
l Given the unique and hostile environment of the AMD biofilm, it is expected that a diverse and 
functionally important complement of proteins will be present in the extracellular portion.  
Identifying not only the proteins present, but also the degree of protein modification can provide 
valuable insight into their individual specific functions as well as how the microbial community 
exists as a whole.

l LC-FTMS
u On-line HPLC allowed for spatial protein separation of the complex biofilm samples.  Parent ion selection was 

achieved in a data dependent manner utilizing dynamic exclusion as well as ion intensity for selection. 
(Figure 4) 

l Cytochrome identification
u Two separate off-line HPLC fractions (C1 and C2) consisting of cytochrome 579 were isolated and examined by 

ESI-FTMS for interrogation of the intact proteins.
u The molecular masses for these two variants of cytochrome 579 were distinct (Figure 5A/5B)
u Dissociation of these intact proteins was achieved with infrared multiphoton dissociation (IRMDP), and 

generated fragment ions that could infer sequence tag information (Figure 5C/5D).
u Through DNA sequencing it has been determined that the genome predicted cytochrome and the newly 

identified sequence variant share 88% sequence identity.

EXPERIMENTAL
l Sample Preparation

u The extracellular portion of whole 
biofilms were isolated by centrifugation 
(without cell lysis).

u The resulting sample was then further 
separated by cation exchange, resulting 
in 12 fractions.

u Each fraction was divided in half by 
volume for analysis by “bottom-up” and 
“top-down” MS.

l “Bottom-up”
u Samples were denatured, reduced, and 

proteolytically digested into peptides 
with trypsin.

u Peptides were measured via a 1D (RP)-
LC-MS/MS pipeline utilizing a linear ion 
trap (Thermo Finnigan LTQ).

l “Top-down”
u Intact proteins were analyzed by a 1D–

LC-MS pipeline with all measurements on 
a 9.4T IonSpec FTICRMS.

l Protein ID
u “Bottom-up” spectra were searched with 

DBDigger and filtered with DTASelect. 
(Tabb et al.,  Analytical Chemistry.  2005)

u “Top-down” spectra were identified with 
PTMSearchPlus.

l The complexity of a natural microbial 
community presents unique and technical 
challenges for proteomics based discoveries.

l “Bottom-up” and “top-down” proteomics 
techniques can be integrated to identify the 
protein members and their isoforms within the 
extracellular portion of a natural microbial 
community.
u These protein isoforms can include sequence 

variants and various post-translational 
modifications (PTMs).

l Within the community, a series of cytochrome 
related proteins were identified.
u FTICRMS measurement along with IRMPD 

fragmentation revealed variant versions of the 
genome-predicted cytochrome-579.

u Characteristic sequence tags from each 
cytochrome were used to identify the predicted 
genome cytochrome versus the variant cytochrome

l “Top-down” LC–MS identified 333 non-
redundant proteins.
u The identifications included 262 proteins with 

predicted methionine truncations and 36 with 
signal peptide cleavages.
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OVERVIEW

INTRODUCTION

l Methionine truncation
u N-terminal methionine truncation is an essential 

modification thought to occur in ~55–70% of 
proteins, especially extracellular species.  
Expected residues following the methionine 
include A, C, G, P, S, T, and V. (Giglione et al., 
2004, Cell. Mol. Life Sci.)

u Within this study, “top-down” MS identified 262 
proteins with possible methionine truncation.

• Signal Peptide Identification
u Cellular location is an important functional 

diagnostic tool.  The presence of a cleaved 
signal peptide supports the extracellular 
location of the protein and can provide insight 
into the functional role of the protein.

u Utilizing an “in-house” developed script, all 
predicted proteins in the biofilm database were 
searched for possible signal peptides using 
SignalP (Bendtsen et al., 2004, J. Mol. Biol.) 

u Proteins predicted to contain a putative signal 
peptide were appended to the database with the 
signal peptide sequence removed along with 
“SigP” appended to the gene name.  “Top-
down” spectra were searched with the 
appended signal peptide database using 
PTMSearchPlus (in-house software, V. Kertesz).

u Initial results indicate 36 proteins are predicted 
to have signal peptide cleavage.

u For all 36 predicted signal peptide cleaved 
proteins, the genome predicted full length 
protein was not identified, increasing 
confidence in the signal peptide prediction.

