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Meningococcal group X (MenX) is responsible for recent outbreaks of meningitis reported in sub-Saharan
region of Africa. Although protective vaccines are available for meningitis, they are not effective against
MenX. An efficacious, monovalent conjugate vaccine was designed against MenX and a fed-batch
fermentation process was developed. The MenX polysaccharide (PS) was purified and yield estimated
to be 15-fold higher than the reported elsewhere. Structure of MenX polysaccharide was confirmed by
1H, 13C NMR spectroscopy analysis. Molecular weight of PS was found to be 310 kDa using HPLC-SEC
coupled to refractive index (RI) detector. The MenXeTetanus toxoid (TT) monovalent conjugate proved
to be highly immunogenic in mice, and the bactericidal titers of MenXeTT conjugate were 10-fold higher
than native PS. Increasing the dose of MenXeTT conjugate from 0.5 mg to 1.0 mg induced an 8-fold higher
antibody titer as well as serum bactericidal titer. The current work suggests that the MenXeTT conjugate
is a candidate vaccine against meningitis caused by Meningococcal group X strains.

� 2013 The International Alliance for Biological Standardization. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Meningitis is one of the severe invasive diseases caused by
Neisseria meningitidis, Gram-negative diplococci bacteria. Menin-
gococcal group A (MenA) is the most common disease causing
strain that spreads meningitis disease in the sub-Saharan region of
Africa commonly known as the “Meningitis Belt”. Meningococcal
group X (MenX) is more sporadic and less common than MenA,
but due to recent outbreaks it augments the importance of vaccine
against MenX. In the recent past (2006e2010) there were out-
breaks of MenX cases reported in Burkina Faso, Tago, Kenya
and Ghana [1,2]. A monovalent MenA conjugate vaccine
(MenAfriVac�) was licensed and introduced in 2010 in Burkina
Faso. The suspected cases of meningitis were identified from 1024
out of 3125 reported. Among these identified cases, 59% (153/258)
were caused by MenX, 38% (99/258) were by Meningococcal group
W (MenW) and 1.6% (4/258) MenA. Due to the introduction of
MenAfriVac�, negligible cases of MenA were reported in the
meningitis belt in 2012 but yet 138 cases of MenX (16%) and 704
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MenW cases were reported (83%) [3]. Polysaccharide (PS) based
vaccines are T-cell independent and fail to induce sustained
antibody response in children less than 2 years of age, leading to
hyporesponsiveness to booster doses. To overcome this limitation
the polysaccharide was conjugated to carrier protein to make
polysaccharide conjugate vaccine that can significantly change the
immunological properties of the polysaccharide, converting it
from a thymic-independent to a thymic-dependent antigen [4].
The MenX polysaccharide (MenX PS) is a homopolymer of N-
acetyl-D-glucosamine-4-phosphate residues held together by a-
(1e4) phosphodiester bonds without O-acetyl groups [5]. Earlier
studies reported the preparation of MenX PS in flask cultures [6]
with polysaccharide yields as low as 3e20 mg/L [6,7]. The objec-
tive of the present study is to investigate the production and
purification of MenX PS for higher yield by fed batch fermentation
and downstream processes respectively.

2. Materials and methods

2.1. Bacterial strain

The Meningococcal strain X designated M8210 was obtained
from Center for Biologics Evaluation and Research (CBER), Rock-
ville, Maryland, USA.
lished by Elsevier Ltd. All rights reserved.
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2.2. Production of MenX polysaccharide

