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m/z 1894.8 was less intense in most of the strains and was 
assigned to a peptide sequence found in two conserved 
hypothetical proteins in the protein database: one from N. 
meingitidis MC58 and the other from N. gonorrhoeae FA1090. 
These three protonated peptide precursor ions (1743.8, 
1894.8, 1946.9) were present in all of the nine strains 

(three strains of N. gonorrhoeae and six strains of N. menin-
gitidis) tested. Neisserial acyl carrier protein identified in 
this work is a small protein (78 amino acid residues) with 
assigned function of acyl carrier activity in fatty acid and 
phospholipid biosynthesis. Also, the putative DNA bind-
ing protein or DbhA protein present in both the species 

Figure 1

AP-MALDI-MS spectra of on-probe tryptic digests of 
heat-inactivated bacterial cells of N. meningitides. a: 
serogroup B strain #1850. b: serogroup C strain #2120. 
c: serogroup B strain #44/76. d: N. gonorrhoeae strain 
#GCMS11. *Observed neisserial sp. specific biomarker 
peptide peaks.

Figure 2

AP-MALDI-MS/MS spectra of protonated peptides gen-
erated on-probe by tryptic digestion of heat-inactivated 
N. gonorrhoeae strain GCMS11 observed in Figure 1d. 
a: m/z 1743.8. b: m/z 1894.8. c: m/z 1946.9.
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is a small protein with 89 amino acid residues. The third 
conserved hypothetical protein was slightly bigger with a 
154-amino-acid sequence. 

Discussion
A detailed description of the N. meningitidis (for serogroup 
B strain MC58 and serogroup A strain Z2491) and N. gon-
orrhoeae (strain FA1090) genomes is available through The 
Institute of Genome Research–Microbial Database on 
the World Wide Web (www.tigr.org). Neisserial proteome 
database among other prokaryotic and eukaryotic protein 
information is publicly made available by institutions such 
as NCBInr. The objective of this work is to develop rapid 
protocols to generate a considerable small number of tryp-
tic peptides from heat-inactivated whole bacterial cells of 
Neisseriae that are subjected to AP-MALDI tandem mass 
spectrometry followed by MASCOT database search to 
confirm the presence of target species using neisserial spe-
cies specific biomarker peptides. Three peptide masses 
(1743.8, 1894.8, 1946.9) observed in the AP-MALDI mass 
spectra (Figures 1 and 2) from the basic extraction proto-
col are found to be specific biomarker peptides for neis-

serial species. Although the protocol used in this study did 
not generate any peptide biomarker that could differentiate 
N. meningitidis from N. gonorrhoeae, additional research by 
modifying this protocol to exploit the morphological and 
biochemical differences between these two species may 
yield other protein/peptide biomarkers towards achieving 
that goal. One and two dimensional electrophoretic sepa-
rations, followed by mass spectrometric analysis and anal-
ysis by proteomic tools have been applied to many patho-
genic subcellular fractions, cell walls, and outer membrane 
preparations; mainly for exploring vaccine candidates 
and to develop Web-accessible proteome databases for 
microbial research in the post-genomics era.21–27 A bio-
informatics comparative analysis of the N. meningitidis and 
N. lactamica outer membrane proteome has been recently 
published.28 In this report, we present a rapid biomarker 
identification protocol which avoids timeframes and con-
sumables inherent to subcellular fractionations and gel 
electrophoretic separations. AP-MALDI interfaced with 
mass spectrometer enables us to completely automate 
the analysis including sample processing, mass spectral 
data collection, and data interpretation. We are currently 

T a b l e  1

Observed Tryptic Peptides Generated On-Probe From Different Heat-Inactivated Bacterial Cells of Neisseria sp. Along With Mascot 
Database Search Results for Identification of Unique Proteins/Peptidesa

[M+H]+ Mascot Score and 
bExpectation ValueObserved Calculated Amino Acid Sequence Protein Hits (gi) Organism Hits

1743.8      1743.958 ITTVQLAIDYINAHNG (i) AcpP  
(59802083)

(ii) AcpP
(7378819)

(i) N. gonorrhoeae 
FA1090

(ii) N. meningitidis
Z2491

60 (0.1)

60 (0.1)
1946.9      1947.155 QGDTVTLVGFGTFYVGER

(i) Putative DNA 
binding protein
(7380057)

(ii) DbhA
(59801191)

(i) N. meningitidis
Z2491

(ii) N. gonorrhoeae
FA1090

42 (0.34)

42 (0.34)
1894.8      1895.322 TGLMHLLMGSFAETVMR (i) Cons. hypo. 

