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ABSTRACT

Haemophilus influenzae type b (Hib) is a pathogenic bacterium and the major cause of
sequalae and deaths among infants due to meningitis. Hib vaccine is constituted of the
exopolysaccharide from the cell capsule and conjugated to a carrier protein. The
production of the polysaccharide is complicated due to low yields of production and
product recovery in the downstream. In this work, the profiles of molecular mass
throughout fermentation were investigated. The molecular mass decreased along
fermentation time, despite the increase in concentration. The mechanisms of hydrolysis
were investigated, with three possibilities considered: alkaline hydrolysis caused by
the solution used to maintain pH of the fermentation; presence of hydrolytic activity
from the fermentation metabolites and spontaneous hydrolysisat the temperature and
pH was evaluated in the conditions of the fermentation and with purified
polysaccharide. The results have suggested that there is not significant influence of the
strength of the alkali solution used for pH control neither the presence of hydrolases in
the supernatant; however spontaneous hydrolysis was verified in a temperature
dependent manner and confirmed with purified polysaccharide.

INTRODUCTION

Haemophilus influenzae is a Gram-negative bacterium, with pleomorphic morphology,
usually assuming a coccobacillar shape that colonizes the upper respiratory tract of
human being and may become pathogenic in infants, elderly and immunodepressed
patients [1]. Clinical manifestations include pneumonia, ofitis, cellulites, infectious
arthritis, septicemia and meningitis [2,3]. Some strains have no capsule and termed
non encapsulated Haemophilus influenzae or non-typeable (NTHi). Other strains
present an extracellular polysaccharide (encapsulated or typeable strains). These
strains are classified into 6 different serotypes (a-f) based on the specific chemical
composition of their capsules. H. Influenzae type b (Hib) is the most virulent and
invasive, being responsible for deaths and sequelae due to meningitis in young
children [4,5].

Vaccination against Hib infections was first introduced in the 1980’s, using as antigen
the extracellular polysaccharide capsule conjugated to a carrier protein [6]. The
polysaccharide produced by Hib is a linear heteropolymer built up of repetitive units
of D-ribitol-(1->1)-B-D-ribose-3-phosphate (Figure 1), also represented as Poly-
Ribosyl-Ribitol-Phosphate (PRP) [7,8].

In vitro, the PRP is naturally released from the outer membrane into the supernatant

[9], whence it may be recovered after cell removal. Recent trends on purification
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techniques advocate the use of tangential micro and

serial
[10,11],
diminishing demands on organic solvents, energy and being an

hand,

ultrafiltration  techniques in  replacement  of

precipitation/extraction and centrifugation steps

environmental friendly alternative. On the other
application of tangential filtration technique to the PRP process
has shown not be capable to satisfactorily recover
polysaccharide in the first step of purification (a 100kDa cut-
off diafiltration), achieving recovery yields lower than 50%
[12]. This fact highlights that the PRP produced in the
fermentation has a small molecular mass and cannot be

retained by the ultra-filtration membrane.
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Figure 1: Chemical structure of the capsular
polysaccharide PRP produced by Haemophilus

influenzae b.

The molecular mass of the polymer has a significant role in the
immunological effectiveness of the conjugated vaccine. World
Health Organization (WHO) and the European Pharmacopeia
require defined molecular mass ranges and stability of the
material for using in vaccination campaigns [13,14].

Other studies have demonstrated the instability of polymers
alike PRP, i.e. molecules that hold a phosphodiester bond in its
composition, as the extracellular capsule of the Streptococcus
pneumoniae serotypes 6A, 6B, 19A and 19F [15], ribonucleic
acid [16] and the capsule of H. influenzae types a, b, ¢ and f
[8]. In these cases, the instability of the polysaccharides may
happen due to spontaneous hydrolysis of the phosphodiester
bonds in alkaline medium and in the presence of bivalent
metallic ions. Enzymatic hydrolysis may also be accounted for

the polysaccharide instability during fermentation. Pham et al.
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[17] demonstrated that long period of fermentations time result
in polysaccharides with lower molecular mass due to the action
of specific hydrolases expressed by the microorganism [17].
This work reports the profile of the polysaccharide molecular
mass produced by H. influenzae type b during fermentation
and its molecular behavior when subjected to different
conditions in order to evaluate and characterize the
depolymerization process.

MATERIALS AND METHODS

Strain

Haemophilus influenzae type b GB 3291 was purchased from
Nucleo de Colegéio de Microrganismos - Instituto Adolf Lutz
(S&o Paulo, Brazil).

