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Glucoamylase is a potential allergen in products expressed in Neurospora crassa
Neurospora crassa, a well-characterized filamentous fungus, has
been proposed as a vaccine production platform because of low
cost, rapid expression, and molecular flexibility. Vaccine antigens
are expressed and secreted by N. crassa in liquid culture, and the
supernatant is then filtered and processed.1 Because such vaccines
are intended for human use, the presence of fungal allergens that
might co-purify with vaccine antigens needs to be ascertained and
minimized. Our goal was to screen N. crassa conditioned medium
(CM) for the presence of such potential allergens. In the process we
identified the presence of Neurospora glucoamylase I precursor,
a putative allergen of possible clinical significance.

Three-day N. crassa CM and growth media alone (containing
Soytone, maltose, glucose, 2-(N-morpholino) ethanesulfonic acid
buffer, Tween 80, and L-arginine) were used as antigen source and
control. A highly complex (1.42 � 109) naïve human single-chain
variable fragment (scFv) library was panned and screened against
CM. Eighty specific clones were obtained after 3 rounds of bio-
panning and enrichment. Sequence analysis revealed 4 unique
clones (NC3, NC14, NC65, and NC81) with greatest divergences in
CDR2 of VH and CDR3 of VL chains (eFig 1A). Selected scFv anti-
bodies were expressed and purified from Escherichia coliwith hexa-
histidine at the N-termini and c-myc at the C-termini by nickel
affinity chromatography (eFig 1B). All 4 scFv antibodies were
reactive with a w70 kDa band (eFig 1C).

To identify the approximately 70-kDa band, immunoprecipita-
tion was performed. After desalting, NC65 was bound to protein-L
resin for 4 hours followed by incubation with CM overnight at 4�C.
The resinwas washed and bound proteins were elutedwith sodium
dodecyl sulfate sample buffer. Eluted fractions were analyzed using
Coomassie stained sodium dodecyl sulfateepolyacrylamide gel
electrophoresis gel (Fig 1A). The target protein (indicated by arrow
in Fig 1A) was excised and subjected to matrix-assisted laser
desorption/ionization (MALDI) analysis. The obtained peptide
sequences matched with the glucoamylase I precursor protein of
N. crassa (XP_956966.1) (eTable 1 and eFig 2A).

Amylases and glucoamylases used in industrial settings2,3 are
known to cause allergy and asthma, and other structurally similar
glucoamylase allergens (Asp n 14 and Sac c 1.0101) have already
been identified. To determine the antigen specificity of NC65,
several mold extracts and enzymes were evaluated by immunoblot
using NC65 as the primary antibody (eFig 2B). Protein bands that
were recognized included a-amylase of Aspergillus oryzae (lane 1)
and several bands in a baker’s yeast (Saccharomyces cerevisiae)
extract, most notably a band at 60 kDa (lane 8).
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To assess whether glucoamylase I precursor and the other fungal
proteins in N. crassa CM are potential allergens, we examined
immunoglobulin E (IgE) binding toN. crassa CM by IgE immunoblot,
using human sera from 2 sources: IgE anti-amylase positive sera
collected from bakery workers with occupational asthma and
allergy symptoms,4 and samples from individuals with IgE against
A. fumigatus (obtained from PlasmaLab International, Everett,
Washington). IgE in each of the sera tested recognized 70-kDa and
65-kDa proteins (Fig 1B and C), as well as, for a few of the sera,
additional low-molecular-weight bands. Peptide sequence analysis
of 2 major bands and 2 low-molecular-weight protein bands
(w17 kDa and w24 kDa) obtained from Coomassie-stained gel
indicated them to be glucoamylase and its degradation products
(data not shown).

