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Attorney Docket No. 02868-20554WQ01

TITLE

MENINGOCOCCAL MULTIVALENT NATIVE OUTER MEMBRANE VESICLE VACCINE,
METHODS OF MAKING AND USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to the U.S. Provisional Application Number 61/057,462
entitled “Meningococcal Multivalent Native Outer Membrane Vesicle Vaccine” filed May 30, 2008.
The entire disclosure and contents of the above application is hereby incorporated by reference in its

entirety.

FEDERALLY SPONSORED RESEARCII OR DEVELOPMENT

[0002] The U.S. Government has rights in this invention.

BACKGROUND OF THE INVENTION

[0003] Neisseria meningitidis is a major cause of meningitis and septicemia world-wide.
Meningococcal meningitis is an inflammation of the meninges, the membrane lining the brain and the
spinal cord. In both meningococcal septicemia and meningococcal meningitis, damage is caused by an
uncontrolled localized or systemic host inflammatory response. Group B meningococcal disease
currently accounts for at least one half of all meningococcal disease in many countries including North
and South America, and Europe. The emergence of a new virulent clone of group B Neisseria
meningitidis, known as E15, in Norway in the late 70's has since been responsible for prolonged
epidemics in Norway, Cuba, Brazil, and Chile. These epidemics have created serious public health
problems and led to intensive efforts to develop an effective group B vaccine in several of the affected
countries. The absence of a U.S.-licensed group B vaccine along with the poor performance of the A
and C capsular polysaccharide vaccines in children under 18 months have prevented serious

consideration of routine childhood vaccination against meningococcal disease.

[0004] Neisseria meningitidis is divided into 13 serogroups, of which 9 cause invasive disease (A, B,
C(C1,Cl1-), X, Y, W-135, 7Z, and L). Five the serotypes are targeted for development of vaccines due
to their ability to cause epidemics, including serotypes A, B, C, Y and W135 which are the target of

much vaccine research.

[0005] Vaccines against serogroups A, C, Y and W135 of Neisseria meningitidis that cause nearly
all invasive meningococcal disease are available and are routinely used with excellent results. A

suitable vaccine againt group B strains of Neisseria meningitidis has been more difficult to develop
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for a variety of reasons. For instance, the capsular polysaccharide which defines the serogroup
is ineffective and potentially unsafe for use in a vaccine because it has the same structure as

polysialic acid found on certain human cells, specifically blood cells.

[0006] Further adding to the lack of a suitable vaccine is the fact that subcapsular antigens
that are surface exposed, such as outer membrane proteins and the lipooligosaccharide
(endotoxin), are antigenically variable and/or inconsistently expressed among group B strains.
No single antigen has been identified that alone has all the characteristics that are essential for

an effective vaccine.

BRIEF SUMMARY OF THE INVENTION

[0006A] In a first aspect, the present invention provides a vaccine comprising native outer
membrane vesicles obtained from at least two meningococcal strains that have been genetically
modified to provide broad based protection, wherein the native outer membrane vesicles
include three different sets of antigens based on Porin A (PorA), one or more
lipooligosaccharide (LOS), and one or more conserved outer membrane proteins; wherein the
genetically modified strains have been modified to provide enhanced safety based on
inactivation of IpxLl, synX, and IgtA genes; and wherein at least one of the genetically
modified strains expresses at least two different PorA subtype proteins or subtype epitopes from
group B Neisseria meningitidis.

