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ABSTRACT

Meningococcal disease is an important cause of death and morbidity throughout the world. Nearly 330,000
cases and 35,000 deaths occur yearly. Neisseria meningitidis, serogroup B strain N.44/89, is prevalent in
Brazil. Its outer membrane vesicles (OMV) with iron regulated proteins (IRP) are released to the culture
medium and are used as antigen for vaccine production. In order to have knowledge about the kinetic
parameters, especially the final OMV concentration values, 20-h batch cultivations were carried out in Catlin
medium with iron restriction. Process conditions comprised: 7 L bioreactor, 36ºC, 0.5 atm, overlay air flowrate
of 1 L/min, agitation varying from 250 rpm to 850 rpm and dissolved oxygen control set at 10% of saturation
condition. Biomass was determined by optical density at 540 nm and dry weight. Glycerol, lactate, pH and
dissolved oxygen were measured from samples taken during cultivation. Outer membrane vesicle (OMV)
concentration was determined by Lowry’s method after ultracentrifugation. IRP presence was verified by
SDS-PAGE. Highest biomass value, corresponding to the highest initial lactate concentration (7.84 g/L) was
achieved at the 9th hour process time corresponding to 1.0 g/L dry biomass and 2.3 optical density at 540 nm.
Lactate consumption was directly related to cell growth (yield factor: 0.24 g dry biomass / g lactate). Glycerol
concentration in the medium did not change significantly during the process. OMV concentration reached
the highest value of 80 mg/L at end cultivation time. The obtained results suggest that lactate is a main
limiting growth factor and the maximum amount of antigen is obtained during stationary growth and cell death
phases.

Key words: Neisseria meningitidis, outer membrane vesicles, culture medium, vaccine, submerged batch
cultivation

 INTRODUCTION

Meningococcal disease is an important cause of death and
morbidity throughout the world. Nearly 330,000 cases and 35,000
deaths occur yearly (20). Besides disease and death,
meningococcal meningitis is responsible for severe lesions,
especially neurological, such as mental retardation, auditive
deficiency, etc (16). In Brazil this disease has been a serious
public health problem with high incidence and lethality in the
last decades (7).

According to a common antimeningococcal vaccine
project, against meningitis B and C, a vaccine containing outer
membrane vesicles (OMV) from N. meningitidis B expressing
iron regulated proteins (IRP) from a strain with high incidence
in Brazil (N 44/89) was suggested by Instituto Butantan,
Instituto Adolpho Lutz and Fiocruz. The OMV must have the
minimum amount of lipo-oligo-saccharide (LOS endotoxin), a
constituent of these vesicles, in order to diminish the vaccine
toxicity level, but maintaining vesicle integrity. In the Instituto
Butantan the production process of N. meningitidis C (3,19);
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the evaluation of the importance of a second serogroup B
strain as vaccine component (9); the obtainment of vesicles
with appropriate characteristics (with IRP expression and with
low level of LOS); the conjugation process of N. meningitidis
C polysaccharide with N. meningitidis B OMV (12,13) were
studied. In addition, it is worth mentioning that OMV also are
employed as carriers of polysaccharides in conjugated
vaccines against Haemophilus influenzae and in vaccines
against pneumonia (2,11).

Aiming at process optimization for OMV production, the
N. meningitidis B growth kinetics and the yield evaluation of
the amounts of produced OMV must be better studied. This
means to identify the principal limitations, to determinate
factors of OMV generation and to understand the relationship
between cell growth and released OMV yield in the cultivation
broth.

The objective of the present work is to study the growth,
substrate consumption and released OMV production kinetics
of Neisseria meningitidis, serogroup B strain N44/89, in
bioreactor, aiming at the increase of OMV yield and the use of
these data for further development and scaling up of the vaccine
production process.

Table 1. Factorial planning design and analysis of results of preliminary experiments carried out in shaker.

(X1) Glycerol (g/L): 0 (-)/5.00 (+)1

(X2) L-glutamic acid (g/L): 1.18 (-)/2.36 (+)1

(X3) Lactate (g/L): 2.61 (-)/5.22 (+)1

Erlenmeyer Average Factorial Planning of Assays Interaction Effects O. D. OMV
Number Calculation (X1) (X2) (X3) X1X2 X1X3 X2X3 X1X2X3  540 nm  (mg/L)

1 + - - - + + + - 1.050 19.4
2 + + - - - - + + 1.235 13.9
3 + + + - + - - - 1.220 18.3
4 + - + + - - + - 1.445 23.7
5 + + - + - + - - 1.460 26.0
6 + - + - - + - + 1.490 29.3
7 + - - + + - - + 1.485 29.7
8 + + + + + + + + 1.500 13.1

Divisor 8 4 4 4 4 4 4 4 —— ——

Average= 1.361 21.7
Effect2 of (X1)= -1.0 -35.5
Effect2 of (X2)= 7.8 -5.2
Effect2 of (X3)= 16.4 13.4
Interaction Effect2 (X1X2)= -6.9 -14.3
Interaction Effect2 (X1X3)= 2.1 2.7
Interaction Effect2 (X2X3)= -7.8 -38.4
Interaction Effect2 (X1X2X3)= 9.8 -1.6

1Original concentrations in Catlin medium: 5.00, 1.18 and 7.500 g/L glycerol,  L-glutamic acid and sodium lactate (50% solution)
respectively; 2Calculated in terms of percentage in relation to the respective average.

