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The array of biomolecules generated by a functioning ecosystem represents both a potential

resource for sustainable harvest and a potential indicator of ecosystem health and function.

The cupped leaves of the carnivorous pitcher plant, Sarracenia purpurea, harbor a dynamic

food web of aquatic invertebrates in a fully functional miniature ecosystem. The energetic

base of this food web consists of insect prey, which is shredded by aquatic invertebrates and

decomposed by microbes. Biomolecules and metabolites produced by this food web are

actively exchanged with the photosynthesizing plant. In this report, we provide the first

proteomic characterization of the sacrophagid fly (Fletcherimyia fletcheri), the pitcher plant

mosquito (Wyeomyia smithii), and the pitcher-plant midge (



trap that catches invertebrate prey (mostly ants and flies [6]).

The dead carcasses of captured prey are the base of a

distinctive aquatic food web that includes microbes, protozoa,

rotifers, mites, and the larval stages of three dipterans:

midges, mosquitoes, and sarcophagid flies. The midge and

sarcophagid larvae shred the prey, which is further



melanogaster database (Supporting Information Tables 1–3).

As expected, many proteins were common to all three species

(Supporting Information Fig. 4 and Supporting Information

Table 7) because a search of the D. melanogaster database

would favor the identification of highly conserved proteins.

However, a few proteins were uniquely identified in each of

the three species (Table 1 and Supporting Information Table

7). Noteworthy are the 71 peptides identifying isoforms of

larval serum proteins that were found only in F. fletcheri.
These peptides were identified primarily from the major

coomassie-stained F. fletcheri band running at �78 kDa.



required until after the search was complete for increased

stringency. Tryptic peptides from this search were filtered to a

o0.1% false discovery rate using stringent Xcorr, DCorr, and

ppm values [12]. Peptides were then compiled and sorted to

identify species-specific peptides (Table 2 and Supporting

Information Table 4). A number of sets of homologous

muscle myosin heavy chain peptides were identified

(Supporting Information Tables 5 and 6) where a peptide

from one species was unique, typically by a difference in only

one amino acid (Table 2). Furthermore, definitive mass

Table 2. Myosin heavy chain signature peptides for major arthropod associates of S. purpurea.



spectra were obtained for these unique peptides (examples

are shown in Supporting Information Figs. 1–3). However,

there remains a formal possibility that these peptides are not

species-specific for the following reasons. First, although data

for each of the arthropod associates were from a mixture of

several individual isolates mixed together, the MS data were

generated from a single gel (Fig. 1B) and as such will need to

be further established in future proteomic analyses. Second,

if unlike Drosophila, these insects harbor two or more muscle

myosin heavy chain genes, then we cannot exclude the

possibility that the sequence of a second muscle myosin

protein, perhaps in low abundance in our samples, negates a

perceived uniqueness. However, our data do not support this

as individual arthropods did not show multiple homologous

peptides covering the same regions of myosin heavy chain.

Third, although these peptides may distinguish between the

three insects examined here, other insects not examined may

contribute to the heterogeneous biomass of the pitcher plant

community and these insects may have protein sequences

that also negate uniqueness with the pitcher plant ecosystem.

This last possibility is likely to be true to a degree. However, if

multiple peptides are monitored, stoichiometric measure-

ments could be used to identify sets of peptides belonging

uniquely to one organism. Furthermore, for a state analysis

of a dynamic ecosystem it is not a requirement to know the

species origin of a given peptide biomarker. It would be

sufficient to know the relative abundance of biomarker

peptides if they provided predictive power regarding the

ecosystem state and dynamics. Ultimately, we plan to identify

peptides that serve these goals and our initial characterization

here suggests that significant identification and precision can

be achieved.

In conclusion, in spite of the lack of database repre-

sentation for these three dipterans, our analyses identified

apparent species-specific peptide biomarkers from a data-

base of related proteins. Our approach should be applicable

toward the identification of numerous species-specific

peptide biomarkers in this specific food web as well as in

other systems for which protein databases do not yet exist. It

is important to note that while simple species identification

can be achieved readily by inexpensive methods such as

light microscopy, an analysis of the individual components

of the ecosystem biomass will provide molecular informa-

tion that may be more acutely regulated than whole organ-

isms and may be more sensitive indicators of ecosystem

state. inem


