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What is claimed is:
1. A method for producing a recombinant protein comprising:

culturing a recombinant bacterial cell to express a recombinant protein
comprising continuously adding a carbon source to a culture comprisinf/téa

recombinant bacterial cell and continuously adding an inducer to th:/(z !
culture achieves a threshold parameter, and isolating the recombinant protein from

ture after the

the culture.

2. The method of claim 1, wherein the threshold parameteris optical density (OD),
dissolved oxygen (DO), concentration of nutrient in cytture medium, total
. concentration of carbon source added to culture medium, or any combination

thereof.

3. The method of claim 2, wherein the threshol parameter is optical density (OD)

of the culture.

4. The method of claim 3, comprising ¢©

when the cell density of the culture/achieves an ODgg0 Of about 70 to about 110.

5. The method of claim 4, compriging continuously adding the inducer to the culture
when the cell density of the €ulture achieves an ODgpe of about 70 to about 105,

6. The method of claim 5, éomprising continuously adding the inducer to the culture
when the cell density/6f the culture achieves an ODgg of about 75 to about 85.

7. The method of ¢léim 6, comprising continuously adding the inducer ta the culture
when cell dengity of the culture achieves an ODggo of about 80.

8. The methgd of claim 1, comprising adding the inducer to the culture at a constant
ing the inducer fo the culture by DO-stat feed or adding the inducer to

th/eo iture by pH-stat feed.

8. The method of claim 1, comprising adding the inducer to the culture at a constant
rate of about 3.35 g/L/h to about 16 g/L/h, adding the inducer to the culture by
DO-stat feed or by pH-stat feed.
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10. The method of claim 1, wherein the total amount of _the inducer added to t é

culture is about 4 g/L to about 40 g/L.

11. The method of claim 10, wherein the total amount of the inducer a ded to the
culture during inducer feed is from about 5 g/L to about 20 g/L. '

12. The method of claim 11, wherein the total amqunt of the inducer added to the

culture during inducer feed is from about 7 g/l to about 15¢g/L..

13. The method of claim 12, wherein the total amount of e inducer added to the

culture during inducer feed is about 10 g/L.

14. The method of claim 1, comprising continuou? adding the inducer to the culture
h

for about 2 to about 8 hours after initiation ofthe method.

15. The method of claim 14, comprising continuously adding the inducer to the
culture for about 3 to about 6 hours aftéer initiation.

16. The method of claim 1, comprising isolating the recombinant protein about 2 to
about 8 hours after starting to @dd the inducer to the culture.

17. The method of claim 16, cgmprising isolating the recombinant protein about 3 to
about 6 hours after startihg to add the inducer to the culture.

21. Te method of claim 1, comprising continuously adding the carbon source to the

culture while the inducer is continuously added to the culture.
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The method of claim 1, comprising continuously adding the carbon source {
culture until the cell density of the culture achieves an ODggo 0f about 70 10 about

110.

The method of claim 1, wherein the carbon source is a sugar—ba;ed carbon

source,
The method of claim 23, wherein the sugar-based carbyée is glucose,
The method of claim 24, wherein the inducer is arabingSe.

The method of claim 25, comprising continuously adding the glucose to the
culture medium while the arabinose is continucusly added to the culture medium.

The method of claim 25, comprising cantinubusly adding the giucose until the cell
density of the culture achieves an ODggp & about 80.

A method for producing a recombinarit protein comprising:

a) introducing into a bacterial hdst cell an expression vector encoding a
recombinant protein undeg'the control of an inducible promoter to form a

adding a carbo Y source to the cell culture as a continuous feed:;

monitoring c/: { growth in the cell culture for achievement of a threshdd

feed, dnce the threshold optical density {ODggo) is achieved; and
f) isplating the recombinant protein from the ceil culture.

LT é method of claim 28, comprising continuously adding the inducer to the

Jeulture when the cell density of the culture achieves an ODego of about 70 to

about 110.
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30. The method of claim 29, comprising continuously adding the inducer to the /
culture when the cell density of the culture achieves an ODgy of about 78"to

about 1085,

31. The method of claim 30, comprising continuously adding the indyger to the
culture when the cell density of the culture achieves an ODegqy 87 about 75 to

about 85.

- 32. The method of claim 31, comprising continuously adding the inducer to the

culture when the cell density of the culture achievesan ODggp of about 80.

33. The method of claim 28, wherein the inducer is,Added to the culture at a constant
rate, the inducer is added to the culture by DO-stat feed or the inducer is added

to the culture by pH-stat feed.

