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N-Terminal Amino Acid Sequences of the Major Outer
Membrane Proteins from a Neisseria meningitidis Group B
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The four dominant outer membrane proteins (46, 38, 33 and 28 kDa) were detected by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in a semi-purified preparation of vesicle
membranes of &leisseria meningitidigN44/89, B:4:P1.15:P5.5,7) strain isolated in Brazil. The N-
terminal amino acid sequence for the 46 kDa and 28 kDa proteins matched that reported by others for
class 1 and 5 proteins respectively, whereas the sequence (25 amino acids) for the 38 kDa (class 3
protein was similar to class 1 meningococcal proteins. The sequence for the 33 kDa (class 4) was
unique and not homologous to any known protein.
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Within the past decade, groups of investigaand specifically in Brazil it has been reported that
tors have begun to characterize on a molecul#ne number of cases is increasing since 1976
level the structural components bieisseria (Sacchi et al. 1992).
meningitidis the ethiologic agent of meningococ-  Current experimental vaccines are therefore
cal disease. Many of these investigators (Tsai based on the outer membranes compounds
al. 1981, Achtman et al. 1983, Morse et al. 1983Poolman 1995) which have been treated to re-
Poolman et al. 1983, Frasch et al. 1986, Barnejemove the potentially toxic lipopolysaccharide
Bhatnagar & Frasch 1990) have sought to iderltPS) (Poolman et al. 1983, Cowe et al. 1989,
tify and to analyze several meningococcal surfadg@anerjee-Bhatnagar & Frash 1990). Such prepa-
components in an attempt to define importantations contain variable amounts of five classes of
immunogens or potential vaccinant compoundsnajor outer membrane proteins (OMP), namely
Unfortunatedly, for the human disease caused 1 through C5, which have apparent molecular
the meningococci serogroup B, the capsulaweights of 46.000, 41.000, 38.000, 33.000 and
polysaccharide (CP) has shown poor immunoge8.000, respectively (Tsai et al. 1981, Van der Ley
nicity (Wyle et al. 1972) and in some cases inetal. 1991, 1993 a,b). C1 (class 1 OMP) is a porin-
duced immunological tolerance (Frasch 1990Qjke molecule and is generally present in most
Poolman 1995). A likely explanation for this lastmeningococcal strains. The antigenic variations
property of CP is its structural identity, a ho-of this protein define the subtype of a meningo-
mopolymer ofx2 - 8 sialic acid, with polysialyated coccal strain (Poolman 1995) and to date, mono-
host glycoproteins (Finne et al. 1987). clonal antibodies (MAbs) have been made against

TheN. meningitidisserogroup B is the pre- 15 different subtypes (Abdillahi & Poolman 1988).
dominant etiologic agent of the infection in manyAs C1, the C2 (class 2 OMP) and C3 (class 3 OMP)
countries (Whiattle & Greenwood 1976, Bowerare porin-like proteins (anion-specific) and are
et al. 1977, Peltora 1985, Cougant et al. 1986jnutually exclusive since meningococcal strains

have either the class 2 or class 3 proteins. These
antigens represent the predominant proteins on the

