Mass Spectrometry-Based Proteogenomic Characterization of the Human Gut Microflora from Crohn’s Patients
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. ) . - ) . ' . ) . . ' . . . ) - = = I One of the largest challenges in the application of

1 Inflammatory bowel diseases (IBD) are increasing in Samples and Sample Preparation Proteogenomics of the Human Gut Microbiome _ Abundant Proteins and Species in Gut Samples Table 4. Top 25 Protein Entries for Healthy Sample 8 ¢ shotgun proteomics to the complex microbial
prevalence in Europe and North oAmenca (current > I Human fecal samples from healthy and diseased patients with Crohn’s were extracted via I The long term goal of these studies is to apply proteogenomics techniques ¢ 1 From this initial study, a total of 3,935 unique proteins were identified, with ~800- s o SpectalCoun[% Coverge 1 [Function . ¢ community of the gut will be incomplete or partial
estimates are approximately 0.1% of the population). density centrifugation to obtain enriched microbial pellets. to understand the physiology of complex microbial communities in humans 1200 unique proteins per sample. . e 7 7604 T s genome information.
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I 1BD can be divided into two disease categories: e ! ;?:tse?nsz:ga!sp“eolLEtSB(rllgfﬁ/O(iﬂgc:ﬁ;gﬁgI’x)a:reeresﬁg:’i?:::i‘:z,a zzg:‘ei;iunb:llcoe:'zs;%a[‘: y with and without Crohn’s Disease. .1 Thedatain Table 1 and Table 2 were compiled from a very large Gl database orar T[ayceraden S 1 Since proteome datasets have to be compared to
Ulcergtlve CO“‘_'S an}:l Crohn’s Plsease.‘Crohn‘s Isa | lyse cells and denature proteins. The Guanidine concentration was diluted to 1 M with Tris 1 The shon term goal of these stqdles was to tegt current shotgun ‘pro‘leomlcs : contglnlng microbes though‘t to be in Fhe mtegtlnal tract, as well as all human o g 1em@aaevmdesnagmsNCTf’jﬁaux - relevant reference metagenomes, there is the chance
chronic, relapsing, immunological mediated disorder buffer, and then sequencing grade trypsin was added to digest proteins to peptides. The techniques from sample collection and cell lysis to MS characterization and proteins, and was merged with two microbial isolates and two human L o [ e that a large number of measured peptides of high
that can have severe physical consequences. S complex peptide solution was de-salted via C18 solid phase extraction. informatics. metagenomes from the gut microbiome. g:’;m 5 ; ;; 0 quality will not match database entries. This can
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I The current hypothesis is that this disease is due to an LC/LC-MS/MS and Informatics .1 Current MS techniques are not capable of measuring the entire proteomes of 1 This database is effective for “fishing” trips to find novel proteins and potential P ] 24 T increase the rate of false positives.
overly aggressive immune response to a Su_bse( of ~ 1 All samples were analyzed via two-dimensional (2D) nano-LC MS/MS system with a split- all major and minor microbial species across hundreds of samples. species. | 2 13 I Detailed discussion of false positives and LTQ-Orbitrap
ComleDeESd enteric bagtehna (E'gg_re 131' Studlezto date P phase column (RP-SCX-RP) on a LTQ-Orbitrap (Thermo Finnigan), with a 22 hour run per I Thus, the initial studies focused on determining what steps in the proteomics 1 Table 3 lists some of the representative bacteria identified in all samples. e G measurements can be found at Lefsrud Poster WP425
on d bave sugl_zﬁste‘ t af‘:) e disor el; :ay € sample. All samples were analyzed in technical duplicates. ) _ pipeline need to be optimized and improved to better enable the discovery of | § Taple 4 illustrates the top 25 protein entries for healthy sample (sorted by total 2470% 57 \AD.speic gutamste dhyogensse (BD.GDR - and Abraham Poster TP529.