Meningococcal strain X M8210 was cultured on chocolate agar
plates followed by expansion of the cultures in 50 mL of Frantz me-
dium [8]. Overnight grown cultures were inoculated in 1.5 L of
modified Frantz liquid medium [9] in 2.2 L bioreactor (New Bruns-
wick, Bioflow-Celligen115,NewJersey,NY,USA) to reachO.D590of0.1.
The pH was adjusted to 7.1 with a solution of equal volumes of 1 M
NaOH and 2 M NaHCO3. The bioreactor operating conditions were:
temperature ¼ 37 �C; air flow rate ¼ 0.2 L/min (0.13 vvm) and 1.2 L/
min (0.8 vvm) and agitation range between 150 and 500 rpmand the
dissolved oxygen maintained at 20%. During fed-batch runs, feed
solutions were supplied using peristaltic pump (Master Flex, Cole-
Parmer, IL, USA). A continuous exponential feeding strategy was
employed with feed medium (Dextrose 75 g/L, Monosodium gluta-
mate 17.5 g/L, L-argininemonohydrate 1 g/L, L-serine 2 g/L, L-cysteine
2g/L,Magnesiumchloride2.5 g/L, Calciumchloridedihydrate 0.16g/L
and Ferrous sulfate 0.02 g/L). Feed volumetricflowwasmaintained at
0.35 mL/min between 0 and 5 h, 0.65 mL/min between 5 h and 15 h
and0.4mL/minbetween15hand19hof fermentation. Sampleswere
withdrawn after every hour. Cell density was determined by
measuring to absorbance at 590 nm and the residual glucose con-
centrationwas estimated using glucose oxidase colorimetricmethod
[10]. The glucose concentration was maintained above 1 g/L
throughout the fermentation. Liquid culturesweregrownfor19hand
subsequently inactivated by 1% (v/v) formaldehyde. Cells were sedi-
mented by centrifugation at 14,500 g for 45 min at 2e8 �C. The su-
pernatant was filtered through 0.2 mm membrane, further
concentrated and diafiltered by tangential flow filtration (TFF) with
100 kDa molecular weight cut-off cassette. The amount of MenX
polysaccharide in the harvest solution was quantified by total phos-
phorus determination method reported [11].

2.3. Isolation of MenX polysaccharide

The crude polysaccharide was purified by a series of precipita-
tion and diafiltration steps but without employing phenol and
ammonium sulfate extraction steps to remove the protein impu-
rities [7,12,13]. All steps were carried out at 4 �C unless indicated
otherwise. The crude polysaccharide was treated with a mixture of
40% (v/v) ethanol, 0.002M EDTA, 6% sodium acetate and 1% sodium
deoxycholate for protein and nucleic acid precipitation with
continuous stirring for 3 h. The mixture was centrifuged; super-
natant was concentrated and diafiltered by TFF with 100 kDa mo-
lecular weight cut-off cassette. The polysaccharide was further
extracted with 3% (w/v) CTAB (Cetyltrimethyl ammonium bromide,
Sigma) with stirring at 150 rpm for 12 h at 25 �C followed by
centrifugation at 10,000 g for 20 min at 2e8 �C. The pellet was
resuspended in 80% (v/v) ethanol and PS was precipitated by
adding 2 M NaCl to a final concentration of 0.05 M NaCl under
stirring. The stirring was continued for 30 min and pellet was
recovered by centrifugation at 10,000 g for 20 min at 2e8 �C. The
pellet was then resuspended with 45% (v/v) ethanol with final
concentration 0.4 M NaCl solution, centrifuged at 10,000 g for
20min at 2e8 �C. TheMenX PS ethanol solutionwas further filtered
through activated carbon filter of 25 cm2

filtration area (3 M, USA).
PS was re-precipitated with 80% (v/v) ethanol. The precipitated
polysaccharide was dissolved inwater and diafiltered against water
using TFF with 100 kDa molecular weight cut-off cassette.

2.4. Characterization of MenX PS

2.4.1. Analysis of Molecular size by HPLC-SEC
MenX PS samples were analyzed using HPLC-SEC equipped with

OHpak SB-805 HQ (8.0 mm � 300 mm) column (particle size,
13 mm; Shodex, Japan) and OHpak SB-804 HQ (8.0 mm � 300 mm)
column (particle size, 10 mm; Shodex, Japan) connected in series
with OHpak SB-G guard column (6.0 mm � 50 mm) column (par-
ticle size, 10 mm; Shodex, Japan). The HPLC-SEC calibration and
molecular weight determination were performed using a mixture
of Pullulan (Standard P-82, Shodex, Japan). The elution time of void
volume (11.4 min) and total volume (24.0 min) were determined
using high molecular weight Dextran (Sigma) and D2O (Sigma)
respectively. The samples were eluted isocratically with 0.01 M
phosphate buffer saline (PBS), pH 7.2, at a flow rate of 1.0 mL/min.
The eluted samples were analyzed using UV detector and RI de-
tector (Waters corp., Milford, MA, USA) connected in series.