Protein
(7226742)

(ii) Cons. hypo. 
Protein
(59801348)

(i) N. meningitidis
MC58

(ii) N. gonorrhoeae
FA1090

61(0.0058)

61(0.0058)

aAverage masses shown. 
bExpectation values shown in parentheses. 
AcpP,  acyl carrier protein; Cons. hypo., conserved hypothetical; (i) putative DNA binding protein from N. meningitidis Z2491; (ii) 
DbhA protein from N. gonorrhoeae FA 1090.
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working on developing protocols to identify peptide bio-
markers to distinguish between the two Neisseria sp., and 
to apply the developed protocols to cerebrospinal fluid 
and urine clinical samples from patients. Other possible 
implications of these methods are to explore the novel 
common surface protein vaccine candidates for both N. 
meningitidis and N. gonorrhoeae. 

Acknowledgments
The authors wish to thank Dr. Margaret Bash and Craig. A. Ham-
mack of the Center for Biologics Evaluation and Research, Food 
and Drug Administration, for their help in providing the Neisseria 
strains for this study. 

References
	 1.	 Fenselau C, Demirev PA. Characterization of intact micro-

organisms by MALDI mass spectrometry. Mass Spectrom Rev 
2001;20:157–171

	 2.	 van Baar BL. Characterisation of bacteria by matrix-assisted 
laser desorption/ionisation and electrospray mass spectrometry. 
FEMS Microbiol Rev 2000;24:193–219

	 3.	 Pribil PA, Patton E, Black G, Doroshenko V, Fenselau C. Rapid 
characterization of Bacillus spores targeting species-unique 
peptides produced with an atmospheric pressure matrix-
assisted laser desorption/ionization source. J Mass Spectrom 
2005;40:464–474

	 4.	 Tan PV, Taranenko NI, Laiko VV, Yakshin MA, Prasad CR, 
Doroshenko VM. Mass spectrometry of N-linked oligosaccha-
rides using atmospheric pressure infrared laser ionization from 
solution. J Mass Spectrom 2004;39:913–921

	 5.	 Tzeng YL, Stephens DS. Epidemiology and pathogenesis of 
Neisseria meningitidis. Microbes Infect 2000;2:687–700

	 6.	 Gerbase AC, Rowley JT, Heymann DH, Berkley SF, Piot P. 
Global prevalence and incidence estimates of selected curable 
STDs. Sex Transm Infect 1998;74 (Suppl 1):S12–S16

	 7.	 Alexander S, Ison C. Evaluation of commercial kits for the identifi-
cation of Neisseria gonorrhoeae. J Med Microbiol 2005;54:827–831

	 8.	 de Filippis I, do Nascimento CR, Clementino MB, et al. Rapid 
detection of Neisseria meningitidis in cerebrospinal fluid by one-
step polymerase chain reaction of the nspA gene. Diagn Micro-
biol Infect Dis 2005;51:85–90

	 9.	 Atobe JH, Hirata MH, Hoshino-Shimizu S, Schmal MR, Mami-
zuka EM. One-step heminested PCR for amplification of I DNA 
in cerebrospinal fluid. J Clin Lab Anal 2000;14:193–199

	10.	 Hall LM, Duke B, Urwin G. An approach to the identification 
of the pathogens of bacterial meningitis by the polymerase chain 
reaction. Eur J Clin Microbiol Infect Dis 1995;14:1090–1094

