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Enzymes from the Aspergillus species have been used in food processing applications for decades. To identify
peptidases and other enzymes capable of aiding the metabolism of peanut and tree nut allergens, Aspergillus
niger was grown in three different nut-flour containing media and RNA sequencing and transcriptome analysis
were used to identify differentially expressed genes. Transcript profiles from A4. niger grown on media
containing peanut or cashew nut flours were compared to growth on media containing glucose as the sole
carbon source. Several highly upregulated genes encoding proteins likely involved in peanut and cashew nut
metabolism were identified. When compared to the glucose media control, 2,423 genes were upregulated in
media containing nut flour. Among these, there were many uncharacterized genes encoding putative peptidases
such as gene 8419, gene 6678, gene 724, and gene 920 as well as previously characterized peptidases, such
as oryzin and the aspartic endopeptidase aspergillopepsin. Similarly, several genes involved in the metabolism
of carbohydrates including fructose, mannose, galactose, and starch were also upregulated. The peptidases and
other enzymes encoded by the genes highlighted here may be useful as future food/food allergen processing
enzymes to attenuate nut allergens, and may enable the development of dietary aids to assist in digestion and

nutrient uptake.

1. INTRODUCTION

Food allergy incidence appears to be increasing in some parts of
the world.In the United States, around 6 million children suffer
from food allergies, with peanut and tree nut allergy affecting
about 1%—-2% of children [1,2].Peanut and tree nut allergies are
usually a life-long problem and can cause severe life-threatening
reactions [3]. Food allergy is a Type I hypersensitivity mediated
by immunoglobulin E (IgE) binding and basophil/mast cell
degranulation. Oral immunotherapy treatment for food allergy
may provide sustained unresponsiveness for some patients, but
the mechanism by which this occurs is not fully understood [4].
Studies focused on early introduction of peanuts into children’s
diets have strongly hinted at a developmental window that
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predisposes the immune system towards a tolerant response to
potential food allergens [5,6].

Peanuts and tree nuts contain three conserved seed storage proteins
that commonly act as food allergens. These include the peanut
proteins Ara h 1-3 and the cashew proteins Ana o 1-3 [7]. These
proteins (1) are resistant to proteolytic digestion, (2) in some
cases are classified as plant defensive proteins, and (3) may have
sequence homology to protease inhibitors. Ara h 2 from peanut
and Ana o 3 from cashew are 2S albumins that are considered
immuno-dominant allergens and are resistant to digestion. The 2S
albumins are members of the prolamin superfamily with homology
to cereal alpha-amylase and protease inhibitors that may provide
some resistance to pests by inhibiting digestive enzymes [7,8].
2S albumins from the Brassicaceae species have been shown to
inhibit fungal growth. Similarly, allergenic 2S albumins from the
castor bean have been shown to inhibit insect larvae a-amylases
and growth, and a 2S albumin from black mustard seed was
isolated as a trypsin inhibitor. Likewise, 2S albumins have been
shown to survive digestion by human proteases [9]. These and
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other studies suggest 2S albumins may function to protect plants
from consumption.

Processing steps, such as heating, meant to make peanuts and tree
nuts more suitable for consumption may modulate the allergenic
potency of the proteins and create Maillard reaction products
[7,10—12]. Mechanical, physical, and enzymatic processing of
nut allergens have been demonstrated to lower IgE binding to nut
allergens. For example, protease treatment of peanuts and peanut
flour reduced IgE binding to peanut allergens [13], and pepsin
treated cashew proteins have reduced IgE binding [9,14].

Over millions of years, fungi and other microorganisms have
evolved effective measures to utilize plant seeds and nuts for
sustenance. They have developed adaptive measures to compete
effectively against plant defenses and can alter gene expression
to induce specialized enzymes for invasion and digestion of plant
material. These specialized enzymes have evolved to counteract
plant defenses and enable more efficient utilization of plant
resources for fungal growth. Enzymes from fungal species are
used in many industrial and pharmaceutical applications [15—17].
Aspergillus niger and Aspergillus oryzae have been used for many
years in the food and biopharmaceutical industry and are included
in the United States Food and Drug Administrations’ generally
regarded as safe list. Similarly, the Food and Agricultural
Organization and the World Health Organization routinely accept
native and recombinant enzyme preparations from these fungi for
food and other human use applications.

