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DESCRIPTION

FIELD OF THE INVENTION

[0001] This invention relates to methods for removing excess soluble protein and other
impurities from cellular lysates of Streptococcus pneumoniae (S. pneumoniae) serotypes used
in the production of purified pneumococcal polysaccharides.

BACKGROUND OF THE INVENTION

[0002] Streptococcus pneumoniae are Gram-positive, lancet shaped cocci that are usually
seen in pairs (diplococci), but also in short chains or as single cells. They grow readily on blood
agar plates with glistening colonies and display alpha hemolysis unless grown anaerobically
where they show beta hemolysis. They are sensitive to bile salts that can break down the cell
wall with the presence of the cells' own enzyme, autolysin. The organism is an aerotolerant
anaerobe and is fastidious in that it has complex nutritional requirements.

[0003] The cells of most pneumococcal serotypes have a capsule which is a polysaccharide
coating surrounding each cell. This capsule is a determinant of virulence in humans because it
interferes with phagocytosis by preventing antibodies from attaching to the bacterial cells.
There are currently 90 capsular serotypes identified, with 23 serotypes responsible for about
90% of invasive disease. As a vaccine the polysaccharide can confer a reasonable degree of
immunity to S. pneumoniae in individuals with developed or unimpaired immune systems.
However, when the polysaccharide is conjugated with a high molecular weight protein such as
CRMy97 and formulated into a vaccine containing conjugates of multiple serotypes, such

conjugate vaccines allow for an immune response in infants and elderly who are also most at
risk for pneumococcal infections.

[0004] The capsular polysaccharide for each S. pneumoniae serotype utilized for vaccine
products is produced by growing the organism in liquid medium. The population of the
organism is often scaled up from a seed vial to seed bottles and passed through one or more
seed fermentors of increasing volume until production scale fermentation volumes are
reached. The end of the growth cycle can be determined by one of several means, at which
point the cells are lysed through the addition of a detergent or other reagent which aids in the
cell wall breakdown and release of autolysin which causes cellular lysis when the cells reach
stationary phase. The broth is then harvested for downstream (purification) processing. The
major contaminants are cellular proteins, nucleic acids, C-polysaccharide and medium
components.

[0005] For most of the serotypes for the currently marketed 7-valent pneumococcal conjugate
(7vPnC) vaccine (Prevnar®), as well as the newly developed 13-valent pneumococcal
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conjugate (13vPnC) vaccine, the current purification process requires sixteen steps involving
many expensive, labor intensive and technologically demanding operations, such as
chromatography and multiple membrane separations. Previous attempts at improving
purification processes for S. Pneumoniae polysaccharides have included, for example, pH
manipulation during fermentation and recovery (see U.S. Patent App. Pub. No. 2006/0228381)
and solvent and detergent precipitation. However, the removal of impurities in these processes
is still spread over many labor intensive and costly steps. Protein level is the most problematic
specification to meet due to the physical and chemical properties of the soluble proteins.

[0006] Thus, there is a need for a simplified purification process to reduce the soluble protein
levels in S. pneumoniae lysates and eliminate inefficiencies of the current purification process
to produce substantially purified capsular polysaccharides suitable for incorporation into
pneumococcal conjugate vaccines.

SUMMARY OF THE INVENTION

[0007] The present invention relates to a process for producing substantially purified capsular
polysaccharides from a Streptococcus pneumoniae cell lysate. This process comprises the
steps of:

1. (a) providing a fermentation broth comprising bacterial cells that produce a selected
Streptococcus pneumoniae serotype;

2. (b) lysing the bacterial cells in step (a) with a lytic agent, thereby producing a cell lysate
comprising cell debris, soluble proteins, nucleic acids, and polysaccharides;

3. (c) clarifying the cell lysate of step (b) using centrifugation or filtration to remove cell
debris, thereby producing a clarified cell lysate;

4. (d) ultrafiltering and diafiltering the clarified cell lysate of step (c¢) to remove low
molecular weight impurities and increase polysaccharide concentration, thereby
producing a retentate;

5. (e) lowering the pH of the retentate of step (d) to less than 4.5 using an organic or a
mineral acid to precipitate protein and nucleic acids, thereby forming an acidified
retentate solution;

6. (f) holding the acidified retentate solution formed in step (e) for a time sufficient to allow
settling of the precipitate, followed by filtration or centrifugation of the acidified retentate
solution, thereby producing a clarified polysaccharide solution;

7. (g) filtering the clarified polysaccharide solution of step (f) through an activated carbon
filter,;

8. (h) ultrafiltering and diafiltering the filtered solution produced by step (g), thereby
producing a concentrated purified polysaccharide solution; and

9. (i) filtering the concentrated purified polysaccharide solution produced by step (h) using
a sterile filter;

whereby substantially purified capsular polysaccharides in the form of a solution are produced.
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Exemplary, non-limiting S. pneumoniae serotypes selected for this embodiment of the invention
are 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F. In a particular embodiment, the pH of
step (e) is lowered to about 3.5. In another embodiment, the diafiltration of step (h) comprises
a pH adjustment to between about 5.5 to about 7.5. In another embodiment, the diafiltration of
step (h) comprises a pH adjustment to between about 7.0 to about 7.5. In another
embodiment, the diafiltration of step (h) comprises a pH adjustment to about 7.4. In still
another embodiment, step (e) removes at least 98% of protein from the retentate of step (d). In
another embodiment, step (g) removes at least 90% of the protein from the clarified
polysaccharide solution of step (f). In another embodiment, the activated carbon filter of step
(9) comprises wood-based phosphoric acid-activated carbon. In another embodiment, step (f)
comprises holding the acidified retentate solution formed in step (e) for at least 2 hours. In still
another embodiment, the lytic agent of step (b) is deoxycholate sodium (DOC). In another
embodiment, the lytic agent of step (b) is a non-animal derived lytic agent. In still another
embodment, the Iytic agent of step (b) is the non-animal derived Iytic agent N-lauryl sarcosine
sodium (NLS).

[0008] The substantially purified capsular polysaccharide produced by a process of the
invention from a Strepfococcus pneumoniae cell lysate may be used in the manufacture of a
pneumococcal vaccine, preferably a pneumococcal vaccine containing polysaccharide
conjugated with a protein carrier.

[0009] The present invention also relates to a process for producing substantially purified
capsular polysaccharides from a Streptococcus pneumoniae cell lysate comprising serotype 1,
4,5, 6A, 6B, 7F, 9V, 14, 18C, 19F, or 23F. This process comprises the steps of:

1. (a) providing a fermentation broth comprising bacterial cells that produce Streptococcus
pheumoniae serotype 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19F, or 23F;

2. (b) lysing the bacterial cells in step (a) with a lytic agent, thereby producing a cell lysate
comprising cell debris, soluble proteins, nucleic acids, and polysaccharides;

3. (c) clarifying the cell lysate of step (b) using centrifugation or filtration to remove cell
debris, thereby producing a clarified cell lysate;

4. (d) ultrafiltering and diafiltering the clarified cell lysate of step (c) at room temperature at
neutral pH in salt free media to remove low molecular weight impurities and increase
polysaccharide concentration, thereby producing a salt free retentate;

5. (e) lowering the pH of the salt free retentate of step (d) to less than 4.5 using an organic
or a mineral acid to precipitate protein and nucleic acids, thereby forming an acidified
retentate solution;

6. (f) holding the acidified retentate solution formed in step (e) for at least 2 hours at room
temperature to allow settling of the precipitate, followed by filtration or centrifugation of
the acidified retentate solution, thereby producing a clarified polysaccharide solution;

7. (g) filtering the clarified polysaccharide solution of step (f) through an activated carbon
filter,;

8. (h) ultrafiltering and diafiltering the filtered solution produced by step (g), thereby
producing a concentrated purified polysaccharide solution; and
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9. (i) filtering the concentrated purified polysaccharide solution produced by step (h) using
a sterile filter;

whereby substantially purified capsular polysaccharides comprising serotype 1, 4, 5, 6A, 6B,
7F, 9V, 14, 18C, 19F, or 23F in the form of a solution are produced. In a particular
embodiment, the pH of step (e) is lowered to about 3.5. In another embodiment, the
diafiltration of step (h) comprises a pH adjustment to between about 5.5 to about 7.5. In
another embodiment, the diafiltration of step (h) comprises a pH adjustment to between about
7.0 to about 7.5. In another embodiment, the diafiltration of step (h) comprises a pH
adjustment to about 7.4. In still another embodiment, step (e) removes at least 98% of protein
from the salt free retentate of step (d). In another embodiment, step (g) removes at least 90%
of the protein from the clarified polysaccharide solution of step (f). In another embodiment, the
activated carbon filter of step (g) comprises wood-based phosphoric acid-activated carbon. In
still another embodiment, the lytic agent of step (b) is deoxycholate sodium (DOC). In another
embodiment, the lytic agent of step (b) is a non-animal derived lytic agent. In still another
embodment, the Iytic agent of step (b) is the non-animal derived Iytic agent N-lauryl sarcosine
sodium (NLS).

[0010] The present invention also relates to a process for producing substantially purified
capsular polysaccharides from a Strepfococcus pneumoniae cell lysate comprising serotype
19A. This process comprises the steps of:

1. (a) providing a fermentation broth comprising bacterial cells that produce Streptococcus
pneumoniae serotype 19A,;

2. (b) lysing the bacterial cells in step (a) with a lytic agent, thereby producing a cell lysate
comprising cell debris, soluble proteins, nucleic acids, and polysaccharides;

3. (c) clarifying the cell lysate of step (b) using centrifugation or filtration to remove cell
debris, thereby producing a clarified cell lysate;

4. (d) ultrafiltering and diafiltering the clarified cell lysate of step (c) at about 4 °C at a pH of
about 6 in sodium phosphate buffer to remove low molecular weight impurities and
increase polysaccharide concentration, thereby producing a retentate;

5. (e) lowering the pH of the retentate of step (d) to less than 4.5 using an organic or a
mineral acid to precipitate protein and nucleic acids, thereby forming an acidified
retentate solution;

6. (f) holding the acidified retentate solution formed in step (e) for at least 2 hours at about
4 °C to allow settling of the precipitate, followed by filtration or centrifugation of the
acidified retentate solution, thereby producing a clarified polysaccharide solution;

7. (9) adjusting the pH of the clarified polysaccharide solution of step (f) to about 6, thereby
producing a pH-adjusted clarified polysaccharide solution;

8. (h) filtering the pH-adjusted clarified polysaccharide solution of step (g) through an
activated carbon filter;

9. (i) ultrafitering and diafiltering the filtered solution produced by step (h), thereby
producing a concentrated purified polysaccharide solution; and

10. (j) filtering the concentrated purified polysaccharide solution produced by step (i) using a
sterile filter;
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whereby substantially purified capsular polysaccharides comprising serotype 19Ain the form of
a solution are produced. In a particular embodiment, the pH of step (e) is lowered to about 3.5.
In another embodiment, the diafiltration of step (i) comprises a pH adjustment to between
about 5.5 to about 7.5. In another embodiment, the diafiltration of step (i) comprises a pH
adjustment to between about 7.0 to about 7.5. In another embodiment, the diafiltration of step
(i) comprises a pH adjustment to about 7.4. In still another embodiment, step (e) removes at
least 98% of protein from the retentate of step (d). In another embodiment, step (h) removes at
least 90% of the protein from the pH-adjusted clarified polysaccharide solution of step (g). In
another embodiment, the activated carbon filter of step (h) comprises wood-based phosphoric
acid-activated carbon. In another embodiment, the sodium phosphate buffer of step (d) is 25
mM sodium phosphate. In still another embodiment, the Iytic agent of step (b) is deoxycholate
sodium (DOC). In another embodiment, the Iytic agent of step (b) is a non-animal derived Iytic
agent. In still another embodment, the lytic agent of step (b) is the non-animal derived Iytic
agent N-lauryl sarcosine sodium (NLS).

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Figure 1 shows average in-process polysaccharide (PS) yield, protein/PS ratio, and nucleic
acid (NA)/PS ratio for serotype 5 using the shortened purification process of the invention.
Results are shown for each purification step.

