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1. Introduction
The genomics revolution offers the opportunity to describe biological processes on

the basis of global and quantitative gene expression patterns from cells or organisms
representing different states. Although DNA microarrays are extremely powerful for
measuring gene expression at the mRNA level (1), the nonpredictive correlation between
mRNA and protein levels (2,3) and the discovery of post-translational mechanisms that
either modify the structure and function of proteins or alter their half-life and rate of
synthesis (4) indicate that direct measurement of protein expression is essential for a
proper analysis of the biological processes.

Global analysis of proteins from cells and tissues is termed proteomics. Although a
variety of alternative procedures are under study (5,6), at present the most popular
approach for proteomics analysis requires the previous knowledge of the genome
sequence of the organism under investigation and is based on the combination of two-
dimensional gel electrophoresis (2-DGE) and mass spectrometry (6). According to this
approach, proteins are separated by 2-DGE, stained, digested in situ with trypsin or
other proteolytic enzymes, and finally subjected to matrix-assisted laser desorption /
ionization time-of-flight (MALDI-TOF) mass spectrometry. The MALDI-TOF analy-
sis provides peptide mass fingerprints, which lead to protein identification once they
are compared with the theoretical in silico fingerprints generated from the available
genome sequence. Usually, 80–85% of the analyzed spots give a mass fingerprint,
which is in most cases sufficient for protein identification. A limited number of spots
(approx 5%) further requires tandem mass spectrometry (MS/MS) analysis for unam-
biguous characterization.

The major drawback of this approach is that it requires expensive and sophisticated
instruments, which need to be operated by well-trained and specialized scientists. In
addition, the method presents some limitations in sensitivity, not because of mass spec-
trometers (which could analyze samples in the low fmole range), but to sample prepa-
ration procedures, which are usually inefficient, making the analysis feasible only when
protein quantities greater than 0.1–0.2 pmol are available (7). Finally, although the
approach is relatively rapid, especially when robotic stations are utilized to handle spot
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picking and processing, full characterization of a complex protein mixture may require
a few weeks of intensive work.

We have recently described an alternative method for the characterization of pro-
teomes, in particular bacterial proteomes, which may offer some advantages over the
current proteomic approaches (8). The method is based on in vitro transcription and
translation of genes from the organism under investigation to obtain radioactive trans-
lation products. The proteins produced in vitro are then separated on 2-D gels, and the
corresponding autoradiographs are superimposed by computer-assisted image acquisi-
tion and processing on the 2-D gel of the total proteins from the organism under inves-
tigation (sample gel). The matching of the radioactive products with spots of the sample
gel allows immediate protein identification, demonstrating that the genes used in the
transcription and translation experiments are in fact expressed in vivo.

Here, the method is applied to test rapidly the conservation of two membrane pro-
teins among different clinical isolates of Neisseria meningitidis group B.

2. Materials and Methods
2.1. Reagents

1. Immobiline pH gradients (IPG) and IPG buffer, pH 3–10, nonlinear (NL) (Amersham
Pharmacia Biotech, Piscataway, NJ).

2. Urea (enzyme grade, Life Technologies, Paisley, Scotland).
3. 3-[(3-Cholamidopropyl) dimethylammonio]-1-propanesulfonate (CHAPS), dithiothreitol

(DTT), thiourea, L-glutamine, cocarboxylase, trypsin inhibitor, trypsinogen, carbonic
anhydrase, myoglobin, and diethyl pyrocarbonate (DEPC) (Sigma, St. Louis, MO).

4. Acrylamide and agarose (Bio-Rad, Hercules, CA).
5. Glucose and benzonase (Merck, Darmstadt, Germany).
6. Sodium thiosulfate and tributyl phosphine (TBP) (Fluka, Buchs, Switzerland).
7. Amidosulfobetaine-14 (ASB14) (9) (a generous gift from Prof. C. Scolastico, University

of Milan, Italy).
8. All other reagents were analytical grade.

2.2. Preparation of Protein Standards
1. Selected open reading frames (ORFs) from Chlamydia pneumoniae CWL029,

Streptococcus agalactiae 2603 V/R, and Neisseria meningitidis serogroup B strain MC58
were cloned into expression vectors to produce histidine tag and glutathione-S-transferase
(GST) fused proteins (10).