Fungi produce and release into the environment a variety of
allergens in varying amounts. Fungal enzymes used in industrial
settings may elicit occupational allergic diseases,2 among them
bakers’ asthma. a-Amylase derived from A. oryzae (Asp o 2) is
frequently used to improve the quality of bread-making dough, and
is known to induce IgE sensitization in exposed workers.2,5,6

Like a-amylase, glucoamylase (g-amylase) also may elicit IgE-
mediated responses.6,7 For industrial use, glucoamylase is usually
obtained from A. niger, but the enzyme is expressed and secreted by
other filamentous fungi, including Neurospora.8 Although exposure
to Neurospora spores may induce allergic symptoms and asthma,
no reports exist of allergies caused by Neurospora-derived en-
zymes. However, Neurospora glucoamylase is 54% identical and
69% similar to A. oryzae glucoamylase, and both of the enzymes
contain a C-terminal carbohydrate binding module, family 20,
domain.3

In summary, we have identified glucoamylase I precursor
in N. crassa CM using human scFv antibodies. Glucoamylase I
precursor is recognized by IgE from some individuals with bakers’
asthma and mold allergy, and its presence in vaccines expressed in
N. crassa needs to be controlled. Besides glucoamylase, antibody
NC65 recognizes a-amylase fromA. oryzae and possibly S. cerevisiae,
and may be useful as a tool for allergen detection.
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Figure 1. A, Immunoprecipitation of NC65 binding protein from N. crassa CM. 4-12%. Bis-Tris gel showing flowthrough (FT1) and washes (w1ew4) collected from the
immunoprecipitation column. The arrow indicates eluted NC65 target protein that was excised and analyzed, and the triangle indicates eluted NC65 antibody. B, IgE immunblot
of CMwith sera from bakery workers (lanes 1e7). Biotin-labeled anti-human IgE (1:1,000) and peroxidase-conjugated streptavidin (1:1,000) were used for detection. Open and
closed triangles indicatew70- and 65-kDa bands. C, IgE immunoblot of CMwith sera collected from individuals with IgE to A. fumigatus (lanes 1e8). N is normal human serum
(Thermo Scientific, Rockford, Illinois). Biotin-labeled anti-human IgE (1:1,000) and peroxidase-conjugated streptavidin (1:1,000) were used for detection. Open and closed
triangles indicate w70- and 65-kDa bands (See text).

Letter / Ann Allergy Asthma Immunol xxx (2012) 1e22
Taruna Khurana, PhD*

Maggie Collison, BS*

Binh Le Haynes, BSy

Edward Cambareri, PhDy

Jay E. Slater, MD*

*Laboratory of Immunobiochemistry
Division of Bacterial, Parasitic and Allergenic Products

US Food and Drug Administration
Bethesda, Maryland

yNeugenesis Corporation
Burlingame, California
jay.slater@fda.hhs.gov

References

[1] Allgaier S, Taylor RD, Brundnaya Y, et al. Vaccine production in Neurospora
crassa. Biologicals. 2009;37:128e132.
[2] Green BJ, Beezhold DH. Industrial fungal enzymes: an occupational allergen
perspective. J Allergy. 2011;2011:1e11.

[3] Marin-Navarro J, Polaina J. Glucoamylase: structural and biotechnological
aspects. Appl Microbiol Biotechnol. 2011;89:1267e1273.

[4] Page EH, Dowell CD, Mueller CA, Biagini RE, Heederik D. Exposure to flour
dust and sensitization among bakery employees. Am J Ind Med. 2010;53:
1225e1232.

[5] Brisman J, Bellin L. Clinical and immunological responses to occupational
exposure to alpha-amylase in the baking industry. Br J Ind Med. 1991;48:
604e608.

[6] Baur X, Sauer W, Weiss W. Baking additives as new allergens in baker’s asthma.
Respiration. 1988;54:70e72.

[7] Quirce S, Fernandez-Nieto M, Bartolome B, et al. Glucoamylase: another fungal
enzyme associated with baker’s asthma. Ann Allergy Asthma Immunol. 2002;89:
197e202.

[8] Koh-Luar SI, Parish JH, Bleasby AJ, et al. Exported proteins of Neurospora
crassa: 1-glucoamylase. Enzymes Microbiol Technol. 1989;11:692e695.