Figure 2 shows NMR spectra for serotype 4 PS from the current purification process (A)
compared to serotype 4 PS from the shortened purification process (B). No significant
differences between the two spectra were observed. The second peak from the right in both
spectra was pyruvate, and the pyruvate group peak height was comparable in both spectra.

Figure 3 shows average in-process PS yield, protein/PS ratio, and NA/PS ratio for serotype 4
using the shortened purification process of the invention. Results are shown for each
purification step.

Figure 4 shows average in-process PS yield, protein/PS ratio, and NA/PS ratio for serotype
19A using the shortened purification process of the invention. Results are shown for each
purification step.

Figure 5 shows average in-process PS vyield, protein/PS ratio, and NA/PS ratio for serotype 7F
using the shortened purification process of the invention. Results are shown for each
purification step.

Figure 6 shows average in-process PS yield, protein/PS ratio, and NA/PS ratio for serotype 6B
using the shortened purification process of the invention. Results are shown for each
purification step.
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Figure 7 shows average in-process PS vyield, protein/PS ratio, and NA/PS ratio for serotype 6A
using the shortened purification process of the invention. Results are shown for each
purification step.

Figure 8 shows average in-process PS yield, protein/PS ratio, and NA/PS ratio for serotype 1
using the shortened purification process of the invention. Results are shown for each
purification step.

Figure 9 shows average in-process PS yield, protein/PS ratio, and NA/PS ratio for serotype 14
using the shortened purification process of the invention. Results are shown for each
purification step.

Figure 10 shows a comparison of PS in-process yields for serotypes 1, 4, 5, 6A, 6B, 7F, 9V, 14,
18C, 19A, and 19F purified using the shortened purification process of the invention.

Figure 11 shows a comparison of protein/PS ratios for serotypes 1, 4, 5, 6A, 6B, 7F, 9V, 14,
18C, 19A, and 19F purified using the shortened purification process of the invention. Results
are compared for each purification step.

Figure 12 shows a comparison of NA/PS ratios for serotypes 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C,
19A, and 19F purified using the shortened purification process of the invention. Results are
compared for each purification step.

Figure 13 shows protein removal efficiency attributable to the acidification step of the
shortened purification process of the invention. The difference in protein concentration (SDS-
PAGE) before and after acidification is plotted against initial protein concentration before
acidification for batches of serotypes 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, and 19F. The
protein concentration difference divided by the initial protein concentration reflected the protein
removal rate by the acidification step.

Figure 14 shows protein removal efficiency attributable to the carbon adsorption step of the
shortened purification process of the invention. The amount of protein removed (adsorbed on
carbon) was plotted against initial protein loading amounts for batches of serotypes 1, 4, 5, 6A,
6B, 7F, 9V, 14, 18C, 19A, and 19F. The amount of protein removed divided by the initial protein
loading amounts reflected the protein removal rate by the carbon adsorption step.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The present invention relates to a shortened purification process to reduce the soluble
protein levels in cellular Streptococcus pneumoniae lysates to produce substantially purified
capsular polysaccharides suitable for incorporation into pneumococcal conjugate vaccines. For
most of the serotypes for the currently marketed 7-valent pneumococcal conjugate (7vPnC)
vaccine (Prevnar®), as well as the newly developed 13-valent pneumococcal conjugate
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(13vPnC) vaccine, the current polysaccharide purification process requires up to sixteen steps.
These steps involve many expensive, labor-intensive, and technologically demanding
operations, such as chromatography and multiple membrane separations. The process of the
present invention eliminates up to eight of these steps while accomplishing the same
purification and eliminates the need for chromatography. Thus, the present invention relates to
a more efficient purification process that is less expensive, takes less time, and involves fewer
steps.

[0013] The shortened purification process of the present invention relates to the discovery
that ultrafiltering and diafiltering a clarified cellular S. pneumoniae lysate broth, followed by
acidification of the concentrated lysate broth with an organic or a mineral acid to a pH of less
than 4.5, preferably about 3.5, precipitates at least 98% of the protein in the solution without
seriously affecting polysaccharide yield. By ultrafiltering and diafiltering the lysed and clarified
fermentation broth before acidification to a pH of less than 4.5, preferably around 3.5, "salting
in" effects of proteins are eliminated and the fraction of protein that is "salted out" is increased.
"Salting in" refers to increased solubility of proteins while "salting out" refers to precipitation of
proteins in solution as they reach their isoelectric points. The ultrafiltration and diafiltration step
also prevents the foaming observed when sodium-carbonate treated broth undergoes
acidification even to a pH of 5.0 (see U.S. Patent App. Pub. No. 2006/0228381). Thus,
ultrafiltration and diafiltration of the clarified lysate broth makes it possible to use any low
molecular weight pH titrant such as sodium carbonate during S. pneumoniae serotype
fermentation and prevents foaming of the clarified lysate broth when acidified to a pH of less
than 4.5.

[0014] "Clarified lysate broth" refers to a lysate broth that has undergone centrifugation or
filtration to remove cell debris.

[0015] "Diafiltering,” "diafiltration,” "DF," and like terms refer to, for example, using semi-
permeable membranes with appropriate physical and chemical properties to remove small
molecules from a solution.

[0016] "Ultrafiltering," "ultrafiltration,” "UF," and like terms refer to, for example, using semi-
permeable membranes with appropriate physical and chemical properties to discriminate
between molecules in a solution and concentrate like molecules into a smaller volume of
solution.

[0017] Within the methods of the present invention, ultrafiltration and diafiltration typically
comprise "cross-flow" or "tangential-flow" filtration in order to avoid clogging of the filter
membranes. In "cross-flow" filtration, the solution to be filtered is passed across the surface of
the membrane. Materials which pass through the membrane are referred to as the permeate.
The materials which do not pass through the membrane are referred to as the retentate. The
retentate is recycled to a feed reservoir to be refiltered.

[0018] As used herein, an organic or a mineral acid is used to lower the pH of the ultrafiltered
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and diafiltered lysate broth so long as a pH of less than 4.5, particularly about 3.5, is achieved.
Accordingly, both organic and mineral acids may be used within the methods of the invention.
As used herein, the term "mineral acid" refers to an acid derived from inorganic mineral by
chemical reaction as opposed to organic acids. Exemplary, non-limiting examples of mineral
acids that may be used within the methods of the present invention include hydrochloric acid,
nitric acid, phosphoric acid, and sulphuric acid. In particular embodiments, the pH of the
concentrated lysate broth is lowered to less than 4.4, 4.3, 4.2, 4.1, 4.0, 3.9, 3.8, 3.7, 3.6, 3.5,
3.4, 3.3, 3.2, 3.1, or 3.0. In other embodiments, the pH of the concentrated lysate broth is
lowered to about 4.4, about 4.3, about 4.2, about 4.1, about 4.0, about 3.9, about 3.8, about
3.7, about 3.6, about 3.5, about 3.4, about 3.3, about 3.2, about 3.1, about 3.0, about 2.9,
about 2.8, about 2.7, about 2.6, about 2.5, about 2.4, about 2.3, about 2.2, about 2.1, or about
2.0.

[0019] The shortened purification process of the present invention also relates to the
discovery that, in combination with the concentration and low pH steps described above,
filtration using activated carbon precipitates at least 90% of remaining protein without seriously
affecting polysaccharide yield. In particular embodiments, carbon filtration using carbon
derived from sawdust or other wood products and activated with phosphoric acid was found to
be more effective at reducing or removing protein impurities than carbons used within current
carbon filtration methods.

[0020] Accordingly, the present invention relates to a process for producing substantially
purified capsular polysaccharides from a Streptococcus pneumoniae cell lysate comprising the
steps of:

1. (a) providing a fermentation broth comprising bacterial cells that produce a selected
Streptococcus pneumoniae serotype;

2. (b) lysing the bacterial cells in step (a) with a lytic agent, thereby producing a cell lysate
comprising cell debris, soluble proteins, nucleic acids, and polysaccharides;

3. (c) clarifying the cell lysate of step (b) using centrifugation or filtration to remove cell
debris, thereby producing a clarified cell lysate;

4. (d) ultrafiltering and diafiltering the clarified cell lysate of step (c¢) to remove low
molecular weight impurities and increase polysaccharide concentration, thereby
producing a retentate;

5. (e) lowering the pH of the retentate of step (d) to less than 4.5, particularly about 3.5,
using an organic or a mineral acid to precipitate protein and nucleic acids, thereby
forming an acidified retentate solution;

6. (f) holding the acidified retentate solution formed in step (e) for a time sufficient to allow
settling of the precipitate, particularly for at least 2 hours with or without agitation,
followed by filtration or centrifugation of the acidified retentate solution, thereby
producing a clarified polysaccharide solution;

7. (g) filtering the clarified polysaccharide solution of step (f) through an activated carbon
filter, particularly an activated carbon filter comprising wood-based phosphoric acid-
activated carbon;
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8. (h) ultrafiltering and diafiltering the filtered solution produced by step (g), thereby
producing a concentrated purified polysaccharide solution; and

9. (i) filtering the concentrated purified polysaccharide solution produced by step (h) using
a sterile filter;

whereby substantially purified capsular polysaccharides in the form of a solution are produced.
The sterile filtration of step (i) is useful to remove bacteria and particles from the concentrated
purified polysaccharide solution. Exemplary, non-limiting S. pneumoniae serotypes selected for
this embodiment of the invention are 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F. In a
particular embodiment, step (e) removes at least 98% of protein from the retentate of step (d).
In another embodiment, step (g) removes at least 90% of the protein from the clarified
polysaccharide solution of step (f). In another embodiment, the diafiltration of step (h)
comprises a pH adjustment to between about 5.5 to about 7.5. For improved stability of the
substantially purified capsular polysaccharide during long-term storage, however, the
diafiltration of step (h) comprises a pH adjustment to between about 7.0 to about 7.5, and
more particularly to about 7.4.

[0021] As used herein, the term "substantially purified capsular polysaccharide-containing
lysate" or "solution containing substantially purified capsular polysaccharides" refers to a
cellular Streptococcus pneumoniae lysate or solution from which protein has been removed
such that the percent ratio of protein to polysaccharide (protein/PS) is less than 10%, less than
9%, less than 8%, less than 7%, less than 6%, less than 5%, less than 4%, less than 3%, less
than 2%, or less than 1% and the percent ratio of nucleic acid to polysaccharide (NA/PS) is less
than 5%, less than 4%, less than 3%, less than 2%, or less than 1%. In particular
embodiments, the percent ratios of protein/PS and NA/PS for substantially purified capsular
polysaccharide-containing lysates or solutions comprising specific serotypes are as follows: for
serotype 1 the ratio of protein/PS is less than 2% and the ratio of NA/PS is less than 2%, for
serotype 4 the ratio of protein/PS is less than 3% and the ratio of NA/PS is less than 2%, for
serotype 5 the ratio of protein/PS is less than or equal to 7.5% and the ratio of NA/PS is less
than or equal to 2%, for serotype 6A the ratio of protein/PS is less than 2% and the ratio of
NA/PS is less than 2%, for serotype 6B the ratio of protein/PS is less than 4% and the ratio of
NA/PS is less than 1%, for serotype 7F the ratio of protein/PS is less than 5% and the ratio of
NA/PS is less than 2%, for serotype 9V the ratio of protein/PS is less than 2% and the ratio of
NA/PS is less than 1%, for serotype 14 the ratio of protein/PS is less than 3% and the ratio of
NA/PS is less than 2%, for serotype 18C the ratio of protein/PS is less than 2% and the ratio of
NA/PS is less than 2%, for serotype 19A the ratio of protein/PS is less than 2% and the ratio of
NA/PS is less than 2%, for serotype 19F the ratio of protein/PS is less than 3% and the ratio of
NA/PS is less than 2%, and for serotype 23F the ratio of protein/PS is less than 2% and the
ratio of NA/PS is less than 2%. Methods for the quantification of protein, polysaccharide, and
nucleic acid concentrations in a cellular lysate or solution are well known in the art and include,
for example, SDS-PAGE (Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis)
analysis, HPLC (High Performance Liquid Chromatography) and SEC (Size Exclusion
Chromatography), modified Lowry assays, spectrophotometry, SEC-MALLS (Size-Exclusion
Chromatography/Multi-Angle Laser Light Scattering), and NMR (Nuclear Magnetic
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Resonance).