2. Expression and purification of the recombinant proteins were as described by Montigiani
et al. (10), except that an ultimate step of purification by preparative electrophoresis was
added. Gel pore size, length, and running conditions were selected according to the instru-
ment manual (491 model Prep Cell, Bio-Rad, Hercules, CA).

3. Purified proteins were precipitated with 20% trichloroacetic acid, and the pellet was washed
with acetone and redissolved in the reswelling solution [7 M urea, 2 M thiourea, 2% (w/v)
CHAPS, 2% (w/v) ASB14, 2% (v/v) IPG buffer, pH 3–10, NL, 2 mM TBP, 65 mM DTT]
to a final concentration of 3 mg/mL.

2.3. Preparation of Template for Transcription/ Translation Reactions
1. The genes of interest were polymerase chain reaction (PCR)-amplified from Neisseria

meningitidis strain MC58 chromosomal DNA using Pwo DNA polymerase (Roche
Diagnostics, Mannheim, Germany) and appropriate synthetic forward and reverse primers
carrying the NdeI and XhoI (or HindIII) restriction sites, respectively.
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2. The amplified fragments were digested with either NdeI/XhoI or NdeI/HindIII enzyme mix-
tures and ligated to plasmid pET-21b+ (Novagen, Madison, WI) previously digested with
the same enzymes. In pET-21b+ a stop codon was introduced upstream from the nucleotide
sequence coding for the hexa-histidine tag to avoid the addition of any extra amino acid to
the protein of interest.

3. Plasmid preparations were made using the Qiagen kit (Qiagen, Hilden, Germany).

2.4. In Vitro Transcription/ Translation Reactions (TTRs)

1. TTR was carried out using circular plasmids as template (11,12).
2. S30 extracts were prepared from Escherichia coli BL21 containing endogenous T7 RNA

polymerase (13) as described by Pratt (14).
3. Aliquots (250 µL) of S30 preparations (12–15 mg/mL, final protein concentration) were

stored at –80°C.
4. In vitro coupled transcription-translation was carried out as described (14), with minor mod-

ifications. The reaction was performed in a 10-µL final volume containing 20–25 µg/mL
of DNA, 0.42 mM 14C-labeled L-leucine and L-lysine (11.7 and 12. 2 Gbq/mmol, respec-
tively; Amersham Pharmacia Biotech), 0.42 mM of each of the other 18 unlabeled amino
acids, and 34% (v/v) of S30 extract. All other reagents needed for the reaction were as indi-
cated by Pratt (14).

5. The reaction was allowed to proceed for 3 h at 37°C.
6. Prior to electrophoretic analysis, the proteins were precipitated with cold ethanol

(90%, v/v).

2.5. 2-D Electrophoresis and Autoradiography

1. Neisseria meningitidis membrane proteins were prepared as described by Molloy et al. (15).
Proteins (125 µg) and TTRs (up to 20 µg) were mixed with 1 µg of each reference protein
(Table 1) and brought to a final volume of 125 µL with reswelling solution.

2. The proteins were absorbed overnight onto an Immobiline DryStrip (7 cm, NL pH 3–10
gradient) using the Immobiline Dry-Strip Reswelling Tray (Amersham Pharmacia Biotech).

3. Proteins were then separated by 2-D electrophoresis. The first dimension was run using an
IPGphor Isoelectric Focusing Unit (Amersham Pharmacia Biotech), applying sequentially
150 V for 35 min, 500 V for 35 min, 1000 V for 30 min, 2600 V for 10 min, 3500 V for
15 min, 4200 V for 15 min, and then 5000 V to reach 10 kVh. For the second dimension,
the strips were equilibrated as described (16), and the proteins were separated on linear
9–16% polyacrylamide sodium dodecyl sulfate (SDS) gels (1.5 mm thick, 6 cm high) using
the Mini Protean II Cell from Bio-Rad. Gels were stained with colloidal Coomassie (17).

4. Prior to autoradiography, gels were soaked with 125 mM salicylic acid in 40% methanol
and dried on filter paper (Bio-Rad). Gels were autoradiographed overnight on BioMax
MR-2 film (Eastman Kodak, Rochester, NY).

2.6. Mass Spectrometry Analysis

1. Protein spots were excised from the gel, washed with Milli-Q water and acetonitrile, and
dried in a SpeedVac apparatus (Savant, Holbrook, NY) (18).