2.4.2. Polysaccharide content
The quantitative evaluation of purified solution of MenX PS was

determined by total phosphorus content [11].

2.4.3. Protein impurity
The total protein content in the purified MenX PS sample was

determined by Lowry method [14].

2.4.4. Nucleic acid Impurity
The nucleic acid content in the purified MenX PS sample was

determined by ultraviolet spectroscopy at 260 nm assuming that a
nucleic acid concentration of 50 mg/mL gives an OD260 ¼ 1.

2.4.5. Endotoxin content
Kinetic Turbidimetric Limulus amoebocyte lysate (Charles River

Laboratories, USA) was used to measure endotoxin level with a
microplate reader (ELx808IU�, BioTeK Instruments) using Endo-
Scan-V� software (Charles River Laboratories, USA).

2.4.6. NMR spectroscopy
The structure of purified MenX PS was determined by 1H, 13C

NMR spectroscopy using Bruker Avance III 400 NMR spectrometer
with an Ultra Shield 400 Plus magnet. The probe temperature was
set at 303 K and the 1H and 13C spectra were recorded and pro-
cessed using standard Bruker software (Topspin 2.1). The solvent
signal of Deuterium oxide (D2O) was considered as an internal
reference for 1H NMR spectrum [15]. 13C NMR spectrum was
referred to the C1 value at 96.77 ppm [6]. Approximately 12 mg of
purified MenX polysaccharide was dissolved in Deuterium oxide
(D2O) and subjected to 1H and 13C NMR analysis.

2.5. MenXeTT conjugate preparation

The Tetanus Toxoid (TT) was purified by gel filtration chroma-
tography. An XK 50/60 column (GE Health care, Uppsala, Sweden)
was packedwith Toyopearl HW-65 resin (TOSOH Bioscience, Tokyo,
Japan) in 0.1 M MES buffer (4-Morpholineethanesulfonic acid
hemisodium salt). Native polysaccharidewas passed through a high
pressure homogenizer (Constant Systems Ltd, UK) and the homog-
enized polysaccharides (150e170 kDa, 490e574 repeating units
considering 305 as the residueweight ofMenXPS sodium salt)were
activated with cyanylating agent CPPT (1-cyano-4-
pyrrolidinopyridinium tetrafluoroborate) in carbonate buffer (pH
9.5) followed by linking with the spacer molecule ADH (Adipic acid
dihydrazide) for 4 h. The reactionwas stopped by the addition of 3M
glycine and diafiltered by TFF with 10 kDa molecular weight cut-off
cassette. The introduced hydrazide groups (NHeNH2) were deter-
mined by TNBS (2,4,6-Trinitrobenzenesulfonic acid) colorimetric
method [16] usingADHas a standard. ADH linkedPSwas conjugated
to the purified Tetanus Toxoid (1526 LF/mg N) by carbodiimide
chemistry using EDC (1-Ethyl-3-(3-dimethylaminopropyl) carbo-
diimide). The reactants were added by weight ratio 1:0.9:0.9
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(PS:EDC:TT). The conjugation reaction was carried out for 3e4 h at
pH 6.0. The reaction was monitored online using HPLC-SEC with RI
detector (Waters corp. Milford, MA, USA). The reaction was termi-
nated by raising the pH to 8.0 by 0.5 M Sodium carbonate.

2.6. MenXeTT conjugate purification

The crude conjugate was also purified by gel filtration chro-
matography. An XK 50/60 columnwas packed with Toyopearl HW-
65 resin (TOSOH Bioscience, Tokyo, Japan) using a chromatography
system (Akta Explorer, GE Health care, Uppsala, Sweden). The
conjugate was eluted in Tris-NaCl buffer (0.01 M TriseHCl, 0.02 M
NaCl), at a linear flow rate 30 cm/h (10 mL/min). The conjugate and
protein peaks were monitored at 215 and 280 nm respectively.