[0022] Within the methods of the present invention, the bacterial cells may be lysed using any
lytic agent. A "lytic agent” is any agent that aids in cell wall breakdown and release of autolysin
which causes cellular lysis including, for example, detergents. As used herein, the term
"detergent”" refers to any anionic or cationic detergent capable of inducing lysis of bacterial
cells. Representative examples of such detergents for use within the methods of the present
invention include deoxycholate sodium (DOC), N-lauryl sarcosine (NLS), chenodeoxycholic
acid sodium, and saponins.

[0023] In one embodiment of the present invention, the lytic agent used for lysing bacterial
cells is DOC. DOC is the sodium salt of the bile acid deoxycholic acid, which is commonly
derived from biological sources such as cows or oxen. DOC activates the LytA protein, which is
an autolysin that is involved in cell wall growth and division in Streptococcus pneumoniae. The
LytA protein has choline binding domains in its C-terminal portion, and mutations of the /ytA
gene are known to produce LytA mutants that are resistant to lysis with DOC.

[0024] Although there is no evidence that the use of DOC during Streptococcus pneumoniae
polysaccharide purification poses a health risk, the use of such biologically derived reagents
could raise potential regulatory concerns. Accordingly, in one embodiment of the present
invention, the Iytic agent used for lysing bacterial cells is a non-animal derived lytic agent. Non-
animal derived lytic agents for use within the methods of the present invention include agents
from non-animal sources with modes of action similar to that of DOC (i.e., that affect LytA
function and result in lysis of Streptococcus pneumoniae cells). Such non-animal derived lytic
agents include, but are not limited to, analogs of DOC, surfactants, detergents, and structural
analogs of choline, and may be determined using procedures as described in the Experimental
section herein below. In one embodiment, the non-animal derived Iytic agent is selected from
the group consisting of decanesulfonic acid, tert-octylphenoxy poly(oxyethylene)ethanols (e.g.
Igepal® CA-630, CAS #: 9002-93-1, available from Sigma Aldrich, St. Louis, MO), octylphenol
ethylene oxide condensates (e.g. Triton® X-100, available from Sigma Aldrich, St. Louis, MO),
N-lauryl sarcosine sodium (NLS), lauryl iminodipropionate, sodium dodecyl sulfate,
chenodeoxycholate, hyodeoxycholate, glycodeoxycholate, taurodeoxycholate,
taurochenodeoxycholate, and cholate. In another embodiment, the non-animal derived Iytic
agent is NLS.

[0025] The present invention also relates to serotype-specific modifications to the process
described above. For example, because the serotype 19A polysaccharide is unstable and its
molecular weight changes during purification, it was discovered that modifications to the
process described were useful in stabilizing the 19A polysaccharide. These modifications
included carrying out the ultrafiltration and diafiltration step prior to acidification at about 4 °C at
a pH of about 6 in sodium phosphate buffer, holding the acidified retentate solution for at least
2 hours at about 4 °C to allow settling of the precipitate, and adjusting the pH of the clarified
polysaccharide solution to 6 prior to the activated carbon filtration step. By contrast, it was
discovered that for serotypes 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19F, and 23F, less
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polysaccharide loss and more protein removal was achieved when the ultrafiltration and
diafiltration step prior to acidification was carried out in salt free media such as water, and this
step could be carried out at room temperature at neutral pH.

[0026] Accordingly, the present invention also relates to a process for producing substantially
purified capsular polysaccharides from a Streptococcus pneumoniae cell lysate comprising
serotype 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19F, or 23F comprising the steps of:

1. (a) providing a fermentation broth comprising bacterial cells that produce Streptococcus
pheumoniae serotype 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19F, or 23F;

2. (b) lysing the bacterial cells in step (a) with a detergent, thereby producing a cell lysate
comprising cell debris, soluble proteins, nucleic acids, and polysaccharides;

3. (c) clarifying the cell lysate of step (b) using centrifugation or filtration to remove cell
debris, thereby producing a clarified cell lysate;

4. (d) ultrafiltering and diafiltering the clarified cell lysate of step (c) at room temperature at
neutral pH in salt free media to remove low molecular weight impurities and increase
polysaccharide concentration, thereby producing a salt free retentate;

5. (e) lowering the pH of the salt free retentate of step (d) to less than 4.5, particularly
about 3.5, using an organic or a mineral acid to precipitate protein and nucleic acids,
thereby forming an acidified retentate solution;

6. (f) holding the acidified retentate solution formed in step (e) for at least 2 hours at room
temperature with or without agitation to allow settling of the precipitate, followed by
filtration or centrifugation of the acidified retentate solution, thereby producing a clarified
polysaccharide solution;

7. (g) filtering the clarified polysaccharide solution of step (f) through an activated carbon
filter, particularly an activated carbon filter comprising wood-based phosphoric acid-
activated carbon;

8. (h) ultrafiltering and diafiltering the filtered solution produced by step (g), thereby
producing a concentrated purified polysaccharide solution; and

9. (i) filtering the concentrated purified polysaccharide solution produced by step (h) using
a sterile filter;

whereby substantially purified capsular polysaccharides comprising serotype 1, 4, 5, 6A, 6B,
7F, 9V, 14, 18C, 19F, or 23F in the form of a solution are produced. In a particular
embodiment, step (e) removes at least 98% of protein from the salt free retentate of step (d).
In another embodiment, step (g) removes at least 90% of the protein from the clarified
polysaccharide solution of step (f). In another embodiment, the diafiltration of step (h)
comprises a pH adjustment to between about 5.5 to about 7.5. For improved stability of the
substantially purified capsular polysaccharide during long-term storage, however, the
diafiltration of step (h) comprises a pH adjustment to between about 7.0 to about 7.5, and
more particularly to about 7.4.

[0027] The present invention also relates to a process for producing substantially purified
capsular polysaccharides from a Strepfococcus pneumoniae cell lysate comprising serotype
19A comprising the steps of
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1. (a) providing a fermentation broth comprising bacterial cells that produce Streptococcus
pneumoniae serotype 19A,;

2. (b) lysing the bacterial cells in step (a) with a detergent, thereby producing a cell lysate
comprising cell debris, soluble proteins, nucleic acids, and polysaccharides;

3. (c) clarifying the cell lysate of step (b) using centrifugation or filtration to remove cell
debris, thereby producing a clarified cell lysate;

4. (d) ultrafiltering and diafiltering the clarified cell lysate of step (c) at about 4 °C at a pH of
about 6 in sodium phosphate buffer, 25 mM sodium phosphate, to remove low molecular
weight impurities and increase polysaccharide concentration, thereby producing a
retentate;

5. (e) lowering the pH of the retentate of step (d) to less than 4.5, particularly about 3.5,
using an organic or a mineral acid to precipitate protein and nucleic acids, thereby
forming an acidified retentate solution;

6. (f) holding the acidified retentate solution formed in step (e) for at least 2 hours at about
4 °C with or without agitation to allow settling of the precipitate, followed by filtration or
centrifugation of the acidified retentate solution, thereby producing a clarified
polysaccharide solution;

7. (9) adjusting the pH of the clarified polysaccharide solution of step (f) to about 6, thereby
producing a pH-adjusted clarified polysaccharide solution;

8. (h) filtering the pH-adjusted clarified polysaccharide solution of step (g) through an
activated carbon filter, particularly an activated carbon filter comprising wood-based
phosphoric acid-activated carbon;

9. (i) ultrafitering and diafiltering the filtered solution produced by step (h), thereby
producing a concentrated purified polysaccharide solution; and

10. (j) filtering the concentrated purified polysaccharide solution produced by step (i) using a
sterile filter;

whereby substantially purified capsular polysaccharides comprising serotype 19Ain the form of
a solution are produced. In a particular embodiment, step (e) removes at least 98% of protein
from the retentate of step (d). In another embodiment, step (h) removes at least 90% of the
protein from the pH-adjusted clarified polysaccharide solution of step (g). In another
embodiment, the diafiltration of step (i) comprises a pH adjustment to between about 5.5 to
about 7.5. For improved stability of the substantially purified 19A polysaccharide during long-
term storage, however, the diafiltration of step (i) comprises a pH adjustment to between about
7.0 to about 7.5, and more particularly to about 7.4.

[0028] The following examples are offered by way of illustration and not by way of limitation.

EXPERIMENTAL

[0029] The following Examples present results for S. pneumoniae polysaccharide serotypes 1,
4,5, 6A, 6B, 7F, 9V, 14, 18C, 19A, and 19F purified at 10L scale using the improved process of
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the present invention, and results are compared with those of the current purification process.

Example 1. Shortened Purification Process for S. pneumoniae Polysaccharide
Serotypes 1,4, 5, 6A, 6B, 7F, 14 and 19A.

[0030] S. pneumoniae fermentation broths lysed with deoxycholate sodium (DOC) were
obtained either within two days following their harvest or stored in 4°C and processed within
the following week. As described below, the present purification process included the following
changes compared to the existing purification process: 1) the acidification step was moved
from the beginning to after the first ultrafiltration/diafiltration (UF/DF) step, and the pH was
adjusted to 3.5 instead of 5; 2) the diafiltration buffer was changed from 0.025 M phosphate to
de-ionized (DI) water; 3) carbon adsorption was changed to 2 CUNO R32SP carbon disks
(CUNO Inc., Wayne, NJ) using wood-based phosphoric acid-activated carbon, and the
adsorption time was extended from 4 to 12 turnovers (each turnover was 22 minutes); and 4)
pH was adjusted to 7.4 during the last 30K diafiltration step when diafiltered about 5 times. The
same purification procedure was applied to serotypes 1, 4, 5, 6A, 6B, or 7F. For serotype 19A,
the steps were modified further and the purification was conducted in a chill room, as
described below.

Purification Steps

[0031] All steps were conducted at room temperature except for type 19A, in which case the
process was conducted at 4°C in a chill room.

[0032] Clarification of the lysate: The purpose of this step was to remove cell debris and clarify
the broth. This was accomplished either by centrifugation or filtration. The broth was
centrifuged at 10,000 g for 30 min or until the broth was clear at 20°C (4°C for type 19A), or
filtered with a Millipore Prefilter (Millipore Corp., Billerica, MA) with the addition of Celpure®
filter aids (Advanced Minerals, Santa Barbara, CA). The clarified lysate was collected for
further processing and the pellets were discarded.

[0033] Eirst UF/DF (Ultrafiltration/Diafiltration): This step provided volume reduction and buffer
exchange and also removed low molecular weight impurities. The clarified lysate was

concentrated to about 1/8M original volume. Diafiltration was performed using about 10
volumes DI water (pH 6, 25 mM phosphate for 19A).

[0034] Acidification: More than 98% of the proteins were removed in this step. While stirring,
concentrated phosphoric acid was added carefully to the retentate. The pH of the retentate
was adjusted to a target value of pH 3.5. The acidified retentate was stirred for half an hour
and aged in room temperature to age overnight (2 hours at 4°C for 19A), resulting in the
precipitation of protein and nucleic acids.
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[0035] Clarification of Acidified Retentate: This was the clarification step to remove the
precipitates after acidification. The slurry of acidified solution was centrifuged in a rotor at
10,000 rpm (17,000 Relative Centrifugal Force or RCF) for one hour at 20°C (except for 6B, in
which case the centrifugation was 6 hours at 37°C). The supernatant was collected and the
pellet was discarded. Depth filtration with a Millipore Prefilter (Millipore Corp., Billerica, MA) with
the addition of Celpure® filter aids (Advanced Minerals, Santa Barbara, CA) can also be used
for this step.

[0036] Carbon Adsorption: In most cases, there was a slight yellow color after centrifugation of
the acidified 100K retentate. The color removal was achieved by the carbon adsorption using
wood-based phosphoric acid-activated carbon. This step also removed residual protein that
remained after acidification. The clarified polysaccharide solution was recirculated through the
carbon filter for 5-6 hours or overnight (for 19A, the pH was adjusted to 6 before carbon

adsorption).

[0037] FEinal 30K UF/DF: This was another concentration and buffer exchange step to
concentrate the solution to a final polysaccharide (PS) concentration of >2 g/L, which was
diafiltered into deionized (DI) water. The carbon-filtered PS solution was concentrated. Then
the concentrate was dialfitered 10X with DI water. The pH was adjusted to 7.4 during the

diafiltration.