DISCUSSIONRESULTS
l Protein Identification
u “Top-down” analysis identified 333 proteins while “bottom-up” analysis identified 215 proteins.  Within the identifications, a large number of hypothetical proteins 

were found.  The top-down measurements revealed 262 proteins that contained an N-terminal methionine truncation, and 36 proteins that contained a signal 
peptide cleavage. (Table 1)

u Protein identifications were verified at high resolution by comparing theoretical vs. experimental isotopic distributions. (Figure 6)
u “Top-down” identifications include proteins from Leptospirillium II/II, Ferroplasma, G-plasma, as well as unassigned archeal and bacterial species.  The high mass 

resolution and accuracy (low ppm) increases the confidence of the protein assignments. (Table 2)
u Spectra were searched with an N-terminal methionine truncation, resulting in hundreds of putative identifications.  Examination of the second amino acid residue

provided biological support for these identifications. (Table 3)
u The mass spectra were also searched with an appended database containing protein sequences that include signal peptide cleavage. (Table 4)
u The composite protein identifications were analyzed for species of origin and resulted in a distribution correlating well with previous studies of the biofilm.   As 

before, Leptospirillium group II was the most dominant. (Figure 7)

l Variations in amino acid sequence between 
proteins can be distinguished by high 
resolution FTICRMS along with IRMPD 
fragmentation. 

l “Top-down” LC-MS identified 333 proteins.  
Additionally, 262 proteins were identified to 
contain methionine truncation. 

l Combining in-silico prediction methods 
along with “top-down” LC-MS resulted in 36 
proteins predicted to contain signal peptide 
cleavage.

l Possible post-translational modifications can 
be identified in a high-throughput manner 
with the use of LC-FTMS.

l The abundance of extracellular proteins 
appear to correlate well with the abundant 
microbial membership of the biofilm.

CONCLUSIONS
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• Proteome characterization of microbial species from natural 
environmental communities is challenged by the fact that these 
consortia are not clonal but rather encompass clades (i.e. 
bacterial cousins).

• This leads to a substantial amount of strain variation in related 
proteins, precluding the easy identification of peptides by 
database searching algorithms in many cases.

• Combining the advantages of high-throughput “bottom-up” MS 
with the high resolution intact mass measurements of “top-
down” analyses will provide a comprehensive picture of the 
proteins present.

• Furthermore, the identification of post-translation modifications 
can provide significant insight into protein function.

• The identification of signal peptides can provide support for the 
localization and functional role of the proteins.

Acid Mine Drainage (AMD)Acid Mine Drainage (AMD)
• Iron Mountain Mine, CA (near Redding, CA)
• Biofilm exists in pH < 1, ~42°C, Molar/sub-molar concentrations 

of Fe, Zn, Cu, As
• Genome sequence (Tyson et al., 2004, Nature)
• Proteome Characterization (Ram et al., 2005, Science)

Figure 1 (A) Acid Mine Drainage 
(B) Biofilm Collection 
(C) Location of AMD 
(Images: Dr. Jillian Banfield)
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Table 2 Partial List of “Top-down” Identifications (333 Total)

Table 4 Signal Peptide Identifications by “Top-down” MS (36 Total)

Table 3 Partial List of Proteins with Methionine Truncation (262 Total)

Figure 7 “Top-down” Protein Species Distribution

Table 1 Protein Identifications

Figure 2 (Left)  FISH analysis – Yellow: Leptospirillum group II   Red: Sulfobacillus
(Right) Species distribution (Tyson et al., 2004)  

Four abundant members
v Leptospirillum II (most abundant)
v Leptospirillum III
v Sulfobacillus
v Ferroplasma (archaea)

Figure 3  Experimental Approach
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Figure 6 Theoretical vs. Experimental Isotopic Distribution (5way_CG_LeptoII_scaff_8_GENE_1)
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Figure 5 – Cytochrome Variant Characterization by IRMPD
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Figure 4 – Data Dependent LC – MS (5way_CG_LeptoII_scaff_8_GENE_1)
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