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Reanalysis of filamentous fungus data

Introduction Conceptual examples of the algorithms Reanalysis of soybean root nodule data

Glycans are critical for many biological processes, such as protein folding and Algorithm 1 (no network) P G - Dataset ID in MassIVE is MSV9000088754. Publication [ref 3] also has results from - Dataset .ID in PRIDE is PXDO4120.8 | | -
intercellular communication Use anbroximate intecer masses for comvenionce 1111 1000 detached glycan MALDI experiments - Sample is a monoclonal IgG1 antibody produced in a genetically modified
] - ' ; | l ated PP g | 1111 1162 - Samples are from soybean (Glycine max) root nodules infected with filamentous fungus expression system Thermothelomyces heterothallica (C1)
About half of all mammalian proteins are glycosylate P = mass of bare peptide ("bare” = without glycan) HH 12%%% - Wild-type (WT) Bradyrhizobium bacteria that fixes nitrogen - Data analysis in original publication [ref 5] has a series of oligomannose N-glycans
Mass spectrometry is widely used for studying proteins and glycoproteins G = mass of glycan 11 12000 + Mutant (M) Bradyrhizobium bacteria that cannot fix nitrogen HexNAc(2)Hex(n), 1< n <11, as well as HexNAc(3)Hex(n), 2<n <6
Hex residue mass = 162 2999 | 2162 - Our reanalysis started with the “seed” database “N-glycan 52 plants” from Byonic - Our reanalysis using Algorithm 3 discovered 6 additional glycans
/Msms data/_ In algorithms 2 and 3, only clusters of size 2 3 are accepted 3333 | 2324 (original publication also used this database as a base) HexNAC(3)Hex(7) HexNAc(3)Hex(10)
Algorithm 2 (single network) - Our reanalysis using Algorithm 3 discovered 9 additional glycans HexNAc(3)Hex(8) HexNAc(3)Hex(11)
: : : : : HexNAc(3)Hex(9) HexNAc(3)Hex(12)
o o Ehgodineniis o o o 5 a Samples with mutant bacteria |Samples with wild-type bacteria
database search identifications G = 3000 G = 1000 G =2000 e 500 HexNAc(2)Hex(4)Fuc()Pent(1) HexNAc(2)Hex(4)Fuc(l)Pent(1) - We also inspected the MS/MS of these additional glycans more closely
X iHe,( iHex 11 1162 HexNAc(2)Hex(5)Fuc(1)Pent(1) HexNAc(2)Hex(2)Fuc(1)Pent(1) - No peak at m/z 773 — suggests the 3rd HexNAc is not a bisecting GlcNAc
HexNAc(3)Hex(5)Fuc(1)Pent(1) HexNAc(2)Hex(12) C e .
Siyean _— R 1111 | 1324 HexNAC(2)Hex(2)Fuc(T)Pent(1) HexNAC(2)Hex(13) + Hex peaks (at m/z 163, 145, 127) are significantly smaller in HexNAc(3)Hex(...)
i T Selie 1111 | 2000 HexNAc(2)Hex(1)Fuc(1)Pent(1) HexNAc(2)Hex(14) compared to HexNAc(2)Hex(...) — suggests the 3rd HexNAc is terminal and not
iHe:-( iHex 2222 2162 HeXNAC(Z)HeX(15) in a LaCNAC unit
- Database search software is the predominant method for identifying proteins from P= 11t P=3333 3333 | 2324 Red: Glycans discovered by both our reanalysis and the detached glycan MALDI experiment - Hypothesis: The HexNAc(3)Hex(...) may be better described as oligomannose N-
tandem mass spectrometry data. Requirements are: v, v, Blue: Glycans discovered by our reanalysis onlyHexNAc( glycans with a terminal GlcNAc rather than as hybrid N-glycans
- Complete protein database — often satisfied due to the ease of genome _ _
Algorithm 3 (multiple networks :
sequencing Higorithm 3 multiple networt b Reanalysis of grass carp data H:f?*“ EE}"
- For glycoproteins, additionally need complete glycan database — often not iE Pﬂml ,r - 2222, lr - 3333: % J
satisfied; usually only have imperfect knowledge coa000 | |co2000| |G- 1000 6 - 2162 o~ 2008 5 c - Dataset ID in PRIDE is PXD010308. Publication [ref 4] also has results from detached
- Goal is to develop software that builds improved N-glycan databases by building a - X X = X X 11 17000 glycan MALDI experiments - Another interesting result from our reanalysis is that there is an additional large
sample-specific glycan database based on the mass spectrometry data itself rather | 6= 1162 | | 1111 | 1162 - Sample is IgM from grass carp (Ctenopharyngodonidella idella) glycan “cluster” where each element in the cluster is 28 Da heavier (almost exactly)
than relying solely on preexisting glycan databases | Hex | 1111 | 1324 + Our reanalysis started with the “seed” database “N-glycan 182 human no multiple than a known glycan
s fucose” from Byonic (original publication also used this database) - Hypothesis: Artifact resulting from formylation [ref 6]
M ot hOd S v, . | - Our reanalysis using Algorithm 3 discovered 18 additional glycans
' 3 3 ' HexNAC(5)Hex(9) HexNAc(6)Hex(10)Fuc(1) Conclusions
: et ra ! HexNAc(5)Hex(7)NeuAc(1) HexNAc(6)Hex(10)Fuc(2)