Aspergillus species are opportunistic plant and animal pathogens
and have evolved unique mechanisms to adapt to and avoid host
defenses and utilize hard to get/metabolize nutrient sources.
Growth conditions can drastically affect gene transcription and
the metabolic enzymes utilized for growth. For example, growth
of Aspergillus species on various media has demonstrated
upregulation of various proteases and other hydrolytic enzymes
[11,18,19]. These enzymes may have several applications as
food processing enzymes, dietary aids, or therapeutic targets.
For example, a solution of alpha-galactosidase from A. niger,
marketed as “Beano®,” has been shown to reduce flatulence
as a dietary supplement [20]. Similarly, the “Flavourzyme”
preparation contains several proteolytic enzymes from 4. oryzae
[21]. Analogously, transcriptional profiling of the filamentous
fungi Trichophyton rubrum, the major agent of all chronic
and recurrent dermatophytoses, grown on elastin and keratin
identified a large number of proteases including subtilisins and
aminopeptidases when 7. rubrum was grown in the presence
of keratin [22]. These proteases may be useful as therapeutic
targets.

Previously, secreted A. niger proteins identified by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
mass-spectrometry were characterized when 4. niger was cultured
on media containing defatted cashew nut flour [11]. To widen the
scope of this strategy, we performed whole transcriptome analysis
of A. niger that was cultured on peanut and cashew nut-flour
based media. The objective of this study was to identify genes
upregulated in response to growth on nut flour media. Several
highly upregulated genes were identified encoding proteins that
may serve as (1) targets for fungal control on peanuts or tree nuts,

(2) be useful as future food/food allergen processing enzymes, or
(3) act as dietary aids to assist in digestion and nutrient uptake.

2. MATERIALS AND METHODS

2.1. Materials

Defatted peanut flour from light (14 minutes at 125°C followed by
14 minutes at 161°C) and dark (14 minutes at 125°C followed by
14 minutes at 174°C) roasted peanuts were generously donated by
The Golden Peanut Company (Alpharetta, GA). Defatted cashew
flour from dark roasted cashew (DRC) nuts was generated as
described in Mattison et al. [23].

2.2. Media Preparation

Media for this study was prepared by adding 10 g of defatted nut
flour, 0.2 g MgSO, » H,0, and 0.2 ml of micronutrient solution
(containing 700 mg Na,B,O, « 10H20, 500 mg (NH,)Mo,O,,
* 4H,0, 10g Fe,(SO,), * 6H,0, 300 mg CuSO, * SH,0, 110 mg
MnSO, * H,O, and 1.76 g ZnSO, *« 7H,0 in 1 1 of water pH (5.2) to
100 ml of water and mixing for 1 hour. Control media containing
10 g of glucose instead of nut flour was used as a control media.
Media were centrifuged for 10 minutes at 12,000 x g to remove
particulates and then pulled through 0.45 uM filter by vacuum.
The resulting nut flour media were judged to be approximately
equivalent in total protein content as evaluated by SDS-PAGE and
Coomassie staining.

2.3. Aspergillus niger Culture

Fungal cultures (4. niger, SRRC 0530) were grown essentially
as described in [11] with the following modifications. Spores
(approximately 10%ml) were transferred to 1 1 glucose minimal
salts (GMS) broth; per liter: glucose, 50 g; (NH,), SO,, 3g;
KH,PO, 10g; MgSO, -7H,0, 2g; 1 ml micronutrient solution;
pH 5.2) in a 2 1 baffled Erlenmeyer flask and incubated in the
dark at 30°C, 200 rpm for 18 hours. Mycelia were collected by
vacuum filtration through sterile miracloth and washed 1x with
sterile deionized water. Mycelia (1 g) were transferred to 50 ml nut
flour broths containing either dark roast peanut (DRP), light roast
peanut (LRP), or DRC nut flour per 100 ml: 0.5 g defatted flour;
0.2 g MgSO,-H,0; 0.1 ml micronutrient solution; pH 5.2) and to
50 ml GMS broths in 250 ml Erlenmeyer flasks (3 flasks of each).
One aliquot of the cashew flour broth remained un-inoculated as a
control. Cultures were incubated in the dark at 30°C with agitation
at 200 rpm for 24 hours. Mycelia were collected by vacuum
filtration through sterile miracloth, flash frozen with liquid
nitrogen, and stored at —80°C. Broths (10 ml) were collected from
each sample for protein analysis.