[0038] Final 0.2 ym Sterile Filtration: The final PS solution was sterile filtered with a 0.22 pm
filter or sterile disposable filter unit and stored in a 4°C refrigerator.

Analytical Methods

[0039] Quantification of protein, PS, and nucleic acid concentrations were carried out using
methods that are well known in the art, including SDS-PAGE (Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis) analysis, HPLC (High Performance Liquid
Chromatography) and SEC (Size Exclusion Chromatography), modified Lowry assays,
spectophotometry, SEC-MALLS (Size-Exclusion Chromatography/Multi-Angle Laser Light
Scattering), and NMR (Nuclear Magnetic Resonance).

Results and Discussion

[0040] Type 5 Shortened Purification Batches: The comparison of final PS yield, PS molecular
weight and major impurity levels of three purification batches using the shortened process and
those using the current process for Type 5 are shown in Table 1. All the starting broths were
DOC lysed high cell density fermentation batches, which had a higher polysaccharide
concentration (~0.5 g/L) than the standard SOP fermentation broth (~0.3 g/L). A 30K or 50K
membrane was used for the first UF/DF step. The impurity levels were calculated using
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impurity/PS ratios. The same approach was used for all other serotypes described herein.

Table 1. Testing Data for Type 5 Shortened Purification Process Batches.
PS NA PS C-PS
BATCH # YIELD | & ET?(;E((',/N) RATIO | MOLECULAR | RATIO
(%) ° (%) (KG/MOL) (%)
L29276-27 (30K
UF/DF) 56.7 1.2 0.12 299 20.7
L29276-32 (30K
UF/DF) 54.6 1.8 0.12 282 24.7
L29276-52 (50K
UF/DF) 60.2 14 0.03 275 22.8
Current process 57 3.6 0.18 320 15.9
Specification or
expected value 50-60 <7.5 <2.0 NA <35

[0041] As the data in Table 1 show, the protein ratios of all three batches using the shortened
purification process met the specification of <7.5%, and were also comparable to that of the
current process. The nucleic acid (NA) as well as C-polysaccharide (C-PS) ratios were also
well below the specifications of <2.0% and <35%, respectively and were comparable to that of
the current process. The results of the final PS yield and impurity levels of the three batches
shown in Table 1 demonstrate the reproducibility and robustness of the shortened process.

[0042] There was some concern about whether polysaccharides could be hydrolyzed at a
lower pH of 3.5. PS retention time change during the purification process was therefore
monitored, and the molecular weight of the final purified PS was measured. No significant
changes in serotype 5 PS retention time from the HPLC chromatogram were observed. There
were also no significant differences in molecular weights for the purified PS by the shortened
process and that of the current process (284kg/mol) based on the MALLS measurement. Thus
it was concluded that the molecular weight of purified PS was not adversely affected by the
shortened purification process.

[0043] The in-process polysaccharide vyield, protein/polysaccharide ratio and nucleic
acid/polysaccharide ratio at each of the processing steps for the three shortened process
batches are summarized in Table 2.

Table 2. Typc:5.In-Process PS yield, Protein (SDS-PAGE) and Nucleic Acid Ratios.

PS YIELD (%) PROTEIN/PS (%)
STEP L29276-27 | L29276-32 | L29276-52 [ L29276-27 | L29276-32 | L29276-52
Broth 100.9 100.0 100.0 384.40 1026.60 193.26
Centrifugation | 99.9 95.6 94.6 274.60 642.00 209.78
30/50K 711 82.8 93.9 152.10 561.00 204.76
UF/DF
Acidification | 56.1 65.9 58.6 9.00 7.50 0.20
Carhon 877 8] 7 a7 NETH 100 R0y
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30K UF/DF 54.5 54.6 60.3 0.10 1.00 0.69

Table 2, Continued.

NUCLEIC ACID/PS (%)
STEP 129276-27 129276-32 1L29276-52
Broth 825.80 579.83 344.70
Centrifugation | 505.10 484.30 311.90
30/50K UF/DF | 107.30 139.90 137.60
Acidification 9.44 16.40 7.38
Carbon 0.22 0.30 0.74
30K UF/DF .11 0.12 0.19

[0044] There is always a loss of product during each step of any purification process. For
these three shortened process batches, PS loss occurred mostly in the first UF/DF step and
the acidification step. The loss of PS at the first UF/DF step was due to adsorption of PS or PS-
protein complex to the surface of the membrane. This loss was minimized by rinsing the
retentate side of the membrane with DI water after the diafiltration and combining the rinse with
the original retentate. The loss of PS at the acidification step could be due to two reasons:
physical adsorption of PS to the precipitation solids, and polysaccharide binding to the protein
with co-precipitation during acidification. This second possibility was further investigated and
results showed evidence of PS/protein binding.

[0045] Figure 1 shows the reduction of protein/PS ratio at each purification step. Although the
centrifugation step removed a small percentage of proteins, the majority of protein was
removed at the acidification step. Only a trace amount of protein was detected after pH 3.5
treatment even for the highest protein potency batch.

[0046] Similar to protein/PS ratio, the nucleic acid/PS ratio showed variability of impurity levels
among batches. The 30/50K UF/DF step removed a significant amount of nucleic acid as
compared to protein removal in the same processing step. Without being bound by theory, this
may have been due to the molecular size of nucleic acids being smaller than that of proteins,
making them relatively easier to be removed via the 30/50K UF/DF step. The first
centrifugation and acidification step also removed a considerable amount of nucleic acid.

[0047] Table 2 shows that the activated carbon adsorption step also reduces protein/PS and
NA/PS level. The percentage reduction was not as significant as the first two steps, but this
step was important for removing the color of the solution and ensured that the impurity level
met the specification.

[0048] Type 4 Shortened Purification Batches: A summary of three shortened purification
batches for Type 4 is shown in Table 3. The feed broths for all three batches were DOC-lysed.
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Table 3. Type 4 Shortened Purification Batches Summary.
BATCH PS {PROTEIN/{ NUCLEIC PS MOLECULAR C-PS
YIELD{ PS (%) {ACID/PS (%){ WEIGHT (KG/MOL) RATIO
(%) (%)
L29276-47 56.3 0.7 0.04 289 15.4
L29276-55 53.0 1.3 0.03 354 14.7
L29276-148 { 57.3 1.16 0.02 293 10.0
Current 711 0.05 0.02 285
process
Specification{ NA <3.0 <2.0 >350 <25

[0049] The type 4 PS yield was also between 50-60%. Protein/PS ratio and nucleic acid/PS
ratio were well within their specifications. C-PS ratio was also well within the specification. The
molecular weight of all of the three batches were close to ~300 kg/mol. Serotype 4 PS purified
by the current purification process using the similar fermentation broth also gave a lower
molecular weight 285 kg/mol. Comparison of the HPLC chromatographs of the PS from
fermentation broth and the final purified solution showed that there were no differences in the
PS retention time. This suggested that the difference in molecular weight difference was not
caused by the process change, but rather due to intrinsic nature of the fermentation process.

[0050] The Type 4 PS contains a pyruvate group in the purified molecule, and this pyruvate
was important for conjugation for use in a pneumococcal conjugate vaccine. To ensure that the
pyruvate amount was not adversely affected by acid treatment, NMR analysis was conducted.
Figure 2 shows the NMR spectra for standard type 4 PS and that from batch L29276-47. No
significant differences between the two spectra were observed. The second peak from the right
in both spectra was pyruvate, and the pyruvate group peak height was comparable in both
spectra. The pyruvate ratios for all three shortened process batches were 0.8 mol/mol, and
met the specification of >0.7 mol/mol.

[0051] The in-process PS yield, protein/PS and NA/PS ratio for the three type 4 batches are
summarized in Table 4. PS loss occurred mostly at the first centrifugation, acidification and
activated carbon adsorption steps, with an average of 10%, 8% and 20%, respectively. The
overall PS yield was close to that of type 5, around 55%.

Table 4, Type 4 In-Process PS Yield, Protein (SDS-PAGE)/PS Ratie, and NA/PS Ratio.
PS YIELD (%) PROTEIN/PS (%)

STEP 129276- | L29276- |L29276- |L29276- |L29276- |L29276-
47 55 148 47 55 148

Broth 100.0 100.0 100.0 231.22 297.33 499.75

Centrifugation | 5.8 97.8 88.0 198.60 247 40 534.61

50/100K

UF/DF 85.1 86.4 87.7 235.90 249.24 364.98

Aacidification | g4 72.0 78.6 0.42 1.81 0.41

Carbon 65.3 48.9 58.6 0.09 0.39 0.34
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| 30K UFDE | 579 | 50.6 | 57.4 | 0.08 | 0.09 [ 1.31
Table 4, Continued,
NA/PS (%)
STED 1.29276-47 | 1L29276-55 | 1L.29276-148
Broth 312.84 282.50 302.71
Centrifugation | 391,40 261.82 243.28
50/100K UFDF | g0.99 67.67 92.00
Acidification 4.24 5.01 1.17
Carbon 0.08 0.92 0.38
30K UE/DF 0.05 0.06 0.07

[0052] Figure 3 shows average PS yield, protein/PS and NA/PS ratio change at each of the
purification steps for the three batches in Table 4. The protein removal occurred mostly at the
acidification step as expected. The first centrifugation and UF/DF steps also collectively
removed a certain amount of protein, but the protein reduction was less than the acidification
step.

[0053] Similar to type 5, the most nucleic acid/PS ratio reduction took place at the 50/100K
UF/DF, first centrifugation, and the acidification steps, and the NA reduction at the first UF/DF
step was more significant than that for proteins. Again, as shown in Figure 3, the activated
carbon step removed a certain amount of protein and NA and brought the impurity levels below
the specifications. It also removed the color of the solution as well.

[0054] Type 19A Shortened Purification Batches: Type 19A polysaccharide is unstable and the
molecular weight changes during purification. The shortened purification process was modified
slightly in order to stabilize the 19A polysaccharide. These modifications are summarized as
follows: 1) the purification steps were mostly conducted at 4°C in the chill room; 2) the first
100K diafiltration was chilled using 25 mM phosphate buffer (4°C) with a pH of 6 instead of
using room temperature water; 3) the acidification holding time was reduced from overnight to
2 hours; and 4) after clarifying the acidified 100K retentate, the pH was adjusted to 6 and
activated carbon adsorption was conducted at pH 6 instead of 3.5.

[0055] The results of two 19A batches purified by the shortened purification process are
shown in Table 5.

Table 5. Type 19A Shortened Purification Batches Summary.
BATCH {PSYIELD {PROTEIN/PS{ NA/PS { MOLECULAR WEIGHT ; C-PS

(%) (%) (%) (KG/MOL) (%)
L29276-116 | 61.58 0.14 0.01 525 3.8
L29276-143 { 76.15 1.43 0.01 488 2.8

Specification NA <2 <2 NA <10
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[0056] The PS yields of the two shortened purification batches were 62 and 76% respectively.
Final protein/PS ratio, nucleic acid ratio, and C-PS ratio all met their respective specifications.
The final molecular weights of polysaccharides from the two batches were 525 kg/mol and 488
kg/mol, respectively, and were close to that of the PS of 19A used in phase Il clinical trials
(486kg/mol).

[0057] The protein/PS ratio for the two batches both met the specification of <2%. Both NA
and C-PS ratio of the two batches were well within their specifications.

[0058] The PS yield, protein and NA reduction at each of the purification steps are shown in
Table 6 and Figure 4. The results showed PS loss at each of the purification steps except the
first centrifugation step. Like serotypes 5 and 4, protein and NA removal mostly took place at
the first three steps, and there was hardly any detectable protein and NA left after acidification.
Although the activated carbon adsorption step did not remove a significant amount of protein
and NA, possibly due to very low protein and NA concentration after the acidification, the step
was still needed for color removal.

Table 6. Type 19A In-Process PS Yield, Protein/PS and NA/PS Ratio.