Wrote network-based analysis software to augment an initial ("seed”) glycan N ega“ve CO Nt rol HexNAc(5)Hex(8)NeuAc(1) HexNAc(6)Hex(9)NeuAc(1) - Database search is arguably the most effective software, from a practical
database with additional glycans to construct a more complete glycan database HexNAc(6)Hex(8) HexNAc(6)Hex(10)NeuAc(1) oerspective, for identifying proteins or glycoproteins from MS/MS data
HexNAC(E)Hex(10) HexNAc(G)Hex{11)NeuAcll However da’tabase search is blind to proteins or glycans that are not in the
. For a negative control, the software was tested on data that should have no N- HexNAc(6)Hex(11) HexNAc(6)Hex(9)Fuc(1)NeuAc(1) datab ’ Th Lof thi oot tp liminat Y tigate the blind tb Ki
meconvert glycosylation. Thus, the output should have no glycans. These samples were HexNAc(6)Hex(12) HexNAc(6)Hex(10)Fuc(l)NeuAc(l) atabase. The sbal OT This project 1s 1o eliminate or mitisate the bind spot by maxing
— — | o . | HexNAc(6)Hex(8)Fuc(1) HexNAc(7)Hex(11) the glycan database more complete
g gy P
"|(oraph)-basea s ors glycan treated with PNGase F to detach all N-glycans (caveat: it is possible that there is HexNAc(6)Hex(9)Fuc(1) HexNAc(7)Hex(13) _ o _
Initial s database . . L . . . - Using a network was critical to the effectiveness of our software
(seed) J some residual N-glycosylation left behind if the enzymatic reaction did not o o _
L dvoan oroceed to completion) - The network model mimics the in vivo process of glycan synthesis
| Va lld at 10N by d ata ba Se SearcC h - Our network algorithm discovered additional glycans in previously published data
. . Number of glycans in output -
Tested the following algorithms: - Validated subsequently by database search
. . Algorithm 3 . i i i - Consistent with experimental results (detached glycan MALDI
. Algorithm 1 (no network): For each MS/MS spectrum, if there are peaks Algorithm1 | Algorithm 2 g | Glycans discovered by our reanalyses can be validated (as best as possible) by o ( gly )
- L . Dataset |ID Sample | # spectra | (multiple running database search (Byonic) using the augmented glycan database
characteristic of N-glycosylation, infer glycan and add to the list of glycans (no network) |(single network) t <s) R f
. . . . networks . i i
. Algorithm 2 (single network): From the glycans inferred in algorithm 1. W The more tall peaks in the spectrum that can be labeled, the more confident the erterences
construct a network, or graph, where each node is a glycan and each edge 1 14120 6 (0.04%) 0(0.0%) 0(0.0%) glycopeptide identification
y | y | | MaSSIVE 2 4286 5 (O‘I%) O (OO%) O (OO%) . Example here ShOWS HeXNAC(Z)HeX(Z)FUC(1)Pent(1) from Soybean (M) 1. 2.62?;d;o]e::g,bM.Z(B)g;n,dS..ﬁIOVIO(;tghé/i..M. 7I:Iasla:v, a/rtw)(: 2.3[);;[, “Glycan family analysis for deducing N -glycan topology from single MS,” Bioinformatics, vol. 25, no. 3, pp.
connects two nodes that differ in mass by a monosaccharide (HexNAc, Hex, MSV000093894| 3  |370091 1(0.003%) |0 (0.0%) 0 (0.0%) , Feb. 2009, doi: 10.1093/bioinformatics/binG36.2. o o
| | . . . . Zoomed VieW ShOWS pentose peak 2. A. Guthals, J. D.. Watrous, P. C. Dorrestein, and N. Bandeira, “The spectral networks paradigm in high throughput mass spectrometry,” Mol. BioSyst., vol. 8, no. 10, p.
Fuc, etc.). Construct a list of glycans from only those nodes that are in a 4 22549 5 (0.02%) 0 (0.0%) 0 (0.0%) 2535, 2012, doi: 10.1039/c2mb25085¢.3.
_ e o atso s £ e o ke et i R s s e d 3. D. Velickovic et al., “Spatial Mapping of Plant N-Glycosylation Cellular Heterogeneity Inside Soybean Root Nodules Provided Insights Into Legume-Rhizobia
cluster of size =2 3. PRIDE 1 16835 146 (0.9%) 0 (0.0%) 0 (0.0%) IO TN AKTR Symbiosis,” Front. Plant Sci, vol. 13, p. 869281, May 2022, do: 10.3389/fpls. 2022.869281.4. | |
- Algorithm 3 (multiple networks): Separate the glycans inferred in algorithm 1 2 |17075  |164(1%) |0 (0.0%) 0 (0.0%) T - Kafoo ot l “Plamentous fungus-prodced human mononlanal anfbad rivides satection ageinst SARS-CO 2 inhamter and nanuman primate models
. . L . . PXD046405 3 17176 157 (0.9%) 3 (0.02%) 0 (0.0%)  Nat Commun, vol. 15, no. 1 p. 2319, Mar. 2024, doi: 10.1038/s41467-024-46443-0.6. |
Into b|nS, Where everythlng Ina bln haS the same bare peptlde Mass. ln eaCh Of =y 11 | | Mmemé 6. Y. Zhi et al., “Formylation: an undesirable modification on glycopeptides and glycans during storage in formic acid solution,” Anal Bioanal Chem, vol. 414, no. 11, pp.
the bins, follow the procedure of algorithm 2. Algorithm 3 had the fewest false positives — used for all subsequent work =TT e e s e P I N1 VR || PN || T S ey B (o T RS RS
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