[0006B] In a second aspect, the present invention provides a combination of NOMVs from
three genetically modified, antigenically diverse Neisseria meningitidis strains, wherein at least
one of the strains is selected from: (1) H44/76 HOPS-DL which has the following genetic
modifications or characteristics: inactivation of the genes synX, IpxLl, and IgtA; insertion of a
second porA gene (subtype P1.7-1,1) in the place of opaD; increased expression of NadA; and
stabilized high expression of Opc and PorA; (2) 8570 HOPS-GsL which has the following
genetic modifications or characteristics: inactivation of the genes synX, /pxL/, and IgtA;
insertion of a second porA gene in place of opaD; increased expression of factor H binding
protein variant 1; and stabilized high expression of PorA and Opc; and (3) B16B6 HPS-G,A
which has the following genetic modifications or characteristics: inactivation of the genes synX,
IpxL 1, and [gtA4; insertion of a second porA gene in place of opal); increased expression of

factor H binding protein variant 2; and stabilized high expression of PorA and Opc.

(9851567 1):MGH
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[0006C] In a third aspect, the present invention provides a method of using the vaccine of the
first aspect administered intramuscularly and/or intranasally for immunization against
meningococcal disease and/or group B meningococcal disease.

[0006D] In a fourth aspect, the present invention provides a vaccine composition against
meningococcal disease comprising native outer membrane vesicles (NOMYVs) from one or more
genetically modified strains of Neisseria meningitidis, wherein the one or more genetically
modified strains has been modified by: i. inactivation of the synX gene, ii. inactivation of the
IpxL 1 gene, iii. inactivation of the /g74 gene in each strain resulting in expression of a shortened
or truncated lipooligosaccharides (LOS) that lacks lacto-N-neotetraose tetrasaccharide, and iv.
insertion of at least one second antigenically different porA gene in place of the opa gene.
[0006E] In a fifth aspect, the present invention provides a genetically modified vaccine strain
of Neisseria meningitidis subtype B strain: comprising H44/76 HOPS-DL strain.

[0006F] In a sixth aspect, the present invention provides a genetically modified vaccine strain
of Neisseria meningitidis subtype B derived from: H44/76 strain comprising the genetic
modifications of 1) inactivation of a synX gene, ii) inactivation of the /pxL/ gene, iii)
inactivation of the IgtA gene, iv) insertion of a second porA gene in the place of a opaD gene,
v) increased expression of NadA compared with the native strain, and vi) stabilized increased
expression of Opc and PorA proteins.

[0006G] In a seventh aspect, the present invention provides a genetically modified vaccine
strain of Neisseria meningitidis subtype B comprising strain: 8570 HOS-G1.

[0006H] In an eighth aspect, the present invention provides a genetically modified vaccine
strain of Neisseria meningitidis subtype B strain: derived from 8570 comprising the genetic
modifications of: i) inactivation of a synX gene, ii) inactivation of the IpxL/ gene, iii)
inactivation of the IgtA gene, iv) insertion of a second porAd gene in place of opaD; v)
increased expression of factor H binding protein variant 1; and vi) stabilized increased
expression of PorA and Opc proteins.

[00061] In a ninth aspect, the present invention provides a genetically modified vaccine strain
of Neisseria meningitidis subtype B comprising B16B6 HPS-G, A strain.

[0006J] In a tenth aspect, the present invention provides a genetically modified vaccine strain
of Neisseria meningitidis subtype B derived from B16B6 comprising the genetic modifications
of: 1) inactivation of a synX gene, ii) inactivation of the /px/L/ gene, iii) inactivation of the /gtA4
gene, 1v) insertion of a second porA gene (subtype P1.22-1,4) in place of opaD;v) increased

expression of factor H binding protein variant 2; and vi) stabilized increased expression of

(9851567 1):MGH
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PorA and Opc proteins.

[0006K] In an eleventh aspect, the present inspection provides a vaccine composition
comprising NOMV from one or more genetically modified strain of any one of the sixth to
tenth aspects.

[0006L] In a twelfth aspect, the present invention provides a method of eliciting an immune
response to meningococcal disease in an animal or human comprising administering the
composition of any one of the first, second or eleventh aspects to the animal or human for
immunization against any one or more of meningococcal disease or group B meningococcal
disease.