2.4. RNA Sequencing (RNA-Seq)

RNA-Seq was conducted using an Illumina HiSeq 2500 with 100
bp single end reads. Three biological replicates for each condition
were sequenced across two sequencing lanes, providing an average
of 19.5 million reads per replicate. Sequencing reads were mapped
to the 4. niger ATCC 1015 (assembly v4.0, http://genome.jgi.
doe.gov/Aspni7/Aspni7.home.html) reference sequence using
GSNAP (version 2017-0503) [24,25]. Reads mapping to exons
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were counted using “featureCounts” (version 1.5.2) [26], followed
by differential expression testing with DESeq2 [27]. Genes were
considered differentially expressed if they had at least an 8-fold
change and an adjusted p-value < 0.01. Gene ontology term
enrichment was done using the GOSeq R Bioconductor package.
KEGG annotation was produced through the BlastKOALA [28]
service. The raw sequencing data from the transcriptome project is
available at NCBI under accession number PRINA553205 (https://
www.ncbi.nlm.nih.gov/Traces/study/?acc=PRINAS553205).

3. RESULTS AND DISCUSSION

3.1. RNA-Seq Identifies Unique Gene Expression Profiles in
Response to Nut-Flour Based Media

RNA-Seq was used to characterize changes in 4. niger gene
expression due to growth on media containing peanut or cashew
nut flour or a standard glucose control media. Reads were mapped
to the A. niger ATCC 1015 reference genome and expression values
were calculated (regularized log counts) for each annotated gene,
with an average of 92% of the reads aligning to the reference, and
75% of all reads aligning to exons. Principle component analysis
of A. niger gene expression for the cultures grown in each of the
different media for 24 hours indicated three clearly discernable
gene expression profiles (Fig. 1). The transcriptional responses
of fungi grown on GMS and DRC were relatively more distinct,
while cultures grown in both LRP and DRP were more similar.
Transcriptome studies are a common strategy to characterize
gene expression relevant to a given process or target organism.
Similar studies have characterized the transcriptional response of
Aspergillus species to growth on sugarcane bagasse for biomass
processing [29,30]. Further, food grade enzymes from 4. oryzae
have been evaluated for use in wheat gluten detoxification as well
as digestion of peanut and cashew allergen digestion [11,31,32].
This strategy has also been used to characterize several topics
related to aflatoxin-producing Aspergillus species. For example,
transcriptional studies have been used to characterize regulators
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Figure 1: Distinct gene expression patterns in response to defatted nut flour

media. Principle component analysis of 4. niger transcriptional response to

growth on LRP (purple dots), DRP (green dots), DRC (peach dots), or GMS
(blue dots).

of aflatoxin production [33,34] as well as growth response to
water limitation and temperature fluctuation [35,36]. Conversely,
the transcriptional response to Aspergillus flavus infection in
peanut plants has been used to identify genes involved in the
resistance mechanism to fungal infection and the interplay
between fungus and plant during infection [31,37,38]. These types
of studies provide useful information on genes that can be used
to enhance host plant resistance to contamination by A. flavus
using conventional breeding or transgenic approaches such as
overexpression of resistance-associated genes or host-induced
gene silencing strategies [39—41].

3.2. Gene Expression Trends During Growth on Nut-Flour
Based Media

Analysis of differential gene expression indicated that there were
2,423 upregulated genes in response to 4. niger cultures grown on
at least one of the three nut flour containing media (LRP, DRP, and
DRC) compared to the GMS media (Fig. 2 and Supplementary
Table S1). There were 1,140 (or 47%) genes in this group
encoding hypothetical proteins (based upon fungal blast results).
Several of the genes encoding hypothetical proteins were among
the most highly upregulated (~250-fold or more) in each of the nut
flour-based media including gene 8295, gene 7693, gene 4060,
gene 4515, and gene 10247.

Some general metabolic trends were observed for each of the nut
flour-based media when compared to GMS. A number of fungal
genes involved in protein metabolism were upregulated in the
nut flour media that would be expected to aid in the breakdown
and utilization of nut seed storage proteins, and the differential
expression of several peptidases in the cultures grown in the nut