	11.	 Diggle MA, Clarke SC. Detection and genotyping of menin-
gococci using a nested PCR approach. J Med Microbiol 
2003;52:51–57

	12.	 Lansac N, Picard FJ, Menard C, et al. Novel genus-specific 
PCR-based assays for rapid identification of Neisseria species 

and Neisseria meningitidis. Eur J Clin Microbiol Infect Dis 
2000;19:443–451

	13.	 Guiver M, Borrow R, Marsh J, et al. Evaluation of the Applied 
Biosystems automated Taqman polymerase chain reaction sys-
tem for the detection of meningococcal DNA. FEMS Immunol 
Med Microbiol 2000;28:173–179

	14.	 Whiley DM, Tapsall JW, Sloots TP. Nucleic acid amplification 
testing for Neisseria gonorrhoeae: an ongoing challenge. J Mol 
Diagn 2006;8:3–15

	15.	 Warscheid B, Fenselau C. A targeted proteomics approach to 
the rapid identification of bacterial cell mixtures by matrix-
assisted laser desorption/ionization mass spectrometry. Proteom-
ics 2004;4:2877–2892

	16.	 Tan PV, Laiko VV, Doroshenko VM. Atmospheric pressure 
MALDI with pulsed dynamic focusing for high-efficiency 
transmission of ions into a mass spectrometer. Anal Chem 
2004;76:2462–2469

	17.	 Brockman AH, Dodd BS, Orlando R. A desalting approach for 
MALDI-MS using on-probe hydrophobic self-assembled mono-
layers. Anal Chem 1997;69:4716–4720

	18.	 Brockman AH, Shah NN, Orlando R. Optimization of a hydro-
phobic solid-phase extraction interface for matrix-assisted laser 
desorption/ionization. J Mass Spectrom 1998;33:1141–1147

	19.	 Warscheid B, Jackson K, Sutton C, Fenselau C. MALDI analy-
sis of Bacilli in spore mixtures by applying a quadrupole ion 
trap time-of-f light tandem mass spectrometer. Anal Chem 
2003;75:5608–5617

	20.	 Warscheid B, Fenselau C. Characterization of Bacillus spore spe-
cies and their mixtures using postsource decay with a curved-
field reflectron. Anal Chem 2003;75:5618–5627

	21.	 Pleissner KP, Eifert T, Buettner S, et al. Web-accessible proteome 
databases for microbial research. Proteomics 2004;4:1305–1313

	22.	 Bumann D, Jungblut PR, Meyer TF. Helicobacter pylori vac-
cine development based on combined subproteome analysis. 
Proteomics 2004;4:2843–2848

	23.	 Vandahl BB, Birkelund S, Christiansen G. Genome and pro-
teome analysis of Chlamydia. Proteomics 2004;4:2831–2842

	24.	 Marques MA, Espinosa BJ, Xavier da Silveira EK, et al. Con-
tinued proteomic analysis of Mycobacterium leprae subcellular 
fractions. Proteomics 2004;4:2942–2953

	25.	 Schaumburg J, Diekmann O, Hagendorff P, et al. The cell 
wall subproteome of Listeria monocytogenes. Proteomics 
2004;4:2991–3006

	26.	 Hubalek M, Hernychova L, Brychta M, Lenco J, Zechovska 
J, Stulik J. Comparative proteome analysis of cellular proteins 
extracted from highly virulent Francisella tularensis ssp. tularen-
sis and less virulent F. tularensis ssp. holarctica and F. tularensis 
ssp. mediaasiatica. Proteomics 2004;4:3048–3060

	27.	 Post DM, Zhang D, Eastvold JS, Teghanemt A, Gibson BW, 
Weiss JP. Biochemical and functional characterization of mem-
brane blebs purified from Neisseria meningitidis serogroup B. J 
Biol Chem 2005;280:38383–38394

	28.	 Abel A, Sanchez S, Arenas J, Criado MT, Ferreiros CM. Bioin-
formatic analysis of outer membrane proteome of Neisseria men-
ingitidis and Neisseria lactamica. Int Microbiol 2007;10:5–11