34. The method of claim 33, wherein the ihducer is added to the culture at a constant

rate of from about 3.35 g/L./h to abgut 16 g/L/h, the inducer is added to the
ucer is added to the culture by pH-stat feed.

culture. by DO-stat feed or ﬂ?
35. The method of claim 28, wherein the total amount of inducer added to the culture
is from about 4 g/L to abgut 40 g/L.

35, wherein the total amount of inducer added to the culture
to about 20 g/L..

36. The method of clai
is from about 5

37. The method,6f ciaim 36, wherein the total amount of inducer added to the culture
is from abéut 7 g/L to about 15 g/L.

38. The method of claim 37, wherein the total amount of inducer added to the culture

is dbout 10 g/L.

. The methad of claim 28, comprising isolating the recombinant protein from the

culture about 2 hours to about 8 hours after initiation of inducer feed.
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40. The method of claim 39, comprising isolating the recombinant protein from the
culture about 3 hours to about 6 hours after initiation of inducer feed.

41. The method of claim 28, wherein the‘carbon source is added to thecell culture

during constant rate feed of both the carbon source and the induger, during DO-

stat feed of both the carbon source and the inducer or during pH-stat feed of both

the carbon source and the inducer.

42. The method of claim 28, wherein the inducer is arab?o e,

43. The method of claim 28, wherein the carbon sourcé is a sugar-based carbon

source.
44. The method of claim 43, wherein the s:? ased carbon source is glucose.

45. The method of claim 28, wherein the cdrbon source is glucose and the inducer is

arabinose.

486. The method of claim 45, comprising continuously adding glucose to the cell
culture while the arabinose ig continuously added to the cell culture.

47. The method of claim 45/ comprising continuously adding glucose to the cell
nsity of the cell culture achieves an ODgyp Of about 80.

culture until the cy
48. A method for producing a recombinant protein comprising:

culturing a regcombinant bacterial cell to express a recombinant protein by
continuously gidding an inducer to a culture comprising the bacterial cell after the
culture achieves a threshold parameter, wherein the bacterial cell comprises a

nucleic gcid sequence corresponding to a gene of N. meningitidis serogroup B.

49,/The method of claim 48, wherein the threshold parameter is optical density (OD),
dissolved oxygen {DO), pH, concentration of nutrient in culture medium, total
concentration of carbon source added to culture medium, or any combination

thereof,
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The method of claim 49, wherein the threshold parameter is optical density

of the culture.

The method of claim 50, wherein the continuous inducer feed is initi
the cell density of the culture achieves an ODggy of about 70 to abgut 110.

The method of claim 51, wherein the continuous inducer feed/s initiated when

the cell density of the culture achieves an ODsgo of about 70 to about 105.

The method of claim 52, wherein the continuous fndu r feed is initiated when

the cell density of the culture achieves an ODGO? bout 75 to about 85.

. The method of claim 53, wherein the continuous inducer feed is initiated when

the cell density of the culture achieves jn./o son Of about 80.

The method of claim 48, wherein the inducer is added to the cuiture at a constant.
rate of about 3.35 g/L/h fo about 16 ’th. the inducer is added by DO-stat feed

or the inducer is added by pH-stat/feed.

The method of claim 48, wherein the total amount of inducer added to the culture

during induction is from abdut 4 g/L to about 40 g/L.

The method of claim 56, whefein the total amount of inducer added to the culture
during induction is ffom about 5 g/L to about 20 g/L.

The method ofclaim 57, wherein the total amount of inducer added to the culture

L

medium dugping induction is about 7 g/L. to about 15 g/L.

The mefthod of claim 58, wherein the total amount of inducer added to the culture

during induction is about 10 g/L.

he method of claim 48, wherein the inducer feed continues for about 2 hours to

. The method of claim 60, wherein the inducer feed continues for about 3 hours to

about 6 hours after initiation of the method.
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The method of claim 48, wherein the recombinant protein is harvested from
about 2 hours to about 8 hours after initiation of inducer feed.

The method of claim 62, wherein the recombinant protein product is isélated from
about 3 hours to about 6 hours after initiation of inducer feed.

The method of claim 48, wherein the carbon source feed to the/culture medium
continues during inducer feed to the culture. /

The method of claim 48, wherein the inducer is arabinoge/.

The method of claim 48, wherein the carbon source’{ a sugar-based carbon

source.
The method of claim 66, wherein the sugar-based carbon source is glucose.

The method of claim 67, wherein the in Adéer is arabinose.