2.7. Characterization of MenXeTT conjugate

2.7.1. Analysis of molecular size by HPLC-SEC
MenXeTT conjugate samples were analyzed by HPLC-SEC

(described in the section Analysis of Molecular size by HPLC-SEC).

2.7.2. Conjugated and unbound (free) polysaccharide content
The total polysaccharide content in MenXeTT conjugate was

determined by total phosphorus content. For unbound poly-
saccharide analysis, conjugate (diluted to 100 mg/mL withWFI) was
incubated with 100 mL of 1.5% (w/v) sodium deoxycholate for
30 min at 4 �C, and then 50 mL of 1 M HCl added. The acid treated
conjugate sample was centrifuged at 6000 g for 15 min, poly-
saccharide content in the supernatant was determined. The per-
centage of polysaccharide was calculated by dividing free
polysaccharide content by total polysaccharide content.

2.7.3. Total and unbound (free) protein content
The total protein content was estimated by Lowry method. The

unbound (free) protein content was determined by loading con-
jugate sample on ion exchange resin using a chromatography sys-
tem (Akta Explorer, GE Health care, Uppsala, Sweden) connected
with UV detector monitored at 280 nm. Column C 10/10 (Amer-
sham Biosciences) was packed with Toyopearl Cellulose DEAE
(TOSOH Bioscience, Tokyo, Japan) and equilibrated with 10 mM Tris
pH 7.0 (Buffer A), flow ratewas maintained at 1 mL/min throughout
the run. MenXeTT conjugate sample of 1 mL was loaded and the
free protein was eluted by a gradient (27%e100%) of Buffer B
(10 mM Tris/1 M NaCl pH 7.0) in 30 min. The eluted protein fraction
was concentrated on 10 kDa molecular weight cut-off centrifugal
device (Millipore) and protein content determined by Lowry
method. The percentage of free protein was calculated by dividing
free protein content by total protein content.

2.8. Immunogenicity of MenX PSeTT conjugate

Immunogenicity of MenX PSeTT conjugate was studied using
mouse model. All BALB/c mice used in the present study were
maintained at Serum Institute of India Ltd in accordance with An-
imal Ethics committee requirements and recommendations from
the Institute Biosafety Committee. Groups of six female BALB/c
mice, aged 6e8 weeks, were immunized subcutaneously (sc) on
day 0, 14 and 28 with native MenX PS at 0.5 mg per dose or MenXe
TT conjugate on the basis of polysaccharide content at 0.5 mg or
1.0 mg per dose with or without alum (aluminum phosphate) as
adjuvant (0.125 mg of Alþþþ per dose) in saline. The dose volume
was 0.5 mL and the serum samples were obtained prior to immu-
nization (day 0), 4 weeks after first immunization (day 28) and 3
weeks after the second immunization (day 35). Sera prepared by
mixing equal volumes of every two mice in a group were used in
ELISA and serum bactericidal assay in duplicates.

2.9. Antibody analysis

2.9.1. Conjugation of PS to beads
The MenX PS was coupled onto carboxylated polystyrene

magnetic beads (Luminex MagPlex Microspheres, Austin, TX, USA)
as described previously [17]. 2.5 mg of MenX PS was activated with
40 mg of 4-(4, 6-dimethoxy [1,3,5] triazin-2-yl)-4-methyl-mor-
pholinium (DMTMM) at room temperature for 60 min with con-
stant shaking. The desalting of the solution was performed by a
column PD-10 (Sephadex� G-25 Medium, GE Amesham, USA). The
activated polysaccharide was conjugated to the carboxylated beads
by incubating overnight at room temperature. The PS coupled
beads were washed with PBST (PBS with 0.1% w/v polysorbate 20)
and incubated in glucose (250 mM) and glycine (250 mM) solution
for 30e45 min at 25 �C. The beads were resuspended in storage
buffer and stored at 2e8 �C.