2. Gel pieces were rehydrated by adding 7–10 µL of 50 mM ammonium bicarbonate and
5 mM CaCl2 containing 0.012 µg/µL sequencing grade trypsin (Roche Diagnostic,
Mannheim, Germany).

3. Tryptic digestions were carried out at 37°C for 18 h, and peptides were eluted out by
30-min sonication in a sonicator bath after addition of 50% acetonitrile, 5% TFA (50 µL).

4. Peptide extraction was repeated once, extract solutions were pooled, and the volume was
reduced to 10 µL in a SpeedVac apparatus.
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5. Samples were automatically prepared for mass spectrometry analysis using the MAP II
system (Bruker, Bremen, Germany). The instrument was programmed to perform sample
desalting with ZIP-TIP (C18, Millipore, Bedford, MA).

6. Peptides were eluted from ZIP-TIPs with a saturated solution of α-cyano-4-hydroxy-
cinnamic acid in 50% acetonitrile/0,1% trifluoro-acetic acid and directly loaded onto the
SCOUT 381 multiprobe (Bruker, Bremen, Germany).

7. The samples were then allowed to air dry at room temperature.
8. Spectra were acquired on a Bruker Biflex II MALDI-TOF (Bremen, Germany) equipped

with the SCOUT 381 multiprobe ion source in a positive-ion reflector mode. The acceler-
ation voltage was set to 19 kV, and the reflector voltage was set to 20 kV. Typically, about
100 laser shots were averaged per spectrum from a 337-nm N2 laser.

9. Spectra were calibrated externally using a combination of standards [angiotensin II
(1046.54 Daltons), substance P (1347.74 Daltons), bombesin (1619.82 Daltons), and
clipped human ACTH18-39 (2465.20 Daltons) located in spots adjacent to the samples.

10. Peptides were selected in the mass range of 700–3000 Daltons.
11. Monoisotopic peak values were used for Mascot search on private databases. All searches

were performed using a 200-ppm constraint window.

2.7. Image Acquisition and Analysis

1. Autoradiographs and Coomassie Blue-stained gels were scanned with a Personal
Densitometer SI (Amersham Pharmacia) at 8 bits and 50 µm per pixel. Prior to image acqui-
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Table 1
Standard Proteins Used for Gel Alignment

Name Origin MW (Kd) pI

CPn0195 Chlamydia pneumoniae recombinant GST fusion 84,0 6,78
CPn0197 Chlamydia pneumoniae recombinant GST fusion 75,0 6,29
CPn0278 Chlamydia pneumoniae recombinant GST fusion 55,0 6,67
CPn0324 Chlamydia pneumoniae recombinant GST fusion 70,1 5,22
CPn0336 Chlamydia pneumoniae recombinant GST fusion 60,2 6,21
CPn0420 Chlamydia pneumoniae recombinant GST fusion 62,8 5,65
CPn1064 Chlamydia pneumoniae recombinant GST fusion 32,0 5,00
GST Schistosoma japonicum 27,4 6,40
CPn0278 Chlamydia pneumoniae recombinant His Tag 29,6 7,01
CPn0764 Chlamydia pneumoniae recombinant His Tag 47,9 7,28
CPn0399 Chlamydia pneumoniae recombinant His Tag 23,3 8,07
CPn1034 Chlamydia pneumoniae recombinant His Tag 29,0 6,05
CPn0113 Chlamydia pneumoniae recombinant His Tag 41,0 5,92
CPn1067 Chlamydia pneumoniae recombinant His Tag 21,8 6,26
CPn0321 Chlamydia pneumoniae recombinant His Tag 40,9 5,57
CPn0273 Chlamydia pneumoniae recombinant His Tag 22,9 6,63
CPn0297 Chlamydia pneumoniae recombinant His Tag 34,7 5,67
CPn0624 Chlamydia pneumoniae recombinant His Tag 37,7 6,6
SAg0681 Group B Streptococcus recombinant GST fusion 65,7 8,62
SAg0079 Group B Streptococcus recombinant His Tag 27,5 5,41
SAg0628 Group B Streptococcus recombinant His Tag 50,8 4,89
NMB1119 Neisseria meningitidis recombinant His Tag 21,8 4,95

GST, glutathione-S-transferase.



sition of autoradiographs, the positions of the reference proteins were manually reported
on the films.

