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Ampylase activity was found in extracts of both Dermatophagoides pteronyssinus whole mite (0.16
U/mg) and spent growth medium (0.01 U/mg) but not in unused growth medium. It was also
detected in all extracts of house dust obtained from mattresses (n = 20; geometric mean, 1.95
U/gm) and in 18 extracts of dust obtained from lounge room carpets (n = 20; geometric mean,
0.54 U/gm). Although the origins of amylase in dust are unclear, enzyme activity correlated
with mite counts (n = 40; r = 0.35; p < 0.05) and Der p I concentrations (r = 0.41;

p < 0.01). Mite amylase was purified from spent growth medium by affinity chromatography,
gel filtration, and chromatofocusing. It was physicochemically similar to mammalian amylase
with regard to molecular weight (60,000), charge heterogeneity (isoelectric point, 5 to 7) and
the capacity to bind to an organomercurial affinity matrix. The optimum pH for enzymatic
activity was revealed to be 6.4. IgE immunoblot studies demonstrated that the enzyme was
allergenic and that its expression was dependent on the integrity of intrachain disulfide bonds.
Sera from 25% of mite-allergic children and 46% of mite-allergic adults contained specific IgE
to mite amylase. IgE to amylase was associated (p < 0.01) with increased concentrations of
total mite-specific IgE determined with a direct RAST assay. (J ALLERGY CLIN IMMUNOL

1991,87:1035-42.)
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Allergy to the house dust mites Dermatophagoides
pteronyssinus and D. farinae is associated with
asthma, rhinitis, and atopic dermatitis, and these ob-
servations have stimulated many studies into the phys-
icochemical nature of the allergens involved.' Qual-
itative studies have demonstrated that the number of
allergens detected varies with the method used. Thus,
crossed radioimmunoelectrophoretic analyses have re-
vealed the presence of up to 19 allergens,” whereas
immunoblotting studies performed after SDS-PAGE
indicated that as many as 32 components may be al-
lergenic.>®

Two of the major allergens, Der p | and II, have
been studied in most detail with both physicochemical
and, more recently, recombinant DNA technology.
With regard to the latter, both allergens have been
cloned and sequenced.” ® Analysis of these data and
subsequent biochemical studies have demonstrated
Der p 1to be a cysteine proteinase.” ° Similar studies
on data derived by conventional protein sequencing
of the allergens designated Der p III and Der f III>- *°
have demonstrated that both are also proteinases® but,
unlike Der p 1, belong to the serine group of protein-
ases. The findings that these allergens are present in
fecally enriched mite extracts® ' suggests that the pro-
teinases are intimately involved in mite digestion and
that other gut enzymes may also be allergenic.

A variety of mite digestive enzymes have been de-
scribed in studies primarily designed to determine the
degree of trophic specialization among economicalily
important mites, such as the storage mites, or in de-
termining the anatomic structure of the mite digestive
system per se. Thus, mites, such as Glycophagus spp,
Acarus spp, and Tyrophagus spp, have been dem-
onstrated to contain proteinases, esterases, lipase, gly-
cosidases, cellulase, amylase, lysozyme, and chitin-
ase.'” Similar studies have been performed with the
house dust mites D. pteronyssinus and D. farinae, but
in only one study has the possible allergenicity of the
nonproteinase mite enzymes been addressed. In this
regard, esterase, phosphatase, aminopeptidase, and
glycosidase were demonstrated to be devoid of aller-
genic activity.*

It is not known whether the remaining mite diges-
tive enzymes are allergenic, but such analyses appear
warranted, particularly if the enzymes can be dem-
onstrated in particles such as fecal pellets that are
capable of being inhaled. Amylase has recently been
demonstrated to be present in SGM," and a mite al-
lergen with its expected MW has been demonstrated
in immunoblotting studies.® '* Furthermore, fungal
amylase appears to be allergenic and has been re-
ported to be important in triggering occupational
asthma." ' Consequently, it appeared appropriate to
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Abbreviations used
DTT: Dithiothreitol
HD: House dust
HDM: Dermatophagoides pteronyssinus
MW: Molecular weight
pl: Isoelectric point

SDS-PAGE: Sodium dodecy! sulfate-
polyacrylamide gel electrophoresis
SGM: Spent growth medium
UGM: Unused growth medium

pursue the isolation of HDM amylase and assess its
allergenicity.

