sciences,
Thammasat University, Thailand. A New Zealand
White rabbit weighing ~1.5 kg, purchased from the
National Laboratory Animal Center, Mahidol Uni-
versity, Salaya Campus, Nakhon-pathom province,
was intramuscularly immunized with the recombi-
nant troponin-T. To prepare the immunogen, recom-
binant troponin-T, purified from the transformed E.
coli lysate by a Nickel column, was subjected to
SDS-PAGE. Gel strips containing troponin-T (de-
tected by the anti-His-HRP and substrate) were cut
and minced in a small volume of PBS. The prepara-
tion was mixed with an equal volume of Freund’s
complete adjuvant and the mixture was injected in-
tramuscularly into both thighs of the animal. A
booster dose was given using the same immunogen
mixed with Freund’s incomplete adjuvant. The rabbit
was test-bled seven days after the second immuniza-
tion and the indirect ELISA antibody titer was de-
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termined against the homologous antigen.’’ The rab-
bit was bled via heart puncture under ether anesthe-
sia. Immune serum was collected from the blood,
immunoglobulins were precipitated from the serum
using 40% saturation of ammonium sulfate, and the
IgG fraction was prepared using a protein-A-agarose
column (Affi-Gel, Bio-Rad Laboratories, CA, USA).

Preparation of native troponin-T from P. ameri-
cana

The rabbit anti-recombinant troponin-T IgG
was coupled to CNBr-activated Sepharose™ (Amer-
sham Biosciences, Uppsala, Sweden) and the resin
was used for preparing native troponin-T from the
crude CR extract. One hundred micrograms of the
P. americana extract in 8 ml of PBS were added to a
tube containing rabbit IgG anti-recombinant tro-
ponin-T-CNBr-activated Sepharose resin. The tube
was placed on an end-over-end mixer at 4°C over-
night. The fluid was decanted and the resin was
washed with PBS until there was no detectable ab-
sorbance at Asgonm 1n the wash fluid. The resin was
packed into a column and the resin bound CR anti-
gen was eluted from the affinity column by using 0.1
M glycine-HCI, pH 2.0. Fractions of 1.0 ml were
collected and immediately neutralized by adding 150
ul of 1 M Tris-HCI pH 8.5. The optical density (OD)
of each fraction at A,go,m Was determined and only
the fractions with OD above the blank (Tris-HCI
buffer) were subjected to SDS-PAGE and Western
blot analysis for detecting the native CR troponin-T.

Subsequently, fractions containing the troponin-T
were pooled and concentrated by lyophilization.

RESULTS

Total RNA extracted from the P. americana
and the troponin-T DNA amplicon (1,200 bp) are
shown in Fig. 1A and 1B, respectively. Fig. 1C
shows troponin-T DNA amplified from Ncol and
Xhol doubly digested recombinant pET-20b(+)
plasmids extracted from a transformed BL21(DE3)-
pLysS E. coli clone. The troponin-T DNA was ex-
tracted from the gel and sequenced. Pair-wise
alignment between the nucleotide and deduced
amino acid sequences of the troponin-T constructed
in this study with the respective sequences of P.
americana troponin-T of the database (GenBank Ac-
cession no. AF133520) by Clustal W using the
BLOUMS62 scoring matrix revealed 99% homology

(Fig. 2).

Fig. 3A shows SDS-PAGE-separated pat-
terns of fractions containing recombinant troponin-T
purified from the whole cell homogenate of the
transformed E. coli grown under IPTG induction by
using a nickel column and batch elution with a 50-
250 mM imidazole solution. The respective Western
blot patterns revealed by the anti-His-HRP and the
enzyme chromogenic substrate are shown in Fig. 3B.
The recombinant troponin-T with a relative molecu-
lar mass (Mr) ~50 was clearly seen in fractions
eluted by 50-200 mM imidazole with some protein
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Fig. 1 (A) Total RNA extracted from P. americana (lanes 1-3); (B) troponin-T gene of 1,200 bp amplified from the
cDNA prepared from the total RNA; and (C) troponin-T-recombinant pET-20b(+) plasmids doubly digested
with Notl and Xhol (lanes 1-3) and the original pET-20b(+) vector similarly digested by the endonucleases
(lane 4). Lanes M of all blocks are 1 kb DNA marker. Numbers at the left of all blocks are DNA sizes in
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degradations at the lower Mr (Fig. 3A and 3B).