[0006M] In a thirteenth aspect, the present invention provides a method of preparing a
genetically modified strain of N. meningitidis for use in a vaccine against meningococcal
disease comprising the steps of: a) selecting a strain of meningococcal type B able to be
genetically modified; b) genetically modifying the strain by inactivating the synX gene, c)
genetically modifying the strain by inactivating the /pxL/ gene,d) genetically modifying the
strain by inactivating the /g7z4 gene, and e) genetically modifying the strain by increasing
expression of one or more minor conserved outer membrane proteins, and f) genetically
modifying the strain by inserting at least one second antigenically different porA gene into the
open reading frame of the opa gene.

[0006N] In a fourteenth aspect, the present invention provides a method of preparing a vaccine
against meningococcal disease comprising the steps of: a) culturing a genetically modified
strain of N. meningitidis comprising one or more modification selected from the group
consisting of’ 1. inactivation of the synX gene, ii. inactivation of the /px/./ gene, iii. inactivation
of the /g74 gene, iv. insertion of at least one second antigenically different porA gene in place of
the opa gene, v. increased or stable expression of at least one minor conserved outer membrane
protein, and vi. stabilized expression of at least one outer membrane protein; b) expanding the
culture by fermentation using the cultured strain of a) to inoculate medium in a fermentor; c)
inactivating the fermented culture; d) harvesting N. meningitidis cultured cells by continuous
flow centrifugation and collecting cell paste; e) isolating NOMVs from the cell paste; and f)
resuspending NOMVs in buffer or carrier suitable for vaccine administration.

[0007] In one aspect, the present technology provides a vaccine comprising native outer
membrane vesicles (NOMVs) obtained from at least two meningococcal strains that have been
genetically modified to provide broad based protection. The native outer membrane vesicles

include three different sets of antigens based on PorA, LOS, and conserved outer membrane

(9851567 1):MGH
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proteins; and the genetically modified strains have been modified to provide enhanced safety
based on inactivation of /pxLI, synX, and /gtA genes. The two meningococcal strains can both
express LOS having a different LOS core structure and has an alpha chains consisting of
glucose and galactose. Each strain may express at least two different PorA subtype proteins or
subtype epitopes which are chosen based on the most prevalent of PorA subtypes among
group B case isolates. Further, the vaccine may further include a different conserved surface
protein with demonstrated capacity to induce bactericidal antibodies is over-expressed in each
strain and are taken from the group consisting of FHBP (GNA1870) variants 1, FHBP variants
2, and FHBP variants 3; NadA; App; NspA; TbpA and TbpB.

[0008] In a further aspect, the present technology provides a combination of NOMVs. from
three genetically modified, antigenically diverse Neisseria meningitidis strains. At least one
of the stains is selected from (1) H44/76 HOPS-DL which has the following genetic
modifications or characteristics:inactivation of the genes synX, 1pxLI, and IgtA, insertion of a
second porA gene (subtype P1.7-1,1) in the place of opaD; increased expression of NadA; and
stabilized high expression of Ope and PorA; (2) 8570 HOPS-GAL which has the following
genetic modifications or characteristics: inactivation of the genes synX, IpxLl/, and IgtA;
insertion of a second porA gene in place of opaD; increased expression of factor H binding
protein variant 1; and stabilized high expression of PorA and Ope; and/or (3) B16B6 HPS-G2A
which has the following genetic modifications or characteristics: inactivation of the genes
synX, IpxL 1, and IgtA; insertion of a second porA gene in place of opal); increased
expression of factor H binding protein variant 2; and stabilized high expression of PorA and

Ope. The NOMYV are prepared without exposure to detergent

(9851567 1):MGH
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or denaturing solvents from packed cells or from spent culture medium. The vaccine may be

combined with one or more adjuvants and may be administered intramuscularly and/or intranasally.

