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matic activity than body extracts. Serine protease activity in 
fecal extracts was higher than in body extracts (5.98 vs. 2.701 
IU of trypsin/mg of freeze-dried material). No cysteine pro-
tease activity was detected.  Conclusion:   C. arcuatus  extracts 
contain several allergens and proteins with high enzymatic 
activity, especially in the feces. Some of these allergens may 
be enzymes. Fecal extracts have more enzymatic activity 
than body extracts.   Copyright © 2007 S. Karger AG, Basel

  Introduction

  The storage mite  Chortoglyphus arcuatus  (Chorto-
glyphidae) is an abundant mite species in the domestic 
environment of humid and rural regions of Spain, espe-
cially in the northwest (Galicia)  [1] . The allergenicity of 
this mite has been confirmed using in vivo and in vitro 
methods  [2] . We have recently cloned the first allergen of 
this mite species, which has sequence homology to tropo-
myosin  [3] . This mite species has also been described in 
several countries, including the USA, and is thought to 
have a worldwide distribution. Sensitization to their al-
lergens has also been demonstrated in Wisconsinite 
farmers  [4]  and residents of Ohio  [5] . It has a low degree 
of crossreactivity with the  Dermatophagoides  spp.  [6] .
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  Abstract

   Background:   Chortoglyphus arcuatus  has been described in 
many countries. Many allergens are potent enzymes, which 
may promote a Th2 immune response. The aim of this study 
was to evaluate the enzymatic activity of body and fecal
extracts of  C. arcuatus .  Material and Methods:  Feces and 
bodies of full-grown  C. arcuatus  cultures were separated
by sieving, extracted in PBS, dialyzed and lyophilized. The 
antigenic profile of both extracts was determined by SDS-
PAGE. Immunoblot experiments were conducted using a 
pool of sera from allergic individuals residing in Galicia, a re-
gion of Spain, where this species is abundant. The enzymat-
ic activity of the extracts was evaluated by the zymogram 
technique. Serine and cysteine protease activity was mea-
sured using in vitro methods. The API Zym �  system was used 
to determine the enzymatic properties of the extracts.  Re-

sults:  The antigenic profile showed that the body extract 
contained more and better defined bands than the fecal ex-
tract. Allergens were detected in both extracts in a molecu-
lar weight range between 14 and 100 kDa. Gelatinolytic gels 
confirmed that fecal extracts contain more hydrolytic enzy-
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  The presence of several proteins with catalytic proper-
ties in 8 different mite species has been demonstrated  [7] . 
Allergens with enzymatic activity have been included in 
mite allergen groups 1, 3, 4, 6, 8, 9 and 15  [8] . Other mite 
species, e.g.  Glycyphagus domesticus   [9] ,  Acarus farris  
 [10] ,  Tyrophagus putrescentiae   [11] ,  Blomia tropicalis   [12–
14] ,  Psoroptes   cuniculi   [15]  and  Aleuroglyphus ovatus   [16] ,  
 also contain potent enzymes. Comparative studies have 
been conducted to analyze the presence of enzymes in 
mite bodies and spent media. It seems that serine prote-
ases (trypsin and chymotrypsin) are more abundant in 
fecal than in whole body extracts  [17, 18] .

  This enzymatic activity seems to be important in the 
allergenicity of certain mites, since it can facilitate the ac-
cess of the allergen to the immune system, playing an ad-
juvant proallergic role in immunogenicity  [19] . The enzy-
matic activity is present in body and mainly fecal extracts, 
indicating their role in digestion. It has been suggested 
that the presence or absence of certain digestive enzymes 
reflects trophic specialization, showing different ‘enzyme 
patterns’ among house dust and storage mites.

  The aim of this study was to evaluate the enzymatic 
activity in body and fecal extracts of  C. arcuatus . 