MATERIAL AND METHODS
Mite extracts and patient sera

Extracts of HDM, SGM, and UGM were prepared as
described previously."* HD samples were obtained from mat-
tresses and lounge room carpets from subjécts with asthma
and control subjects. The mite and Der p I concentrations
in the HD have been previously reported.'” Sera were ob-
tained from adult patients attending the Sir Charles Gairdner
Hospital and from children attending the Princess Margaret
Hospital. The mite-allergic status of patients was determined
by skin testing or by RAST. Control sera included sera from
known mite allergy—negative subjects, cord serum, and a
serum from a subject with hyper-IgE syndrome (500 U/ml).
Most sera were also semiquantitatively ‘assessed for mite-
specific IgE by RAST with a standard curve constructed
from a pool prepared from sera of mite-allergic individuals,
and the results were expressed in units per milliliter.

Analytic methods

Amylase analysis. Amylase activity in the original HDM,
SGM, UGM, HD, and the purified amylase fractions ‘was
measured with a commercial, insoluble, dyed starch sub-
strate (Phadebas; Pharmacia Diagnostics, Sydney, Aus-
tralia) according to the manufacturer’s instructions. The ac-
tivity was expressed as units per milligram of ‘protein or
units per gram of fine dust. Amylase activity in colunin
eluates was assessed by the agarose-starch method as de-
scribed,'® and the results were expressed in units per liter
of sampie or units per milligram of protein after reference
to a standard curve constructed with SGM.

pH Optimum. The pH optimum of mite amylase was
determined with SGM dissolved in buffers over the pH range
3.4 to0 10.2 and the commercial assay.

Gel filtration. Mite extracts were fractionated by gel fil-
tration on Sephadex G-75 (Pharmacia). The apparent MW
of amylase in the various extracts were determined as de-
scribed."* Appropriate fractions were pooled, dialyzed, and
freeze-dried. The protein content of extracts and: fractions
was determined as described. " )

Chromatofocusing. Chromatofocusing was performed.-at
room temperature as described.'* Proteins: were eluted over
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the pH range 3.5 to 8, and firmly bound material was eluted
with 1 mol/L of NaCl. Appropriate fractions were pooled,
dialyzed, and freeze-dried.

Organomercurial affinity chromatography. Affinity chro-
matography was performed as described" with SGM. Bound
material was desorbed with 40 mmol/L of cysteine HCl
(Sigma Chemical Co., St. Louis, Mo.), and fractions were
examined for amylase activity as described above.

SDS-PAGE. SDS-PAGE analysis was performed essen-
tially as described® with either 10% (wt/vol) homogeneous
gels or 8% to 18% (wt/vol) gradient gels. Proteins were
examined after reduction with DTT or without reduction.
Gels were stained with Coomassie brilliant blue R-250
(Sigma Chemical Co.). The apparent MW of the proteins
was determined by reference to a standard curve constructed
by plotting the log MW of marker proteins (Sigma Chemical
Co. or Bio-Rad Laboratories, Richmond, Calif.) against
relative mobilities.

IgE immunoblot analysis. Inmunoblot analyses were per-
formed as described” with purified amylase and sera diluted
1:10 with 0.01 mol/L of phosphate buffer, pH 7.2, con-
taining 0.15 mol/L NaCl, 0.005% (vol/vol) Tween 20, and
0.5% (wt/vol) bovine serum albumin (CSL, Parkville, Aus-
tralia). IgE binding was detected with an "’I-radiolabeled
mouse monoclonal anti-IgE.

N-terminal sequence analysis. The N-terminal sequence
of mite-derived amylase was determined after SDS-PAGE
and electrotransfer of the allergen from a 12.5% (wt/vol)
polyacrylamide gel to polyvinylidene difluoride membrane,
as described previously.” * The N-terminal sequence ob-
tained was compared with sequences in the Protein Infor-
mation Resource data bank of the National Biomedical Re-
search Foundation with a commercial computer searching
program (MacVector; IBI, New Haven, Conn.).

Purification of mite amylase

Mite amylase was isolated from SGM with the ethanol-
glycogen precipitation method.** A 50% saturated ammo-
nium sulfate precipitate of SGM was dialyzed against dis-
tilled water and ethanol and then added at 4° C to a final
concentration of 40% (vol/vol). After incubation for 1 hour,
the resulting precipitate was centrifuged and discarded. To
the supernatant was added 0.06 vol of 12.5% (wt/vol) of
oyster glycogen (type II, Sigma Chemical Co.), and the
sample was centrifuged. The glycogen-amylase precipitate
was washed twice with 0.01 mol/L of phosphate buffer,
pH 8.0, containing 40% (vol/vol) ethanol, and the precip-
itate was dissolved in phosphate buffer and incubated at
room temperature for 2 hours to facilitate digestion of the
glycogen. The amylase was purified by sequential gel fil-
tration and chromatofocusing.