. outer membrane (Tommassen et al. 1990, Van der
;g'lz)rgzga;lcgcv;ajzsupported by CNP& 60.0445/ Ley et al. 1991, Van dgr_Ley & Poolman ;992)
*Corresponding author: FAX: 055 (021) 590-3495; EANd, because of their limited antigenic variation,
mail: dsimone@gene.dbbm.fiocruz.br they have been used to define at least 20 serotypes
Received 7 March 1995 (Griffiss et al. 1977). C4 (class 4 OMP) appears to
Accepted 8 November 1995 be the highly conserved between meningococcal
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strains. Although its cellular function is unknown,OMVs proteins were analyzed by polyacrylamide
it shares sequence homology witbcherichia coli gel electrophoresis in the presence of sodium
Omp A (Klugman et al. 1989). Antibodies directeddodecyl sulfate (SDS-PAGE, Laemmli 1970) un-
against this protein are non-bactericidal and hawier reducing conditions and the protein concen-
the additional ability to block the lytic effect of tration was measured according to Lowry’s method
antibodies directed against other outer surfagé&owry et al. 1951), using bovine serum albumine
antigens (Munkley et al. 1991). Finally, C5 (classs a standard.
5 OMP, opc or opacity-associated protein), incon-  N-terminal amino acid sequence analysis
trast to the other major OMP, is quite variable botlror sequencing experiments, the isolated proteins
in its qualitative and quantitative expressiorwere run on a 15%-acrylamide SDS-PAGE
(Achtman et al. 1991, Aho et al. 1991, PoolmaiflLaemmli 1970) and the proteins blotted on to a
1995) but may induce bactericidal antibodiepolyvinylidene difluoride (PVDF) membrane (Bio-
(Danelli et al. 1995). This group of proteins alsdRad Laboratories Ltd, UK) using a semi-dry blot-
elicits strong but strain-specific antibody responseing apparatus (Bio-Rad).
and confers important interstrain antigenic differ- The partial amino N-terminal sequences were
ences which may be detected by MAbs (Zollingeperformed by automatic Edman degradation us-
et al. 1984). ing a gas-phase protein microsequencer (model

As some of these proteins are targets for bact®SQ-1, Shimadzu) coupled to an on-line high-per-
ricidal antibodies and show characteristic differformance liquid chromatography (model 6A;
ences it was decided to determine the primary s&himadzu, Kyoto, Japan), as described previously
guence of the class 1-5 proteins. Advances in t{&iovanni De Simone et al. 1994). The initial yield
structural studies of OMPs not only contributedvas 55-65% and the repetitive yield 90-92%. A
significantly to the understanding the structureDigital Decpc computer was used to store the
function relationships, but made it possible to chaGenBank, EMBL and PIR databases. The nucle-
acterize conformational changes which accomparotide and deduced amino acid sequences were used
the reajustments of amino acid residues involvetb query these databases using Wiscousin GCG
in the immune response of the host. FASTA algorithmus.

n this work we describe the N—term@na! anjino RESULTS AND DISCUSSION
acid sequence of the class IN5 meningitidis ] i
OMPs from a strain recently isolated in Sdo Paulo, The SDS-PAGE analysis of the isolated OMPs
Brazil. The data can contribute to the identifica{N. meningitidisserogroup B) is shown in Fig. The
tion of important antigenic determinants and thér of the identified proteins are in good accor-

elucidation of the structural and functional propdance with those from the meningococcal de-
erties of the molecules. scribed in the literature.

Amino acid analysis of C1, C3, C4 and C5

MATERIALS AND METHODS proteins showed that none of them presented iden-

Bacterial strain and obtention of the outertical N-terminal sequences with the possible ex-
membrane proteins - N. meningitid#&44/89 ception of the C1 and C3. These two proteins were
(B:4:P1.15:P5.5,7) was isolated from a patient withomologous (40% identity in 25 amino acids) but
meningococcal septicemia by the Bacteriologicatlearly different in the positions 3,7,13-25. The
Division of the Adolfo Lutz Institute, S&o Paulo,common sequend®! V2 S L4 Y5 G6 |8 K9 AlO
Brazil. The outer membrane proteins were preG! V12 was identical for the first 12 amino acids
pared as described previously (Frasch 1990) witlo the sequence predicted from DNA sequencing
some modifications. Briefly, the bacterium wasof different genes (position 20-39) for meningo-
cultured in Catlin’s medium and the outer memeoccal serogroup B and C class 1 (Table 1) and
brane vesicles (OMVs) were obtained by centrifuelass 3 precursor proteins (Table II). A high simi-
gation (3.000g, 1hr, 25°C). The pellet wadarity with PIA and PIB gonococcal proteins also
ressuspended in 0.1M Tris-HCI buffer, pH 8.5was observed.
containing 0.2 mM EDTA (10% w/v, Tris-EDTA The N-terminal amino acid sequence of the
buffer) and the suspension sheared in an ice cooladass 4 protein begins with the glycine residue and
omnimixer (Sorvall) for 10 min. The cells wereis distinct from the class 1 and 3 proteins but simi-
removed by two successive centrifugation steps kr (50% in 10 amino acids) to a class 4 serotype
10.000g and 12.000g for 20 min each. The OMV&a deduced meningococcal sequence (Table IlI).
in the supernatant were then pelleted at 37.000ghe amino acid sequence similarity of gonococ-
for 45 min, resuspended in Tris-EDTA buffer anctal protein 11l with the OmpA protein dE. coli
stored at -20°C until use. and other enterobacteria has been described else-