STEP PS YIELD (%) PROTEIN/PS (%) NA/PS (%)
L29276- | L29276- | L29276- §{ L29276- | L29276- | L29276-

116 143 116 143 116 143

Broth 100.0 100.0 224 41 144.08 277.55 134.73

Centrate 100.8 101.2 121.60 119.11 189.64 100.64

100K

UF/DF 87.7 90.3 103.83 105.16 56.87 26.36

Acidification 90.4 721 0.28 0.84 0.03 0.03

Carbon 77.8 717 0.96 0.03 0.04 0.02

30K UF/DF 61.0 76.1 0.54 0.00 0.02 0.01

[0059] Type 7F Shortened Purification Batches: Type 7F is a non-ionic polysaccharide, which
typically requires change in steps during purification using the existing process compared to
the serotypes described above). However, the shortened purification process of the present
invention was successfully applied to serotype 7F without the need for process deviation. Two
batches of type 7F broth were purified using the shortened process. One was a standard
fermentation broth (L29276-107) and one was a high cell density broth (L29276-157). The
results of the two batches are summarized in Table 7.

Table 7. Type 7F Shortened Purification Batches Summary.

BATCH# {PS YIELD {PROTEIN/PS{NA/PS {MOLECULAR WEIGHT {C-PS
(%) (%) (%) (KG/MOL) (%)

L29276-107 {65.27 0.49 0.02 968 3.3
L29276-157 {79.06 0.26 0.04 881 2.9




DK/EP 2436700 T5

Table 7. Type 7F Shortened Purification Batches Summary.

BATCH # PS YIELD {PROTEIN/PS {NA/PS {MOLECULAR WEIGHT {C-PS
(%) (%) (%) (KG/MOL) (%)

Specification { NA <5 <2 NA <17

[0060] The PS yield of type 7F was actually higher than the other serotypes, possibly due to
less binding of the non-ionic polymer to the charged protein molecules. Final protein, NA and
C-PS ratios were all well within their specifications. Molecular weight of type 7F was
comparable to that of standard batches and even though the 7F molecular weight was quite
high, the PS solution was not very viscous due to smaller excluded volume of the nonionic
polymer.

[0061] Type 7F PS yield, protein and NA ratio at each of the purification steps are shown in
Table 8 and the average of the two batches was plotted in Figure 5.

Table 8. Type 7F In-Process PS Yield, Protein/PS, and NA/PS Ratio.
PS YIELD (%) PROTEIN/ PS (%) | NUCLEIC ACID/PS
STEP ()

129276-  1L29276-  |L29276- |L29276- 1L29276- |L29276-

107 157 107 157 107 157
Broth 100.00 110000 27410 118924 (25855 |134.64
Centrifugation]100.31 {9557  {110.60 {10720 116338 18314
100K UF/DF 18419 19539  1139.38 12753  154.02  |32.74
Acidification 170.89  184.08  10.44 0.10 1.80 0.94
Carbon 6396 17940  10.70 0.09 229 0.23
30K UF/IDF {5724 {7770  {0.30 0.05 0.06 0.00

[0062] There was some Type 7F PS loss at each purification step. Overall, PS loss was less
than that of serotypes 5 and 4. Protein and NA ratio reduction was mostly by the first
centrifugation, 100K UF/DF, and acidification steps. Similar to other serotypes, the 100K UF/DF
was more efficient in removing NA than proteins. Although the activated carbon adsorption
step did not remove a significant amount of protein and NA due to very low impurity levels after
acidification, the step was still needed for color removal.

[0063] Type 6B Shortened Purification Batches: Two batches of 6B were purified using the
shortened purification process. It was found the clarification of the acidified 100K retentate took
a longer time than the other serotypes (6 hours instead of 1 hour). Except for this difference,
the purification process was similar to that of the serotypes. The results of the two batches are

summarized in Table 9.
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Table 9. Type 6B Shortened Purification Summary.
BATCH {PSYIELD {PROTEIN/PS{ NA/PS { MOLECULAR WEIGHT ; C-PS
(%) (%) (%) (KG/MOL) (%)
L29276-161 69.50 1.73 0.28 857 3.6
L29276-164 74.50 1.41 0.17 1142 3.9
Specification NA <4 <1 >800 <10

[0064] All impurity levels (protein, NA, and C-PS) were well within their specifications. The PS
yield was relatively high, and so were the protein and NA ratio compared to the other
serotypes.

[0065] The in-process PS yield, protein and NA ratios at each of the purification steps are
shown in Table 10 and Figure 6.

Table 10. Type 6B Average In-Process PS Yield, Protein, and NA Ratio.
NUCLEIC ACID/PS

PS YIELD (%) PROTEIN/PS (%) -
STEP ()
129276 | L29276- | L29276- | L29276- | L29276- | L29276-
-161 164 161 164 161 164
Broth 100.00 | 100.00 | 238.20 | 288.80 | 21512 | 237.67

Centrifugation; 101.43 116.54 95.88 123.59 104.08 104.47
100K UF/DF 104.11 105.47 68.15 88.14 2213 47.81

Acidification 91.98 101.45 0.71 0.43 1.06 2.24
Carbon 80.71 91.42 0.39 0.23 0.45 0.74
30K UF/DF 72.67 77.28 1.23 0.46 0.37 0.25

[0066] Similar to 19A, PS loss occurred at each of the purification steps except the first
centrifugation step, in which there was a slight increase of PS. Removal of protein and NA was
achieved mostly by the first centrifugation, the first 100K UF/DF, and acidification steps.
However, there was also some reduction of protein and NA ratio at the activated carbon
adsorption step.

[0067] Type 6A Shortened Purification Batches: Two batches of type 6A were purified using
the shortened purification process. The PS yield, impurity levels and molecular weight of the
final solutions are summarized in Table 11.
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Table 11. Type 6A Shortened Purification Batches Summary.
PS MOLECUL AR
BATCH BROTH }{YIELD EQ%II)EIN/ z\(l)ﬁ)/PS WEIGHT g/l;’S
(%) ° ° (KG/MOL) °
L29276-138 {Standard {75.75 1.23 0.04 {640 7.3
L29276-183 i{High cell {72.56 0.20 0.01 {670 5.1
density
Specification NA <2.00 <2.00 iNA <15

[0068] The final PS yields of the two 6A batches were both >70%, which were the highest
among the serotypes processed using the shortened process. Protein, NA, and C-PS ratios
were all within specifications.

[0069] Table 12 and Figure 7 show in-process PS yield, protein and NA ratio change at each
of the purification steps. There was hardly any loss of PS at the first centrifugation and 100K
UF/DF steps. About 10-15% PS loss occurred at the acidification and activated carbon
adsorption steps, which was close to that of the other serotypes. The most protein and NA ratio
reduction was by the first centrifugation, 100K UF/DF, and acidification. After acidification, both
protein and NA ratios were already below their specifications. For protein, the acidification was
the most efficient step, while for NA, 100K UF/DF reduced the most NA/PS ratio. Although the
activated carbon adsorption step did not remove a significant amount of protein and NA due to
very low impurity levels after acidification, the step was still needed for color removal.

Table 12. Type 6A In-Process PS Yield, Protein and NA Ratio.

PS YIELD (%) PROTEIN/PS (%) {NUCLEIC ACID/PS
(%)
STEP L2927 6- {L29276- {L29276- {L29276- {L29276- {L29276-
138 183 138 183 138 183
Broth 100.00 100.00 214.35 138.71 211.45 163.88

Centrifugation §99.35 97.80 183.43 149.71 177.03 150.41
100K UF/DF {93.19 100.40 114.72 103.00 43.38 40.43

Acidification {89.87 87.90 0.16 0.87 1.09 0.97
Carbon 76.02 75.70 0.62 0.85 0.09 0.07
30K UF/DF  {75.57 72.90 0.00 0.07 0.04 0.02

[0070] Type 1 Shortened Purification Batches: Two batches of type 1 purified by the
shortened process are summarized in Table 13. Batch L29276-170 was purified from high cell
density fermentation broth and L29276-173 was from standard fermentation broth.
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Table 13. Type 1 Shortened Purification Batch Summary.

PS C-
PROTEIN/PS{NA/PS{ MOLECULAR
BATCH BROTH YIIOELD (%) (%) |WEIGHT (KG/MOL) F:S
(%) (%)
L29276-170 ; High cell § 50.96 0.44 0.08 501 5.3
density

L29276-173; SOP 53.84 1.23 0.01 458 11.9
Specification NA <2 <2 NA <15

[0071] The PS yields of both batches were about 50%, and the impurity levels for protein, NA
and C-PS were all within their specifications.

[0072] The in-process PS yield, protein and NA ratios after each of the purification steps are
shown in Table 14 and Figure 8. The trends were similar to other serotypes purified. PS loss
occurred mostly at the acidification and activated carbon adsorption steps, and most of protein
and NA removal occurred at the first three steps. More NA was removed at the 100K UF/DF
step than proteins. Although the activated carbon adsorption step did not remove a significant
amount of protein and NA due to very low impurity levels after acidification, the step was still
needed for color removal.

Table 14. Type 1 Average In-Process PS Yield, Protein and NA Ratio.
PS YIELD (%) PROTEIN/PS (%) NA/PS (%)
STEP L29276- | L29276- | L29276- | L29276- | L29276- | L29276-
170 173 170 173 170 173
Broth 100.00 | 100.00 { 453.30 | 595.20 | 594.41 | 1178.98
Centrifugation] 93.99 105.63 | 301.86 | 396.97 | 34055 | 1018.47
50/100K 88.33 105.62 | 232.34 | 235.08 17.49 182.56
UF/DF
Acidification 66.54 87.67 0.54 4.87 1.09 5.85
Carbon 55.85 59.69 1.91 1.86 0.49 0.01
30K UF/DF 51.24 55.59 0.36 0.92 1.65 0.01

[0073] Type 14 Shortened Purification Batches: Two batches of serotype 14 were purified
using the shortened purification process with no process deviations. The final PS yield, and

impurity levels are summarized in Table 15.
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Table 15. Type 14 Shortened Purification Batches Summary.
PS
PROTEIN/ {NA/PS} MOLECULAR C-PS
BATCH § BROTH Y@L)D PS (%) | (%) |WEIGHT (KG/MOL)! (%)
L32874-155 { High cell 51.3 2.06 0.03 520 4.2
density

L32874-163 SOP 56.7 1.39 0.03 662 2.9
Specification NA <3 <2 >400 <15

[0074] Similar to serotype 7F, serotype 14 is a non-ionic polysaccharide, and its current
purification process is slightly different from the other serotypes. However, the shortened
purification process of the present invention was successfully applied to serotype 14 without
the need for such additional steps. The PS yields of the two shortened purification process
batches were 50-60%, and protein and NA ratios were within their specifications. The
molecular weights of the purified PS also met the specification.

[0075] In-process PS yield, protein and NA ratios are summarized in Table 16 and Figure 9.
Similar trends of PS loss, protein and NA removal were observed as for the other tested
serotypes described above.

Table 16. Type 14 Average In-Process PS Yield, Protein, and NA Ratio.
PS YIELD (%) PROTEIN/PS (%)

STEP 132874-155 | L232874-163 | L32874-155 | L232874-163
Broth 100.00 100.00 109.73 286.56
Centrifugation 91.40 90.80 110.88 201.48
50/l00KUF/DF | 82.40 68.70 4552 165.69
Acidification 65.40 93.90 0.65 047
Carbon 59.40 7460 0.60 0.10
30K UF/DF 53.10 57.60 0.57 0.41
Table 16, Continued.

NA/PS (%)

STER L32874-155 | L232874-163
Broth 192.80 272.50
Centrifugation 135.50 201.82
50/100K UF/DF | 47.10 64.54
Acidification 0.89 1.08
Carbon 0.17 0.21
30K UF/DF 0.13 0.25

Example 2. Comparison of Different Serotypes (Serotypes 1. 4, 5. 6A. 6B. 7F. 9V. 14, 18C
19A. and 19F).




DK/EP 2436700 T5

[0076] To compare purification of the different serotypes using the shortened purification
process of the present invention, PS removal for all the serotypes described in Example 1 plus
serotypes 9V, 18C, and 19F were plotted in one graph in Figure 10. Most of the serotypes
followed a similar trend with PS loss at each of the purification steps. There was an increase of
PS yield for type 6B at the first centrifugation step and type 14 at the acidification step. PS
percentage loss varied from serotype to serotype. Type 5 seemed to lose most PS at the
acidification step and type 4 at the activated carbon adsorption step.