2.9.2. Bead based ELISA
The MenX PS coupled beads were diluted in luminex assay

buffer (PBS, pH 7.2 with 0.05% (w/v) sodium azide, 0.2% (w/v) BSA
and 0.1% (w/v) Polysorbate 20) to get approximately 3000 beads/
50 mL and added into each well of 96-well flat bottom plate (Nest
Biotech Co. Ltd., China). The plate was incubated at 37 �C for 60 min
with shaking in dark. Mouse internal reference serum, pre- and
post-immunization sera samples were diluted at two-fold serial
dilutions in luminex assay buffer. 50 mL of each dilution was added
on to the beads and 50 mL of only luminex assay buffer added on to
the beads were considered as assay blank. The plates were incu-
bated at 37 �C for 60 minwith shaking in dark. Unbound antibodies
were removed by washing the plate on magnetic ELISA washer
(BioTek Instruments) with luminex assay buffer. Then, 50 mL of R-
phycoerythrin-conjugated goat anti-mouse IgG antibodies (dilu-
tion 1:250) (Jackson Immunoresearch, PA, USA) were added to each
well. The plate was incubated at 37 �C for 30 min with shaking in
dark. The plates were washed and the median fluorescence in-
tensity units (MFI) were measured using Magpix system (Luminex
Corp., Austin) using xPONENT software. Antibody titers were
defined as the reciprocal of highest dilution that gave a fluores-
cence greater than 100 MFI units after blank subtraction.

2.9.3. Serum bactericidal assay
The serumbactericidal activity againstMenX strain (M8210)was

estimated by an in vitro assay as described previously [18]. Pooled
sera of twomice in a groupwere tested at serial two-fold dilutions in
Hanks balanced salts (Gibco�, Grand Island, New York, USA) and
titers were defined as the reciprocal of the highest dilution yielding
at least 50% or greater killing of MenX strain (M8210) as compared
with cell control and complement control. The test sera was heat
inactivated at 56 �C for 30 min to remove intrinsic complement
activity before the use in the assay, and baby rabbit complement
(Pel-freeze biologicals, Arakanas, USA) was used as a complement
source. The colony forming units (CFU) were counted by an auto-
matic colony counter (Synoptic Ltd, Cambridge, UK).

3. Results

3.1. MenX polysaccharide production

MenX PS was produced by fermentation of MenX strain
(M8210). Twenty cultivations were carried out in fed batch mode
and the results are summarized in Fig. 1. An average yield of 500e
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Fig. 1. Production of MenX Polysaccharide. Production levels in crude harvest, purified
MenX, recovery (%), and maximum biomass in twenty runs of fed-batch fermentation
runs. ( ) Crude polysaccharide (mg/L), ( ) purified polysaccharide (mg/L),
( ) batch recovery ( ) biomass O.D590.
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600 mg crude polysaccharide per liter of growth media was
obtained.

3.2. Purification and characterization of MenX PS

The polysaccharide was recovered from the crude harvest with
an average yield of 350mg per liter of growthmedium. The purified
polysaccharide and the crude harvest were analyzed by HPLC-SEC
equipped with RI detector. The elution profile of crude sample
(Fig. 2a) showed two peaks; the first broad peak could be attributed
to themixture of polysaccharides (peakmolecular size of 1623 kDa)
and second peak (peak molecular size of 35 kDa) represents im-
purities (Protein/DNA/LPS) in the sample. The elution profile of
purified PS (Fig. 2b) showed only one major peak with a reduced
molecular size of 311 kDa.

The protein impurities were analyzed by 12% SDS/PAGE stained
with Coomassie blue. All the protein impurities were removed from
the purified sample (Fig. 2c, Lane 2) compared to crude harvest
(Fig. 2c, Lane 4) and partially purified polysaccharide (Fig. 2c, Lane
3). All our MenX purified polysaccharide batches contained low
levels of contaminants [protein and nucleic acid <1% [weight to
weight (wt/wt)] of PS, and endotoxin <5 EU/mg of PS].