SDS-PAGE and protein determinatioriThe where (Gotschlich et al. 1987, Klugman et al.
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form) isolated protein was observed with a trans-
lated DNA sequence (pFLOB540) from FAM18
cells (Kawula et al. 1988) but no identity was see
with the PIl gonococcal protein (Table V).
Although a very high homology between the
class 1 (20 amino acids) and class 5 proteins (10
amino acids) of thé&l. meningitidisserogroup B
was observed with similar proteins from serogroup
A described in the literature, previous immuno-
logical characterization of the strains showed that
11— - they present different antigenic properties. More-
3J— ' over, the sequence of amino acids 1 through 20,
of the class 1 and 3 proteins, has been suggested
to comprise a highly conserved transmembrane
protein segment ofNeisseriasp. while the vari-
able segment seem to be at the outside of the mem-
brane forming an important antigenic site
(McGuiness et al. 1990, Bash et al. 1995). Thus it
is important go on in the primary structure of these
proteins in order to define their variable regions.
o The class 1 protein is unique to meningococci,
it is immunogenic and antibodies directed against
it are bactericidain vitro (Frasch et al. 1986,
Sodium dodecy! sulphate polyacrylamide gel electrophoresPoolman et al. 1987) and protect against infection

(12%) analysis of coomassie blue-OMPs stained. OMV protein% an experimental animal model (Saukkonen et
expressind\eisseria meningitidisl44/89 strain were isolated

with CHAPS and solubilized at 100°C for 2 min in sample buffe . 1987). . L .
for electrophoresis. Numbers (1-5) on the left site of the figure ~ The antigenic differences in the class 2/3 outer

indicate respectively the C1-C5 outer membrane proteins. Lanemembrane proteins are important and accountable
contained isolated OMP proteins (A9) and lane b standard oy serotype specificity, while antigenic determi-

marker proteins [top to botton, phosphorylase b (94 kDa), bovi : i
serum albumin (67 kDa), ovalbumin (45 kDa), carbonic anh)rﬁants on the class 1 protein generate subtype Speci

drase (29 kDa), soybean tryosin inhibitor (20 kDa) and lysozimfCity. A recent study, usilng Synthetic peptides from
(14.4 kDa)]. three strains oN. meningitidis(MC50, MC51,

H44/76) defined the regions VR1 (24-36) and VR2

1989) but no identity at the first 10 amino acid179-187) from the class 1 proteins as responsible
appears with the meningococcal class 4 protefior the serosubtype specificity (McGuinness et al.
determined in this study. 1990). The determination of the structure-func-

The N-terminal amino acid sequence of the Chon relationship can provide important clues for
protein presented a high similarity (60%) with ahe understanding of the multiple biological ef-
class 5 serogroup A meningococcal proteiects of these outer membrane proteins on differ-
(Achtman et al. 1983) isolated from patients durent strains olN. meningitidisIn addition, the DNA
ing the Gambia (West Africa) epidemic meningosequence or selected constituent oligonucleotide
coccal meningitis (clone A 1V-1) in 1982-1983.portions, including synthetic oligonucleotides, may
A similarity of 100% with a Cba (heat modified be used as molecular gene probes for the detection

I
¢t 1l-

b

TABLE |

Comparison of N-terminal amino acid sequenchl@fseria meningitidislass 1 (C1) protein with deduced
and translated meningococcal class 1 proteins. The amino acids printed in bold type are variable residues