Experiments

Fermentations were carried out on a BioFlo 2000 bioreactor
(New Brunswick Scientific)with a working volumes of 5L (batch)
and 10L (fed-batch), at 37°C; pH controlled at 7.5 with three
different alkali solutions: sodium hydroxide 5M, ammonium
hydroxide 14% and sodium carbonate 20%; aeration was
maintained at 0.5VVM and pO2 controlled at 30% of air
saturation.

Culture media

Modified MP medium (MMP) as described by Takagi et al.
[18] was used in the batch phase, and for feeding phase MMP
medium was incremented with glucose (Merck) and yeast
extract (BD) up to 20% [18]. Feeding was started upon
exhaustion of the glucose (evaluated by a pO2 spike) at 1.8
mLmin-1. Samples were taken from the reactor and centrifuged
at 4°C, 16,000g for cell removal and the supernatant was
used for the analysis.

Polysaccharide determination

Supernatants from the culture were treated according to
procedure described by Cintra & Takagi (2012) [19]. The PRP
concentration was determined by the modified Bial’'s method
[20].

Molecular mass determination: An amount of 2 mlL of the
supernatant were treated with CTAB(Cationic hexadecyl
trimethyl ammonium Bromide) as described by Cintra & Takagi
(2012) and precipitated by 80% ethanol in the presence of
5% sodium acetate pH 5.8 and following small modification.
The pellets were resuspended in a solution of Na2HPO4 10mM,

pH adjusted to 7.5 containing NaCl 150mM and sodium azide
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0.02%. These samples were applied in a gel filtration column
(2 serial TSK gel GMPWXL columns) through a Shimadzu HPLC
system composed of an isocratic pump (LC-10ADvp) at a flow
rate of 0.6mL/min, an oven set at 40°C (CTO-10ASvp), a UV-
VIS detector (SPD-10Avp) and a refractive index detector
(RID-10A). The relative molecular mass values (Mw) were
obtained from the refractive index elution times and a
calibration curve constructed with dextran of different defined
molecular mass.

Stability test of polysaccharide in the culture broth: Cell free
sample from the different fermentation times was collected and
submitted to the following treatment: a) frozen right away
(control); b) incubated at 37°C overnight; c) incubated at 37°C
overnight with addition of formaldehyde (2%); d) PRP was
partially purifiedby CTAB and ethanol
described by Cintra & Takagi (2012) [19].
RESULTS AND DISCUSSION

precipitation as

The polysaccharide produced by H. influenzae type b is a
linear chain that comprises a phosphodiester bond in its
backbone which greatly reduces its stability, mainly with
respect to extreme pH values. In the fermentation process,
strong alkali such as sodium hydroxide (5M)is added into the
culture broth in order to adijust pH, but this procedure could
hydrolyze the PRP being produced during cultivation and
released to the culture broth, and thus affect the final yields of
production and recovery.

Firstly, it has been investigated if the addition of strong
concentrated alkali in the broth during the fermentation might
be causing hydrolysis due to local pH increase. For this
purpose, screening experiments were carried out with three
identical batches cultures, where only the alkali solution used
was changed. The traditional base, sodium hydroxide5M
solution, was replaced by ammonium hydroxide 14%a weak
base and usually used in microorganism cultures, and sodium
carbonate 20% based on the study carried out by Crienan et
al, 2010 who used this base due to its efficiency in preventing
alkaline hydrolysis

The Figure 2 shows the PRP concentration and relative MW
profiles from the experiments carried out in three different
alkali solutions. The concentration of PRP increases with a
parallel decreasing in molecular mass values during the

fermentation for the tested bases. Although absolute values of

LITERATURE

MW in the experiments with NH3OH is higher than that one
with NaOH and Na2COgs, this difference may be considered
insignificant once the slope, ie, the hydrolysis rate are similar
among them and in this way it can be concluded that none of
the alkali solutions were effective in preventing molecular mass

decrease during fermentation.
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Figure 2: Evolution of PRP concentration and molecular mass
during fermentation carried out with different alkali
solutions used for pH control: sodium hydroxide (0), sodium

carbonate (O0) and ammonium hydroxide (A).