The method of claim 68, wherein glidcose is fed to the culture at a constant feed
rate during the constant rate feeg’of arabinose to the culture, during DO-stat of
both the glucese and the induger or by pH-stat feed of both the glucose and the

inducer.

The method of claim 68, wherein glucose is fed to the culture at a constant feed
rate during the consgant rate feed of arabinose to the cuiture, by DO-stat feed of
both the glucose g@nd the inducer until the cell density in the culture achieves an
ODsoo of about, 80 or by pH-stat feed of both the glucose and the inducer until the

cell density jin the culture achieves an ODg of about 80.

The method of claim 68, wherein the recombinant meningococcal 2086 protein

ises a lipoprqtein (rLP2086).

e method of claim 68, wherein the protein comprises a non-lipidated pfotein.

. The method of claim 68, wherein the protein comprises meningococcal 2086

subfamily A protein.
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The method of claim 68, wherein the protein comprises meningococcal 2086
subfamily B protein.
A method for producing a recombinant meningococeal 2086 proteir (P2086)
comprising: : /

{a@) introducing into a bacterial host cell an expression ve?’:{ encoding &
recombinant 2086 protein under the control of an inducible promoter to form a

recombinant bacterial cell;

(b) introducing the recombinant bacterial cell to afulture medium to form a

Culture;

(c) adding a carbon source to the culture;

(d) monitoring cell growth in the culturé for achievement of a threshoid ,o;ﬁﬁcal

density (OD); : /

{e) continuously adding an ind fcer of the inducible promoter to the cuiture once
the cell density of the culture /achieves an optical density of about 70 to 110; and

(f) isolating the recombi fant meningococcal 2086 protein from the culture after
about 3 hours to abol ‘6 hours after commencement of continuously adding the

/(8.

The composition of claim 76, wherein the recombinant meningococcal 2088

protein is non-lipidated protein.
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The compasition of claim 76, wherein the recombinant meningococcal g()BB
y
protein is a 2086 subfamily A protein. /w"

The composition of ciaim 78, wherein the recombinant protein i§/é{2086

subfamily B protein. p
y

The composition of claim 80, wherein the culture compr;s”és a second
recombinant meningococca! 2086 protein. J}fﬁ

The compasition of claim 81, wherein the second 2086 recombmant
meningococcal protein is a 2086 subfamily A pf'otem

The composutaon of claim 76, wherem the cfens:ty of the recombinant
memngococcal 2086 protein is at least ébout 1.7 g/L based on the total volume of
5/

the bhacterial culture, Vs

Wukey d
o

K
fs‘

The composmon of clalm 76, whérem the density of the recombinant
meningococcal 2086 protetr} ;é at least about 2.0 g/L based on the total volume of

S

the bacterial culture. V4

A

The compaosition of c}@‘fm 76, wherein the density of the recombinant
meningococcal 2086 protein is at least about 3.0 g/L based on the total volume of

the bacteriayu/r/e‘
A compo? n comprising:

fal culture comprising & recombinant meningococcal 2086 protein

prepared according to the process of any of claims 1-75.
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CLAIMS

A method for producing a recombinant meningococcal protein comprising:

culturing a recombinant bacterial cell to express the recombinant meningococcal
protein comprising continuously adding a carbon source to a culture comprising the
recombinant bacterial cell and continuously adding an inducer to the culture after the
culture achieves a threshold parameter, said inducer being added to the culture
simultaneously to the continuous addition of the carbon source; and isolating the
recombinant meningococcal protein from the culture; wherein the protein is produced
at a peak density after the inducer is added to the culture for about 3 hours; wherein
the inducer is arabinose; wherein the carbon source feed rate during the arabinose
induction is between 2.25 and 7.5 g/L/h; wherein the arabinose feed rate is between

1.7 and 6.7 g/L/h.

A method for producing a recombinant meningococcal protein comprising:

culturing a recombinant bacterial cell to express the recombinant meningococcal
protein by continuously adding an inducer to a culture comprising the bacterial cell
after the culture achieves a threshold parameter, said inducer being added to the
culture simultaneously to the continuous feed of a carbon source wherein the bacterial
cell comprises a nucleic acid sequence corresponding to a gene of N. meningitidis
serogroup B; wherein the inducer is arabinose; wherein the carbon source feed rate
during the arabinose induction is between 2.25 and 7.5 g/l/h; and wherein the

arabinose feed rate is between 1.7 and 6.7 g/L/h.

The method of claim 1 or 2, wherein the threshold parameter is optical density (OD),

dissolved oxygen (DO), pH, concentration of nutrient in culture medium, total

concentration of carbon source added to culture medium, or any combination thereof.