Fig. 4A illustrates protein spots of troponin-
T fractions eluted with 150 mM imidazole after 2DE
and Coomassie Brilliant Blue G-250 staining. The orthologues. The protein was confirmed as the P.

prominent protein in the spot located at Mr ~46-50 americana troponin-T.
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Fig. 2 Pair-wise alignment between nucleotide sequence of P. americana troponin-T of the database (GenBank
Accession Number AF133520) and that of the recombinant P. americana troponin-T of this study. They
showed 99% identity. The alignment was generated by Clustal W using the BLOSUM®62 scoring matrix.
The graphic program was performed under JalView version 2.2 software.
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Fig. 3 (A) Fractions eluted from a Nickel column loaded with lysate of transformed E. coli cells harboring
troponin-T-pET-20b(+) plasmids after IPTG induction, stained by Coomassie Brilliant Blue G-250.
Lane M, Pre-stained protein marker; lanes 1-3 are proteins in the E. coli lysate, unbound materials,
and washed fluid, respectively. Lanes 4-8 are fractions eluted with 50-250 mM imidazole, respec-
tively. (B) Western blot patterns of A probed with anti-His-HRP. Lanes N of A and B are lysates of
E. coli harboring empty pET-20b(+) plasmids as negative controls. Recombinant troponin-T (Mr~50)
was contained in fractions eluted with 50-200 mM imidazole with some degradation seen at the
smaller Mr.
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(the expected location of recombinant troponin-T)
was subjected to LC/MS-MS to generate a peptide
mass map and the prominent mass peaks (Fig. 4B)
were chosen for the database search for their
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Native troponin-T of P. americana was puri-
fied by loading the crude CR extract to the rabbit
anti-recombinant troponin-T-affinity column. After
the flow-through proteins were removed by washing,
the bound protein, i.e. native troponin-T was eluted.

The IgE-binding capacity of the recombinant
and native troponin-T proteins was investigated by
IgE-immunoblotting using individual serum samples
of the 18 CR allergic patients to probe the SDS-
PAGE separated-proteins. No IgE reactive band was
found when all sera were allowed to react with the
recombinant troponin-T (data not shown). Neverthe-

less, sera of three CR allergic patients (no. 6, 13 and
14) gave IgE reactive bands to the native troponin-T.
None of the 12 serum samples of the non-CR allergic
controls gave IgE-positive bands (Fig. 5).

DISCUSSION

Recently tropomyosin and troponin-C which
are involved in the regulation of muscle contractions
of cockroaches (CR) were reported as human aller-
gens.”>” Thus, in this study we elaborated further
the allergic role of troponin-T, which is another
member of the troponin-tropomyosin-actin complex,