MATERIALS AND METHODS

Process Conditions
Preliminary cultivation runs

Eight cultivation runs were carried out according to the
factorial planning design 23 (5) each one in shaken flasks of 300
mL capacity with 100 mL of Catlin medium without iron
compounds, incubated at 300 rpm and temperature controlled
at 36±0.5ºC. The inoculum for each flask was prepared as that
used in bioreactor cultivations (described below). The initial
optical density at 540 nm was near 0.1 at the beginning of
cultivations. The values adopted for the initial concentrations
of L-glutamic acid, glycerol and lactate are listed in Table 1. The
analysis of the effects was based on the optical density at 540
nm and released OMV values in each flask contents after 8
hours of cultivation.

Cultivation runs in bioreactor
 The inoculum of Neisseria meningitidis Serogroup B - N

44/89 (Instituto Adolpho Lutz, São Paulo, Brazil) was prepared
according to Gotschlich et al. (14). The content of one ampoule
of the meningococcal strain, maintained at -80ºC, in 1.0 mL Catlin
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medium without iron compounds (8) plus 30% glycerol, was
streaked out onto 5 Müller-Hinton agar slant tubes (18) and
incubated at 36oC for 18-20 h in a candle jar (5-10% CO2). The
cells from each slant tube were resuspended in the liquid Catlin
medium without iron compounds and then transferred to five
500 mL conical flasks, each containing 100 mL Catlin medium
without iron compounds and incubated at 36ºC for 3 h on a
rotary shaker at 250 rpm. In order to verify possible
contaminations, microscopic examinations were carried out
using the Gram technique (4). The contents of conical flasks,
corresponding to an initial optical density near 0.1 at 540 nm,
were used to inoculate a 7 L (total capacity) bioreactor (New
Brunswick, model Bioflo 2000, New Jersey, NY) containing 4.2 L
Catlin medium without iron compounds. The medium for the
inoculum as well as for the bioreactor was sterilized by filtration
through Millipore filters with 0.2 µm mean pore diameter.
Composition of Catlin medium without iron compounds (g per
liter) was: 5.850 NaCl; 0.401 NH4Cl; 0.186 KCl; 2.678
Na2HPO4.12H2O; 0.170 KH2PO4; 0.647 sodium citrate.2H2O; 7.500
sodium lactate (50% solution); 0.616 MgSO4.7H2O; 0.037
CaCl2.2H2O; 1.180 L-glutamic acid; 0.021 L-serine; 0.010 L-
cysteine.HCl.H2O; 0.105 L-arginine.HCl; 0.150 glicine; 0.001
MnSO4.H2O; 5.000 glycerol. The pH was adjusted to 7.0 with a
5N NaOH solution. The bioreactor operating conditions were:
temperature = 36.0ºC; air flow rate = 1 L/min (0.22 vvm); upper
aeration, kLa ≅ 5.3 h-1; agitation frequency = between 250 and
850 rpm; dissolved oxygen controlled at 10%. The vessel head
pressure was maintained at 0.5 atm. Two Rushton six blade disc
turbines (φ = 6.5 cm) were used for mixing, one located at 5.0 cm
from the vessel bottom and the other at 15.0 cm from the first
turbine. The pH was measured by an on-line sterilizable electrode
(Ingold model 465-90, Mettler-Toledo, Alphaville-Barueri, Brazil).
Dissolved oxygen concentration was detected by an on-line
polarographic electrode (Ingold model 531, Mettler-Toledo,
Alphaville-Barueri, Brazil). The 100% point was calibrated one
hour before the inoculation, under the same cultivation
conditions.