The method of claim 3, wherein the threshold parameter is optical density (OD) of the

culture.



39 .

A method for producing a recombinant meningococcal protein comprising:

a) introducing into a bacterial host cell an expression vector encoding a recombinant
meningococcal protein under the control of an inducible promoter to form a
recombinant bacterial cell;

b) introducing the recombinant bacterial cell into a culture medium to form a cell
culture;

c) adding a carbon source to the cell culture as a continuous feed;

d) monitoring cell growth in the cell culture for achievement of a threshold optical
density (ODggo); / |

e) adding an inducer of the inducible promoter to the cell culture as a continuous
feed once the threshold optical density (ODsqo) is achieved; said inducer being
added to the culture simultaneously to the continuous feed of the carbon source;

) isblating the recombinant protein from the cell culture;

g) and isolating the recombinant protein from the culture; wherein the protein is
produced at a peak density after the inducer is added to the culture for about 3
hours; wherein the inducer is arabinose; wherein the carbon source feed rate
during the arabinose induction is between 2.25 and 7.5 g/L/h; and wherein the
arabinose feed rate is between 1.7 and 6.7 g/L/h.

. The method of any one of the preceding claims, comprising continuously adding the
inducer to the culture when the cell density of the cuiture achieves an ODgyg of about

70 to about 110.

The method of claim 6, comprising continuously adding the inducer to the culture
when the cell density of the culture achieves an ODgy of about 70 to about 105.

. The method of claim 7, comprising continuously adding the inducer to the culture
when the cell density of the culture achieves an ODgyo of about 75 to about 85.

. The method of claim 8, comprising continuously adding the inducer to the culture -
when the cell density of the culture achieves an ODgyo of about 80.
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The method of any one of claims 1, 2 and 5, wherein the inducer is added to the
culture at a constant rate, the inducer is added to the culture by DO-stat feed or the

inducer is added to the culture by pH-stat feed.

The method of claim 10, wherein the inducer is added to the culture at a constant rate
of from about 3.35 g/L/h to about 16 g/L/h, the inducer is added to the culture by DO-
stat feed or the inducer is added to the culture by pH-stat feed.

The method of any one of claims 1, 2 and 5, wherein the total amount of inducer

added to the culture is from about 4 g/L to about 40 g/L..

The method of claim 12, wherein the total amount of inducer added to the culture is

from about 5 g/L to about 20 g/L.

The method of claim 13, wherein the total amount of inducer added to the culture is

from about 7 g/L to about 15 g/L.

The method of claim 14, wherein the total amount of inducer added to the culture is

about 10 g/L.

The method of claim 13, wherein the total amount of the inducer added o the culture

is from about 5 g/L. to about 7 g/L based on the total voiume of the culture.

The method of claim 13, wherein the total amount of the inducer added to the culture

is about 5.4 g/L based on the total volume of the culture.

The method of any one of claims 1, 2 and 5, wherein the inducer is added to the

culture at a constant rate of about 1.5 g/L/h to 16 g/L/h.

The method of claim 18, wherein the inducer is added {o the culiure at a constant rate

of about 1.7 g/L/h.

The method of claim 18 or claim 19, wherein the inducer is added to the culture at

said constant rate of for about 3 hours.
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The method of claim 1 or claim 2, comprising continuously adding the inducer to the
culture for about 2 to about 8 hours after initiation of the method.

The method of claim 21, comprising continuously adding the inducer fo the culture for

about 3 to about 8 hours after inifiation of the method.

The method of any one of claims 1, 2 and 5, comprising isolating the recombinant

protein about 2 to about 8 hours after starting to add the inducer to the culture.

The method of claim 23, comprising isolating the recombinant protein about 3 to about

6 hours after starting to add the inducer to the culture.

The method of claim 1, comprising continuously adding the carbon source to the

culture before induction.

The method of claim 1, comprising continuously adding the carbon source to the

culture before and during induction.

The method of claim 1, comprising continuously adding the carbon source to the

culture while the inducer is continuously added to the culture.

The method of claim 1, comprising continuously adding the carbon source to the
culture until the cell density of the culture achieves an ODgy of about 70 to about 110.

The method of claim 2, wherein the carbon source feed {0 the culture medium

continues during inducer feed to the culture.

The method of claim 5, wherein the carbon source is added to the cell culture during
constant rate feed of both the carbon source and the inducer, during DO-stat feed of
both the carbon source and the inducer or during pH-stat feed of both the carbon

source and the inducer.