3.3. Structural analysis of MenX PS by NMR study

The 1H and 13C NMR analysis of polysaccharide sample from the
MenX isolate M8210 was found to be identical with the structure
reported previously [5,6,19]. 1H NMR spectrum (Fig. 3a) shows a a-
linked anomeric proton at 5.57 ppm, ring protons between 4.10 and
3.8 ppm, D2O signal between 4.8 and 4.6 ppm and themethyl of the
N-acetyl signal at 2.08 ppm. Integration of the peak areas confirms
the presence of one anomeric proton, six ring protons (H2 to H6)
and three methyl protons. Expansion of the ring proton region
(Fig. 3b) allows assignment of the protons based on inspection as
indicated, the assignments were further confirmed by the 2D NMR
experiments conducted (data not shown). The 13C spectrum of
MenX purified polysaccharide (Fig. 3c) sample contains eight sig-
nals which could be attributed to the carboxyl group, an anomeric
signal, five ring carbons, a methlyene carbon (C6) and the N-acetyl
methyl signal consistent with those obtained by method [5]. The
expansion of carbon spectrum (Fig. 3d) shows carbon signals that
are split due to long-range coupling to 31P i.e. in close proximity to
the phosphodiester linkage namely C1, C2, C4 and C5.
3.4. MenX PSeTT conjugation

For better immunogenicity MenX PS was conjugated with
Tetanus Toxoid. TheMenXPSwas homogenized to intermediate size
of approximately 150 kDa for better conjugation process (Fig. 4a).
Amongst the various ratios of PS:CPPT:ADH attempted, optimum
activation for conjugation was obtained with a ratio of 1:1.5:5.5 by
weight respectively. The degree of activation of MenX PS was 15 i.e.
one hydrazide group present after every 10 to 20 PS repeating units.
The conjugation reaction was monitored by HPLC-SEC and the
overlay of chromatograms showed the reduction in the native
polysaccharide (minor peak)with a subsequent increase in the peak
area of conjugate (major peak) (Fig. 4b). We have observed some
non-specific binding of conjugation reaction residuals to the HPLC-
SEC columns. The GFC purified conjugate fractions were analyzed
individually and pooled on the basis of glycosylation ratio (saccha-
ride: protein, w/w) of 0.35e0.50 (data not shown). The free poly-
saccharide content of the purified conjugate was found to be less
than 5% (w/w) (free to total ratio). The purifiedMenXeTT conjugate
showed a single peak with no other impurity or aggregate and the
peak molecular size of MenXeTT conjugate was 1062 kDa (Fig. 4c).

3.5. Immunogenicity of MenXeTT conjugate

Immunogen was injected subcutaneously (sc) thrice at two
week intervals. Antibody responses were measured by bead based
ELISA using MenX PS as solid phase coated antigen. All the mice
groups immunized with various formulations produced MenX
specific antibodies (Fig. 5). Mean titer values obtained for the
MenXeTT conjugate and other groups are listed in Table 1.

3.6. Serum antibody measurement by ELISA

The Native PS with Alum (Group B) of immunized mice devel-
oped antibodies specific to MenX PS and have a mean titer of 1600
as compared to 50 in assay control (Group A) mice (p < 0.0001)
indicating that the polysaccharide is immunogenic. The enhance-
ment of mean antibody titer (p < 0.0001) in the mice of Group C
immunized with MenXeTT conjugate alone, as compared to group
A and B shows evidence of a T-cell dependent response from the TT-
conjugated polysaccharide. MenXeTT conjugate (Group D) showed
higher levels of immune response in presence of alum when
compared to MenXeTT conjugate alone (Group C) (p ¼ 0.0132) and
native PS plus alum (Group B), emphasizing the need of alum in the
vaccine formulation. Increasing in dose of MenXeTT conjugate
(0.5 mge1.0 mg; Group C to Group E) leads to a significant increase in
the immune response (p < 0.0001). Increasing in dose of MenXeTT
conjugate (0.5 mge1.0 mg; Group D to Group F) in the presence of
alum showed statistically insignificant (p ¼ 0.3907) antibody titer
values. The higher dose of MenXeTT conjugate in presence (Group
E) and absence (Group F) of alum has no significant effect on the
mean specific antibody titers (p > 0.99).

