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I The complexity of a natural microbial I Sample Preparation 1 Given the unique and hostile environment of the AMD biofilm, it is expected that a diverse and ~ 1 Protein Identification 1 Methionine truncation
community presents unique and technical The extracellular portion of whole ' functionally important complement of proteins will be present in the extracellular portion. “Top-down” analysis identified 333 proteins while “bottom-up” analysis identified 215 proteins. Within the identifications, a large number of hypothetical proteins -, N-terminal methionine truncation is an essential
challenges for proteomics based discoveries. 2 biofilms were isolated by centrifugation Identifying not only the proteins present, but also the degree of protein modification can provide were found. The top-down measurements revealed 262 proteins that contained an N-terminal methionine truncation, and 36 proteins that contained a signal modification thought to occur in ~55-70% of
1 “Bottom-up” and *top-down” proteomics . (without cell lysis). valuable insight into their individual specific functions as well as how the microbial community i peptide cleavage. (Table 1) proteins, especially extracellular species.

i i i i 7 The resulting sample was then further § exists as awhole. . Protein identifications were verified at high resolution by comparing theoretical vs. experimental isotopic distributions. (Figure 6) Expected residues following the methionine
techniques can be integrated to identify the ) separated by cation exchange. resultin ) ST > - . . . . : include A, C, G, P, S, T, and V. (Giglione et al.,
protein members and their isoforms within the n EZ fractiozs ge, 9 .1 LC-FTMS Top—dpwn identifications |nc|ude‘prote|ns from Lept‘osplrllllum 1t Ferroplagma, G-plasma, as well as unassigned archeal and bacterial species. The high mass 2004, Cell. Mol. Life Sci.)
extracellular portion of a natural microbial . - . . . X . o . . ' resolution and accuracy (low ppm) increases the confidence of the protein assignments. (Table 2) Within this study, “top-down” MS identified 262
community Each fraction was‘dlwded in half by On-line HPLC allowed for spatial protein separation of the complex biofilm samples. Parention selection was i Spectra were searched with an N-terminal methionine truncation, resulting in hundreds of putative identifications. Examination of the second amino acid residue proteins with possible methionine truncation.

These pr‘otein isoforms can include sequence volume for analysis by “bottom-up” and achieved in a data dependent manner utilizing dynamic exclusion as well as ion intensity for selection. : provided biological support for these identifications. (Table 3) Si | Pentide Identificati
v “ - " B i i . P . . . . Ignal Peptide laentification
i i ~ i ¥ top-down” MS. (Figure 4) The mass spectra were also searched with an appended database containing protein sequences that include signal peptide cleavage. (Table 4) 9 P
varlgqts gnd various post-transiational . . . p . - I . L . L . . . . . Cellular location is an important functional
modifications (PTMs). 1 “Bottom-up” 1 Cytochrome identification The composite protein identifications were analyzed for species of origin and resulted in a distribution correlating well with previous studies of the biofilm. As diagnostic tool. The presence of a cleaved
1 Within the community, a series of cytochrome 1 Samples were denatured, reduced, and . Two separate off-line HPLC fractions (C1 and C2) consisting of cytochrome 579 were isolated and examined by . before, Lepms"'””'”m group Il wasrthermost dominant. (Flgure 7) o ) o ) o signal peptide supports the extracellular
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related proteins were identified. i proteolytically digested into peptides ESI-FTMS for interrogation of the intact proteins. T ’ o e T ’ ' ’ ' ’ location of the protein and can provide insight
" with trypsin. i isti i 5 - P ; - ’ Ny PRI into the functional role of the protein.
FTICRMS measurement along with IRMPD . yp . 5 . Th_e mo!e?ular masses‘ for these 1\{vo variants _Of cyto?hrgme 579 were‘dlstlnct (Flguré S_AISB) g Table 1 Protein Identifications “ Figure 6 Theoretical vs. Experimental Isotopic Distribution (Sway_CG_Leptoll_scaff_8_GENE_1)|| - Utilizi “in-h " d | P d int. all
fragmentation revealed variant versions of the y Peptides were measured via a 1D (RP)- Dissociation of these intact proteins was achieved with infrared multiphoton dissociation (IRMDP), and P . . o ¢ e n - Theoretical distribution Experimental distribution ¢ flizing an “In-nouse developed script, a
genome-predicted cytochrome-579. = LC-MS/MS pipeline utilizing a linear ion generated fragment ions that could infer sequence tag information (Figure 5C/5D). o Top-down" Identifications 333 I . - predicted proteins in the biofilm database were
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Characteristic sequence tags from each ¥ trap (Thermo Finnigan LTQ). & Through DNA sequencing it has been determined that the genome predicted cytochrome and the newly LS e Boﬂ‘:’“_" up Identlﬁca.tlcvns 215 R i e s . Zieanr;}r;?l?;fg;gtossesnlbelteasllggoa(l)fef“rjsls lélsolln?