The method of any one of the preceding claims, wherein the inducer is arabinose.
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The method of claim 1 or claim 5, wherein the carbon source is a sugar-based carbon
source.
The method of claim 32, wherein the sugar-based carbon source is giucose.
The method of claim 33, wherein the inducer is arabinose.

The method of claim 34, comprising continuously adding the glucose to the culture
medium while the arabinose is continuously added to the culture medium.

The method of claim 34, comprising continuously adding the glucose until the cell

density of the culture achieves an ODgq of about 80.

The method of claim 2, wherein the carbon source is a sugar-based carbon source.
The method of claim 37, wherein the sugar-based carbon source is glucose.

The method of claim 38, wherein the inducer is arabinose.

The method of claim 39, wherein glucose is fed to the culture at a constant feed rate
during the constant rate feed of arabinose to the culture, during DO-stat of both the
glucose and the inducer or by pH-stat feed of both the glucose and the inducer.

I. The method of claim 39, wherein glucose is fed to the culture at a constant feed rate

during the constant rate feed of arabinose to the culture, by DO-stat feed of both the
glucose and the inducer until the cell density in the culture achieves an ODgg of about
80 or by pH-stat feed of both the glucose and the inducer until the cell density in the

culture achieves an ODgqo of about 80.

The method of claim 39, wherein the recombinant meningococcal 2086 protein

comprises a lipoprotein (rLP2086).
The method of claim 39, wherein the protein comprises a non-lipidated protein.

The method of claim 39, wherein the protéin comprises meningococcal 2086 -

subfamily A protein.
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The method of claim 39, wherein the protein comprises meningococcal 2086

subfamily B protein.

A method for producing a recombinant meningococcal 2086 protein (P2086)

comprising:

(a) introducing into a bacterial host cell an expression vector encoding a recombinant

2086 protein under the control of an inducible promoter-to form a recombinant

bacterial cell;

(b) introducing the recombinant bacterial cell to a culture medium to form a culture;

(c) continuously adding a carbon source to the culture;

(d) monitoring cell growth in the culture for achievement of a threshold optical density

(OD);

(e) continuously adding an inducer of the inducible promoter to the culture once the
cell density of the culture achieves an optical density of about 70 to 110; said inducer
being added to the culture simultaneously to the continuous addition of the carbon

- source; and

(f) isolating the recombinant meningococcal 2086 protein from the culture after about

47.

3 hours to about 6 hours after commencement of continuously adding the inducer;
wherein the protein is produced at a peak density after the inducer is added to the
culture for about 3 hours; wherein the inducer is arabinose; wherein the carbon source
feed rate during the arabinose induction is between 2.25 and 7.5 g/L/h; and wherein

the arabinose feed rate is between 1.7 and 6.7 g/L/h.
A composition comprising:

a bacterial culture comprising a recombinant meningococcal 2086 protein at a density |
of at least about 1.5 g/L. based on the total volume of the bacterial culture, after
culturing the bacterial cell in a medium comprising a carbon source and arabinose for

about 3 hours; wherein the inducer is arabinose; wherein the carbon source feed rate
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during the arabinose induction is between 2.25 and 7.5 g/L/h; and wherein the

arabinose feed rate is between 1.7 and 6.7 g/L/h.

The composition of claim 47, wherein the recombinant meningococcal 2086 protein is

lipidated protein.

The composition of claim 47, wherein the recombinant meningococcal 2086 protein is

non-lipidated protein.

The composition of claim 47, wherein the recombinant meningococcal 2086 protein is

a 2086 subfamily A protein.

The composition of claim 47, wherein the recombinant protein is a 2086 subfamily B

protein.

The composition of claim 51, wherein the culture comprises a second recombinant

meningococcal 2086 protein.

The composition of claim 52, wherein the second 2086 recombinant meningococcal

protein is a 2086 subfamily A protein.

The composition of claim 47, wherein the density of the recombinant meningococcal
2086 protein is at least about 1.7 g/L based on the total volume of the bacterial

culture.

The composition of claim 47, wherein the density of the recombinant meningococcal
2086 protein is at least about 2.0 g/L based on the total volume of the bacterial

culture.

The composition of claim 47, wherein the density of the recombinant meningococcal
2086 protein is at least about 3.0 g/L. based on the total volume of the bacterial

culture.

. A composition comprising:
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a bacterial culture comprising a recombinant meningococcal 2086 protein prepared
according to the method of any one of claims 1 to 46.

58. The method of any one of claims 1, 2, § and 46; or the composition of claim 47
substantially as hereinbefore describe with reference to the Examples and/or Figures.



