Proteomic Evaluation of the Spore and Hyphae Proteomes of Alternaria alternata
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Abstract Materials and Methods Results and Discussion

Alternaria alternata is associated with allergic respiratory diseases, which can be
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separating these components. To better understand how allergens are distributed in A.
alternata and to identify biological differences in the proteome, we performed data
independent acquisition (DIA) mass spectrometry to quantitatively compare the
proteomes of asexual spores (germinating and non-germinating) with vegetative
hyphae. Collectively, quantitative proteomic analysis (N=6) identified 3638 proteins in
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which may enhance allergen delivery in the lungs. When comparing both non- A MO s e S,
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upregulated or specific to non-germinating spores and 54 were upregulated or unique AT - Figure 6. (A) Extracted ion chromatogram data for sialidase peptide used for quantification.
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proteases and other proteins known to be virulence factors associated with fungal 5¢ SP yp P In contrast, this protein was barely detected in hyphae. (B) AlphaFold2 and TMHMM
pathogenicity. The data in this study provide new information that may be utilized for - _ software both predict that this Sialidase has a novel 7 bladed 3 propeller fold that lacks both a
improving extract potency and specificity in commercial allergen extracts and also may | wat : 30 transmembrane domain or signal sequence. (C) Sialidase activity were detected in both spore
shed light on the mechanism of allergen delivery in the lung epithelium. - ! [ | and hyphae samples, as an intracellular protein. This activity is more pronounced in spores.
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Alterjnarza al?ernata, 2 ubqu.l.tOllS fungus, can elicit 1mmunoglo})ulln E (IgE)- onctoad i SD Cut-out and cabe ﬁ WHO known A. alt allergens
mediated respiratory diseases. Licensed commercial extracts used for immunotherapy PAGE for proteome o B
are non-standardized, and the manufacture of more consistent extracts could enhance analysis ’ Allergen Biochemical name Uniprot
the diagnosis and treatment of Alternaria allergy. The life cycle of mold is complex and Figure 3. Allergen profile comparison for Alt a1 Major allergen Alt a 1 PT9085
understanding the appearance of different allergens in different developmental stages spores and hyphae. (A) 1st dataset, Volcano plot of “Alta 3 Heat Shack Protsin 70 PTBS83
will enhance manufacturing control over allergen content. To better understand the 3502 A. alternata proteins present in both. The el
allergen profile and biological differences between different developmental stages allergen Alt a 3 was only identified in spore. (B) 2nd e ?_Ph:::;ﬁ:;::;:;:mm S
within the mold life cycle, we performed comparative proteomic analyses of Alternaria P dataset, .Volcano plot of. 3014 A. alternata proteins At (enalase) Lol ® Cellular Stress and Homeostasis (3) ® Cellular Stress and Homeostasis (15)
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with a mortar and pestle. Proteins from ungerminated spores, germinating spores, and hyphae, . mm:::'ﬂ::inm perrr ) | lated ~ otk 1 2nd d . a
*M t - I d M th d were extracted individually with acetonitrile/2.5% trifluoroacetic acid buffer and then Figure 4. Allergen profile comparison for spores .. .o L Figure 7. Upregulated (P<=0.05) in both 1st and 2nd dataset (from direct
daleriails an e 0as lyophilized. Protein extracts were analyzed by SDS-PAGE to confirm suitable extraction and and germinating spores. (A) ist dataset, Volcano .13 cumors Siastsss oSR4BS comparison of spore and germinating spore proteomes). (A) 25 proteins were
complexity for proteomic evaluation. (B) In-gel spore and hyphae proteomic workflow: plot of 3261 A. alternata proteins. The major allergen Atatd  [Min] Superoxice dismidase PaE284 upregulatefi or specific to spores. These fell into 4 c}asses 1nc}ud1ng, cellular stress and
Spore and hyphae protein extraction method (see Figure 1A): Spore, Equivalent amounts of each sample to be analyzed were processed by in-gel trypsin digestion. Alt a 1 and 3 was only identified in spore. (B) 2nd ~ Atais  Sustlisinlke sedne protease ADADFENIVE homeostasis (3), catabolic/anabolic process (2), mitochondrial ATP synthesis (4) and
germinating spore and hyphae samples were prepared and isolated from A. Alternaria Extracted peptides were loaded onto a 1D C18 column couple online and then analyzed over a 2 dataset, Volcano plot of 3105 A. alternata proteins. The = | _ uncharacterized (16). (B) 54 proteins were upregulated or specific to germinating
strain CBS 916.96. Each isolated sample type was first pulverized in a mortar and pestle hour mobile phase gradient on an Orbitrap Lumos Tribrid mass spectrometer by data major allergen Alt a 1 was only identified in hyphae. only identified in spore samples spores. These fell into 3 classes including, cellular stress and homeostasis (15)
(with liquid nitrogen), followed by protein extraction using acetonitrile buffer independent acquisition mode. catabolic/anabolic process (17) and uncharacterized (22). 9 out of the 15 proteins