cytochrome were used to identify the predicted i 1 “Top-down” identified sequence variant share 88% sequence identity. 6 Methionine Truncation 262 ¢ o - N 9 , ! - 2004, 3. N .
genome cytochrome versus the variant cytochrome 3 ) ) Signal Peptide Cleavage 36 Fai @ w42 s - g Proteins predicted to contain a putative signal
Intact proteins were analyzed by a 1D— ‘ ~ 2 0 e 0 . ‘ o &2 s peptide were appended to the database with the
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1 “Top-down LC—.MS identified 333 non- LC-MS pipeline with all measurements on Figure 4 — Data Dependent LC — MS (5way_CG_Leptoll_scaff 8 GENE_1) 4 B s 2 e s % x e A ) signal peptide sequence removed along with
redundant proteins. a9.4T lonSpec FTICRMS. T i e Total lon Ch. t - - 0] 208 4 “SigP” appended to the gene name. “Top-
The identifications included 262 proteins with 8% » brotein ID ! i R4k Total lon Chromatogram PTlalble 2 Partial List of “Top-down” Iltlentificationsc?C«;“Cj'a:’r;l’ot:l)Ob I & P i oo s o s T i T down” spectra were searched with the
predicted methionine truncations and 36 with  Botiom-un" spect ned with A |- e e st o Do £ —_— — ; appended signal peptide database using
signal peptide cleavages. DBDigger and filtored with DT AGelect. o |- : i e s a8 ‘ ‘ PTMSearchPlus (in-house software, V. Kertesz2).
y » ) S for2scafl 10 GENESD ~  ~ loystoinitRNAsmielmse | fsd09446  (s400445 |00 | N : P “Ton.. B Initial results indicate 36 proteins are predicted
y ; f % 2 Full MS | » UBA_Lsptolll 367 37 14042328 14042807 o Table 4 Signal Peptide Identifications by “Top-down” MS (36 Total)
e (Tabb et al., Analytical Chemistry. 2005) " u — S st S0 CERE T 26433285 26433289 || protein name Calculated Mass (Da) | Observed Mass (Da) [PPM| to have signal peptide cleavage.
INTRODUCTION " : identified wi S o = B - |t e s : ssssrt s S e s e b e oL peptide °
Top-down” spectra were identified with " . UBA Leploll_Scaffld_§53¢_GENE_180_|Hypothetical rotein 9008.871 936,673 fer2 scaff_37_GENE 26 Sigh Putatie threonine fiux protein 18082.7265 18082.73537 05 | For all 36 predicted signal peptide cleaved
PTMSearchPlus Sl | IRMPD of z UBA_Leptl_Scalod 5049 GENE 276 Hynoketiealpotehn 202eT 12052805 Unsss_arch scaf 711 GENE 3 SigP Putaive theonine efflu protein 180827265 1608273557 05 . !
% » % G . B m/z 883 @ A R AR S Wyt Tonioas Unass_bact_scalf_969_GENE_1_SigP 121987605 12198 76423 % proteins, the genome predicted full length
Proteome characterization of microbial species from natural N 30% laser ¥e0 | oA LeptollSceffod 8002 St Ry T oA Lo oo Sor1 GENE 3850 a7 Jcomsenes e 0 B protein was not identified, increasing
envir is by the fact that these ‘ power yss'[ o R T — oty e ) ssfl 142 GENE 10_SgP wohtcalo LI s207 74665 confidence in the signal peptide prediction.