RESULTS
Detection of amylase activity in mite and
HD extracts

Amylase activity was detected in extracts prepared
from HDM, SGM, and HD with the commercial as-
say. It was present in both HDM (0.16 U/mg of pro-
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tein) and SGM (0.01 U/mg), but not in UGM. Am-
ylase activity was found in 20 (100%) and 18 (90%)
of the 20 mattress and 20 lounge carpet samples an-
alyzed, respectively. The geometric mean amylase ac-
tivity in the mattress dust (1.95 U/gm of fine dust;
range, 0.6 to 1.5) was not significantly greater than
that found in the lounge carpet dust (1.83 U/gm;
range, 0 to 4.4). Weak but significant correlations
between amylase and both total mite counts (r =
0.35; p < 0.05) and Der p 1 concentrations (r =
0.41; p < 0.01) were observed. The correlation be-
tween mite counts and immunochemically determined
concentrations of Der p 1 was also significant (r =
0.75; p < 0.001).

Characterization of mite amylase in HDM
and SGM mite extracts

That the MW distributions of amylase activity in
both types of mite extracts, as demonstrated by Seph-
adex G-75 gel filtration, were dissimilar in that two
peaks of activity were present in HDM and only one
peak was present in SGM is illustrated in Fig. 1.
The apparent MW of the two HDM amylase peaks
were 10,000 (the major component) and 66,000,
whereas the major peak in SGM was 51,000. Amylase
in SGM demonstrated marked charge heterogeneity,
with most activity in the pl range 5 to 7. Studies with
a variety of amylases from other sources have dem-
onstrated that they possess free sulfhydryl groups,”
and mite amylase was demonstrated to bind to the
organomercurial-Sepharose 4B matrix. The optimum
pH for amylase activity was 6.4.

Isolatioh of amylase from SGM

Initial attempts were made to isolate amylase by
affinity chromatography with a variety of ligands, such
as wheat-kernel amylase inhibitor and starch, but these
approaches failed (data not presented). However, am-
ylase was successfully isolated with glycogen precip-
itation. It was initially isolated from SGM and dem-
onstrated, after digestion of the glycogen component
by incubating the complex at room temperature for 2
hours, to be allergenic by direct RAST analysis with
a serum pool from mite-allergic children. The prep-
aration was demonstrated to be allergenic, but SDS-
PAGE analysis demonstrated that the material was
impure (data not presented).

A different isolation approach was, therefore, de-
veloped that involved the initial ammonium sulfate
precipitation step and further purification of the gly-
cogen precipitate by gel filtration and chromatofocus-
ing. Although most amylase was lost at this stage
because of insolubility in the alcohol, sufficient am-
ylase was isolated for study, and representative yields
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FIG. 1. Gel-filtration analyses of amylase in whole mite extract (top panel} and SGM (bottom
panel} on a column of G-75 (0.9 x 100 cm) equilibrated with 0.02 mol/L of phosphate buffer,
pH 6.9, containing 0.006 mol/L of NaCl at 4° C. The column eluate was analyzed for protein by
absorption at 280 nm and for enzyme activity with the agarose:starch assay.

of enzyme obtained up to and including the glycogen
step are presented in Table I. Yields at subsequent
stages are not reported because of the heterogeneity
demonstrated at both the gel filtration and chroma-
tofocusing steps. The complexity (as judged by SDS-
PAGE after prior reduction of the enzyme) of the
various fractions obtained at different stages of pu-
rification is illustrated in Fig. 2.

The apparent MW of mite amylase was demon-
strated to be 56,000 and 60,000, as judged by 8% to
18% (wt/vol) gradient gel SDS-PAGE analyses per-
formed under nonreducing and reducing conditions,
respectively (Fig. 2). Slightly higher values were ob-
tained on 10% (wt/vol) homogeneous gels, namely,
59,000 and 63,000, respectively. One minor, low MW
contaminating protein was detected in the purified am-
ylase preparation, but this component was -not aller-
genic (see below).

The amylase fraction obtained after chromatofo-

cusing was subjected to SDS-PAGE, electrotransfered
to a polyvinylidene difluoride membrane, -and se-
quenced. The N-terminal sequence is presented in
Table II, together with the N-terminal sequence of
amylase from Aspergillus oryzae.*® Searches with the
Protein Information Resource of the National Biomed-
ical Research Foundation failed to reveal homology
with any protein sequence.