[0077] Protein/PS ratios for each purification step for each of the serotypes are shown in
Figure 11. The figure shows that there was a difference in initial protein/PS ratios for different
serotypes, with types 1, 4, 5, 9V, 19F, and 18C having the highest initial protein/PS ratios. Even
though the protein/PS ratios were much higher for types 1, 4, 5, 9V, 19F, and 18C compared to
the other serotypes even after the first UF/DF step, the acidification step greatly reduced the
protein/PS ratio and not much protein was left after this step.

[0078] As shown in Figure 12, NA/PS ratios also varied from serotype to serotype. Types 1
and 5 had the highest NA/PS ratio, followed by types 18C and 4. The first centrifugation and
UF/DF step removed a significant amount of NA for these serotypes and type 1 seemed to be
the most efficient. There was very little NA left after the acidification step.

Example 3. Acidification and Activated Carbon Adsorption Step Efficiency Analysis
(Serotypes 1.4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, and 19F).

[0079] For purification of PnC polysaccharides, the most significant and difficult impurity to
remove is proteins. To better understand the impurity removal efficiency of the shortened
process, two of the major purification steps, acidification and activated carbon adsorption, were
analyzed for protein removal. For the acidification step, the difference in protein concentration
(SDS-PAGE) before and after acidification was plotted against the initial protein concentration
before acidification for serotypes 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, and 19F using the
shortened purification process of the invention (Figure 13).

[0080] Due to relatively small changes in solution volume before and after the acidification
step, the protein concentration difference divided by the initial protein concentration reflected
the protein removal rate by the acidification step. Figure 13 shows the slope of the linear fit of
protein concentration difference with respect to initial protein concentration (by SDS-PAGE
assay). A very good linear relationship was observed between the protein concentration

change and the initial concentration, with the R? close to 1. The slope was 0.9876, which
corresponds to a 98.76% protein removal (assuming negligible solution volume change).
Therefore, for all serotypes studied, the acidification step was very efficient and on average it
removed more than 98% protein.

[0081] Similar to the acidification step, the efficiency of the activated carbon adsorption step
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was also evaluated by plotting the amount of protein removed (adsorbed on carbon) with
respect to initial protein loading (Figure 14). A good linear relationship between the removed

protein and the initial protein loading was observed, although the R? (0.9723) was not as high
as for the acidification step. Because the slope of this linear fit corresponds to the protein
removal rate, the activated carbon adsorption step produced 93.87% protein removal.

[0082] Based on an analysis of the acidification and activated carbon adsorption steps, after
the two steps only about 0.1% protein was left in the solution.

Conclusions for Examples 1-3

[0083] A shortened purification process was developed to replace the current purification
process for capsular polysaccharides of S. pneumoniae. The shortened purification process
was directly applied to serotypes 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, and 19F, and to 19A with
slight deviation. The process was conducted at 10L scale using DOC-lysed fermentation
broths. The impurity levels, including protein/PS, NA/PS and C-PS/PS ratios, all met their
respective specifications. The PS yields were over 50% and comparable to that of the current
purification process. In-process PS vyield, protein/PS and NA/PS ratios were plotted to compare
the behavior of different serotypes. Serotypes 1, 5, 9V, 19F, and 18C were found to be the
most difficult to purify based on protein/PS ratios before and after the 100K UF/DF step.

[0084] Step analysis showed that the acidification and activated carbon adsorption steps
removed more than 98% and 90% protein, respectively (as measured by SDS-PAGE).

Example 4. Substitution of Non-Animal Derived Lytic Agents for Deoxycholate Sodium
in the Production of Polysaccharides

[0085] The present example investigated whether non-animal derived Iytic agents could be
used as a substitute for deoxycholate sodium (DOC) within the process described above for
the production of substantially purified capsular Streptococcus pneumoniae polysaccharides.
As described above, DOC activates the LytA protein, which is an autolysin that is involved in
cell wall growth and division in Streptococcus pneumoniae. The LytA protein has choline
binding domains in its C-terminal portion, and mutations of the /yfA gene are known to produce
LytA mutants that are resistant to lysis with DOC.

[0086] A rapid microtiter plate assay was developed to identify compounds that cause cell
lysis by a mechanism similar to that of DOC. Several non-animal derived alternatives to DOC
were identified which were equally effective as DOC at killing Strepfococcus pneumoniae cells
and releasing polysaccharide. Following processing using standard conditions, the size and
purity of the polysaccharides produced with the non-animal derived compounds were identical
to those produced with DOC.
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Methods

[0087] Cell Lysis: Compounds to be tested were added to fermentation broth at a final
concentration of 0.1 to 0.01% (v/v) and the solution was allowed to incubate at 37°C for one
hour. The solution was then stored at 2-8°C overnight. The following morning the solution was
centrifuged to remove all cell debris. The cell-free broth was analyzed by SEC-HPLC to
determine the concentration of released polysaccharide. The lysis could be performed at any
temperature between 2-37°C, preferably at a pH range of 6.0-7.5. The concentration of the
detergent was typically between 0.05-0.2% depending on the particular detergent.

[0088] Mitrotiter Assay: A rapid microtiter plate assay was devised for examining /ytA-
dependent lysis of pneumococci by different detergents or surfactants. Two pairs of isogenic
strains of S. pneumoniae were used in the assay; one member of each pair was wild type for
the IytA gene while the other strain carried a deletion in the /ytA gene Thus, if lysis were
dependent on an active IytA function, that detergent would not lyse the mutant strains. The four
strains, R6X, R6X AlytA, D39 and D39 AlytA, were cultivated in HySoy medium to
approximately mid-log phase (ODggg ~0.2-0.8; ODggo = Optical Density at 600 nm). Cells were

then centrifuged and cell pellets were resuspended in HySoy medium. To each well of the
microtiter plate, 100 pL of cell suspension was added, along with 10 pL of detergent stocks or
water as a control. After about 15 minutes at 36°C, the ODggg of the samples was measured
with a Spectramax® spectrophotometer (Molecular Devices, Sunnyvale, CA). The following
results were observed for freshly prepared cells or frozen and thawed cells: Wild- type cells
exposed to DOC, sodium dodecyl sulfate, Triton® X-100 and N-laurylsarcosine all had OD
values comparable to the medium blank, which indicated that lysis had occurred. On the other
hand, the AlytA cells did not lyse in the presence of these detergents, which indicates that LytA
function is required for these detergents to lyse the cells.

[0089] Isolation of PS Used For Comparative Analytical Studies: Cultures were grown in Hy-
Soy medium in 10 L bioreactors. The pH was controlled at around 7.0 using either NaOH or

NayCO3. At the end of growth (as indicated by no further increase in optical density), the

cultures were treated with either 0.12% DOC or 0.1% NLS. The cultures were incubated for 12-
16 hours. The effectiveness of cell killing was confirmed by plating a sample of treated broth on
TSA-Blood Agar plates. Polysaccharide was purified from the clarified lysate using standard
procedures (as described above). Purified polysaccharide was examined using a variety of
standard analytical techniques appropriate to determine the purity and identity of the material.

[0090] The PS content of the lysate was determined using SEC-HPLC coupled to a refractive
index (RI) detector.

Screening for Non-Animal Derived Lytic Agents Using Serotypes 1 and 6B
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[0091] S. pneumoniae serotypes 1 and 6B were separately grown in Hy-Soy based media.
The cultures were separately harvested and separately dispensed into tubes. The non-animal
derived compounds to be screened for lytic activity comparable to DOC were prepared as
stock solutions (in suitable solvents) and added to the cultures. After overnight incubation, the
tubes were centrifuged and the PS content of the lysates for each serotype were determined
by SEC-HPLC and compared to DOC.

Screening for Non-Animal Derived Lytic Agents Using /ytA Mutants

[0092] Isogenic pairs of strains containing the /yfA mutation were grown in a Hy-Soy based
medium. The cells were harvested and dispensed into wells in a microttiter plate. The test
compound was added and the culture was incubated. After 15 min at 36°C, the optical density
(ODgog) of each well was determined using a SpectraMax® plate reader (Molecular Devices,

Sunnyvale, CA)(see Tables 17 and 18, which summarize results from two separate tests for
exemplary compounds).

Table 17. Change in Optical Density for lytA Mutant Strains (Test 1)
Change in ODgq
Compound R6X R6X AlytA  {D39 D39 AlytA
Blank
No addn
Deoxycholic acid, 0.1% 100% 34% 99% 47%
Lithocholic acid, 0.1% 20% 16% 8% -2%
Tauroglycocholic acid, 0.1 % {51 % -16% 47% -20%
Heptanoic acid, 0.1 % 25% -57% 7% -30%
SDS, 0.1% 99% 28% 95% 36%
Octanesulfonic acid, 0.1% 43% 6% 34% 16%
Triton® X-100, 0.1% 91% 22% 97% 30%
Tween 80, 0.1% 36% 14% 20% 19%
Tween 20, 0.1% 44% 22% 28% 19%
N-lauryl sarcosine, 0.1 % 100% -34% 89% -44%
Pluronic L31, 0.1% 39% 0% 17% -38%
Pluronic L-61, 0.1% 23% -3% -19% 14%
Pluronic L81, 0.1% 21% -3% -14% 10%
Antarox 17-R-2, 0.1 % 37% 24% 7% 16%
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Table 18. Change in Optical Density for /ytA Mutant Strains (Test 2)
Change in ODgqq

Compound R6X R6X AlytA  {D39 D39 AlytA

Blank

No addn

Water -8% -8% 3% -8%

Deoxycholic acid, 0.1 % 103% 20% 101% 41%

SDS, 0.1% 102% -13% 100% 16%

N-lauryl sarcosine, 0.1 % 102% -40% 101% 14%

Triton® X-100, 0.1% 101% -19% 100% 4%

Tween 20, 0.1% 6% -17% -5% -3%

Octanesulfonic acid, 0.1% {13% 3% 18% -3%

[0093] Based on the screening studies described above, the following non-animal derived lytic
agent alternatives to DOC were identified: decanesulfonic acid, Igepal® CA-630 (tert-
octylphenoxy poly(oxyethylene)ethanol; CAS #: 9002-93-1; available from Sigma Aldrich, St.
Louis, MO), N-lauryl sarcosine sodium (NLS), lauryl iminodipropionate, sodium dodecyl sulfate,
Triton® X-100, chenodeoxycholate, hyodeoxycholate, glycodeoxycholate, taurodeoxycholate,
taurochenodeoxycholate, and cholate.

Comparison of DOC-Lysed PS to NLS-Lysed PS

[0094] S. pneumoniae polysaccharide serotypes 1, 4, 5, 6A, 6B, and 7F were purified at the
10L scale as described above in Examples 1 and 2 using the improved process of the present
invention. However, in one group NLS (0.1%) was used as the lytic agent while in another
group DOC (0.12%) was used as the lytic agent.

[0095] PS yield, protein/PS ratios, NA/PS ratios, and PS molecular weight were measured as
described above, and results are summarized in Table 19. These results showed that the use
of NLS as a lytic agent within the purification methods of the invention produced relatively high
PS yields with relatively low protein and nucleic acid levels. In fact, for the majority of serotypes
tested, use of NLS as a lytic agent produced higher PS yields compared to the use of DOC.

Table 19. PS Characterization For Different Serotypes Using DOC vs. NLS

Serotype{ Lytic ;PS Yield jProtein/PS Nucleic SEC MALLS MW
Agent (%) (%) Acid/PS (%) (g/mol, 105)
0.12%
1 DOC 20% 4.2% 0.04% 0.615
0.1%
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Table 19. PS Characterization For Different Serotypes Using DOC vs. NLS
Serotype{ Lytic |PS Yield jProtein/PS Nucleic SEC MALLS MW

Agent (%) (%) Acid/PS (%) (g/mol, 105)

1 NLS 41% 2% 0.04% 0.65
0.12%

4 DOC 72% 0.05% 0.02% 0.38
0.1%

4 NLS 57% 0.67% 0.25% 0.34
0.12%

5 DOC 57% 3.6% 0.18% 0.32

5 0.1%NLS} 63% 1.8% 0.01% 0.35
0.12%

6A DOC 56% 0.7% 0.00% 0.55
0.1%

6A NLS 66% 1.1% 0.05% 0.43
0.12%

6B DOC 38% 0.6% 0.05% 0.969
0.1%

6B NLS 55% 0.1% 0.01% 1.0
0.12%

7F DOC 73% 0.7% 0.06% 0.814
0.1%

7F NLS 76% 0.5% 0.02% 0.912

[0096] All publications and patent applications mentioned in the specification are indicative of
the level of those skilled in the art to which this invention pertains.

