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| | DISCUSSION !

Conserved & Divergent

The unique and extreme environment of the AMD system
necessitates that colonizing microbes express a selective
and conserved proteome. It follows then, that a significant ~
proportion of proteins will be expressed throughout the
mine and across temporal differences in biofilm age. In

this study, 46 proteins were identified across all locations
with probable signal peptide cleavage. It is highly likely

o | OVERVIEW

.1 The extracellular region of the acid mine drainage
(AMD) system is the interface between the harsh
environment and the stable, thriving microbial
community. Previous studies have identified
thousands of proteins, many of which have
unknown function.

| I EXPERIMENTAL I ICOMPARISON OF COMPUTATIONAL VS. EXPERIMENTALI _ I PROTEIN CHARACTERIZATION

CONSERVED VS. DIVERGENT SIGNAL PEPTIDE CLEAVED PROTEINS (Table 3/Table 4) Figure 6: Sampling Locations
' 1 The 5samples consisted of 3 different sampling locations in the mine, as well as 2 different biofilm i
growth states. Each sample was measured in triplicate resulting in 15 total data sets. (Figure 6) L]
1 Table 3 represents a subset of signal peptide cleaved proteins which were highly conserved across
all 15 MS analyses and had identifying new N-terminus spectra.
These 46 proteins represent critical proteins for microbial survival and proliferation due to their
degree of conservation.

I Signal Peptide Prediction — Figure 2

Mechanisms of SignalP-3.0

1 Bacterial signal peptides do not typically contain a consensus sequence, which necessitates more complex algorithms for
identification.

]

Signal-P 3.0 was locally installed and a
perl script was used to automate the
submission of >16,000 predicted AMD
protein sequences.

SignalP-3.0 implemented hidden Markov model (HMM) abilities for signal peptide identification and has resulted in >90%
effectiveness in identifying the presence of a signal peptide and the cleavage site.
The proteins predicted to contain a

SignalP-3.0 is well suited for bacterial signal peptide identification, but lacks confident scoring for archael signal peptides due to a

Finnigan LTQ).

1 Technology integration is necessary in order to fignalﬁpeptide were idemifieq with a lack of suitable training sets. 1 Conversely, Table 4 contains spectral counts for signal peptide cleaved proteins which are highly that these proteins represent the critical protein
further characterize the unique proteins of the SigP” tag and the mature, signal divergent in their expression. components for microbial survival. On the other hand, a
low species complexity AMD microbial f:f;fzec:caxzif:bqa‘;e:ce was appended These proteins represent those that are potentially highly specialized based on local ‘ ':I’ggnem"ciwtll’yeLg:y”li‘ogtes'::c‘frea;ec:}d:n’;;'r';f:“ti‘::i:';s'rzfaile
community. ) Table 1/Figure 3 — Computational and Experimental Results enviranment differences and may represent biofilm tuning by differential protein expression. differences in protein expression. These proteins may
1 Protein cellular location, frequently determined ! Mass Spectrometr represent the subset of proteins that are finely tuned to
N " - req Y d 5 samples from varying locations and - - Table 3: Highly Conserved with Confirming N-Terminus spectra Table 4: Spectral Counts of Divergent Signal Peptide Cleaved Proteins subtle environment changes or differences in biofilm age.
by signal peptide presence, can provide clues to biofil th stat denatured A el M%) 5 ol Tatal R - e . I W This subset of variably expressed proteins are of
i i loti'm growth state wgre eng ured, ] . o e o3y e significant interest and are targets for further study
] protein function. reduced, and proteolytically digested k 44 1.0 1 Mass Spectrometry. - = =
1 Signal peptides are a highly conserved method of into peptides with trypsin. [ BT T [T [ ] =14 3,388 e = P = = Pfam
protein targeting and transportation to the Peptides were measured, in triplicate, via Hoazs Spec U ElgF] ) 2% oD = EH = 1 \Odfepr:tonftn:?‘n&nnstf;L:‘ncgﬁ:a;:;?s?nsn:ris?dgzl$u${;::c;i;Luoerf
i i i 671 264 Ge1 0 279 1 1 Il
extracellular region. :tﬁii(nRP;ﬁ?n?;;%:Atsr/aMS(-lPhlzfgnoe d moa = B for protein location, by correlating functional domains with
1 Signal peptides are routinely predicted by 9 P = o s 18 = our analysis