IgE immunoblot with purified amylase

Purified amylase was found to be allergenic, as
judged by immunoblot analysis, but its expréssion was
markedly diminished if immunoblotting was per-
formed after reduction of the enzyme with DTT (Fig.
2). Subsequent immunoblots were, therefore, per-
formed without prior reduction. Sera from 27 mite-
allergic adults and 20 children. were studied-for-the
capacity of the sera to bind to amylase. Some of these
data obtained with these sera, together with appropri-
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FIG. 2. SDS-PAGE analysis of fractions obtained at various stages involved in the isolation of
mite amylase and the influence of reduction on purified amylase; /ane A, MW markers (in
kilodaltons); /ane B, SGM; /ane C, the amylase fraction precipitated with glycogen; /ane D,
amylase purified by gel filtration; /ane E, amylase after gel filtration and chromatofocusing; /ane
F, nonreduced amylase; /ane G, reduced amylase; and /ane H, MW markers. Samples in /anes
A to E were analyzed on a different gel than samples illustrated in fanes G fo H.
TABLE I. Yield of amylase at various stages of purification from SGM
Fractionation step Amylase (total U) Protein (mg) Specific activity (U/mg) Yield (%)
Original SGM 141 1206 0.12 100
Ammonium sulfate precipitation 119 182 0.65 84
Glycogen precipitation 11 1.8 6.10 8

ate controls, are illustrated in Fig. 3. The degree of
IgE binding varied between the subjects, ranging from
the absence of binding to intense radiostaining. Forty-
six percent of the sera from adults and 25% of the sera
from children demonstrated IgE binding to mite-
derived amylase. In contrast, sera from cord blood,
normal nonatopic control subjects, and a subject
with hyper-IgE syndrome did not bind. The geometric
mean concentration of HDM-specific IgE in sera from
those adults that reacted (25 U/ml) was significantly
greater (p = 0.008) than the mean concentration in
sera of adults that did not react with amylase (5 U/ml),
as judged by the Student’s ¢ test. Similar analyses with
children’s sera were not performed.

DISCUSSION

Alpha amylases (enzyme commission No. 3.2.1.1)
are ubiquitous endoglycosidases that hydrolyze 1,4-

TABLE Ill. N-terminal sequence of
mite amylase

Sequence
Amylase
source 1t0 19
Mite KYXNPHFIGXRSVITXLME

A. oryzae* ATPADWRSQSIYFLLTDRF

*A. oryzae sequence data from reference 26.

glucosidic linkages in polysaccharidases containing
three or more 1,4-linked D-glucose units. In mites,
amylases are secreted by the salivary glands and stom-
ach to aid in the digestion of starch or glycogen derived
from food, such as skin scales, fungi, and bacteria.
The presence of amylase in whole body extracts from
several genera of mites has been previously reported,
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FIG. 3. IgE immunobilot analysis of individual sera from mite-allergic individuals with amylase
in the unreduced state; /ane A, serum from patient with hyper-IgE syndrome; /ane B, cord
serum; /ane C, serum pool from mite-allergic children; and /anes D to K, individual sera.

but detailed physicochemical descriptions of the en-
zyme per se have been lacking. We have demonstrated
in this study that the enzyme was present in extracts
prepared from both whole bodies and fecal material
from D. pteronyssinus and that it was allergenic. In
addition, it was also found in mattress and carpet dust,
but it was not possible to determine whether it was
mite derived, despite significant associations with
known correlates of mite infestation.

Amylases from diverse sources have been isolated
on the basis of their abnormal behavior on gel filtration
matrices comprising glucose polymers, such as Seph-
adex.” In our studies, the enzyme eluted at a position
equivalent to a molecule with an apparent MW of
approximately 13,000 rather than expected MW of
about 60,000 because of an enzymatic interaction with
the column. In contrast, initial attempts to isolate mite
amylase from SGM exploiting this phenomenon failed
since this anomalous behavior was not observed. The
expected behavior was, however, observed with am-
ylase present in HDM extracts, suggesting the amylase
in SGM may have been complexed with an uniden-
tified component of the growth medium, which would
be consistent with the known propensity of the enzyme
to bind to a variety of polysaccharide-containing com-
ponents.”’ Amylase was, however, successfully pu-
rified with the glycogen precipitation method, al-
though the yield was low.