[0097]

Although the foregoing invention has been described in some detail by way of

illustration and example for purposes of clarity of understanding, it will be obvious that certain
changes and modifications may be practiced within the scope of the appended claims.

[0098]

Particular embodiments of the invention are set forth in the following numbered
paragraphs:

1.1. A process for producing substantially purified capsular polysaccharides from a
Streptococcus pneumoniae cell lysate, the process comprising the steps of:

1. (a) providing a fermentation broth comprising bacterial cells that produce a
selected Streptococcus pneumoniae serotype;
2. (b) lysing the bacterial cells in step (a) with a Ilytic agent, thereby producing a cell
lysate comprising cell debris, soluble proteins, nucleic acids, and polysaccharides;
3. (c) clarifying the cell lysate of step (b) using centrifugation or filtration to remove
cell debris, thereby producing a clarified cell lysate;
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11.

12.
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4. (d) ultrafiltering and diafiltering the clarified cell lysate of step (c) to remove low
molecular weight impurities and increase polysaccharide concentration, thereby
producing a retentate;

5. (e) lowering the pH of the retentate of step (d) to less than 4.5 using an organic or
a mineral acid to precipitate protein and nucleic acids, thereby forming an acidified
retentate solution;

6. (f) holding the acidified retentate solution formed in step (e) for a time sufficient to
allow settling of the precipitate, followed by filtration or centrifugation of the
acidified retentate solution, thereby producing a clarified polysaccharide solution;

7. (g) filtering the clarified polysaccharide solution of step (f) through an activated
carbon filter;

8. (h) ultrafiltering and diafiltering the filtered solution produced by step (g), thereby
producing a concentrated purified polysaccharide solution; and

9. (i) filtering the concentrated purified polysaccharide solution produced by step (h)
using a sterile filter;

whereby substantially purified capsular polysaccharides in the form of a solution are
produced.

.2. The process of paragraph 1, wherein the selected Streptococcus pneumoniae

serotype is selected from the group consisting of 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A,
19F, and 23F.

. 3. The process of paragraph 1 or 2, wherein the pH of step (e) is lowered to about 3.5.
. 4. The process of paragraph 1, 2 or 3, wherein the diafiltration of step (h) comprises a

pH adjustment to between about 5.5 to about 7.5.

. 5. The process of paragraph 1, 2 or 3, wherein the diafiltration of step (h) comprises a

pH adjustment to between about 7.0 to about 7.5.

. 6. The process of paragraph 1, 2 or 3, wherein the diafiltration of step (h) comprises a

pH adjustment to about 7.4.

. 7. The process of any one of paragraphs 1 to 6, wherein step (e) removes at least 98%

of protein from the retentate of step (d).

. 8. The process of any one of paragraphs 1 to 7, wherein step (g) removes at least 90%

of the protein from the clarified polysaccharide solution of step (f).

. 9. The process of any one of paragraphs 1 to 8, wherein the activated carbon filter of

step (g) comprises wood-based phosphoric acid-activated carbon.

10. The process of any one of paragraphs 1 to 9, wherein step (f) comprises holding the
acidified retentate solution formed in step (e) for at least 2 hours.

11. The process of any one of paragraphs 1 to 10, wherein the Iytic agent of step (b) is
deoxycholate sodium.

12. The process of any one of paragraphs 1 to 10, wherein the lytic agent of step (b) is a
non-animal derived lytic agent.

13. The process of paragraph 12, wherein said non-animal derived lytic agent is
selected from the group consisting of: decanesulfonic acid, tert-octylphenoxy poly(oxy
ethyl ene)ethanols, octylphenol ethylene oxide condensates, N-lauryl sarcosine sodium
(NLS), lauryl iminodipropionate, sodium dodecyl sulfate , chenodeoxycholate,
hyodeoxycholate, glycodeoxycholate, taurodeoxycholate, taurochenodeoxycholate, and
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cholate.

14. The process of paragraph 12, wherein said non-animal derived lytic agent is N-lauryl
sarcosine sodium.

15. A process for producing substantially purified capsular polysaccharides from a
Streptococcus pneumoniae cell lysate comprising serotype 1, 4, 5, 6A, 6B, 7F, 9V, 14,
18C, 19F, or 23F, the process comprising the steps of:

1. (a) providing a fermentation broth comprising bacterial cells that produce
Streptococcus pneumoniae serotype 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19F, or 23F;

2. (b) lysing the bacterial cells in step (a) with a Ilytic agent, thereby producing a cell
lysate comprising cell debris, soluble proteins, nucleic acids, and polysaccharides;

3. (c) clarifying the cell lysate of step (b) using centrifugation or filtration to remove
cell debris, thereby producing a clarified cell lysate;

4. (d) ultrafitering and diafiltering the clarified cell lysate of step (c¢) at room
temperature at neutral pH in salt free media to remove low molecular weight
impurities and increase polysaccharide concentration, thereby producing a salt
free retentate;

5. (e) lowering the pH of the salt free retentate of step (d) to less than 4.5 using an
organic or a mineral acid to precipitate protein and nucleic acids, thereby forming
an acidified retentate solution;

6. (f) holding the acidified retentate solution formed in step (e) for at least 2 hours at
room temperature to allow settling of the precipitate, followed by filtration or
centrifugation of the acidified retentate solution, thereby producing a clarified
polysaccharide solution;

7. (g) filtering the clarified polysaccharide solution of step (f) through an activated
carbon filter;

8. (h) ultrafiltering and diafiltering the filtered solution produced by step (g), thereby
producing a concentrated purified polysaccharide solution; and

9. (i) filtering the concentrated purified polysaccharide solution produced by step (h)
using a sterile filter;

whereby substantially purified capsular polysaccharides comprising serotype 1, 4, 5, 6A,
6B, 7F, 9V, 14, 18C, 19F, or 23F in the form of a solution are produced.

16. The process of paragraph 15, wherein the pH of step (e) is lowered to about 3.5.

17. The process of paragraph 15 or 16, wherein the diafiltration of step (h) comprises a
pH adjustment to between about 5.5 to about 7.5.

18. The process of paragraph 15 or 16, wherein the diafiltration of step (h) comprises a
pH adjustment to between about 7.0 to about 7.5.

19. The process of paragraph 15 or 16, wherein the diafiltration of step (h) comprises a
pH adjustment to about 7.4.

20. The process of any one of paragraphs 15 to 19, wherein step (e) removes at least
98% of protein from the salt free retentate of step (d).

21. The process of any one of paragraphs 15 to 20, wherein step (g) removes at least
90% of the protein from the clarified polysaccharide solution of step (f).

22. The process of any one of paragraphs 15 to 21, wherein the activated carbon filter of
step (g) comprises wood-based phosphoric acid-activated carbon.
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23. 23. The process of any one of paragraphs 15 to 22, wherein the lytic agent of step (b) is
deoxycholate sodium.

24. 24. The process of any one of paragraphs 15 to 22, wherein the lytic agent of step (b) is
a non-animal derived lytic agent.

25.25. The process of paragraph 24, wherein said non-animal derived lytic agent is
selected from the group consisting of: decanesulfonic acid, tert-octylphenoxy
poly(oxyethylene)ethanols, octylphenol ethylene oxide condensates, N-lauryl sarcosine
sodium (NLS), lauryl iminodipropionate, sodium dodecyl sulfate, chenodeoxycholate,
hyodeoxycholate, glycodeoxycholate, taurodeoxycholate, taurochenodeoxycholate, and
cholate.

26. 26. The process of paragraph 24, wherein said non-animal derived lytic agent is N-lauryl
sarcosine sodium.

27.27. A process for producing substantially purified capsular polysaccharides from a
Streptococcus pneumoniae cell lysate comprising serotype 19A, the process comprising
the steps of:

1. (a) providing a fermentation broth comprising bacterial cells that produce
Streptococcus pneumoniae serotype 19A;

2. (b) lysing the bacterial cells in step (a) with a Ilytic agent, thereby producing a cell
lysate comprising cell debris, soluble proteins, nucleic acids, and polysaccharides;

3. (c) clarifying the cell lysate of step (b) using centrifugation or filtration to remove
cell debris, thereby producing a clarified cell lysate;

4. (d) ultrafiltering and diafiltering the clarified cell lysate of step (c) at about 4 °C at a
pH of about 6 in sodium phosphate buffer to remove low molecular weight
impurities and increase polysaccharide concentration, thereby producing a
retentate;

5. (e) lowering the pH of the retentate of step (d) to less than 4.5 using an organic or
a mineral acid to precipitate protein and nucleic acids, thereby forming an acidified
retentate solution;

6. (f) holding the acidified retentate solution formed in step (e) for at least 2 hours at
about 4°C to allow settling of the precipitate, followed by filtration or centrifugation
of the acidified retentate solution, thereby producing a clarified polysaccharide
solution;

7. (9) adjusting the pH of the clarified polysaccharide solution of step (f) to about 6,
thereby producing a pH-adjusted clarified polysaccharide solution;

8. (h) filtering the pH-adjusted clarified polysaccharide solution of step (g) through an
activated carbon filter;

9. (i) ultrafiltering and diafiltering the filtered solution produced by step (h), thereby
producing a concentrated purified polysaccharide solution; and

10. (j) filtering the concentrated purified polysaccharide solution produced by step (i)
using a sterile filter;
whereby substantially purified capsular polysaccharides comprising serotype 19A in the
form of a solution are produced.
28. 28. The process of paragraph 27, wherein the pH of step (e) is lowered to about 3.5.
29. 29. The process of paragraph 27 or 28, wherein the diafiltration of step (i) comprises a



DK/EP 2436700 T5

pH adjustment to between about 5.5 to about 7.5.

30. 30. The process of paragraph 27 or 28, wherein the diafiltration of step (i) comprises a
pH adjustment to between about 7.0 to about 7.5.

31. 31. The process of paragraph 27 or 28, wherein the diafiltration of step (i) comprises a
pH adjustment to about 7.4.

32. 32. The process of any one of paragraphs 27 to 31, wherein step (e) removes at least
98% of protein from the retentate of step (d).

33. 33. The process of any one of paragraphs 27 to 32, wherein step (h) removes at least
90% of the protein from the pH-adjusted clarified polysaccharide solution of step (g).

34. 34. The process of any one of paragraphs 27 to 33, wherein the activated carbon filter of
step (h) comprises wood-based phosphoric acid-activated carbon.

35. 35. The process of any one of paragraphs 27 to 34, wherein the sodium phosphate
buffer of step (d) is 25 mM sodium phosphate.

36. 36. The process of any one of paragraphs 27 to 35, wherein the lytic agent of step (b) is
deoxycholate sodium.

37. 37. The process of any one of paragraphs 27 to 35, wherein the lytic agent of step (b) is
a non-animal derived lytic agent.

38. 38. The process of paragraph 37, wherein said non-animal derived lytic agent is
selected from the group consisting of: decanesulfonic acid, tert-octylphenoxy
poly(oxyethylene)ethanols, octylphenol ethylene oxide condensates, N-lauryl sarcosine
sodium (NLS), lauryl iminodipropionate, sodium dodecyl sulfate, chenodeoxycholate,
hyodeoxycholate, glycodeoxycholate, taurodeoxycholate, taurochenodeoxycholate, and
cholate.

39. 39. The process of paragraph 37, wherein said non-animal derived lytic agent is N-lauryl
sarcosine sodium.

40. 40. A process for the manufacture of a pneumococcal vaccine, which comprises
producing substantially purified capsular polysaccharides from a Streptococcus
pneumoniae cell lysate by a process as described in any one of paragraphs 1 to 39 and
using said substantially purified capsular polysaccharides in the manufacture of a
pneumococcal vaccine.