2. Image analysis was performed using Image Master 2D Elite software, version 3.10
(Amersham Pharmacia Biotech).

3. Results
3.1. Description of Strategy

The technology is represented schematically in Fig. 1. Total proteins and chromo-
somal DNA are prepared from the organism under investigation. Total proteins are
mixed with selected standard proteins and resolved by 2-DGE to generate the “sample
gel,” whereas chromosomal DNA is used as template for gene amplification. The ampli-
fied genes are cloned in appropriate expression vectors for in vitro protein synthesis.
TTRs are carried out in the presence of 14C-labeled amino acids and resolved by 2-DGE
in the presence of the same standard proteins used for the sample gel. The 2-D gels are
first stained for standards localization and then dried and autoradiographed for TTR
visualization. Finally, autoradiographs are superimposed in silico on the sample gel
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Fig. 1. Schematic representation of the procedure for protein spot identification by in vitro
transcription/translation reactions. A bacterial culture is used for chromosomal DNA and total
protein preparation (steps 1a. and 1b.). Proteins are mixed with the set of protein standards and
then separated on a 2-D gel (sample gel, step 2c.) whereas chromosomal DNA is used for gene
amplification (step 2a.). The amplified genes are transcribed and translated in vitro in the pres-
ence of 14C-labeled amino acids (step 2b.). TTRs are pooled, mixed with the set of protein stan-
dards, and then separated on 2-D gels (step 2c.). Finally, the 2-D gels are autoradiographed and
superimposed on the sample gel using computer-assisted image analysis (step 3.). Spot match-
ing allows the immediate identification of protein spots on the sample gel.



using the reference standards as common coordinates. Should the proteins encoded by
the genes used in TTRs be present in the sample gel, they will match the TTR products,
thus allowing their immediate identification.

3.2 Application of the Strategy

The potentiality of the procedure is illustrated here by analyzing two membrane pro-
teins of Neisseria meningitidis group B (MenB), a bacterial pathogen under intense
investigation in our laboratories for the development of an effective vaccine (19,20). In
particular, we were interested in (1) determining whether the outer membrane protein
OMP4 (a product of the NMB gene) and the chaperonin heat shock protein Hsp60 (a
product of the NMB1972 gene) were present in the membrane protein preparation of
the MC58 strain (19); and (2) the extent of conservation of these two proteins in dif-
ferent MenB clinical isolates.

To answer the first question, 125 µg of a membrane protein preparation of MenB cells
were mixed with 20 standard proteins (see Materials and Methods and Table 1), resolved
onto a 2-D gel, and subsequently stained with Coomassie Blue (Fig. 2A). The addition
of the standard proteins to both the sample proteins and TTRs (see below) is a funda-
mental step of the entire procedure in that the standard proteins are subsequently uti-
lized to superimpose the sample gel properly on the TTR gels. Standard proteins should
be selected to have an even distribution throughout the gel. This in fact allows the soft-
ware algorithm to compensate for the local gel distortions with high accuracy.

In a parallel experiment, plasmid pET-0382 and pET-1972 carrying the NMB0382
and NMB1972 genes, respectively, were used for in vitro transcription and translation
reactions. The TTR products were then mixed with the standard proteins and resolved
on 2-D gel. Finally the gel was autoradiographed. As shown in Fig. 2B, the main com-
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Fig. 2. (see facing page) Matching analysis of TTR 2-D gel spots with sample 2-D gel spots.
(A) Sample gel. A membrane protein preparation of MenB (125 µg) was loaded onto a 2-D gel
in the presence of the 22 standard proteins (1 µg each, spots assigned with green arrows labeled
ST) and stained with Coomassie Blue. (B) Autoradiograph of a TTR 2-D gel. Radiolabeled NMB
1972 and NMB 0382 were synthesized in vitro. Aliquots (20 µg of total proteins) of each reac-
tion were mixed together, combined with the 22 standard proteins (1 µg each), and loaded onto
a 2-D gel. The gel was first stained with Coomassie Blue to visualize the standard proteins and
then dried and autoradiographed. The TTR products are circled in red and boxed on the autora-
diograph. The standard position (solid blue spots) was determined by superimposing the autora-
diograph on the corresponding Coomassie Blue-stained gel. (C) Superimposition of the TTR
autoradiograph (B) on the sample gel (A) using Image Master 2D Elite, 3.1 software. The soft-
ware creates the combined gel shown in C in which the TTR gel is superimposed on the sample
gel using the reference proteins (solid blue spots). The combined gel is then scanned for TTR
spots located within a fixed area (vector box) from any spot of the sample gel. If a TTR spot is
within the selected vector box range from one protein of the sample gel, the two spots are auto-
matically matched (boxed spots). (D) Details of the matching areas are highlighted in C. The panel
shows the extent of matching accuracy between TTR spots (circled in red) and the correspond-
ing spots on the sample gels (circled in blue). The “comet-like” spots of the NMB 1972 gene prod-
uct synthesized in vitro match spot numbers 56–61 of the sample gel, identified as NMB 1972
protein by mass spectrometry, within a vector box size of 12. Similarly, spots 206 and 209, iden-
tified as two different NMB 0382 isoforms by mass spectrometry, match the two autoradiographic
spots obtained by TTR of the NMB 0382 gene, within a vector box size of 13. ST, standard.
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ponents of the NMB 1972 and NMB 0382 gene products were resolved on the
autoradiograph in “comet-like” spots and two spots, respectively, corresponding to
spots having different pI but identical molecular weight. Only minor intermediates,
most likely represented by prematurely interrupted TTR products, were visible on the
autoradiograph.