Top-Down Characterization

computational methods, such as SignalP-3.0. I Prot Bionint i =2 - =
roteome Bioninformatics . i . i i i ECO 2o 5 i " i
I Mass spectrometry allows for high-throughput, Mass spectrometry enables the peptide level Figure 4: lllustration of pre/post-signal peptide cleavage E= RIS = - = 1 Adistinct extracellular fraction from the CDrift location of
eptide level information Bottom-up spectra were searched with identification of the new N-terminus, if present, as well Gene called N-terminus i 2 = £ = the mine was fractionated and measured by LC-MS/MS on
pep . PR PP . P . P . e o = D a9.4T FT-ICR for intact protein measurement and
) . e Sequest, utilizing the “SigP” appended as identification of the signal peptide itself. (Figure 4) [signal Peptide | Protein Coding ] B Fa = verification of signal peptide cleavage. One example in
1 Coupling computational prediction and mass database, and filtered with DTASelect. Utilization of this information allows for a more confident [Signal Peptide | Protein Coding | L — i e Figure 8 display Sme”de"wm, ted?néss of Genepml after
trometry analysis results in athorough Tabb et al., Analytical Chemistry. 2005 i t of signal peptide cl N . = i oo sured i
spec y y g (Tabb et al., Analytical Chemistry. ) assignment of signal peptide cleavage. o WooB e 2 ® signal peptide removal as measured in the ICR. The 2 Da
characterization of signal peptide cleavage. . = 7 n g - . i . - = = = T X o =2 =5 e = difference may be a disulfide bond in the intact protein
. . . . . i " - ¥ uf ke m - ¥ i e im v F Top-down mass spectrometry provides a 3¢ level of signal
1 From this analysis we aim to identify the subset = = = = pegtlde cleavage sahdaﬁon vP o

Computational and Experimental Results

of proteins exhibiting signal peptide cleavage.
The combination of cellular location, signal
peptide prediction and Pfam analysis may further
characterize proteins with previously unknown
function.

INTRODUCTION

Measurement of post-translational modifications often

Figure 2: Experimental Approach I The SignalP-3.0 search resulted in the prediction of 1,507 signal peptide cleaved proteins. (Table 1/Figure 3)

SignalP 3.0 Bottom-Up MS The 2D LC-MS/MS of the extracellular samples resulted in the identification of 3,388 total proteins.

CONCLUSIONS

From this, 490 proteins were predicted to contain a signal peptide and were identified in the mass spectrometry.
1 Species Distribution (Table 2)
Previous experimentation has identified 5 dominant members, with Leptospirilium Group Il, the most abundant. (Figure 5)

The proteins with predicted signal peptide cleavage approximately followed the distribution of the species in the biofilm, with Lepto. Il
derived proteins dominating the signal peptide results
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Computational prediction coupled with
mass spectrometric verification is a rapid
and robust method of confidently
identifying signal peptide cleavage.
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Identified Signal Peptide Cleaved Protein Function (Figure 7)
I The majority of identifications (>58%) correspond to proteins which

Signal Peptide Prediction l

provides valuable clues to protein function. These Original database entry N B . 1 490 teins f the AMD mi bial
ificati i i i i i Denature are annotated as hypothetical or with an unknown function. The : : : N y proteins from the microbial
modifications can also include targeting signals which direct n n P N e . P .
roteins to various cellular Ioca\io%s ir?clu?jin the : MGLRLFFLLCILAAFFAGWA Trypsinize Figure 5: (Left) FISH Analysis — Yellow: Leptospirillum group Il Table 2: Species Distribution remaining proteins are annotated with functions consistent with an Bfam Analysis of Highly Conservgd High ‘Confldem I.D s (Table 5) community were predicted and identified by
Exnacellular Space ’ 9 351&".5;'355?%”&?{;%?{" SPE Red: Sulfobacillus (Right) Species Distribution (Tyson et al., 2004) T AR 1117 b m: extracellular location I The Pfamdresl;hs correlaneI V\éell with ;'J:melns Ioc”merilm \helexna}celrlju'laar rjpace. | mass spectrometry
. L. . Domain identifications include cytochromes, cell-cell signaling, lipid binding an .
‘1 Computational based predication of signal peptides can PEMTHFLSWATDLLOPLYE l L e T Lo | it redox co-factors 1 <1% . . i
GTVRLYRDREEASRK... - n A n rEpSa—— n n : . o of the proteins resulted in collisions,
provide highly accurate prediction but when coupled with Four abundant members 1 Figure 7: Functional Distribution of Signal Peptide Cleaved Proteins p