Some encapsulated bacteria are able of hydrolyzing their own
polysaccharide through the expression of specific hydrolases.
Although genomic databases do not acknowledge the presence
of such sequence in the H. influenzae genome, the presence of
enzymatic activity was tested. For that purpose, screening
experiment was conducted with fed-batch fermentation (with
NaCOs as the alkali solution and feeding initiated 7 hours
after batch start), where samples were taken on five different
points during the fermentation and the cell free supernatant
was fractionated in different ways. Figure 3A illustrates the
kinetics profile of polysaccharide formation and the respective
decreasing molecular mass along of fermentation time, as
confirmed in the previous assay. Figure 3B shows the Mw of the
samples incubated for the stability test.

Sample collected at 5 hours of cultivation (sample 1) was
frozen immediately (control) and its molecular mass was
calculated as 923 kDa, while the same sample incubated at
37°C showed a different value of 622kDa, a reduction of
almost 33% in molecular size. This pattern of reduction was

observed for all the other four samples, although the
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magnitude of reduction decreased along fermentation time,
which may be explained by the fact that the molecules of the
latter samples have already gone through degradation in the
reactor and show a molecular mass value close to the minimum.
The fact that the molecular mass decreases during incubation at
37°C contributes to conclusion that the addition of alkali to the

broth has no effect in the hydrolysis of the polysaccharide.
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Figure 3: Evaluation of PRP stability in the presence and
absence of fermentation metabolites. A) Evolution of PRP
concentration (O) and molecular mass (0). B) Samples
indicated in A were tested for stability under different
conditions: frozen control (M), native sample incubated at
37°C (), sample incubated in the presence of
formaldehyde (L), sample purified by CTAB and ethanol

precipitations and incubated at 37°C (E).

As the native sample incubated at 37°C was in the presence of
cell metabolites, there is a possibility that the supernatant
contains some enzymatic activity. If enzymatic hydrolysis is the
factor responsible for the reduction of the MW, then the
addition of formaldehyde would prevent any enzyme’s activity
present and the MW would not be changed after the
incubation period. By observing samples 1 and 2, it is clear
that the MW decreases even with the addition of
formaldehyde, although the values are still greater than the
native sample. In samples 3 and 4, the difference in the MW is
not very large, and in sample 5 it is actually a little greater.
Nevertheless, as formaldehyde promotes cross-linking of the

organic molecules, it may be masking the higher values
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observed. Knowing that, in the samples 1 and 2 formaldehyde
was unable to maintain the MW values constant, we may
conclude that a non-enzymatic process is contributing to the
degradation of the polysaccharide and that the presence of an
enzyme should be considered doubtful.

The last assay confirmed the evidence that MW reduction is not
caused by enzymatic activity, where the polysaccharide was
isolated from the cell metabolites by CTAB and ethanol
treatment. After incubation at 37°C, this isolated
polysaccharide also had its MW reduced. The values of MW
do not match the incubated sample probably because the
incubation time was not exactly the same. The effect of time on
the level

of polysaccharide depolymerization will be

determined in future studies.
CONCLUSION

Despite the fact that alkaline hydrolysis of the PRP is well
described in the literature, this seems not to be the responsible
agent for depolymerization during fermentation. This conclusion
is asserted by the fact that incubation of the cell-free
supernatant also resulted in hydrolysis. The purified PRP
incubated in the saome conditions as the fermentation
demonstrate that instability of the molecule is not dependent of
enzymes. In conclusion, the PRP instability observed during
fermentation is caused by spontaneous hydrolysis depending
on fermentation conditions such as pH, temperature and
duration of the culture.

ACKNOWLEDGEMENT

This work was supported by BNDES (The Brazilian Development
Bank)Grant 11.2.0322.1/2012 and

number Butantan
Foundation. We thank Mrs. Ana Maria Rodrigues Soares and
Mr. Lourivaldo Ignacio de Souza for technical assistance.

REFERENCES

1. Kuhnert P, Christensen H. (2008). Pasteurellaceae: Biology,

Genomics and Molecular Aspects. Norfolk: Caister
Academic Press.

2. Shapiro ED, Ward JI. (1991). The epidemiology and
prevention of disease caused by Haemophilus influenzae
type b. Epidemiology. 13: 113-142.

3. Smith AL. (1993). Haemophilus Influenzae: An important

cause of meningitis. 2 ed. Mechanisms of Microbiol

Disease. 15: 235-243.

Instability and Depolymerization of the Exopolysaccharide Produced by Haemophilus Influenzae Type B during Fermentation.

SL Vaccines And Vaccination Journal. 2020; 3(1):117.