  Material and Methods

  Extract Preparation
   C. arcuatus  was cultured on an autoclaved animal source food 

medium and ground in particles  ! 80  � m. Mites were reared in 
plastic flasks and incubated at 25   °   C and a humidity level  1 75%. 
The whole culture medium was frozen to kill the mites, and sieved 
using mesh sizes of 75 and 125  � m. The fraction  1 125  � m com-
prised the mite bodies ( fig. 1 a) with a richness (number of mite 
particles/total particle number  �  100)  1 90% (‘body fraction’). 
Most of the fraction  ! 75  � m was composed of mite feces ( fig. 1 b), 
with richness  1 90% (‘fecal fraction’). Extracts were obtained af -
 ter incubation and storage of the raw materials (1:   10 wt/vol) in 

0.01  M  PBS (pH 7.4) for 10 h. Thereafter, the extracts were centri-
fuged at 16,000  g  at 4   °   C for 30 min and the supernatants were 
collected. The remaining raw material was again reconstituted in 
1:   10 wt/vol PBS and extracted overnight at 4   °   C under continuous 
magnetic stirring. Afterwards, the extract was centrifuged, the 
supernatant separated and mixed with the first extraction, sterile-
filtered and dialyzed against bidistilled water in dialysis mem-
branes of 3.5 kDa (CelluSep Membrane; Seguin, Tex., USA), fil-
tered, frozen and freeze-dried.

  SDS-PAGE and Immunoblot
  SDS-PAGE analyses were used to determine the antigenic pro-

file of both extracts. The samples were run in SDS-PAGE gels with 
2.67%C, 15%T (where %T = total concentration of acrylamide and 
bisacrylamide and %C = percentage of cross-linker relative to the 
total concentration). One hundred micrograms of protein were 
loaded on the gels. Gels were silver stained. The gel was electro-
phoretically transferred to P-Immobilon membrane (PVDF; Mil-
lipore, Bedford, Mass., USA) and dried at room temperature for
4 h. The membrane was incubated overnight with the sera of 10 
individuals who were skin test positive to  C. arcuatus , diluted 1:   5 
vol/vol in PBS 0.01  M  Tween 2%. 

  Enzymatic Activity
  Zymogram
  Samples were run on SDS-PAGE gels with 2.67%C, 15%T poly-

acrylamide containing 0.1% gelatine at 4   °   C. One hundred micro-
grams of lyophilized material were dissolved in a buffer solution 
containing  � -mercaptoethanol. Subsequently, the gels were incu-
bated for 90 min in a 0.06% solution of  L -cysteine (Sigma, St. Lou-
is, Mo., USA) at 37   °   C. Gels were stained with Coomassie brilliant 
blue R-250  [20] .

  API Zym �  Studies
  The API Zym assay (bioMérieux, France) was used to deter-

mine the enzymatic activity of 19 different enzymes in body and 
fecal extracts following the manufacturer’s instruction. API Zym 
is a semiquantitative micromethod designed for the research of 
enzymatic activities. Values ranged from 0 to 5, with 0 being neg-
ative and 5 being assigned the maximum intensity. Results have 
been interpreted according to the instructions of the manufac-
turer and previous publications  [7, 12, 14] . 

  Fig. 1.  Light-microscopic pictures of  C.
arcuatus  bodies ( a ,  ! 40) and feces ( b , 
 ! 400). 
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  Cysteine Protease Activity
  Cysteine protease activity was determined using the  L -1460 

peptide (Pyr-Phe-Leu-p-nitroanilide, 10 m M ; Bachem, Bubendorf, 
Switzerland) as substrate and papain (Sigma) as standard (results 
expressed in IU of papain/mg of freeze-dried material). Briefly, 
100  � l of serial dilutions of the samples, or papain, diluted in
0.2  M  sodium acetate/acetic acid buffer, pH 4, were placed in plas-
tic microtiter plates (Nunc, Roskilde, Denmark). Afterwards, 50 
 � l of 40 m M   L -cysteine/EDTA and 50  � l of the substrate were add-
ed. The reaction was incubated for 30 min at 37   °   C and stopped 
with 50  � l of 50% acetic acid and read at 405 nm. The results were 
extrapolated from the regression line obtained with papain.