americana troponin-T.
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Fig. 4 (A) Proteins contained in the 150 mM imidazole eluted fraction after 2DE and Coomassie Briliant
Blue G-250 staining. The arrow indicates a protein spot (Mr~46-50) which was subjected to LC/MS-
MS using model Finnigan LTQ Linear lon Trap to generate peptide mass fingerprints as seen in (B).
The orthologous protein of the database highest matched with the peptide sequences was the P.
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Fig. 5 IgE-immunoblotting of the SDS-PAGE-separated-native troponin-T probed with individual sera of
the 18 CR allergic patients (lanes 1-18) and 4 non-allergic counterparts (lanes 19-22). Lanes B and
23, and lane 24 are SDS-PAGE-separated native troponin-T reacted with serum diluent, and anti-
recombinant troponin-T polyclonal antibody, respectively.
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among CR allergic Thai patients. The gene encoding
P. americana troponin-T was amplified from cDNA
of the American cockroaches using a pair of oli-
gonucleotide primers designed from the only one
DNA sequence of the P. americana troponin-T de-
posited in the database (GenBank, Accession number
AF 133520). The 1,153 bp-troponin-T gene was suc-
cessfully amplified from the cDNA of P. americana
samples and ligated to a pET-20b(+) expression vec-
tor containing a strong bacteriophage T7 promoter.
The recombinant troponin-T was expressed in
BL21(DE3)pLysS competent E. coli. The nucleotide
and the deduced amino acid sequences of the recom-
binant troponin-T produced in this study had 99%
identity to those of the P. americana troponin-T de-
posited in the database. The calculated molecular
mass of the complete sequence of the troponin-T
gene of the database was 45.9 kDa and an isoelectric
point (pl) was 4.82. In this study, the recombinant
His-tagged troponin-T which was found in the solu-
ble part of the transformed E. coli had a relative mo-
lecular mass (Mr) of ~50 which is slightly larger
than the database calculated size but not unexpected
as the recombinant troponin-T contains also the re-
striction endonuclase sites and 6xHis-tag. Neverthe-
less, the CR troponin-T is markedly larger than the
troponin-T subunit of a vertebrate striated muscle
which is only 37 kDa.** Since the molecular mass of
the troponin complex in the insect flight muscle, i.e.
148 kDa,” is approximately two times greater than
in the vertebrate muscle, i.e. 79 kDa, it is possible
that the cockroach troponin-T might possess a larger
molecular mass than the vertebrate troponin-T.

The recombinant CR troponin-T was suc-
cessfully purified from the Nickel column by 50-200
mM imidazole batch elution. The recombinant tro-
ponin-T eluted in a 150 mM fraction was revealed by
2DE to be also Mr ~50 kDa and pl ~5 and it was
confirmed by LC/MS-MS to be troponin-T of P.
americana.

None of the 18 CR allergic Thai patients
who gave positive skin prick test results to P. ameri-
cana crude extract had IgE that bound to the recom-
binant troponin-T. This can be interpreted in several
ways. The IgE-immunoblotting used for detecting
the specific IgE to the recombinant troponin T might
not be sensitive enough to detect such minute
amounts of the IgE in the patients’ sera at the serum

dilution used in the test, i.e.,, 1:10 (a higher concen-
tration of the sera was not possible because of the
limited volume of samples available). A more sensi-
tive IgE detection assay such as the inhibition
ELISA* or a fluorescence multiplex assay system
which detects IgE binding to a minor allergen®
should be performed. Another reason for the nega-
tive IgE-immunoblotting results could be that there
might have been no allergenic epitopes on the re-
combinant troponin-T as a result of nucleotide sub-
stitution during the gene amplification by PCR using
the Taq polymerase and/or at the step of the recom-
binant plasmid segregation by E. coli cells. In this
study, the troponin-T encoding DNA obtained from
the selected transformed E. coli clone showed 99%
sequence homology with the P. americana sequence
of the database implying some degree of nucleotide
replacement during the gene amplification. More-
over, the number of allergic patients used for verifi-
cation of the IgE binding activity of the recombinant
troponin-T could also be a factor. Regulatory pro-
teins of the muscle contraction apparatus, e.g. tro-
pomyosin and troponin-C, of the P. americana are
minor CR allergens, i.e. less than 50% of CR allergic
patients had specific IgE to these allergenic pro-
teins.”® Specific IgE to the CR tropomyosin was
found in 41% of the CR allergic patients.”” Bla g 6
(troponin-C) was reported as a minor CR allergen
with a prevalence of IgE binding to recombinant Bla
g 6 of 14% among of 104 patients with cockroach al-
lergy.” Recombinant Tyr p 13, the fatty acid binding
protein of the storage mite, Tyrophagus putrescen-
tiae, is another example of a minor antigen which
could be detected in only 5 of 78 (6.4%) allergic sera
tested. Only eighteen CR allergic patients were in-
cluded for testing the IgE binding activity of the re-
combinant troponin-T in this study. The number of
samples might have been too small to reveal a posi-
tive IgE reactivity of the recombinant troponin-T.