To determine whether the proteins were present in the MenB MC58 membrane
preparation, the autoradiograph was superimposed in silico on the sample gel using the
Image Master 2D Elite 3.1 program. Using the reference proteins, the software first cre-
ates a combined gel in which the TTR gel is superimposed on the sample gel and then
scans the combined gel for TTR spots located within a fixed area (vector box) from any
spot of the sample gel. If a TTR spot is within the selected vector box range from one
protein of the sample gel, the two spots are automatically matched. As shown in
Fig. 2C, the two NMB 0382 TTR spots matched two spots on the sample gel when a
vector box size of 13 was selected. Similarly, the NMB 1972 “comet-like” TTR spots
matched the corresponding protein spots 56–61 using a vector box size of 12. The details
of the matching areas are given in Fig. 2C, showing the extent of accuracy of the
matches between the TTR spots (circled in red) and the spots of the sample gel (circled
in blue).

Having demonstrated that both OMP4 and Hsp60 are present in the membrane pro-
tein preparation of the MC58 strain, we then asked whether the two proteins were also
conserved in six different MenB isolates. To this aim, their membrane proteins were
resolved on 2-D gels (Fig. 3A), and the gels were matched with the TTR autoradiograph.
The matching analysis revealed that the two proteins were highly conserved in all six
strains. Figure 3B gives a detailed analysis of the matching experiment with the MenB
1000 strain 2-D map. In this strain, the matching spots were subjected to mass spec-
trometry analysis (8), which confirmed the identity of the spots (data not shown).

4. Discussion
The growing importance of proteomics analysis in the understanding of biological

processes is pushing research toward the identification of new, more efficient methods
for protein identification. Although it is well recognized that new concepts in protein
separation must be applied for complete proteome characterization (21), the methods
based on 2-DGE will remain the first choice until alternative, innovative approaches
have reached the mature state of general applicability. Once a pool of proteins have been
separated on a 2-D gel, each protein spot must be processed and eventually identified.
Although spot processing can be carried out either in situ, after spot picking, or on a
membrane, after electroblotting (22), the method for spot identification is mass spec-
trometry. However, as already pointed out, the approach is hampered by problems such
as high costs, complexity of the analysis and relatively low sensitivity. Here, we pro-
pose an alternative approach, which may offer some advantages over the current meth-
ods, at least for some specific applications. The method is based on 2-D gel separation
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Fig. 3. (see facing page) Matching analysis of TTR 2-D gel spots with 2-D maps of six dif-
ferent MenB isolates. (A) Membrane preparations of six MenB strains (20) were separated on
2-D gels, and the gels were matched with the TTR autoradiograph. Red boxes indicate the spots
matching the OMP4 TTR product, whereas blue boxes highlight the Hsp60 matches. (B) Detailed
matching analysis of the membrane preparation of MenB 1000 strains. For details, see Fig. 2.
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of radiolabeled synthetic proteins derived from TTRs of PCR-amplified genes. The gel
is autoradiographed and the autoradiograph is superimposed on the sample gel whose
protein spots have to be identified. Matching between spots from the autoradiograph
and the sample gel immediately allows protein identification. The method is suffi-
ciently accurate and sensitive and, when compared with other procedures, relatively
simple, rapid, and inexpensive.