DRC vs GMS DRP vs GMS

LRP vs GMS

Figure 2: Overlapping and distinct gene expression patterns in response to
defatted nut flour media. Venn diagram showing the overlapping upregulated
genes between A. niger grown on LRP, DRP, and DRC when compared to
growth on GMS.
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flour-based media was observed, particularly in the DRP-based
media (Fig. 3 and Supplementary Table S1). Gene ontology
analysis indicated greater than 60 genes encoding protein
degradation related gene products among those differentially
regulated in cultures grown on nut flour containing media,
and at least 12 of these were involved in ubiquitin mediated
proteolysis. There were several genes encoding predicted cysteine
peptidases, aspartic peptidases, and serine carboxypeptidases.
Some of these peptidases have been well-characterized, such as
oryzin and aspergillopepsin, and are used in many industrial and
food applications. For example, the oryzin protease (gene 324)
was upregulated (~128-fold or more) in response to growth on
each of the media containing nut flour. Likewise, the aspartic
endopeptidase Aspergillopepsin (gene 1641) was upregulated
(~90-fold or more) in response to growth on each of the nut flour
media. Aspergillopepsin (gene 1641) has been reported to be a
dominant protease in A. niger and is upregulated during growth
in a wheat bran media when compared to a sugar beet pulp media
[42]. In contrast, aspergillopepsin gene expression has been shown
to be downregulated in response to stress such as the presence of
hydrogen peroxide [43]. Proteomic analysis of 4. flavus during
growth on culture broths made from starch- or corn kernel-based
media also indicated upregulated production of aspergillopepsin
and oryzin [18]. Consistent with the observations in this report,
aspergillopepsin was also identified in a previous proteomic
analysis of proteins upregulated in response to fungal growth
on cashew nut flour [11]. Several other enzymes involved in

Peptidases
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proteolysis were highly upregulated in cultures grown in nut flour
containing media; the S28 family serine peptidase (gene 724),
the A4 family peptidase (gene 920), and the S15 dipeptidyl
peptidase (gene 5765) were all upregulated 20-fold or more.
Other peptidases including gene 8133 and gene 11421 (Fig. 3
and Supplementary Table S1) encoding putative cysteine-type
endopeptidases and several serine-type peptidases, gene 724,
gene 5441, and gene 3557 were also upregulated—but are not as
well studied. Perhaps a more in-depth focus on the proteins that
these genes encode will lead to new enzymatic options for hard to
digest nut allergens such as the Arah 2, Arah 6, and Ara h 7 peanut
allergens, the Ana o 3 cashew allergen as well as other 2S albumin
proteins. The proteins encoded by the peptidase genes observed
in this study may one day enable novel processes for industrial
processing of nuts, nut allergens, or as protein engineering targets
to develop digestive aids for degradation of digestion-resistant
allergens.

Several genes involved in carbohydrate metabolism pathways
were significantly altered in cultures grown in the nut flour
containing media, which likely reflects the more complex make-up
of the sugars contained within the nut flours. For example, several
genes encoding proteins involved in pentose and glucuronate
interconversions, including pectate lyase (gene 5667, gene 1008,
gene 10052, gene 7013, and gene 7109), polygalacturonase
(gene 2958, gene 9636, and gene 2622), D-xylose reductase
(gene_1973), and D-xylulose reductase (gene 2974, gene 4484,
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gene_5441:serine-type carboxypeptidase F
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gene_5315:a-pheromone processing metallopeptidase Ste23
gene_8091:hypothetical protein

I gene_5765:X-Pro dipeptidyl-peptidase (S15 family) protein
gene_10467:hypothetical protein
gene_4911:X-Pro dipeptidyl-peptidase (S15 family) protein
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gene_11421:hypothetical protein I 15
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Figure 3: Peptidase gene expression, including the alkaline proteinase oryzin (gene 324), the aspartic proteinase aspergillopepsin (gene 1641),
an S28 family serine peptidase (gene 724), and a hypothetical cysteine-type endopeptidase (gene 8133), is upregulated during growth on nut
flour media. Heat map showing scaled rlog expression values of the peptidase genes in 4. niger during growth on nut flour media in comparison
to glucose as the carbon source. Gene transcripts were compared between LRP, DRP, DRC, and GMS media. Dark blue indicates —2 and dark red
indicates +2 scaled relative gene expression. Gene designations are indicated at the right of the plot.
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gene 12076, and gene 3367), were upregulated in at least one
nut-flour (LRP, DRP, and DRC) containing media compared to
GMS media (Fig. 4). Many of the genes involved in galactose
metabolism, including alpha-galactosidase (gene 780, gene 36,
gene 6660, gene 10241, and gene 1095), two inulinase genes
(gene 9975 and gene 3851), an alpha-xylosidase (gene 287),
an alpha-glucosidase gene (gene 1552), and a D-galactonate
dehydratase (gene 9088), were upregulated in at least one nut
flour media when compared to the GMS media (Fig. 4).