3.7. Serum bactericidal assay

The level of functional antibody produced in each vaccine group
was measured by bactericidal assay with pooled sera of every two
mice in each group. Bactericidal activity of the mice sera raised
against Native PS (Group B) as compared to control group immu-
nized with saline (Group A) confirms the functionality of the assay.
As expected the Tetanus Toxoid conjugated MenX PS (Group C)
induced enhanced levels of bactericidal activity compared to native
PS (Group B), a 10-fold increase in SBA titers was obtained due to
the conjugation of the PS with TT (p < 0.005). The role of alum
addition on inducing SBA activity was investigated by comparing



Fig. 2. Detection of protein impurities in MenX Polysaccharide purification process. a) Crude harvest using HPLC-SEC þ RI detector, b) Purified harvest using HPLC-SEC þ RI detector,
c) MenX Polysaccharide samples on a SDS/PAGE stained with Coomassie blue. Lane 1. Protein marker; Lane 2. Purified Polysaccharide; Lane 3. Partially purified polysaccharide; Lane
4. Crude harvest.
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the two groups (Group C and Group D). A statistically significant
(p < 0.0005) improvement was observed in SBA activity with alum
containing MenXeTT conjugate group, confirming the boosting
effect of alum. Increasing in dose of MenXeTT conjugate (0.5 mge
1.0 mg; Group C and E) but without alum has a significant (p< 0.05)
effect on the immune response, increased the SBA titer by 8-fold.
The dose of 1.0 mg of MenXeTTconjugate along with alum (Group D
and Group F) showed a 4-fold increase in the SBA activity
(p < 0.0001).

4. Discussion

4.1. Improved yields of MenX polysaccharide

The fermentation parameters and the feeding strategy resulted
in high levels of cell growth, which corresponds to higher expres-
sion of polysaccharide. The decrease in pH during cultivation was
adjusted by addition of a mixture of NaOH and NaHCO3. This is an
important factor that affects cell survival for a longer time in sta-
tionary phase. The results are consistent throughout twenty runs
(Fig. 1) and these were achieved after thorough optimization of
different process parameters and media studies (data not shown).
In addition, the present result demonstrates that polysaccharide
formation is associated with the cell growth. The present fed batch
process is simple and could be easily adapted to large scale pro-
duction for higher yields of polysaccharide with a batch-to-batch
consistency.
4.2. Purification and characterization of MenX polysaccharide

The polysaccharide purification procedure developed here was
simple and robust involving detergent extraction and ethanol
precipitation steps. The use of ammonium sulfate and phenol phase
extraction for protein precipitation and polysaccharide reported by
Bundle et al., [7] was avoided in our process as phenol is carcino-
genic and is also difficult to remove. Purification process was
optimized with use of anionic detergent (sodium deoxycholate),
EDTA, sodium acetate and ethanol to remove >90% of protein im-
purities, LPS contaminants and nucleic acid impurities from the
harvest. The use of enzymes like proteinase K, trypsin, ribonucle-
ases, phospholipases [7,20,21] for the removal of protein, nucleic
acid, LPS impurities are expensive and tedious during the process
scale up.

The traces of nucleic acid impurities in the purified poly-
saccharide are reduced to low levels with activated carbon filter.
The MenX PS has a close structural relationship with the MenA PS
and the same pharmacopoeial specifications of MenA can be
considered for MenX [22]. All our MenX purified polysaccharide
batches contained low levels of contaminants [protein and nucleic
acid <1% [weight to weight (wt/wt)] of PS and endotoxin <5 EU/mg
of PS]. The structural features of MenX PS derived from M8210
isolate confirmed by NMR were similar to previously reported
structure [5]. The NMR spectra of polysaccharide sample from
Meningococcal group X (M8210) strain did not show any signs of O-
acetylation of MenX PS, as evident by the absence of specific peak



Fig. 3. 1H and 13C NMR Spectra profiles of purified Meningitidis X polysaccharide. a) 1H Proton spectra. b) 1H Proton spectra (expanded view) c) 13C NMR spectra d) 13C NMR spectra
(expanded view).