  Serine Protease Activity
  Serine protease activity was determined using the S-2288 pep-

tide (H-D-Ile-Pro-Arg-p-nitroanilide dihydrochloride, 1.5 m M ; 
KabiVitrum, Franklin, Ohio, USA) as the substrate and trypsin 
(Sigma) as the standard. Briefly, 150  � l of serial dilutions of the 
samples and the standard were diluted in 0.1  M  Tris/HCl (pH 8.4). 
Subsequently, 50  � l of the substrate were added and incubated for 
30 min at 37   °   C. The reaction was stopped with 50  � l of 50% ace-
tic acid and read at 405 nm. Results were expressed in interna-
tional units of trypsin per milligram of freeze-dried material.

  Results

  SDS-PAGE and Immunoblot Experiments
  The antigen profile of the extracts showed that the 

body extract contained more and better defined bands 
than the fecal extract ( fig. 2 ). Several proteins in the mo-
lecular weight range of 9–100 kDa were detected. The 
most prominent bands corresponded to molecules with 
approximately 14, 16 and 30 kDa. These proteins could 
be related with the group 2 and 1, respectively, of mite al-
lergens. Fecal extract showed several poorly visualized 
bands in the range of 9–60 kDa. 

  Several IgE binding bands were visualized in body and 
fecal extracts in the molecular weight range of 20–100 
kDa ( fig. 3 ). Specific IgE binding to the fecal extract was 
more consistent among the patients than the body ex-
tract. Specific IgE binding to allergens present in the 
body extract was more variable among patients.

  Enzymatic Activity
  Gelatinolytic gels (zymogram) confirmed that fecal 

extracts contain more enzymatic activity than body ex-
tracts ( fig. 4 ). The enzymatic activity was mainly detect-
ed in proteins with molecular weights  1 25 kDa, and es-
pecially in a band of approximately 27 kDa and to two 
bands of 40 and 47 kDa. Serine protease activity in fecal 
extracts was higher than in body extracts (5.98 vs. 2.701 
IU of trypsin/mg of freeze-dried material). No cysteine 

protease activity was detected. API Zym studies demon-
strated reduced enzymatic activity in fecal extracts in 
most of the 19 enzyme assays conducted ( fig. 5 ;  table 1 ).

  Discussion

  Patients with mite sensitization and allergic asthma 
often react to a variety of allergens present in mite bodies, 
feces and secretions  [21, 22] . The presence of proteolytic 
activity in fecal extracts is of great clinical importance, 
since fecal pellets are more easily becoming airborne and 
inhaled, thus reaching the respiratory mucosa. It has 
been proposed that the proteolytic activity of mite aller-
gens plays a proallergic role, influencing their immuno-
genicity by enabling allergens to breach the integrity of 
the airway epithelial barrier. As a consequence, allergic 
inflammatory responses are promoted. Furthermore, by 
disrupting tight epithelial junctions, the enzymatic activ-
ity facilitates the transport of allergens across the epithe-
lium  [23] .
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  Fig. 2.  SDS-PAGE of 100  � g  C. arcuatus . NC = Normal control; 
lane 1 = body extract; lane 2 = fecal extract. 
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  An influence on the innate mechanism of defense has 
also been described. The proteolytic activity of mite feces 
interacts with pulmonary elastase, inactivating a human 
elastase inhibitor in vivo and ex   vivo. Because these elas-
tase inhibitors have antimicrobial as well as antielastase 
activity, the inactivation of these innate components of 
the lung defense system by proteolytic enzymes present 
in mite feces may increase the susceptibility of patients 
with allergic inflammation to infection and, therefore, 
produce a possible exacerbation of allergic respiratory 
diseases  [24] . Following exposure of the bronchial mu-
cosa to fecal pellets of house dust mites, the mite prote-
ases can access the lung interstitium and promote Th2 
responses. 

  Chronic exposure to mites is an important risk factor 
for the development of sensitization, allergic respiratory 
diseases and chronic lung inflammation  [25] . While this 
relationship was primarily established for  Dermatopha-
goides  spp., it has become evident in recent years that oth-
er mite species are also the source of potent enzymes.