The nut flours used for media preparation were all defatted;
however, the defatting process was not complete, and some lipid
content likely remained in these media. The upregulation of genes
involved in fatty acid metabolism, including long-chain acyl-CoA
synthetase (gene 4281), acyl-CoA dehydrogenase (gene 9730),
enoyl-CoA hydratase (gene 4815 and gene 2178), and NRPS-like
enzyme (gene_ 5750), was observed when cultures were grown in
a nut flour based media compared to GMS (Fig. 4).

3.3. Peanut Specific Gene Expression Changes

Many of the genes upregulated in response to LRP and DRP
were shared. There were 428 differentially regulated genes that
were uniquely shared between LRP and DRP when compared to
GMS media (Fig. 2). Nearly half (44%) of these, or 187 genes,
encoded hypothetical proteins, and 345 (81%) were upregulated
genes. Among the upregulated genes were several involved in
fructose and mannose metabolism, pentose and glucuronate
interconversions, and other carbohydrate metabolism including
cellobiohydrolases, glucanases, xylanases, and pectate lyases.
Among the carbohydrate metabolism genes that were observed
to be most highly upregulated in both LRP and DRP were;
extracellular cellobiohydrolase (gene 3174), endoglucanase-4
(gene_3546), endo-beta-1,4-glucanase B (gene_5519),
rhamnogalacturonate lyase A (gene_725), endo-1,4-beta-xylanase
A (gene 1662), endo-1,4-beta-xylanase F1 (gene 8320), and
pectate lyase plyB (gene 7109). There was also a glutathione
S-transferase (GST) Ure2-like protein (gene 12393) that was

LRP vs GMS DRP vs GMS DRP vs [ RP DRC vs GMS DRC vs DRP
300
3
200 ggd
00 =
. 3 E 0
> ‘;“ ¢
o O
1001 (G, Tein " * g52
» - M o - 2]
IR B P e ¥
0 to g g° .t L - 'J = el
so0] T4 L T e i
@ 2004 39
3 55
5 1001 . ! 5 ERS
5 ‘L ° 3
-.0—4’ L] . o - ., o'
g . s . .‘--- w . . . h
T o ciet.. "% v . et als presence in pathway
© FALSE
© 3001
= * TRUE
2 3
o 5]
£ 200 27
J =
3 B
17} » - =R
& : : +
4 . v . )
100 2 . R 3 ae
a e e @
at® e o* ‘e ~ 3
0 ?\ﬁl’ PVl - < and )
300 - — i e T N !
2001 s &
e
S . 832
4 15 5o
100+ h 7, ga
» -
L4 o.. e . . .-
o o whet st ¥ L “adt
410 -5 0 5 10-10 -5 0 5 10-10 5 0 5 10-10 -5 0 5 10-10 -5 0 5 10

log2 fold change

Figure 4: Volcano plots of differential gene expression responses comparing LRP, DRP, and DRC to GMS media, DRP to LRP, and DRC to DRP. Genes present in
the pentose and glucuronate interconversion pathway enzymes (A), galactose metabolism pathway enzymes (B), fructose and mannose metabolism pathway enzymes
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upregulated approximately 16-fold during growth in both LRP and
DRP compared to GMS media.

There were 153 differentially regulated genes unique to LRP, while
139 genes were unique to DRP when compared to growth on GMS
media (Fig. 2). Of these, 121 were upregulated in LRP and 87 in
DRP (Supplementary Table S1). Many of these genes, 65 (42%)
in LRP and 87 (63%) in DRP, encoded hypothetical proteins.
Further, in both cases, several of the most highly upregulated
genes (50-fold or more) unique to the LRP or DRP media encoded
hypothetical proteins.

3.4. Cashew Flour Specific Gene Expression Changes

The transcriptional response to DRC media was markedly distinct
from the peanut flour-based media. There were 270 differentially
expressed genes unique to growth in the DRC media (Fig. 2). Of
these, 133 (or 49%) encoded hypothetical proteins and several
of these were among the most highly upregulated including
gene 10310, gene 10311 (over 350-fold) and gene 3193 and
gene 12324 (over 35 fold). Other genes that were observed to be
upregulated during growth in DRC media included cytochrome
p450s (gene 3049, gene 7091), and several integral membrane
proteins, some of which are involved in transporter activities
(gene_ 3020, gene 2392, gene 3041, gene 2876, and gene 175).