S.R. Chilukuri et al. / Biologicals 42 (2014) 160e168 165



Fig. 4. HPLC-SEC profile of MenXeTT conjugate. a) Purified and homogenized MenX PS, b) Overlay of MenXeTT conjugation process at different time intervals, c) Purified MenXeTT
conjugate.
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for a O-acetyl-group in 1H and 13C NMR spectrum (Fig. 3) which is
same as the finding reported elsewhere [7,13].

4.3. PSeprotein conjugation and conjugate purification

Homogenizing the polysaccharide to a chain lengths of 150e
170 kDa improved the conjugation efficiency as reported by other
groups [23]. The hydroxyl groups of MenX PS are activated by the
cyanylating agent (CPPT) to form reactive cyanoester which further
linked to amine groups of lysine residues in protein. Due to the
detoxification process of Tetanus toxin, the number of lysine resi-
dues available for conjugation are limited [24], we have initially
targeted carboxylic groups in TT to link with ADH by carbodiimide
chemistry and then attach to MenX PS by cyanylation. However the
efficiency of conjugate formation was poor (data not shown).
Therefore, conjugation process was improved by linking ADH to
MenX PS by cyanylation and then coupling to TT by carbodiimide
chemistry. This approach has not only improved the conjugation
efficiency but also reduced the process time significantly.
4.4. Immunogenicity of monovalent MenXeTT conjugate vaccine

The Immunogenicity of the MenXeTT conjugate vaccine was
investigated using mice model with two objectives. One is to un-
derstand the effect of TT on conjugate immune response and
second is the increase in antigen dose in the same experiment. The
conjugate vaccines are considered to have the ability to modify the
immune responses of antigen from T-cell independent to T-cell
dependent response by covalent linking the carrier protein to PSwas
well established [4,25]. It has been clearly demonstrated in the pre-
sent study that MenXeTT conjugate was highly immunogenic and
was able to generate strong bactericidal activity as compared to
native PS suggestive of T-cell dependency. The TT-conjugate formu-
lationwas able to generate higher IgG levels and bactericidal activity
advocating the role of TT as a carrier protein. The alum addition has
significantly improved the immune response in inducing both spe-
cific antibody titers and the functional antibody titers. The increase in
antigen dose (0.5 mge1.0 mg) of the MenXeTT conjugate showed
nearly identical response in eliciting specific PS antibody response



Fig. 5. Antibody responses in mice immunized with saline control or native PS or MenXeTT conjugate. Groups of mice were immunized with either 0.5 mg or 1.0 mg of MenXeTT
conjugate in presence/absence of alum. a) ELISA of PS; carboxylated beads coupled with MenX PS and allowed to bind with antibodies in pooled sera of each group. The geometric
mean concentrations and 95% confidence intervals determined by one-way analysis shown for each group. b) SBA titers are shown for pooled sera for each immunization group.
Data from a representative assay are shown as titers from duplicate sera. Experiment was done with serial two-fold dilutions for each group.
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indicating that the antibody response appear to reach saturation.
In contrast improved response of the bactericidal activity was
observed with higher antigen dose suggesting high proportion of
antibodies in serum has an ability to kill MenX strains in the
presence of exogenous complement. This study suggests that our
vaccine is potent enough to induce protection against the disease.

In conclusion, this study established a reproducible production
and purification process of MenX PS. Conjugate vaccine developed
using ADH (Adipic acid dihydrazide) linker and tetanus toxoid
demonstrated to be immunogenic in mice model. Serum bacteri-
cidal assay suggests the functionality of the vaccine against sys-
temic meningococcal infection. These features form a basis for the
Table 1
Antibody responses in mice immunized with different formulations.

Group Description Amount per
dose

Mean
IgG titer

Mean
SBA titer

A Saline e 50 0
B Native PS þ alum 0.5 mg 1600 4
C MenX-TT conjugate (0.5 mg) only 0.5 mg 6400 42
D MenXeTT conjugate (0.5 mg) þ alum 0.5 mg 40,637 128
E MenXeTT conjugate (1.0 mg) only 1.0 mg 51,200 341
F MenXeTT conjugate (1.0 mg) þ alum 1.0 mg 51,200 512
development of an efficacious and cost effective meningococcal
vaccine against serogroup X infection.
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