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Microbial transglutaminase: a new and emerging occupational allergen

More than 40 years have lapsed since the first description of also slightly decreased (95%). The stop and start work test revealed

occupational allergic asthma caused by enzymes from Bacillus
subtilis.1,2 Since then, several high-molecular-weight allergens have
been identified, and allergic asthma is now recognized as the main
cause of occupational airway disease, being responsible for
approximately 25% to 30% of all incident causes.3

Transglutaminases (EC 2.3.2.13) are a family of enzymes found in
mammals, fish, plants, and bacteria. In humans, transglutaminase 2
is involved in the immunopathogenesis of celiac disease. Trans-
glutaminases catalyze posttranslational acyl-transfer reactions
between the g-carboxamide groups of glutamine residues and the
ε-amino group of lysine, thereby causing the crosslinking of pro-
teins.4 The low-cost mass production of a microbial form from
Streptomyces mobaraensis by fermentation technology has boosted
its application in food processing. Microbial transglutaminase dis-
plays a broad specificity toward food proteins and is Caþþ inde-
pendent and remarkably stable over a wide range of temperatures
and pH. Foods treated with microbial transglutaminases have
enhanced texturization and resistance to proteolytic degradation,
improved flavor and appearance, increased shelf-life, and even
reduction of allergenicity.5,6

We report a case of occupational sensitization to microbial
transglutaminase in a worker from a company that commercializes
ingredients for the food industry. In the plant, raw materials are
weighed and mixed in various finished goods. The work environ-
ment is dusty, showing inhalable particulate concentrations be-
tween 3.2 and 9.0 mg/m3. In mid-2011, microbial transglutaminase
was introduced in the productive cycle as dry powder preparations
with different concentrations (60, 100, and 1,000 U/g). The material
safety data sheet did not report any risk phrase but only the safety
phrases S22 (“do not breathe dust”) and S24/25 (“avoid contact
with skin/eyes”). Thus, use of personal protective equipment
(gloves, glasses, and respiratory protections with particulate filters)
was advised to workers handling microbial transglutaminase.
Approximately 6 months after microbial transglutaminase intro-
duction, a 40-year-old, male current smoker (15 pack-years), hired
6 years ago as a production superintendent, suddenly developed
wheezing, cough, and shortness of breath during and after the shift.
The symptoms rose acutely at work soon after the inhalation of
microbial transglutaminase and continued outside. The worker
confessed an inconsistent use of personal protective equipment
during indirect exposure to microbial transglutaminase. Both
medical and family histories were negative for atopy or allergies. At
objective examination, there was diffuse wheezing at the end of
expiration; at dynamic spirometry, the reduction of both the forced
expiratory volume in 1 second (FEV1) (2.43 L, 63% of the expected)
and the maximal expiratory flow at 25% to 75% (1.48 L/s, 34% of the
expected) was apparent. The saturation of peripheral oxygen was
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a clear relationship between job and clinical picture. In the
following months, the symptoms progressively worsened despite
asthma therapy (beclomethasone dipropionate and formoterol
fumarate dehydrate). The arterial blood gas analysis revealed a PO2
of 91.2 mmHg, whereas eosinophilia was apparent in the blood cell
count (1,261/mL; 21.2% of the white blood cell count). High-
resolution computed tomography of the thorax revealed broad
centrolobular and particularly paraseptal emphysema, mainly in
the upper lobes, thickness of bronchial walls, and bronchial mucous
impaction in peripheral bronchial airways. After 2 months of
absence from work on sick leave, the patient was admitted to a
respiratory disease unit. a1-Antitrypsin deficiency was ruled out
according to both genetic testing and serum a1-antitrypsin levels
(101e159 mg/dL). The results of skin prick tests for common aer-
oallergens and foods, performed to assess the patient’s overall
allergic status, were negative, but there was a clear immediate
positivity (wheal and flare of approximately 0.8 � 0.8 and 1 � 1.2
cm, respectively) to a diluted solution (1 U/mL in water) of micro-
bial transglutaminase. The test result was negative in 2 controls (1
exposed and 1 unexposed to microbial transglutaminase). All the
individuals undergoing the skin prick test gave their informed
consent. Total serum IgE levels were approximately 7-fold the up-
per reference value (710 IU/mL), whereas, in agreement with skin
prick test results, IgE levels specific for common foods and aero-
allergens were within the reference ranges, as were IgG levels for
Micropolyspora faeni, Alternaria tenuis, Aspergillus fumigatus, Peni-
cillium notatum, and pigeon proteins. IgE levels specific for micro-
bial transglutaminase (starting batch of 100 U/g) were measured in
serum samples from 10workers by enzyme-linked immunosorbent
assay, as elsewhere described.7 The in-triplicate assay revealed
clearly increased microbial transglutaminase specific IgE levels in
the patient compared with other workers (mean [SD] optical
density values of 1,163 [153] vs 221 [65], respectively). The IgE
specificity was supported by an IgE immunoblot inhibition exper-
iment using serum from the patient and nonallergic colleagues,
preincubated with microbial transglutaminase or a control protein.
Figure 1 shows that the immunoreactive band of approximately
40 kDa, consistent with microbial transglutaminase molecular
weight (38 kDa),8 disappears when the patient’s serum is pre-
incubated with either commercial or standard microbial trans-
glutaminase. Other laboratory examinations revealed a reversion to
normality of eosinophil count, normal serum levels of eosinophil
cationic protein, a slight elevation of erythrocyte sedimentation
rate (28 mm; reference range, 2e25 mm), and antinuclear speckled
and antiesmoothmuscle antibodies (dilution of 1:80 in both cases),
whereas all other tested autoantibodies, serum complement, and
IgG, IgA, and IgM levels were within the respective reference
ranges. The online measurement of exhaled nitric oxide (8.9 ppb)
was within the reference range.9 At static spirometry, there was an
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Figure 1. A, Coomassie blueestained sodium dodecyl sulfateepolyacrylamide gel
electrophoresis gel. Lane 1: molecular mass markers; lane 2: microbial trans-
glutaminase (100 U/g). B, Inhibition of serum IgE reactivity to nitrocellulose-blotted
microbial transglutaminase (100 U/g). Lanes 1 through 4: patient serum pre-
adsorbed with dilution buffer (lane 1), microbial transglutaminase (100 U/g) (lane
2), standard microbial transglutaminase (lane 3), and unrelated control protein
(bovine serum albumin; lane 4). Lane 5: nonallergic workers’ pooled sera pre-
adsorbed with dilution buffer.
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FEV1 of 3.62 L (92% of the expected) and a forced expiratory flow at
25% to 75% of 2.5 L/s (56% of the expected), both partially reversible
(þ7% and þ28%, respectively) after bronchodilator inhalation. The
bronchial provocation test with methacholine revealed a light to
moderate bronchial reactivity (provocation dose causing a 20%
decrease in FEV1, 299.05 mg). The patient denied consent for a
specific bronchial challenge with microbial transglutaminase. He
was discharged with a diagnosis of bronchial asthma.

To the best of our knowledge, this is the first report that mi-
crobial transglutaminase may act as a new and emerging inhalant
high-molecular-weight allergen. This finding indicates that more
caution must be exercised when the potential allergenicity of
commercial enzymes is evaluated.10 A strict control of exposure
must be applied inworkplaces wheremicrobial transglutaminase is
used to avoid exposure and sensitization in the occupational
setting.
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