cause L y gcom ination of bacteria an ost 1 The Orbitrap settings were as fgllows: 30K resolution on full scans in Orbitrap, all data- ‘ “ biomarkers and other disease related phenomenon in Crohn’s disease. 2 spectral count), 3 131 557 Z/E\zvsane;wﬂﬂzﬂ\:lnamalsdemﬂm senase 1 Bacteroices fragiis NCTC 9343] 1 Similar methods of reverse database searching and
susceptibility. ¢ dependent MS/MS in LTQ (top five), 2 microscans for both Full and MS/MS scans, centroid ) . . . . 49.10% 3 [pyruvate femedokin oxdoreductase filtering were used here. Again, very low levels of false =

. " data for all scans. I The general analytical method is described in Figure 3. 1 Of the identified proteins from all samples, common metabolic proteins such as B150% ring - Again, very
I Currently, no study has been reported to utilize 3 . . . . . . . N . . . . 52.30% ase positives were found for peptides with measured mass
advanced systems biology techniques such as whole I All MS/MS spectra were searched with the SEQUEST algorithm [(enzyme type, trypsin; I Eight samples, from a double blind study, were extracted via density ribosomal proteins, glycolsis/TCA proteins, and chaperone proteins were WIORET o IATF| PEPeatonfines: = errors of less than 10 ppm (Table 5)
" . ; . . . . X - < N . o 3 emope o erces 1agis .
community genomics or proteomics for the .+, ParentMass Tolerance, 3.0; Fragment lon Tolerance, 0.5; up to 4 missed cleavages allowed *. _  centrifugation to produce enriched microbial pellets. A fraction of the pellets , routinely identified. - T PEy A T 18 i A
RS ! N 3 (internal lysine and arginine residues), and fully tryptic peptides only (both ends of the were characterized for distribution and composition of the Gl microbiota . . . . . . S T ICAHOS950 § 34.20%
characterization of the natural microbiome in Crohn’s peptide must have arisen from a trypsin specific cut, except N and C-termini of proteins)] using molecular fingerprinting approaches: ?emainin microbial pellets were I Many hypothetical proteins were identified with high spectral counts, such as : ; e Table 5. Level of False Positives
. patients. ' andfiltered with DTASelect/Contrast at the peptide level [Xcorrs of at least 1.8 (+1), 2.5 (+2) | g molecu gerp 9 app ' 9 p one very large hypothetical protein (200kDa), with an only known function : s g e 5 s
I Inord d d icrobial . X 3.5 (+3)]. Liberal filters were used for testing false positive levels [Xcorrs of at least 1.5 lysed via a single tube lyses method. annotated as a human protein “deleted in malignant brain tumor” (Figure 4). = oo ) S B o
f:nocrtisatgn‘::lnd enrztmaincsi‘tjtamslcsrtoemlas gﬂm\,‘;g '“;0 ose | (+1),2.0(+2) 3.0 (+3)]. Only proteins identified with two fully tryptic peptides were y 1 The pellets (~10 mg) contained 100s-1000s of bacterial species and were run nATe mET I T s drogerase #af hits bethieeh 10 and <10 FEM 010
. N . . Ll 96lgk 2 .1 its. ve
K > cy N 4 » We prop considered for further biological study . in duplicate by 2D-LC-MS/MS on a LTQ-Orbitrap. These samples contained Table 3. Partial List of Microbial Species [dentified in the Human Gut all10682164abABG8S83 1 50 Pospec - = #of hits above 10and 10 PPM 873
tp |nteg(at§ |nf0rm§t|on from I“arge—scale mo!ecuﬂlar 5 1 Monoisotopic theoretical masses for all peptides identified by SEQUEST were compared to chromatograms with 100,000s of peptides, as illustrated in Figure 3. Each s b‘. p e | P! l16145180b{BABS1224.1] 1520% T6 3 [NADP-speciic gtamae deh o Cosur e # of hits with Undefined Parent Mass 162
fingerprinting with integrated “proteogenomics. observed masses. Observed masses were extracted from .raw files, from full scan ¢ replicate was run for 24 hrs icrobiomes from all Samples S04 B S04 B S04 B