Analytical Methods
Cell concentration was expressed as optical density at 540

nm and dry biomass weight per liter (g/L) after centrifugation of
a known-volume sample at 3,220xg during 30 minutes, followed
by pellet drying at 60ºC for 48 h. Colony forming units (CFU)
were determined by counting the colonies of a previously diluted
sample grown in chocolate Müller-Hinton agar medium (10) at
37ºC for 24 hours. For glycerol concentration measures, the
used method (1) was based on glycerol oxidation by sodium
periodate, where glycerol reacts with sodium periodate in acid
solution generating aldehyde and formic acid. The formic acid
was titrated with a NaOH solution (0.125 N) and the consumed
volume corresponded to the glycerol concentration. Lactate
concentrations were determined employing an automatic

enzymatic analyzer (Yellow Spring, model YSI 2700 Select, Yellow
Springs, Ohio, USA). OMV were separated from supernatant
cultivation after ultracentrifugation (Beckman, L8-M
Ultracentrifuge, Palo Alto, CA, USA) of 50 mL samples at 30,000
rpm during 3 hours and resuspended in 0.5 mL water. Protein
concentration in OMV resupensions were estimated by Lowry’s
method (17) and compared to a bovine serum albumin standard.
To verify IRP presence an electrophoresis method was employed
(21). A standardized amount of OMV sample was resuspended
in a SDS-PAGE sample buffer containing mercaptoethanol and
urea, which was heated to 100oC for 2 minutes and applied to a
10% acrylamide/bisacrylamide gel. After the run the gel was
stained with 0.1% Coomassie blue. The expression of IRP in the
fractionated OMV extracts was estimated by the presence of
70-108 kDa bands (6).

RESULTS AND DISCUSSION

Analysis of the effects of the factorial planning on the
preliminary assays

The calculated effects and their interactions are presented
in Table 1. According to the results of the final optical density
at 540 nm the main effect was caused by the increase of initial
sodium lactate (carbon source) concentrations in the cultivation
medium. The variation of glycerol concentrations, another
potential carbon source for the bacteria, did not seem to cause
any effect on final cell concentration values. Moreover, the
determination of the initial and final glycerol concentrations
showed that this compound was not consumed during the
cultivations (data not shown). However, analyzing the assays
according to OMV concentration results, despite lactate
concentrations still able to promote a positive effect, the main
effect was promoted by the variation of glycerol concentrations
and their interactions with L-glutamic acid and sodium lactate.
In this way, despite glycerol concentration increase in the
cultivation medium did not seem to promote cell growth, it
possibly could exert a protective effect on OMV generation. L-
glutamic acid concentration variation did not promote any
significant effect at the employed levels.

These preliminary conclusions, therefore, allowed for the
planning of the assays carried out in bioreactor. In these
experiments, the original glycerol and L-glutamic acid
concentrations were maintained. In order to study the influence
of sodium lactate on cell growth and OMV generation, two
extreme concentration values were chosen: one of them
reproducing the original concentration in Catlin medium (7.50
g/L of a 50% sodium lactate solution corresponding to 2.61 g/L
lactate) and the other, three-fold higher, a condition of excess of
this compound (22.5 g/L of a 50% sodium lactate solution
corresponding to 7.84 g/L lactate). In addition, these extreme
limits were chosen to study the limitating or inhibiting influence
of this substrate on cell growth and released OMV production.
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Analysis of results obtained in experiments carried out in
bioreactor

Typical growth curves are shown in Figure 1a, lactate
consumption and pH in Figure 1b and OMV release in Figure
1c. Comparing these kinetics, the substrate limitation is evident

when 2.61 g/L lactate was used in the medium (Figures 1a and
1b). In this experiment, the maximum cell concentration occurred
at the 4th hour whereas the lactate exhaustion occurred at the 8th

hour. Nevertheless OMV release to the cultivation medium
began significantly from the 12th hour on until the end of
cultivation (Figure 1c) reaching the maximum value of near 60
mg per liter of cultivation. Cell population death occurred during
this period and this fact was evidenced by the colony forming
unit decrease (Figure 1a).

On the other hand, when 7.84 g/L lactate was used in the
medium, limitation by this substrate did not occur (Figures 1a
and 1b). The optical density at 540 nm almost doubled in
comparison to the other assay results, corresponding to 1.0 g/
L dry biomass, but even in this way growth was limited by
another substrate, which may be iron or another compound.
Comparing both growth curves, they are almost the same until
the 4th cultivation hour. It can be concluded that the lactate
excess at the level employed in the present work did not inhibit
cell growth, even considering the excess of this substrate until
the end of cultivation. Meanwhile as in the other assay, in this
one OMV release to the cultivation medium also began
significantly from the 12th hour until the end of cultivation (Figure
1c) reaching the value of 80 mg/L, i.e., 33% higher than the
previous result.

 It is worth mentioning that in both assays, there was IRP
generation, marked by the presence of bands between 70 and
108 kDa (Figure 2). Moreover, the determination of glycerol
concentrations showed that this compound was not consumed
during the cultivation periods (data not shown). In this way,
the utility of glycerol in the cultivation medium still remains
unclear. Also in both assays, pH increase, from 7.0 to values
higher than 8.0, during cultivation time was observed (Figure
1b). According to these results, probably L-glutamic acid (main
nitrogen source) was consumed, generating ammonia. In
addition, this amino acid could be present in insufficient
amounts for the cultivation requirements. These data lead to
the supposition that the L-glutamic acid concentrations must
be monitored and its initial concentration in the cultivation
medium optimized in future studies according to the adopted
process conditions.