The biochemical characteristics of mite amylase are

in keeping with characteristics described for the en-
zyme derived from both vertebrate and invertebrate
sources. Characteristics include heterogeneity with re-
gard to charge, the possession of free sulthydryl
groups, and an apparent MW of about 60,000.% The
range of pl values reported here for mite amylase
is similar to the range reported for the enzyme in stor-
age mites (pl, 4.9 to 7.1) that was determined with
thin-layer polyacrylamide isoelectrofocusing.® The
N-terminal amino acid sequence obtained for mite am-
ylase did not demonstrate homology with any previ-
ously sequenced amylase or other protein sequence.
The N-termini of amylases from a variety of sources
demonstrate little homology with one another; thus,
our findings were not unexpected.

IgE immunoblot analyses without prior reduction
demonstrated that amylase was allergenic with a fre-
quency of reactivity of 46% with sera from adult pa-
tients and about half that number when sera from mite-
allergic children were used. The reason(s) for the
lower rate of reactivity observed with sera from chil-
dren is unknown, but studies suggest that IgE re-
sponses to mites in children are directed toward low
MW allergens®- ** rather than high MW allergens. It
will be important, however, to determine the fre-
quency of reactivity with native amylase with RAST
or dot-blot analysis, since reactivity toward some mite
allergens, for example Der p 1, has been demonstrated
to be significantly higher when these assays afe used.
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It has been reported that only 43% of sera from mite-
allergic adults recognized Der p I when sera were
examined by immunoblotting,® a value approximately
half the value expected on the basis of previous im-
munochemical studies.

The allergenicity of amylase was found to be de-
pendent on the integrity of intrachain disulfide bonds
since it was diminished on previous reduction with
DTT, suggesting that the allergenic epitopes are con-
formational rather than linear. It is possible that the
mite amylase described in this study is similar to an
uncharacterized mite allergen previously described® on
the basis of both MW and loss of allergenicity on
reduction in SDS-PAGE immunoblotting studies. An
allergen with an MW of 54,000 has also been reported
in extracts of the storage mite, Lepidoglyphus de-
structor.”

In conclusion, these data described in this study
demonstrate that mites from the genus Dermatopha-
goides produce amylase that is allergenic. This mol-
ecule now represents the third mite allergen to reveal
enzymatic activity. Given the observations that re-
spirable mite feces contain a variety of digestive en-
zymes, such as lipase, lysozyme, and glucoamylase,"
it is feasible that some of the remaining allergens will
be demonstrated to be enzymatically active. In ad-
dition, occupational exposure to amylases from other
sources, such as A. oryzae and porcine pancreatic
powder, has been reported to induce the production
of enzyme-specific IgE and respiratory symptoms af-
ter bronchoprovocation with the enzyme. ' *>* These
data, together with data from the mite study described
in this article, suggest that amylase per se is a rela-
tively potent allergen.

We thank Ms. A. Nisbet, K. Krska, and C. H. Bird for
excellent technical assistance. We thank the Commonwealth
Serum Laboratories for kindly providing the mite materials
used in these studies, Associate Professor K. J. Turner,
Department of Microbiology, University of Western Aus-
tralia, for the mouse anti-IgE reagent, and Dr. K. Y. Chua,
The Western Australian Research Institute for Child Health,
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Effects of platelet-activating factor on
bioelectric properties of cultured trachea

bronchial epithelia

Jun Tamaoki, MD, Noritaka Sakai, MD, Kazuo Isono, MD,
Toshinori Kanemura, MD, Isao Yamawaki, MD, and Takao Takizawa, MD

Tokyo, Japan

To elucidate the effect of platelet-activating factor (PAF) on ion transport function of airway
epithelial cells, we studied bioelectric properties of cultured tracheal and bronchial epithelia
from dogs under short-circuit conditions in vitro. Addition of PAF (107" mol/L) to mucosal
solution of Ussing chamber increased short-circuit current of tracheal epithelium from

33 *x071w085 x 1.2 uAlcni® (p < 0.001). This effect was dose dependent, and there was a
corresponding increase in transepithelial potential difference. In contrast, PAF was without
effect when it was added to the submucosal side. Electrical properties of bronchial epithelium
remained unchanged by PAF. The PAF-induced increase in short-circuit current was not
affected by amiloride but abolished by diphenylamine-2-carboxylate, bumetanide, or Cl-free
medium. The effects of PAF were not altered by AA-861 or U-60257, but attenuated by
indomethacin and piroxicam, and dose-dependently blocked by CV 6209 and WEB 2086.
Mucosal, but not submucosal, addition of PAF increased the rate of prostaglandin release from
tracheal epithelium. These results suggest that PAF selectively stimulates Cl secretion across
tracheal epithelium, probably through activation of its specific receptors and the subsequent
production of prostaglandins. (J ALLERGY CLIN IMMUNOL 1991:87:1042-9.)
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