consortia are not clonal but rather encompass clades (i.e. * Figure 3 Experimental Approach > O\ z O e S e e e 24826308 o+ |[CeA Leptoll Seafold_5067 GENE 55 _SigP p 12413 7429 2415 7647 TR T - THE
bacterial cousins) \ ? ® Aeron Tt - ferl scalf_239_GENE_1 [Amino acid ransporters 21167384 21167371 UBA_Leptolll_368_4_SigP i 60193699 6019.385663
) ‘ o e fer2scail 307 GENE S 1640258 11640249 [UBA_Leptoll_Scaffld_524_GENE_128_Sigh i 189357818 1803572604
This leads to a substantial amount of strain variation in related . ta o 1 cone ¢ s oo ot it s e oy & tossssonn | 1usos o003 CONCLUSIONS
proteins, precluding the easy identification of peptides by |apl_scaff_269_GENE & Fﬁ» Ript 24825.712 24626736 UBA_ Leptol _Scaffold_8241_GENE_ 236, 18047.0234 16046.96653
database searching algorithms in many cases. ‘ 1 . %‘%f L;?:;:::;ewm Zisom §§:§§§§g 5 4 S;_s::;:‘_ﬂ:‘?_;s;%g;_;:gp Hypothstical protein 53;; z;g 53;; ?ggg;g z? ¥ AT . 3
Combining the advantages of high-throughput “bottom-up” MS ? | [ |, oS 1 e it poan et ae Torisosn UBA_Leptol|_Scaffold_8045_GENE_83_SigP 16424 5317 1542441143 78 | 1 Variations in amino acid sequence between
with the high resolution intact mass measurements of “top- ;- Zadis Tadiio :j[!‘ki‘:"‘ ‘E‘f f:g"‘f ;:P‘Q“ s 15;2;2‘ 11333?3253 2 tei be disti ished by high
N N N - \_Leptolll_369_1_
down” analyses will provide a comprehensive picture of the . = . 17240.285 17240.256 gpl_scaff_456_GENE 4 _SigP. ATPase 20224.8929 2022468808 pro EInIS can be distinguis e_ y hig
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proteins present Isolate Extracellular Fraction S CE et 75 GENE s [Tamporee R S e Co- oot sei 52 GEVE 25 5P Sisstieie | aicsossses resolution FTICRMS along with IRMPD
X N N — UBA_Lepioll_Scaffod_6063_GENE, 160 2a793801 26793805 UBA Lepfoll_Scaffold_§2¢1_GENE_148_SigP 254505014, 25450 06592
Furthermore, the tion of post-tra ; Figure 5 — Cytochrome Variant Characterization by IRMPD )_scaff_460_GENE 3 1ansketolase 16436039 16436096 3 S 5T L tpto_scail. 21 GENE 36.5igh 9677.3588 9677.181859 fragmentation.
can provide significant insight into protein function ¥ UBA_Leptoll_Scaffold_8049_GENE 295 |Transposase 16876.300 16876.237 39 | « | UeA Leptoll_Scaffold_8241_GENE. 61. SigP 9677 3588 9677 181859 1T d " LC-MS identified 333 tei
. eptoll_Scario ensposase o - - .
The identification of signal peptides can provide support for the Cation Exchange Fractionation i p— =g = T/ —— T e iisson Fr R m—y FCr e . idosnnais idssn sose op-down identified 333 proteins
localization and functional role of the proteins (12 fractions of intact proteins) 7 A Cl1 fraction s B UBACLeptll Scatid §027. GENE 48| Blopohher oot s 1Rsgs0a femasan 118 UBA_Leptolll_377.5_Sigh Hypothatical protein 22036 8428 22037 33002 Additionally, 262 proteins were identified to
Acid Mine Drainage (AMD) ¥ ESI-FTICRMS c2 fraction £057 G Voo s 3 GEE 56| i ssncs Siitores Sriotiss ias) TN T — 200005075 2000005831 " contain methionine truncation.
Iron Mountain Mine, CA (near Redding, CA) ; Intact Protein ESI-FTICRMS i : . : [UeALopol_Scoffold 6241 GENE_152_GigP 53,6633 554404871 o o
i i B ing, ) “ " “ " i . g . g i g fer2, ff_138_GENE_13_SigP 4846.6973 4846.823344 -
Biofilm exists in pH < 1, ~42°C, Molar/sub-molar concentrations 2 Bottom-up* MS Top-down” 11 = Intact Protein = = M 6608.8269 6608.620635 ! Combln{nguln silico pEEdICtlon mEthOdS.
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of Fe, Zn, Cu, As 5 \ 2 Fraction Table 3 Partial List of Proteins with Methionine Truncation (262 Total) i R —— 198841004 Jonse iz along_ with tO_P down” LC MS 'iESUMEd n 36
Genome sequence (Tyson et al., 2004, Nature) o e : protein name 201 AR ate et | Calculated Mass (a1 Observed Mass(Da [501_CG Leptoll scaft 450 GENE 5 SigP__|Hhpothetalprotsin _________| 00806220 ESs0i0sis| proteins predicted to contain signal peptide
' . = pre UBA_Leptoll_Scaffold_8241_GENE_554 s 4828,832! |
Proteome Characterization (Ram et al., 2005, Science) . fer! isolate 689 protein E 7146.2628 y Cleavage.
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