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Aim
To characterise the proteome of an unsequenced psychrophile
grown with different carbon sources and under temperature
extremes employing 5N metabolic labeling, 2DGE, tandem
mass spectrometry, N-constrained ortholog searching, and de
novo sequencing.
Introduction

Flgure 1 Pedobacter cryoconitis' is an unsequenced psychrophlle able to co-i me(abollcally
degrade petroleum hydrocarbons. Initial experiments showed that its maximum growth
temperature is influenced by medium composition. Therefore growth and protein
characterizations were made at 1 °C and 20 °C (the maximum growth temperature in mineral
medium), and with different carbon sources, maltose and glucose.

15N metabolic labeling is a non-invasive technique used for protein identification and quantification?, and

recently shown its potential as a proleomlc tool for protein i i ion via de novo ing®. Here,

the first example of a of this ile is reported ing 2

dimensional gel electrophoresis (2DGE), tandem mass spectrometry, "N metabolic labeling, nitrogen-
i ortholog ing, and de novo

Methods

"

14 15 Cell growth in mineral medium — unlabeled (1°C) and 5N

(“NH)SO, ( ]\?:“)_SO“ labelled (20°C) proteomes, two different carbon sources
(maltose and glucose). Two biological replicates.

Cultures mixed in a 1:1 ratio
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Protein extraction (LigN,) and quantitation

2DGE, 3-10 pH IPG and in-gel tryptic digestion. 30
(maltose) and 35 (glucose) spots per gel.

HPLC-MS/MS — pcapillary RPLC (Famos, Switchos and Ultimate
liquid chromatography system, LC Packings) on line with Qstar
XL® ESI qQ-TOF (Applied Biosystems / MDS Sciex).
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Ortholog database search — Mascot Daemon 2.1 (Matrix Science)
against NCBInr database (7™ May 2007).
De novo sequencing — Spots with no ortholog identification using
Peaks Studio 4.2 (Bioinformatics Solutions Inc.) and MS Blast

against the NCBInr database (7' May 2007).
Figure 2 Experimental and data flow.
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Analysis of Results

I N. i ortholog

search and de novo sequencing

-> Identified proteins in both replicates and with two or .
more peptides. o
[r—

> Validated by light and heavy peptide through Mascot L
search and Peaks protein identification algorithms. H

Figure 3 Spectra of light/unlabeled (M: 2181.1044 amu and N, ‘ “
composition: 22; (M+2H)?*: 1090.5522 m/z and N, composition:
\

11) and heavy/labeled (M: 2203.0398 amu; (M+2H)2*: Il
1090.5522 + 11 N, = 1101.5199 m/z, validating the peptlde) ;“ ‘ \ Hﬂ

iy
peptide LTDQPFLMPVEDVFSITGR, a peptide from Ef LLALLS
factor Tu (EF-Tu) protein, up-regulated at 20°C by 1.75fold. '™ 1103

Table 1 List of proteins |denl|ﬂed and validated per spot for each phenotype. (a) Maltose; (b) Glucose.
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Figure 3 Summary of validated
identified proteins per carbon
sources and mode of

Ortholog 43% - Ortholog 49%
Searching Searching

De novo 17% Denovo11% identification. Results show the
sequencing i ion differs

among the cells grown with

No valid 40% No valid 40% different carbon sources, and only

identification identification  ~1/3 of the proteins were
identified in both phenotypes.

Thank you to Dr. Josselin Noirel
for his assistance in data proces:
Scaife for his help with the phylogenetic tree
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Relative ion and

Table 2 List of some up-regulated proteins based on unlabeled and "N labelled peptides, as described
in Figure 3.
Accesion No. Protein description Organism 1°C:20°C fold ~ Carbon

24374410 superoxide dismutase, Fe Shewanella oneidensis MR-1
gi110638228 60 kDa chaperonin Cytophaga hutchinsonii ATCC 33406
gil110639548 translation elongation factor EF-Tu Cytophaga hutchinsonii ATCC 33406
gil21231962  triosephosphate isomerase (anthomonas campesitris pv. campestris str. ATCC
33913
94496879 Chaperone Dnak Sphingomonas sp. SKAS8
gil1169497 Elongation factor Tu (EF-Tu) Taxeoba cter ocellatus
gi86131770  S-adenosyl-L-homacysteine hydrolase  Celluiophaga sp. MED134
gi[110637557  ketol-acid ii ATCC 33406
986130096 Cellulophaga sp. MED134

Glucose
Glucose
Glucose
Glucose
Glucose

Analysis on some typical representative proteins
> translation elongation factor
Its increase at 20°C compared to 1°C (1.50 to 1.75 fold) may be explained by the fact
that the growth rate (and accordingly the rate of protein biosynthesis) was slower at 1°C
than at 20°C, independent of carbon source.

> chaperone proteins (heat shock proteins) / chaperonins
Its app increase may P to a response to sudden temperature increase.

Proteins involved in stress resp (some up: at 20°C - close to the
growth in complex medium (25°C) rept stress) and ism were identified.

” Pedobacter cryoconitis
ﬂphaga hutchinsonii ATCC 33406
L Zymomonas mobils strein ATCG29191
o sp. MED134

—
01

Figure 4 F ic tree ing three that reported ortholog protein identification.
Cytophaga hutchinsonii ATCC 33406 reported more similar proteins and is seen to be closer to P. cryoconitis
than the other organisms. The genus Cytophaga belongs to the phylum Bacteroidetes, as does Pedobacter.

Conclusions

Protein i ificati via N i ortholog and de novo sequencing of 1SN
metabolic labelled cells of an unsequenced p ili ium has been i for the first
time.

De novo sequencing was time consuming, but allowed for additional proteins to be identified.

Additionally, relative quantitation of labelled and unlabelled proteins corresponding to different
phenotypes (1 and 20°C and glucose vs maltose) has been carried out.

The proposed protocol provides a practical alternative to identify proteins from unsequenced
organisms and to relatively quantify proteins of two different phenotypes.

A more thorough manual spectral study will be carried out to further analyse the 27 spots with no
valid identification.

Further work will improve the throughput of protein identification by improving the sample
preparation, MS analysis, and data analysis throughput ially for de novo i i ion) for
the study of a larger amount of proteins.
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