3.5. Dark Roasted Nut Flour Specific Gene Expression
Changes

Heating foods can drive the formation of chemicals including
Maillard reaction products, acrylamide, or other potentially
harmful compounds. There were 67 genes differentially expressed
in both the DRP and DRC media. Twenty-five were upregulated
suggesting that they may encode proteins involved in break-down
and/or detoxification of heating induced compound formation.
Of these, 11 (44%) encoded hypothetical proteins. For example,
gene 7759 and gene 6743 were upregulated (over 12-fold) in
both media and may encode enzymes capable of modifying—or
aid in metabolizing—the types of heating-induced byproducts
mentioned above. Several genes involved in drug/xenobiotic
metabolism (p450 enzymes), as well as genes involved in organic/
aromatic compound, cyanoamino acid, chlorocyclohexane,
chlorobenzene, and aminobenzoate metabolism, were upregulated
in both the DRP and DRC media. For example, gene 8260
encodes a hypothetical protein with predicted monooxygenase
activity and those encoding cytochrome p450 enzymes (gene 169
and gene 1638) were upregulated at least 8-fold. In addition,
several genes encoding lipid metabolism enzymes and detoxifying
or xenobiotic metabolism genes (p450s) were upregulated during
growth on nut flour media.

While not specific to the dark roasted nut flour media (DRP and
DRC), anumber of monooxygenase, cytochrome p450, and disulfide
oxidoreductase genes that may be involved in detoxification steps
were upregulated during growth on all three of the nut flour based
media. Gene ontology term enrichment analysis identified 112
upregulated genes encoding monooxygenases, 72 p450 enzymes
and also identified 8 upregulated genes encoding proteins with
predicted glutathione transferase activity. For example, a putative
glutathione S-transferase (GST) IlI-like protein (gene 12053)

was upregulated approximately 250-fold, while a glutathione
S-transferase (gene 7959) and another gene (gene 10900) encoding
a glutathione S-transferase Ure2-like protein were upregulated at
least 8-fold. Gene 3130, encoding a hypothetical protein with
predicted carbon-sulfur lyase activity, was upregulated over 50-
fold. Another gene encoding a protein with predicted carbon-sulfur
lyase activity (gene 5689) was upregulated at least 20-fold.

Heating can alter protein solubility, and it can induce structural
and chemical changes in food proteins that can create advanced
glycation endproducts, heterocyclic amines, acrylamide, and
polycylic aromatic hydrocarbons [44-46]. Heating-induced
generation of xenobiotic compounds may lead to upregulation
of genes encoding detoxification enzymes that could be used for
their metabolism. Several genes involved in various aspects of
xenobiotic compound metabolism were observed to be upregulated.
Further, despite intensive processing during preparation for
consumers, cashew nuts have been demonstrated to contain
residual anacardic acid content [47]. Anacardic acids are phenolic
compounds present in cashews that can cause severe skin irritation,
but that have also been associated with anti-microbial, histone
acetyltransferase inhibition, anti-cancer and anti-inflammatory
pharmacological activities [48,49]. Plant compounds remaining
in the peanut and cashew nut-flour based media could also be
responsible for upregulation of detoxifying enzymes. There were
several glutathione S-transferase type genes that may function to
detoxify exogenous compounds that were upregulated in response
to growth on nut flour media. These observations are consistent
with previously published work demonstrating the upregulation of
a GST protein in the guts of Helicoverpa zea larvae that had been
fed a cashew nut flour diet [50]. There were 25 upregulated genes
that were uniquely shared between DRP and DRC, suggesting
some of these may be in response to the dark-roasted nature of
the nut flours for these media and may encode proteins useful
for metabolizing heating-induced byproducts that may be toxic
or other modifications to food components that render them
potentially harmful. The observations presented in this work
could enable the development of detoxifying enzymes that may
find medically related or industrial food processing applications.

4. CONCLUSION

Many nut flour specific gene expression changes were observed
in the analysis presented here; indicating clear metabolic
shifts to adjust for components of each nut flour-based media.
Characterization of peptidases such as gene 8419, gene 6678,
gene 724, and gene 920 may enable improved allergen
metabolism. In addition, several genes encoding lipid metabolism
enzymes and detoxifying or xenobiotic metabolism genes (p450s)
were upregulated during growth on nut flour media. There were a
large number of genes encoding hypothetical proteins of unknown
function that were also observed to be upregulated. It could be
useful to determine the functional roles of the proteins encoded
by many of these highly differentially expressed hypothetical
genes. Continued exploration of the genes highlighted in this work
will serve as a resource for enzymes involved in the degradation
of plant seed storage proteins and carbohydrate metabolism
for genetic engineering of enzymes with improved activity and
engineered strain improvements.
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