mailto:jay.slater@fda.hhs.gov


eFigure 1. A, Comparative sequence data of anti-CM scFv antibodies. VH domains are in the red box, and the VL domain is in blue. CDRs are shaded in gray. Asterisks indicate the
divergences in the sequence. B, Expressed antibodies were purified by nickel chromatography separated electrophoretically in a 4 to 12% Bis-Tris gel and stained with Coo-
massie blue. Purified scFv antibodies migrate at 32-kDa molecular weight. C, Immunoblot of N. crassa CM using scFv antibodies. After blocking, the polyvinylidene fluoride
membrane strips were incubated with 1.0 mg/mL of each indicated scFv antibodies. Horseradish peroxidaeeconjugated anti-myc (1:5,000) was used for detection.
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eFigure 2. A, Amino acid sequence of glucoamylase I precursor protein of N. crassa. The peptide sequences identified by MALDI are underlined. The carbohydrate-binding
module (CBM20) is in blue. B, Fungal extracts and enzymes were electrophoretically separated and transferred to PVDF membranes. After blocking, the membrane was
incubated with NC65. Peroxidase-conjugated anti-myc was used for detection. (1: A. oryzae a-amylase; 2: A. niger amyloglucosidase; 3: S. cerevisiae a-glucosidase; 4:
S. cerevisiae enolase; 5: N. crassa CM; 6: Neurospora extract [Greer Laboratories]; 7: N. crassa growth medium; 8: yeast extract; 9: A. fumigatus extract [Greer Laboratories,
Lenoir, North Carolina].)
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eTable 1
MALDI peptide fingerprint of immunoprecipitated target protein of NC65

Calculated Mass Observation Mass �da �ppm Start Seq. End Seq. Sequence Modification

821.4185 821.293 �0.1255 �153 316 322 VVVDSMR Oxidation (M)[6]
868.4999 868.3889 �0.111 �128 29 35 HSDIIKR
905.5454 905.4036 �0.1418 �157 167 175 AIALIGYGK
922.4529 922.312 �0.1409 �153 323 330 FWGVNSGR
922.4529 922.312 �0.1409 �153 323 330 FWGVNSGR
931.3904 931.2468 �0.1436 �154 601 607 WENDPDR
955.5975 955.4469 �0.1506 �158 188 195 SIIWPIVK
992.541 992.3869 �0.1541 �155 230 239 ALVEGSAFAK
1083.5681 1083.3992 �0.1689 �156 534 543 VTTSYGQTVK
1166.6051 1166.427 �0.1781 �153 590 600 YVVVNSDGSVK
1287.6903 1287.4845 �0.2058 �160 63 77 ASGAASGVVVASPSK
1324.6532 1324.4476 �0.2056 �155 176 187 WLVSNGYADTAK
1334.6304 1334.4255 �0.2049 �154 51 62 NLLCNIGASGCR Carbamidomethyl (C)[4,11]
1334.6304 1334.4255 �0.2049 �154 51 62 NLLCNIGASGCR Carbamidomethyl (C)[4,11]
1461.6434 1461.4213 �0.2221 �152 78 88 SSPDYWYTWTR
1461.6434 1461.4213 �0.2221 �152 78 88 SSPDYWYTWTR
1586.8424 1586.5793 �0.2631 �166 373 387 QGSITVTSTSLAFFK
1679.8486 1679.5806 �0.268 �160 36 50 SVDSYIQTETPIAQK
1679.8486 1679.5806 �0.268 �160 36 50 SVDSYIQTETPIAQK
1968.9984 1968.6837 �0.3147 �160 123 143 LQGVSNPSGSLSNGAGLGEPK
2069.1389 2068.8044 �0.3345 �162 544 565 VVGSIAALGNWAPASGVTLSAK
2078.9778 2078.655 �0.3228 �155 590 607 YVVVNSDGSVKWENDPDR
2089.9131 2089.5911 �0.322 �154 608 626 SYAVGTDCASTATLDDTWR Carbamidomethyl (C)[8]
2089.9131 2089.5911 �0.322 �154 608 626 SYAVGTDCASTATLDDTWR Carbamidomethyl (C)[8]
2211.1807 2210.7563 �0.4244 �192 167 187 AIALIGYGKWLVSNGYADTAK
2413.2034 2412.824 �0.3794 �157 566 587 QYSSSNPLWSTTIALPQGTSFK
2480.2205 2479.835 �0.3855 �155 440 463 DSGAPLSATHLTWSYASFLSAAAR
3250.4529 3249.9634 �0.4895 �151 281 309 DINSVLTSIHNFDPAAGCDVNTFQPCSDR Carbamidomethyl (C)[18,26]
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