41.41. A process as described in paragraph 40 wherein the pneumococcal vaccine
containing polysaccharide conjugated with a protein carrier.
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Patentkrav

1. Fremgangsmade til fremstilling af oprensede kapselpolysaccharider ud fra
et Streptococcus pneumoniae-cellelysat, hvilken fremgangsmade omfatter
trinnene:

(a) at tilvejebringe en fermenteringssuppe omfattende bakterieceller, der pro-
ducerer en udvalgt Streptococcus pneumoniae-serotype;

(b) at lysere bakteriecellerne fra trin (a) med et lytisk middel, hvorved der frem-
stilles et cellelysat omfattende celledebris, oplaselige proteiner, nukleinsyrer
og polysaccharider;

(c) at klare cellelysatet fra trin (b) under anvendelse af centrifugering eller fil-
trering til fijernelse af celledebris, hvorved der fremstilles et klaret cellelysat;
(d) at ultrafiltrere og diafiltrere det klarede cellelysat fra trin (c) til fijernelse af
urenheder med lav molekylveegt og agning af polysaccharidkoncentrationen,
hvorved der fremstilles et retentat;

(e) at saenke pH-veerdien af retentatet fra trin (d) til mindre end 4,5 under an-
vendelse af en organisk syre eller en mineralsyre til udfeeldning af protein og
nukleinsyrer, hvorved der dannes en forsuret retentatoplgsning;

(f) at fastholde den forsurede retentatoplgsning dannet i trin (e) i et tidsrum,
der er tilstraekkeligt til at muliggare, at udfeeldningsproduktet bundfaelder sig,
efterfulgt af filtrering eller centrifugering af den forsurede retentatoplgsning,
hvorved der fremstilles en polysaccharidoplgsning;

(g) at filtrere den klarede polysaccharidoplgsning fra trin (f) gennem et aktive-
ret kulfilter;

(h) at ultrafiltrere og diafiltrere den filtrerede oplgsning fremstillet ved trin (g),
hvorved der fremstilles en koncentreret oprenset polysaccharidoplgsning; og
(i) at filtrere den koncentrerede oprensede polysaccharidoplgsning fremstillet
ved trin (h) under anvendelse af et sterilt filter;

hvorved der fremstilles oprensede kapselpolysaccharider i form af en oplas-
ning.

2. Fremgangsmade ifglge krav 1, hvor den valgte Streptococcus pneumoniae-
serotype udveelges fra gruppen bestaende af 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C,
19A, 19F og 23F.

3. Fremgangsmade ifalge krav 1, omfattende trinnene:
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(a) at tilvejebringe en fermenteringssuppe omfattende bakterieceller, der pro-
ducerer Streptococcus pneumoniae-serotype 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C,
19F eller 23F;

(b) at lysere bakteriecellerne fra trin (a) med et lytisk middel, hvorved der frem-
stilles et cellelysat omfattende celledebris, oplgselige proteiner, nukleinsyrer
og polysaccharider;

(c) at klare cellelysatet fra trin (b) under anvendelse af centrifugering eller fil-
trering til fijernelse af celledebris, hvorved der fremstilles et klaret cellelysat;
(d) at ultrafiltrere og diafiltrere det klarede cellelysat fra trin (c) ved rumtempe-
ratur ved neutral pH i saltfri medier til fijernelse af urenheder med lav molekyl-
veegt og ggning af polysaccharidkoncentrationen, hvorved der fremstilles et
saltfrit retentat;

(e) at seenke pH-veerdien af det saltfri retentat fra trin (d) til mindre end 4,5
under anvendelse af en organisk syre eller en mineralsyre til udfseldning af
protein og nukleinsyrer, hvorved der dannes en forsuret retentatoplesning;

(f) at fastholde den forsurede retentatoplgsning dannet i trin (e) i mindst 2 timer
ved rumtemperatur til muliggerelse af, at udfeeldningsproduktet bundfaelder
sig, efterfulgt af filtrering eller centrifugering af den forsurede retentatoplos-
ning, hvorved der fremstilles en polysaccharidoplgsning;

(g) at filtrere den klarede polysaccharidoplgsning fra trin (f) gennem et aktive-
ret kulfilter;

(h) at ultrafiltrere og diafiltrere den filtrerede oplgsning fremstillet ved trin (g),
hvorved der fremstilles en koncentreret oprenset polysaccharidoplgsning; og
(i) at filtrere den koncentrerede oprensede polysaccharidoplgsning fremstillet
ved trin (h) under anvendelse af et sterilt filter;

hvorved der fremstilles oprensede kapselpolysaccharider omfattende serotype
1,4,5,6A, 6B, 7F, 9V, 14, 18C, 19F eller 23F i form af en oplgsning.

4. Fremgangsmade ifalge krav 1, 2 eller 3, hvor pH-vaerdien fra trin () seenkes
til ca. 3,5.

5. Fremgangsmade ifglge krav 1, 2, 3 eller 4, hvor diafiltreringen i trin (h) om-
fatter en pH-justering til mellem ca. 5,5 til ca. 7,5, fortrinsvis hvor diafiltreringen
i trin (h) omfatter en pH-justering til mellem ca. 7,0 til ca. 7,5, endnu mere fo-
retrukket hvor diafiltreringen i trin (h) omfatter en pH-justering til ca. 7,4.
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6. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 5, hvor trin (e)
fierner mindst 98 % af protein fra retentatet fra trin (d).

7. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 6, hvor trin (g)
fierner mindst 90 % af proteinet fra den klarede polysaccharidoplgsning fra trin

().

8. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 7, hvor det akti-
verede kulfilter i trin (g) omfatter treebaseret phosphorsyreaktiveret kul.

9. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 8, hvor trin (f)
omfatter at fastholde den forsurede retentatoplgsning dannet i trin (e) i mindst
2 timer.

10. Fremgangsmade ifglge krav 1, omfattende trinnene:

(a) at tilvejebringe en fermenteringssuppe omfattende bakterieceller, der pro-
ducerer Streptococcus pneumoniae-serotype 19A;

(b) at lysere bakteriecellerne fra trin (a) med et lytisk middel, hvorved der frem-
stilles et cellelysat omfattende celledebris, oplgselige proteiner, nukleinsyrer
og polysaccharider;

(c) at klare cellelysatet fra trin (b) under anvendelse af centrifugering eller fil-
trering til fijernelse af celledebris, hvorved der fremstilles et klaret cellelysat;
(d) at ultrafiltrere og diafiltrere det klarede cellelysat fra trin (c) ved ca. 4 °C
ved en pH-veerdi pa ca. 6 i natriumphosphatbuffer til fijernelse af urenheder
med lav molekylveegt og gagning af polysaccharidkoncentrationen, hvorved der
fremstilles et retentat;

(e) at saenke pH-veerdien af retentatet fra trin (d) til mindre end 4,5 under an-
vendelse af en organisk syre eller en mineralsyre til udfeeldning af protein og
nukleinsyrer, hvorved der dannes en forsuret retentatoplgsning;

(f) at fastholde den forsurede retentatoplgsning dannet i trin (e) i mindst 2 timer
ved ca. 4 °C til muliggerelse af, at udfeeldningsproduktet bundfaelder sig, efter-
fulgt af filtrering eller centrifugering af den forsurede retentatoplgsning, hvor-
ved der fremstilles en polysaccharidoplgsning;

(g) at justere pH-veerdien af den klarede polysaccharidoplasning fra trin (f) til
ca. 6, hvorved der fremstilles en pH-justeret klaret polysaccharidoplgsning;
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(h) at filtrere den pH-justerede klarede polysaccharidoplgsning fra trin (g) gen-
nem et aktiveret kulfilter;

(i) at ultrafiltrere og diafiltrere den filtrerede oplgsning fremstillet ved trin (h),
hvorved der fremstilles en koncentreret oprenset polysaccharidoplgsning; og
(j) at filtrere den koncentrerede oprensede polysaccharidoplgsning fremstillet
ved trin (i) under anvendelse af et sterilt filter;

hvorved der fremstilles oprensede kapselpolysaccharider omfattende serotype
19A i form af en oplgsning.

11. Fremgangsmade ifglge krav 10, hvor pH-vaerdien fra trin (e) saenkes til ca.
3,5.

12. Fremgangsmade ifglge krav 10 eller 11, hvor diafiltreringen i trin (i) omfat-
ter en pH-justering til mellem ca. 5,5 til ca. 7,5, fortrinsvis hvor diafiltreringen i
trin (i) omfatter en pH-justering til mellem ca. 7,0 til ca. 7,5, endnu mere fore-
trukket hvor diafiltreringen i trin (i) omfatter en pH-justering til ca. 7.,4.

13. fremgangsmade ifalge et hvilket som helst af kravene 10 til 12, hvor trin
(e) fierner mindst 98 % af protein fra retentatet i trin (d).

14. Fremgangsmade ifolge et hvilket som helst af kravene 10 til 13, hvor trin
(h) fierner mindst 90 % af proteinet fra den pH-justerede klarede polysaccha-
ridoplgsning fra trin (g).

15. Fremgangsmade ifolge et hvilket som helst af kravene 10 til 13, hvor det
aktiverede kulfilter i trin (h) omfatter treebaseret phosphorsyreaktiveret kul.

16. Fremgangsmade ifalge et hvilket som helst af kravene 10 til 15, hvor natri-
umphosphatbufferen i trin (d) er 25 mM natriumphosphat.

17. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 16, hvor det
lytiske middel i trin (b) er deoxycholatnatrium.

18. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 16, hvor det
lytiske middel i trin (b) er et lytisk middel af ikke-animalsk oprindelse, fortrinsvis
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hvor det lytiske middel af ikke-animalsk oprindelse er udvalgt fra gruppen be-
stédende af: decansulfonsyre, tert-octylphenoxy-poly(oxyethylen)ethanoler, oc-
tylphenolethylenoxidkondensater, N-lauryl-sarcosinnatrium (NLS), laurylimi-
nodipropionat, natriumdodecylsulfat, chenodeoxycholat, hyodeoxycholat, gly-
codeoxycholat, taurodeoxycholat, taurochenodeoxycholat og cholat, endnu
mere foretrukket hvor det lytiske middel af ikke-animalsk oprindelse er N-lau-
ryl-sarcosinnatrium.

19. Fremgangsmade ifalge et hvilket som helst af kravene 1 til 18, hvor mine-
ralsyren er udvalgt fra gruppen bestadende af saltsyre, salpetersyre, phosphor-
syre og svovlsyre.

20. Fremgangsmade til fremstilling af en pneumokokvaccine, som omfatter at
fremstille oprensede kapselpolysaccharider fra et Streptococcus pneumoniae-
cellelysat ved en fremgangsmade ifglge et hvilket som helst af kravene 1 til 19
og at anvende de oprensede kapselpolysaccharider til fremstilling af en pneu-
mokokvaccine.

21. Fremgangsmade ifalge krav 20, hvor pneumokokvaccinen indeholder po-
lysaccharid konjugeret med en proteinbeerer.
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DRAWINGS

Figure 1
Type 5 average in-process yield and impurity ratio
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Figure 2
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Figure 3
Type 4 average in-process yield and impurity
ratio
400 : , 120
350 - —l—::/t:sn/PS 100
2001 —+—PS yield <
— e L o
< 250 | y 80 <
© 200 - 160 @
w® >
1.l 150 1 1 40 (7]
100 - e
50 - T20
0 T .““""‘" 0
o ’8\\0{\ Q\Q ,bk}oo ,b{QoQ \b((\QQ
& & ® o
QQ!Q Q\\ byl




DK/EP 2436700 T5

Figure 4
Type 19A average in-process data
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Figure 5

Ratio (%)

Type 7F average in-process data
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Figure 6
Type 6B average in-process data
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Ratio {%)

Figure 7
Type 6A average in-process yield and
impurity level
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Figure 8

Ratio (%)

Type 1 average in-process data
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Figure 9

Ratio (%)

Type 14 average in-process data
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Figure 10
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Figure 11
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Figure 12

In-process NA/PS ratio
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Figure 13
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Difference in protein conc.
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Adsorbed protein (mg/cm2
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Figure 14
Carbon Step (SDS-PAGE)
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