involved in regulating cellular stress and homeostasis are proteases or other proteins

containing 2.5% trifluoroacetic acid. The resulting supernatants were collected, dried, Figure 5. Spore and hyphae upregulated protein classes Inown to be virtlence factors associated with funeal nathogenicit
washed with 90% acetone, and lyophilized and stored at -20 °C. Before mass Re s u Its a 1 d D i scu ss i On 541 PATI05 4
spectrometry analysis, resuspended protein extract were quantified using a 2D quant
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assay (Cytiva), and then analyzed by SDS-PAGE to confirm suitable extraction and A) In spores B) In hyphae

complexity for proteomic evaluation. Figure 2 1 Dataset 2"9 Dataset

In-gel spore and hyphae proteomic workflow (see Figure 1B): For each
study*, equivalent amounts of each sample type (in triplicate) were run on a 1D SDS-
PAGE gel for 5 min, stained for 1 hour and then destained overnight. The resulting
bands were cut out, cubed, placed in labeled tubes and then subjected to standard in-gel
trypsin digestion overnight at 37 °C. Comparative Quantitative Proteomics: For

l"  Known A. alternata allergens are predominantly more abundant in the spores
proteome (Figure 3 and 4).

« Among the 174 proteins reproducibly upregulated or specific to spores are proteins

involved cell wall synthesis, and responding to cellular stress. The most abundant

each sample data acquisition, extracted peptides were loaded onto a reversed phase C18 ® Cell Wall Synthesis (15) protein in spores is a novel sialidase (neuraminidase). This protein may be involved
column coupled online to an Orbitrap Lumos Tribrid mass spectrometer (Thermo) and _. __ @ Cellular Stress and Homeostasis (25) in allergen delivery in the lungs.
then analyzed over a 2 hour elution gradient using data independent acquisition (DIA) 110 y : @ Protein involved in Catabolic/ Anabolic Processes (65) @  Protein involved in Catabolic/ Anabolic Processes (35)
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analysis. Resulting MS/MS spectra were searched against the complete Uniprot A. Hyphae Hyphae ¥ Unchamotarized (65) Hchareterized s  The sialidase identified in spores is barely detected in hyphae (Figure 6). Structural
. . . . . - i @ Mitochondrial ATP Synthesis (16 .. . .
alternata database (reviewed and unreviewed entries) using the software Protalizer Total = 3906 proteins Total = 3885 proteins prediction software suggest that this sialidase has a novel 7 bladed 3 propeller fold
(Vulcan Analytical). This software provides both identifications and fold change . t . o . Figure 5. Upregulated (P<=0.05) proteins in both 1st and 2nd dataset (from that lacks both a transmembrane domain or signal sequence. Preliminary sialidase
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comparisons of proteins found in different samples. All fold changes are normalized to Figure 2. 1°' Dataset: 3906 proteins were identified in all three samples. 3442 proteins were direct comparison of spore and hyphae proteomes). (A) 174 proteins were assay data indicate that this protein is intracellular and most abundant in spores.
endogenous references seen in samples with similar retention time coordinates common in all three proteomes. 15 proteins were specific to spores, 13 proteins were specific to upregulated or specific to spores. These fell into 5 classes including, cell wall synthesis (15),
germinating spores and 110 proteins were specific to hyphae. 274 Dataset: 3885 proteins were cellular stress and homeostasis (25), catabolic/anabolic process (65), mitochondrial ATP . of the 1= proteins involved in resulatine cellular stress and homeostasis in

*This presentation is based on the evaluation of data collected from two independent studies. For identified in all three samples. 3304 proteins were common in all three proteomes. 10 proteins synthesis (16) and uncharacterized (69). (B) 81 proteins were upregulated or specific to . Inati o t dg th > teins k to be virul fact

P . e . e P : ' were specific to spores, 44 proteins were specific to germinating spores, and 88 proteins were hyphae. These fell into 2 classes including, catabolic/anabolic process (35) and sCrininatiiiy Spores are proteases and other proteins Xnowi to be virdience 1actors
each study, three separate non-germinating spore, germinating spore and hyphae replicates were . yp : o 8 R p associated with funeal pathogenicit
analyzed (N=6 for each sample type). specific to hyphae. uncharacterized (46). Sialidase was the most abundant protein in all spore samples (see gal pathog Y.

Figure 6)
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