LITERATURE


https://www.caister.com/past
https://www.caister.com/past
https://www.caister.com/past
https://doi.org/10.1093/oxfordjournals.epirev.a036066
https://doi.org/10.1093/oxfordjournals.epirev.a036066
https://doi.org/10.1093/oxfordjournals.epirev.a036066

RC, et al. (2003). Purification of capsular polysaccharide

from Streptococcus pneumonice serotype 23F by a
procedure suitable for scale-up. Biotechnology Applied

Biochemistry. 37: 283-287.

. Takagi M, Lima RB, Albani SMF, Zangirolami TR, Tanizaki

MM, et al. (2008). Purification of capsular polysaccharide
produced by Haemophilus influenzae type b through a
simple, efficient and suitable method for scale-up. Journal
of Industrial Microbiology and Biotechnology. 35: 1217-
1222.

19.

20.

LITERATURE

4. Lee CJ. (1987). Bacterial capsular polysaccharides 12. Albani SMF, Silva MR, Fratelli F, Cardoso Jr CP, lourtov D,
biochemistry, immunity and vaccine. Molecular Immunology. et al. (2015). Polysaccharide purification from
24:1005-1019. Haemophilus  influenzae type b through tangential

5. Ligon BL. (1998). Margaret Pittman: Pioneer Researcher microfiltration. Carbohydrate Polymers. 116: 67-73.
on Haemophilus influenzae (1901-1995). Seminars in 13. WHO World Health Organization. (1991). Requirements
Pediatric Infection Diseases. 9: 77-79. for Haemophilus type b conjugate vaccines. Technical

6. Peltola H. (2000). Worldwide Haemophilus influenzae type Report Series, n.814, Geneva.

b disease at the beginning of the 21st century: global 14. WHO World Health Organization. (2014). Expert
analysis of the disease burden 25 years after the use of Committee on Biological Standardization. International
the polysaccharide vaccine and a decade after the advent collaborative study for the calibration of a replacement
of conjugates. Clinical Microbiology Reviews. 13: 302- International Standard for the WHO 1st International
317. Standard  for  Haemophilus  inflvenzae type b

7. Crisel RMO, Baker RS, Dorrman DE. (1975). Capsular polysaccharide, Geneva.
polymer of Haemophilus influenzae type b. | - structural 15. Crinean JH. (2009). Method for controlling Streptococcus
characterization of the polymer of strain Eagan. The pneumonie polysaccharide molecular weight using carbon
Journalof Biological Chemistry. 250: 4926-4930. dioxide. Patent n. US2010/0160622A1.

8. Egan W, Schneerson R, Werner KE, Zon G. (1982). 16. Li Y, Breaker RR. (1999). Kinetics of RNA degradation by
Structural Studies and Chemistry of Bacterial Capsular specific base catalysis of transesterification involving the
Polysaccharides. Investigations of Phosphodiester-Linked 2’-hydroxyl group. Journal of American Chemical Society.
Capsular  polysaccharides isolated from Haemophilus 121: 5364-5372.
influenzae types a, b, ¢ and f: NMR spectroscopic 17. Pham PL, Dupont |, Roy D, Lapointe G, Cerning J. (2000).
identification and chemical modification of end group sand Production of exopolysaccharide by Lactobacillus
the nature of base-catalyse dhydrolytic depolumerization. rhamnosus R and analysis of its enzymatic degradation
Journal of American Chemical Society. 104: 2898-2910. during prolonged fermentation. Applied and Environmental

9. Anderson P, Pitt J, Smith DH. (1976). The synthesis and Microbiology. 66: 2302-2310.
release of polyribophosphate by Haemophilus influenzae 18. Takagi M, Cabrera-Crespo J, Zangirolami TC, Raw |,
type b in vitro. Infection and Immunity. 13: 581-589. Tanizaki M. (2006). Improved cultivated conditions for

10. Gongalves VM, Takagi M, Lima RB, Massaldi H, Giordano polysaccharide production by H. influenzae type b. Journal

of Chemistry Technology and Biotechnology. 81: 182-188.
Cintra FO, Takagi M. (2012). Comparison among different
sample treatment methods for analysis of molecular weight
and concentration of exopolysaccharide produced by
Haemophilus influenzae type b. Microbes in Applied
Research: Current Advances and Challenges. 513-517.
Ashwell G. (1957). Colorimetric analysis of sugar. Methods
in Enzymology. 3: 73-105.

Instability and Depolymerization of the Exopolysaccharide Produced by Haemophilus Influenzae Type B during Fermentation.