  Analyses of immunoblots revealed a different specif-
ic IgE recognition pattern between body and fecal ex-
tracts. Individual immunoblots revealed that most pa-
tients are mainly sensitized to allergens present in the 
body extracts. However, 5 of these individuals also 
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  Fig. 3.  Immunoblot experiments using 10 individual sera.  a  Body extract.  b  Fecal extract. NC = Normal control.
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  Fig. 4.  Zymogram of 100  � g  C. arcuatus . NC = Normal control; 
lane 1 = body extract; lane 2 = fecal extract.  
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showed IgE binding to allergens in the fecal extract. The 
allergens recognized in the fecal extracts corresponded 
to allergens with higher molecular weights. Although 
specific IgE binding to allergens in the body extract var-
ied greatly between patients, a similarity in the pattern 
of recognition could be observed for bands with 22, 30, 
32, 34 and 62 kDa, and bands  1 95 kDa. Patients tended 
to react to various bands, suggesting a high degree of 
sensitization.

  The results obtained from the immunoblots suggest 
that extracts derived from bodies are better indicators of 
 C. arcuatus  sensitization. However, there seems to be a 
subgroup of patients who will also react to fecal extracts. 
The results also suggest that body and fecal extracts may 
differ with respect to the allergens detected. Currently, 
experience in the diagnosis of  C. arcuatus  sensitization is 
lacking ,  and large population studies are needed to eluci-
date which type of extract is better for diagnosing and 
even treating  C. arcuatus -sensitized patients. Eventually, 
both extracts may be required.

  Using zymogram experiments, we have demonstrated 
that  C. arcuatus  extracts contain several enzymes with 
proteolytic activity, especially in the feces. Allergens with 
the capacity to hydrolyze the gelatine present in gels after 
incubation in an adequate substrate show a molecular 
weight range from 25 to 90 kDa. These enzymes, which 
are present in different quantities in both extracts, seem 
to be responsible for the enzymatic activity in body and 
fecal extracts. However, according to these results, fecal 
extracts have more proteolytic serine protease activity 
than body extracts. These results are in concordance with 
those obtained using other methods, which included 
trypsin as a standard. The absence of cysteine protease 
activity is in agreement with other studies carried out in 
storage mites. We have observed that the proteolytic ac-

tivity detected in  C. arcuatus  is similar to the one de-
scribed in other species, and, therefore, it can be specu-
lated that the immune response after inhalation of  C. ar-
cuatus  enzymes is similar to that experienced by patients 
when they inhale allergens/enzymes of other mites such 
as  Dermatophagoides  spp. or  B. tropicalis . Using API Zym 
analyses, a qualitative method to determine enzymatic 
activity, the highest proteolytic activity was determined 
in fecal extracts in comparison to body extracts. How-

  Table 1.  Enzymatic activity results obtained with API Zym (val-
ues ranging from 0 to 5, with 0 being no and 5 maximal activity)

 Bodies  Feces 

 Control  0  0 
  Alkaline phosphatase   5  1 
  Esterase (C4)   2  2 
  Esterase-lipase (C8)   4  1 
  Lipase (C14)   0  0 
  Leucine arylamidase   5  3 
  Valine arylamidase   3  0 
  Cystine arylamidase   0  0 
  Trypsin   0  4 
  �  -Chymotrypsin   1  0 
  Acid phosphatase   4  3 
  Naphthol-AS-BI-phosphohydrolase   5  1 
  �  -Galactosidase   1  0 
  �  -Galactosidase   5  2 
  �  -Glucuronidase   4  1 
  �  -Glucosidase   3  0 
  �  -Glucosidase   2  0 
  N-Acetyl-  �  -glucosaminidase   5  4 
  �  -Mannosidase   2  0 
  �  -Fucosidase   5  2 
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  Fig. 5.  Results of the API Zym �  assay comparing bodies (B) and feces (F) of  C. arcuatus . 
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ever, phosphatase, lipase or glycosidase activities are 
more important in body extracts.

  In conclusion, based on the present investigation, we 
believe that  C. arcuatus  is a mite species of allergological 
importance, not only due to its widespread distribution 
and allergenicity, but also due to the enzymatic activity 

present in feces, which corresponds to that found in oth-
er mite species.  C. arcuatus  extracts contain several im-
portant allergens, especially in the body extracts. There-
fore, body extracts are better indicators in the diagnosis 
of in vivo and in vitro sensitization to  C. arcuatus .
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