Only one reference was found in the literature, which
describes a suitable process of OMV production from N.
meningitidis serogroup cultivations (11). According to this
study, the original Catlin medium was modified to Catlin 6
medium, whose main carbon source is supplied by 10 g/L of
initial glucose concentration. However, despite those authors
having described a final cell concentration of 5 g/L dry biomass,
they employed a medium with iron compounds and they did
not elucidate the amount of obtained OMV and if its origin was
from the supernatant or from the whole cultivation broth.

It was demonstrated that lactate is the main carbon source
when original Catlin medium is employed for N. meningitidis

Figure 1. Growth, lactate consumption, pH and OMV formation
kinetics – Assay with 2.61 g/L initial lactate concentration: (a)
O.D. (�) and CFU/mL (�); (b): Lactate (�) and pH (�), (c):
OMV in supernatant (�); Assay with 7.84 g/L initial lactate
concentration: (a): O.D. (�) and CFU/mL (�), (b): Lactate (�)
and pH (�), (c): OMV in supernatant (�).
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serogroup B cultivation. According to the present study,
considering an estimated relationship of 0.5 between the values
of dry biomass and optical density at 540 nm, the dry biomass/
lactate yield factor (YX/S) is near 0.24 g/g. The degradation of
lactate by N. meningitidis B is described together with its
genome and its functions (23). According to this study, the
lactate degradation is accomplished by way of an intact
tricarboxylic acid cycle (TCA), as well as pentose-phosphate
and Entner-Doudoroff pathways. Probably the lactate-
dehydrogenase key enzymes can develop the two-way function
of lactate generation (glycolysis) or lactate absorption
(gluconeogenesis) in these pathways (15,22).

In conclusion, the supplemental addition of three-fold more
initial lactate concentration in Catlin medium in relation to the
original initial concentration leads to an increase of 33% final
OMV concentration (near 80 mg/L) with confirmation of IRP
presence. The OMV release, from cell surface to the cultivation
medium, seems to be more intense during stationary growth
and cell population death phases. The utility of glycerol in the
culture medium still remains unclear, since it has been not
consumed in cultivations. However, despite the positive
preliminary results, the initial concentration of carbon sources
(lactate and glycerol) as well as nitrogen source concentration
must be optimized in future studies according to the adopted
process conditions.
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RESUMO

Produção de Vesículas da Membrana Externa (OMV)
em Cultivo Batelada de Neisseria meningitidis

Sorogrupo B

A doença meningocócica é uma causa importante de morte
a nível mundial. Aproximadamente 330.000 casos e 35.000 mortes
ocorrem anualmente. A cepa N.44/89 do sorogrupo B de
Neisseria meningitidis é prevalente no Brasil. Suas vesículas
de membrana externa (OMV – “outer membrane vesicles”), com
proteínas reguladoras de ferro (IRP – “iron regulated proteins”)
liberadas no meio de cultura, são empregadas como antígeno
para a produção da vacina. A fim ter o conhecimento sobre os
parâmetros cinéticos, especialmente os valores finais da
concentração de OMV, cultivos batelada de 20 hs foram
realizados no meio de Catlin com limitação do ferro. As condições
de processo compreenderam: biorreator de  7 litros, 36ºC, 0,5
atm, vazão de ar de 1 L/min, agitação variando entre  250 a 850
rpm, controle do oxigênio dissolvido em 10% da condição de
saturação. A biomassa foi determinada pela densidade ótica em
540 nm e peso seco. Glicerol,  lactato, pH e oxigênio dissolvido
foram medidos das amostras retiradas durante o cultivo. A
concentração de OMV foi determinada pelo método de Lowry
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após ultracentrifugação. A presença de IRP foi verificada por
SDS-PAGE. O valor mais elevado de biomassa, correspondendo
à concentração inicial  mais elevada de lactato (7,84 g/L) foi
obtido no tempo de processo de 9 horas, o qual corresponde a
biomassa seca de 1,0 g/L e a densidade ótica de 2,3 em 540 nm.
O consumo de lactato. foi relacionado diretamente ao
crescimento celular (fator de conversão de 0,24 biomassa por
lactato g/g). A concentração do glicerol no meio não se alterou
significativamente ao longo do processo. A concentração de
OMV alcançou o valor  mais elevado de 80 mg/L no tempo final
de cultivo. Os resultados obtidos sugerem que o lactato é o
principal fator limitante do crescimento e o máximo do antígeno
é obtido durante a fase estacionária de crescimento e de morte
celular.

Palavras-chave: Neisseria meningitidis, vesículas de membra-
na externa, meio de cultura, vacina, cultivo submerso
descontínuo
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