There are many troponin-T isoforms in stri-
ated and cardiac muscles and different isoforms play
different roles in the regulation of the muscle con-
traction.”*° However, the isoforms of P. americana
troponin-T have never been reported. Isoforms of
protein differ from each other in numbers and com-
positions of amino acid sequence resulting in a dif-
ference in their electrophoretic mobility.”” The pres-
ence of protein isoforms can be identified by the mi-
gration pattern of the purified protein on SDS-PAGE
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or 2DE. The recombinant protein produced from a
sequence of a particular isoform would not represent
other native isoforms. The allergenic epitope may
also be absent on that recombinant counterpart of the
selected isoform; consequently, the recombinant pro-
tein would be unable to bind to IgE in the allergic
patients’ serum elicited by the natural proteins.
Therefore, using recombinant allergen as an antigen
for detecting a specific IgE activity may not be ap-
propriate. This is exemplified by the work of Wang
and his colleagues who tested the skin reactivity of
patients using natural Per a 3 compared to recombi-
nant Per a 3. They found a marked difference in the
percentage of positive reactions, 83% for natural Per
a 3 versus only 47% for recombinant Per a 3.*
Thus, to pinpoint the allergenic role of troponin T, a
native troponin-T is needed for testing IgE reactivity
in an appropriate number of allergic sera.

In this study, native P. americana troponin-T
was purified by using an anti-troponin-T affinity
column. The results of the [gE-immunoblotting have
shown that 3 of 18 (16.7%) CR allergic patients’ sera
gave a positive reaction to the native troponin-T
preparation implying the role of this muscular regu-
lated protein component as a minor CR allergen
among the CR allergic Thais.

ACKNOWLEDGEMENTS

The work was financially co-supported by
the Commission on Higher Education, Ministry of
Education, the Thailand Research Fund (TRF), the
National Research Council of Thailand (NRCT) and
the BIOTEC, National Science and Technology De-
velopment Agency (NSTDA).

REFERENCES

1. Platts-Mills TAE, Ward GW Jr, Sporik R, Gelber LE, Chap-
man MD, Heymann PW. Epidemiology of the relationship
between exposure to indoor allergens and asthma. Int Arch
Allergy Appl Immunol 1991; 94: 339-45.

2. Haahtela T, Heiskala M, Suoniemi 1. Allergic disorders and
immediate skin test reactivity in Finnish adolescents. Allergy
1980; 35: 433-41.

3. Baqueiro T, Pontes-de-carvalho L, Carvalho FM, Santos
NM, Alcantara-Neves NM. Asthma and rhinitis symptoms in
individuals from different socioeconomic levels in a Brazil-
ian city. Allergy Asthma Proc 2007; 28: 362-67.

4. Sarpong S, Hamilon RG, Eagleston PA, Adkinson AF. So-
cioeconomic status and race as risk factors for cockroach al-

lergen exposure and sensitization in children with asthma. J
Allergy Clin Immunol 1996; 97: 1393-401.

5. Platts-Mills TA, Chapman MD. Dust mites: immunology, al-
lergic disease, and environmental control. J Allergy Clin
Immunol 1987; 80: 755-75.

6. Dibek Misirlioglu E, Reha Cengizlier M. Skin prick test re-
sults of child patients diagnosed with bronchial asthma. Al-
lergol Immunopathol 2007; 35: 21-4.