SL Vaccines And Vaccination Journal. 2020; 3(1):117. LITERATURE


https://doi.org/10.1016/0161-5890(87)90067-8
https://doi.org/10.1016/0161-5890(87)90067-8
https://doi.org/10.1016/0161-5890(87)90067-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC100154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC100154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC100154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC100154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC100154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC100154/
https://pubmed.ncbi.nlm.nih.gov/1080151/
https://pubmed.ncbi.nlm.nih.gov/1080151/
https://pubmed.ncbi.nlm.nih.gov/1080151/
https://pubmed.ncbi.nlm.nih.gov/1080151/
https://pubs.acs.org/doi/abs/10.1021/ja00374a033
https://pubs.acs.org/doi/abs/10.1021/ja00374a033
https://pubs.acs.org/doi/abs/10.1021/ja00374a033
https://pubs.acs.org/doi/abs/10.1021/ja00374a033
https://pubs.acs.org/doi/abs/10.1021/ja00374a033
https://pubs.acs.org/doi/abs/10.1021/ja00374a033
https://pubs.acs.org/doi/abs/10.1021/ja00374a033
https://pubs.acs.org/doi/abs/10.1021/ja00374a033
https://iai.asm.org/content/13/2/581
https://iai.asm.org/content/13/2/581
https://iai.asm.org/content/13/2/581
https://doi.org/10.1042/ba20020075
https://doi.org/10.1042/ba20020075
https://doi.org/10.1042/ba20020075
https://doi.org/10.1042/ba20020075
https://doi.org/10.1042/ba20020075
https://doi.org/10.1007/s10295-008-0428-4
https://doi.org/10.1007/s10295-008-0428-4
https://doi.org/10.1007/s10295-008-0428-4
https://doi.org/10.1007/s10295-008-0428-4
https://doi.org/10.1007/s10295-008-0428-4
https://doi.org/10.1007/s10295-008-0428-4
https://doi.org/10.1016/j.carbpol.2014.03.046
https://doi.org/10.1016/j.carbpol.2014.03.046
https://doi.org/10.1016/j.carbpol.2014.03.046
https://doi.org/10.1016/j.carbpol.2014.03.046
https://apps.who.int/iris/bitstream/handle/10665/41100/WHO_TRS_814.pdf;jsessionid=8DEBFE0EB21D6CAFBC0D43038C8B631F?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/41100/WHO_TRS_814.pdf;jsessionid=8DEBFE0EB21D6CAFBC0D43038C8B631F?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/41100/WHO_TRS_814.pdf;jsessionid=8DEBFE0EB21D6CAFBC0D43038C8B631F?sequence=1
https://www.who.int/biologicals/expert_committee/BS_2239_2ndIS-PRP-ECBS_Report-11June2014-final.pdf?ua=1
https://www.who.int/biologicals/expert_committee/BS_2239_2ndIS-PRP-ECBS_Report-11June2014-final.pdf?ua=1
https://www.who.int/biologicals/expert_committee/BS_2239_2ndIS-PRP-ECBS_Report-11June2014-final.pdf?ua=1
https://www.who.int/biologicals/expert_committee/BS_2239_2ndIS-PRP-ECBS_Report-11June2014-final.pdf?ua=1
https://www.who.int/biologicals/expert_committee/BS_2239_2ndIS-PRP-ECBS_Report-11June2014-final.pdf?ua=1
https://www.who.int/biologicals/expert_committee/BS_2239_2ndIS-PRP-ECBS_Report-11June2014-final.pdf?ua=1
https://patents.google.com/patent/CA2743708A1/ru
https://patents.google.com/patent/CA2743708A1/ru
https://patents.google.com/patent/CA2743708A1/ru
https://pubs.acs.org/doi/10.1021/ja990592p
https://pubs.acs.org/doi/10.1021/ja990592p
https://pubs.acs.org/doi/10.1021/ja990592p
https://pubs.acs.org/doi/10.1021/ja990592p
https://aem.asm.org/content/66/6/2302
https://aem.asm.org/content/66/6/2302
https://aem.asm.org/content/66/6/2302
https://aem.asm.org/content/66/6/2302
https://aem.asm.org/content/66/6/2302
https://doi.org/10.1002/jctb.1377
https://doi.org/10.1002/jctb.1377
https://doi.org/10.1002/jctb.1377
https://doi.org/10.1002/jctb.1377
https://doi.org/10.1142/9789814405041_0104
https://doi.org/10.1142/9789814405041_0104
https://doi.org/10.1142/9789814405041_0104
https://doi.org/10.1142/9789814405041_0104
https://doi.org/10.1142/9789814405041_0104
https://www.oalib.com/references/12196096
https://www.oalib.com/references/12196096