1 Fecal samples were obtained from healthy and Al preceding best identified spectra y . p p . P . Subset Database « | # ot hits between 10and -10 pPM 3828 2 010
{ § " ! . I Datab h § d against th datab il Sci 1 The MS/MS spectra were searched against two databases, the large datab Lactobacillus plantarum WCFS1 | Lactobacillus acidophilus NCFM == s ]
diseased Crohn's pa1|en15. The Complex microbiome atabase searches were preformed against the gut metagenome database ( ill, Science s N . I The large database was effective for initial proteome searchin but due to large # of hits above 10 and -10 PPM 406 30 1376
: 2006) as well as a large number of known gut isolate genomes and human proteins which includes the Gl database, and a subset database (see Experimental). / Campylobacter jejuni Escherichia coli W3110 g p 9. 9 #of hits with Undefined Parent Mass 432 6 274
was then extracted (Figure 2). Shotgun proteomics . . : . . - > redundancies and non-specific organism entries in some cases, detailed
was used to characterize the microbial metaproteome (termed large database). . 1 Table 1illustrates the unique proteins, peptides, and spectra identified from Clostridi i 13 Clostidi i ATCC 13124 2 ) = , = FoMArG | verse Hits| %of False Posiive Peptdes
from these samples (Figure 3) ( I Asubset database search was performed only against the gut metagenome database 2 each subject and run number from the large database. ostridium periringens str. ostridium perfringens S comparisons of database matching was complicated. v mmmw;n Setorun o " o
s (Figy . A I (Ftelrmed T-‘SR l\l/letalgenome land ?) as:/ell as twc{ abundant gut isolate genom:s. I Table 2 (Run and Run2) shows the breakdown of each database entry type Bifidobacterium infantis Bifidobacterium longum NCC2705 1 zne gohatl of thils in;tial V\(ﬁ(k V\(azto(coTpare the two GIiII et a:j. gut‘meta‘genomes Wilth #of hits above 10 and -10 PPM 172 30 aa97
alse positive levels were y reverse searching . i - - - - - e eight samples from this study (metagenome samples and metaproteome samples | #of hits with Undefined Parent Mass 165 o 1611
methods and compared with high mass accuracy results from the Orbitrap. : for a healthy (sample 8) and Crohn's sample (sample 10), along with *| [ Bacteroides fragilis NCTC 9343 Bacteroides thetaiotaomicron VPI-5482 Tiberal Filters Forward
X .  ietribrion . . - - - : «  technical replicates (data well represent entire dataset) & are not at all related). 1 Reverse Hits | % of False Positive Peptides
Figure 1. Microbial Distribution in the Gastrointestinal Tract . SamplesetaRiin2 Hits]
3 N y N n . 1 Technical reproducibility of database hits via total spectral counts was very . I Asubset database was made of only the two gut metagenomes and the two abundant #of hits between 10 and -10 PP 5381 20 111
2 it Figure ZL‘MICTOE?I\S.'DIVSTSIW in Human Feces it reproducible, while biological or experimental variability between samples Figure 4. Hypothetical Protein Identified with High Spectral Counts ; sequenced microbes (experimental). :Z: :::z::’"vznlje?":wl‘;:::ﬂl . 1192 30 4336
Small bowel 5 e - 3 was higher for both total proteins and abundances via spectral counts. Locus SequenceCount Spectum Count %Coverage  Lengh  MoecularWeight I Descrigtve Nane I Figure 5 is the species breakdown based on percentage of total spectra from the two T = = 25
“ |lersstopeinp_oosssn.1 F) 1 54 1 MHomosagiens : :
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- acteria/g J(6633801ref]NP_015568.1] 17 1 150 2413 260755 54 1 [Homo sapiens i i i
H~2 i i oiB6zeB01 P 0155681 Homosapi 1 Figure 6 is the same breakdown, but is based on unigue spectral counts.
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