Bk 13 i i i i . . . n
. I 6 proteins curreml_y annotated with an unknown function r_na\ched to Pfam domains with predicted signal peptide cleavage and

ook :

mass spectrometry, peptide level, non-ambiguous - Jv Leptospirillum Il (most abundant) * 3 w0 . pr
identifications of potentially cleaved proteins are possible. Signal pepiide removed Leptospirillum 11l . ; "': . BTy identified, low spectral count gene called
1 " " [r— Sulfobacillus L d < ATTPLWRR - 200 —] N-termini peptides.
1 The resulss of‘he |n\ggra\ed computational and‘expenme‘mavl VGTIPSPEKAFWAGVGSLG! Ferroplasma (archaea) . 3 Wararlaed - . ]l pep
characterization provides several valuable metrics including: IVLAGILAYRKTSKQILSFLS " e : g 1 46 proteins were identified across all
protein identification, potential cellular location, relative RPEMTHFLSWATDLLDPLY ' lodd s £ 200 p. . .
abundance and ultimately potential function. EGTVRLYRDREEASRK... : > v 3 LN replicates and sample locations as having a
1 An additional result is the relative comparison of protein 1 3 ol high probability of signal peptide cleavage.
Eﬁ’;;?::';’; ?ﬁﬁz;ﬁﬁ:‘;‘ separated sampling locations and TOTCHSNS Identification of Gene-called N-termini (Table 3) w0 . 1 Pfam analysis has confirmed previous
. Protein A ; i
1 Acid Mine Drainage (AMD) - Figure 1 Protein B - k 1 Proteins that were predicted to contain a signal peptide cleavage but were measured with a genome predicted N-terminus were ot annotathns and present new do_ma'ns for
Iron Mountain Mine, CA (near Redding, CA) Protein B SigP i i "“'{ ¥ termed “collisions”. g hypothetical and unknown proteins. When
s e <1 —a00 g L Protein C = i . -
' Sl;%félg‘?gis;smo’f]?e ;n ‘ézu CASMOIa'/SUh molar Protein C SigP 1 5 proteins out of 490 were identified as collisions. coupled Wl.th th.e ppten}lal CEHUIE‘.F location
» A L e e as well as identifying signal peptide

The low spectral counts of the gene-called N-terminus weakly support the identification, while the higher spectral counts
of the new N-terminus support signal peptide cleavage.

These collisions may be the result of a false positive identification or the presence of a non-processed form of the protein.

Genome sequence (Tyson et al., 2004, Nature)

A . cleavage, it is possible to postulate putative
Proteome Characterization (Ram et al., 2005, Science)

function.
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Figure 8: Top Down Validation
UBA Leptoll Scaffold 7931 GENE 101 SigP -

With Signal Peptide (11,020.837 Da ):
MKLKTLALTALVLLGASL SGPAPAISAPEK
LTLRLGGQYCSFYLDDVTKALMGVPGVRH
VSYNKTQDQVTVQGNGDKLKE
SAVIRAINGVKGSSWYCEAHRMN

Signal Peptide Cleaved (8,501.706 Da):

APEKLTLRLGGQYC'SFYLDDVTKALMGVP

GVRHVSYNKTQDQVTVQGNGDKLKESAVI

. - . RAINGVKGSSWYC'EAHRMN

R AT Kl L Sl IR Potential disulfide bond (-2 Da) =
dpalane aa .

e mas g |

Figure 1: (A) Acid Mine Drainage
(B) Biofilm Collection

(C) Location of AMD
(Images: Dr. Jillian Banfield)
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