7. Bernton HS, Brown H. Insect allergy: preliminary studies of
the cockroach. J Allergy Clin Immunol 1964; 35: 506-13.

8. Bernton HS, Brown H. Cockroach allergy II: the relation of
infestation to sensitization. South Med J 1967; 60: 852-5.

9. Menon P, Menon V, Hilman B, Stankus R, Lehrer SB. Skin
test reactivity to whole body and fecal extracts of American
(Periplaneta americana) and German (Blattella germanica)
cockroaches in atopic asthmatics. Ann Allergy 1991; 67:
573-7.

10. Melen E. Pomes A, Vailes LD, Arruda LK, Chapmann MD.
Molecular cloning of Per A 1 and definition of cross-reacting
group 1 cockroach allergens. J Allergy Clin Immunol
1999;103:859-64.

11. Diraphat P, Sookrung N, Chaicumpa W, et al. Recombinant
American cockroach component, Per a 1, reactive to IgE of
allergic Thai patients. Asian Pac J Allergy Immunol 2003;
21: 11-20.

12. Wu CH, Lee MF, Wang HM, Luo SF. Sequencing and im-
munochemical characterization of the American cockroach
Per a 3 (Cr-PI) isoallergenic variants. Mol Immunol 1997;
34: 1-8.

13. Asturias JA, Gomez-Bayon N, Arilla MC et al. Molecular
characterization of American cockroach tropomyosin (Pe-
riplaneta americana allergen 7), a cross-reactive allergen. J
Immunol 1999; 162: 4342-8.

14. Sookrung N, Chaicumpa W, Tungtrongchitr A, et al. Pe-
riplaneta americana arginine kinase as a major allergen
among Thai patients with major cockroach allergies. Env
Hith Pers 2006; 114: 875-80.

15. http://www.allergen.org/Allergen.aspx.
tember 9, 2007

16. Pomes A, Vailes LD, Helm RM, Chapman MD. IgE sensi-
tivity of tandem repeats derived from cockroach allergen,
Bla g 1. Eur J Bioche 2002; 269: 3086-92.

17. Helm RM, Cockrell G, Stanley JS, Brenner RJ, Burks AW,
Bannon GA. Isolation and characterization of a clone encod-
ing a major allergen Bla g Bd90K involved in IgE-mediated
cockroach hypersensitivity. J Allergy Clin Immunol 1996;
98: 172-80.

18.Arruda LK, Vailes LD, Mann BJ, Shnannon J, Fox JW,
Vedvick TS. Molecular cloning of a major cockroach (Blat-
tella germanica) allergen, Bla g 2. J Biol Chem 1995; 270:
19563-19568.

19. Arruda LK, Vailes LD, Hayden ML, Benjamin DC, Chap-
man MD. Cloning of cockroach allergen, Bla g 4, identi-
fies ligand binding protein or calycins as a cause of IgE anti-
body response. J Biol Chem 1995; 270: 31196-201.

20. Arruda LK, Vailes LD, Platts-Mills TAE, Hayden ML.
Chapman MD. Induction of IgE antibody responses by glu-
tathione-s-transferase from the German cockroach (Blattella
germanica). J Biol Chem 1997; 272: 20907-12.

21. Hindley J, Wunschmann S, Satinover SM, ef al. Bla g 6: a
troponin C allergen from Blattella germanica with IgE

Accessed on Sep-

196


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=7446872&ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17619568&ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17619568&ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=3320157&ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17338898&ordinalpos=24&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=1750718&ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.allergen.org/Allergen.aspx

TROPONIN-T AS AMERICAN COCKROACH ALLERGEN

197

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

binding calcium dependence. J Allergy Clin Immunol 2006;
117: 1389-95.