As far as accuracy is concerned, we have previously shown that the method is highly
accurate in terms of its capacity to establish with a high degree of confidence whether a
given protein is present in the protein mixture under investigation. In fact, mass spec-
trometry analysis of the sample gel spots matching the TTR spots revealed that all
matching spots corresponded to the expected proteins (8). The most serious problem,
which weakens the degree of accuracy of this procedure, is the resolution power of 2-D
electrophoresis. Proteins having similar molecular weight and isoelectric point are often
hardly resolved on 2-D gels, and protein comigration may lead to misinterpretations
during the comparative analysis of TTR gels with sample gels. Although in our experi-
ence comigration events are relatively rare (in the course of a MALDI-TOF analysis of
bacterial protein 2-D maps obtained on mini-gels, we found that only 3 of 254 spots were
constituted by more than one protein species) and should not affect the interpretation of
proteins resolved in more than one isoform (the probability that two isoforms of the same
protein comigrate with two protein species is expected to be very low), the possibility
that TTR products superimpose on unrelated proteins cannot be ruled out.

With regard to the sensitivity of the proposed procedure, in general, the lowest sen-
sitivity limit of all proteomic approaches based on 2-D gel separation is the sensitivity
limit of the staining system. In other words, for a protein to be characterized, it must
be visible on the gel. However, although mass spectrometry-based methods often fail
to assign a name unambiguously to a poorly visible spot, in the case of our procedure
the sensitivity of the staining system is truly the sensitivity limit of the procedure. The
more sensitive the staining system used for protein detection, the more sensitive the pro-
cedure proposed here is.

Finally, one of the advantages of the procedure proposed here is that it can be uti-
lized by any molecular biologist with relatively simple instrumentation. Gene amplifi-
cation and TTRs can be completed in 1 wk, and, if a simple robotic station is available,
up to 100 reactions can be carried out simultaneously. If appropriate TTR pools are
run on the same gel, 50–100 TTRs can be analyzed in 2 wk by a single scientist. Finally,
gel autoradiography usually takes few hours, and the available software packages for
image acquisition and analysis allow for processing of several gels per day (7).

The most critical aspect of the procedure is to guarantee a consistently accurate super-
imposition of the sample gel on the TTR gels. This can only be achieved if good sets
of standard proteins and advanced software for image analysis are available. Standard
proteins are indispensable, representing the hallmark of the software used for gel nor-
malization. Because gel distortions and aberrant migrations of proteins have a local and
unpredictable behavior, it is fundamental for the subsequent analysis to use several stan-
dard proteins, which are evenly distributed in the gel.

In addition to standard proteins, the availability of proper software packages for gel
analysis is also critical. Although software distributors are working on more and more
sophisticated packages, we found some of the products already available on the market
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to be more than adequate. In this study, we have utilized a software from Pharmacia
Biotech, but a preliminary analysis with Melanine (22) has provided comparable sat-
isfactory results.

We consider this procedure particularly amenable for bacterial proteomics analysis
in consideration of the fact that post-translational modifications, which may alter pro-
tein pI, are relatively limited. Obviously, substantial protein modifications such as
endoprotease digestion cannot be detected with this procedure, whose main deliverable
property is to establish whether a protein with the molecular weight and pI of the TTR
gene product is present in the protein pool under investigation.

Although this procedure can be utilized for the elucidation of whole bacterial pro-
teomes, we believe that the method is particularly useful for the analysis of subsets
of specific proteins. In fact, whereas with 2-D gel/mass spectrometry the presence or
absence of specific proteins can be established only after scanning a large portion
of the gel, with this procedure their identification is much simpler since only their coding
genes need to be amplified and used for the analysis. In the particular example presented
here, we were interested in knowing whether two specific proteins were present and
conserved in the MenB membrane protein subproteome of different clinical isolates.
The superimposition of the autoradiograph of TTR products on the 2-D maps of the
membrane fractions of the different isolates allowed us to demonstrate rapidly the con-
servation of the two antigens in all the strains analyzed. This kind of analysis will be
invaluable to the identification of new vaccine candidates against MenB.
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