Strain Serotype Gen bank accession N-terminal sequence

no./Refence
N44/89  B:4P1.15  This work DVSLY> GEIKA10 GVQGRISNFQLE?20 |[EPP25
H44/76 B:15P1.7.1 McGuinness et al. 1990 DVSLY GEIKA GVEGR NYQLQ LTEAQ
MC50 C:NT:P1.16 Barlow et al. 1990 DVSLY GEIKA GVEGR NIQAQ LTEQP
MC51 C:NT:P1.15 McGuinness et al. 1990 DVSLY GEIKA GVEGR NFQLQ LTEPP
2996 B:2b:1.2 X60105 DVSLY GEIKA GVEGR NIQLQ LTEPL

NT: not typed
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TABLE Il

Alignment of N-terminal amino acid sequenceNgfisseria meningitidislass 3 (P3) proteins with related
class 2 and 3 translated meningococcal and gonococcal proteins. The amino acids printed in bold type are
variable residues

Strain Serotype Gen bank accession N-terminal sequence
no./Refence
N44/89 B:4P1.15  This work DVSLY?> GEIKA1? GVEIKI1S RKVKI2O9NGENV25
12GE 3 u07191 DVTLY GTIKA GEATS RSVAH NGAQA
BB1350 4 U07193 DVTLY GTIKA GETS RSVEH NGGQV
M978 8 u07189 DVTLY GTIKA GETS RSVAH NGAQA
S3446 14 u07188 DVTLY GTIKA GETS RSVAH NGAQA
6557 17 U07190 DVSLY GEIKA GVETS RSVYY EDGKA
1901 18 u07192 DVTLY GTIKA GETS RSVAH NGAQA
6940 19 U11030 DVTLY GTIKA GETS RSVAH NGGAQ
M986 B:2a Murakami et al. 1989 DVTLY GTIKA GEVS RVVDA GTYKA
P9 PIB Carbonetti et al. 1987 DVTLY GAIKA GQTY RSVEH TDGKV
MS11 PIB Gotschlich etal. 1987 DVTLY GAIKA GQTY RSVEH TDGKV
R10 PIB Butt et al. 1990 DVTLY GAIKA GQTY RSVEH TDGKYV
FA19 PIA Carbonetti et al. 1988 DVTLY GTIKA GETS RSVAH HGAQA
TABLE llI

Alignment of aminoterminal sequenceNéisseria meningitidislass 4 (C4) protein with that deduced from
DNA meningococcal sequence. The amino acids printed in bold type are variable residues

Strain Serotype Reference N-terminal sequence

N44/89 B:4P1.15 This work GVAQVNHYKV 10

M986 B:2a Klugman et al. 1989 GEASVQGYTV
TABLE IV

Comparison of the N-terminal amino acid sequenddes$seria meningitidislass 5 (P5) protein with related
meningococcal and gonococcal proteins. The amino acids printed in bold type are variable residues

Strain Serotype Reference N-terminal sequence
N44/89 B:4P1.15 This work ASELG® s RSPYLO
pFLOB540 Kawula et al. 1988 ASELG R SPY
FAM18 C2a Achtman et al. 1983 ASEGs s GrPY
FA1090 PIl Barritt et al. 1987 AEGRP YVNAD

of the organism in various body fluids. Knowl-  serogroupAm J Exp Med 16&07-525.

edge of the amino acid sequence also allows th@htman M, Wall RA, Bopp M 1991. Variation in class
testing of strategic synthetic peptides to identify 5 protein expression by serogroup A meningococci
and confirm immunodominant B-cell or T-cell during a meningitidis epidemicl Infect Dis
epitopes. Synthetic peptides also may be used as 164375-382.

the basis for improvll. meningitidisserologic tests Aho EL, Dempsey JA, Hobbs MM, Klapper DG, Can-

and/orN. meningitidissynthetic peptide vaccines. 1N JG  1991. Characterization of the opA (class
5) gene family of Neisseria meningitidisMol
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