Jeong KY, Lee J, Lee IY, Ree HI, Hong CS, Yong TS. Al-
lergenicity of recombinant Bla g 7, German cockroach tro-
pomyosin. Allergy 2003; 58: 1059-63.
http://www.allergen.org/Allergen.aspx.
tember 9, 2007

Choovivathanvanich P, Suwanprateep P, Kanthavichitra N.
Cockroach sensitivity in allergic Thais. Lancet 1970; 2: 426-
7.

Pumbhirun P, Towiwat P, Mahakit P. Aeroallergen sensitivity
of Thai patients with allergic rhinitis. Asian Pac J Allergy
Immunol 1997; 15: 183-5.

Tungtrongchitr A, Sookrung N, Munkong N, et al. The levels
of cockroach allergen in relation to cockroach species and al-
lergic diseases in Thai patients. Asian Pac J Allergy Immu-
nol 2004; 22: 115-21.

Hanahan, D. Studies on transformation of Escherichia coli
with plasmid. J Mol Biol 1983; 136: 557-80.

Laemmli UK. Cleavage of structural proteins during the as-
sembly of the head of bacteriophage T4. Nature 1970; 227:
680-5.

Kulkeaw K, Chaicumpa W, Sakolvaree Y, Tongtawe P, Tap-
chaisri P. Proteome and immunome of the venom of the Thai
cobra, Naja kaouthia. Toxicon 2007; 49: 1026-41.

Sakolvaree Y, Maneewatch S, Jiamsup S, et al. Proteome
and immunome of pathogenic Leptospira spp. revealed by
2DE and 2DE-immunoblotting with immune serum. Asian
Pac J Allergy Immunol 2007; 25: 53-73.

Sookrung N, Chaicumpa W, Diraphat P, et al. Cockroach al-
lergen detection and cockroach allergens of allergic Thai pa-
tients. Asian Pac J Allergy Immunol 2003; 21: 1-9.

Accessed on Sep-

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

197

Reese G, Ayuso R, Lehrer SB. Tropomyosin: an invertebrate
pan-allergen. Int Arch Allergy Immunol 1999; 119: 247-58.
Hindley J, Wunschmann S, Satinover SM, ef al. Bla g 6: a
troponin C allergen from Blattella germanica with IgE bind-
ing calcium dependence. J Allergy Clin Immunol 2006; 117:
1389-95.

Flicker PF, Phillips GNJR, Cohen C. Troponin and its inter-
actions with tropomyosin. An electron microscope study. J
Mol Biol 1982; 162: 485-501.

Bullard B, Leonard K, Larkins A, Butcher B, Karlik C, Fyr-
berg E. Troponin of asynchronous flight muscle. J Mol Biol
1988; 204: 621-37.

Phillips GN, Fillers JP, Cohen C. Tropomyosin crystal struc-
ture and muscle regulation. J Mol Biol 1986; 192: 111-31.
Jeong KY, Kim WK, Lee JS, et al. Immunoglobulin E reac-
tivity of recombinant allergen Tyr p 13 from Tyrophagus pu-
trescentiae homologous to fatty acid binding protein. Clin
Diagn Lab Immunol 2005; 12: 581-5.

LiJT, Lockey RF, Bernstein L, et al. Practice parameters for
allergen immunotherapy. Ann Allergy 2003; 90: S1-S40.
Anderson PA, Malouf NN, Oakeley AE, Pagani ED, Allen
PD. Troponin T isoform expression in humans. A compari-
son among normal and failing adult heart, fetal heart, and
adult and fetal skeletal muscle. Circ Res 1991; 69: 1226-33.
Kischel P, Bastide B, Muller M, et al. Expression and func-
tional properties of four slow skeletal troponin T isoforms in
rat muscles. Am J Physiol Cell Physiol 2005; 289: 437-43.
Wang NM, Lee MF, Wu CH. Immunological characteriza-
tion of a recombinant American cockroach (Periplaneta
americana) Per a 1 (Cr-PII) allergen. Allergy 1999; 54: 119-
27.


http://www.allergen.org/Allergen.aspx


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