[0009] In another aspect, the present technology provides a vaccine composition against
meningococcal disease, more preferably group B meiningococcal disease, including native outer
membrane vesicles (NOMVs) from one or more genetically modified strains of Neisseria meningitidis.
The one or more genetically modified strains has been modified by: inactivation of the synX gene,
inactivation of the /pxL.l gene, inactivation of the /gfA gene in each strain resulting in expression of
a shortened or truncated lipooligosaccharides (LLOS) that lacks lacto-N-neotetraose tetrasaccharide,
and/or insertion of at least one second antigenically different porA gene in place of the opa gene. In
another aspect, the genetically modified strain further comprises increased or stable expression of at
Icast onc minor conserved outer membrane protein, and/or stabilized expression of at least onc outer
membranc protcin. The at Icast onc sccond antigenically different porA genc may cxpress at least one
PorA subtype protcin or subtype cpitope sclected from the most prevalent of PorA subtypes of

meningitidis group B isolates.

[0010] In yet another aspect, the present technology provides a genetically modified vaccine strain of
Neisseria meningitidis subtype B strain. The genetically modified vaccine strain may include H44/76

HOPS-D strain (B1), 8570 HOS-G1 strain (B2), and/or B16B6 HPS-G, A strain (B3).

[0011] In yet another aspect, the present technology provides a genetically modified vaccine strain of
Neisseria meningitidis subtype B derived from: H44/76 strain comprising the genetic modifications of
i) inactivation of a synX gene, ii) inactivation of the IpxI.] gene, iii) inactivation of the IgtA gene, iv)
insertion of a second porA gene in the place of a opaD gene, v) increased expression of NadA
compared with the native strain, and vi) stabilized increased expression of Opc and PorA proteins.
In some aspects, the genetically modified strain was derived [rom the ET-5 wild type strain H44/76
(B:15: P1.7.16: L,3,7:P5.5,C).

[0012] In another aspecl, the present lechnology provides a genelically modified vaccine strain of
Neisseria meningitidis subtype B strain: derived from 8570 comprising the genetic modifications of:i)
inactivation ol a synX gene, ii) inactivation ol the /pxLl gene, iii) inactivation ol the IglA gene, iv)
insertion of a second porA gene in place of opaD;v) increased expression of factor H binding
protein variant 1; and vi) stabilized increased expression ol PorA and Opc proteins. In some aspects,
the genetically moditied strain was derived from the ET-5 wild type strain 85 70(B:4: P 1.19,15:
L3.7v: P5.5,11,C).
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[0013] In vet another aspect, the present technology provides a genetically modified vaccine strain of

Neisseria meningitidis subtype B derived from B16B6 comprising the genetic modifications of: 1)
inactivation of a synX gene, ii) inactivation of the IpxL{ gene, iii) inactivation of the IgtA gene, iv)
insertion of a second porA gene (subtype P1.22-1,4) in place of opaD;v) increased expression of
factor 11 binding protein variant 2; and vi) stabilized increased expression of PorA and Opc proteins.
In some aspects, the genetically modified strain is derived from the I'T-37 wild type strain B16B6
(B:2a:P 1.5,2: L2:P5.1,2.,5).

[0014] In some aspects, the present technology provides a genetically modified strain grown in iron

deficient medium.

[0015] In other aspects, the present technology provides a genetically modified strain wherein
inactivation of synX gene, IpxL1 gene, or IgtA gene is by an insertion of a drug resistance genc within

the sequence of the inactivated gene.

[0016] Yct another aspect provides a vaccine including NOMVs derived from the genctically
modified strains of the present technology. The NOMYV are prepared from packed cells or spent
culture medium without exposure to a detergent or denaturing solvent. The vaccine may further
comprisc onc or morc adjuvants. In further aspects, the genctically altered strain is altered to cxpress

iron uptake proteins.

[0017] In a further aspect, the present technology provides a vaccine against meningococcal disease
comprising a variety of native outer membrane vesicles (NOMVs), wherein at least some of the
NOMYVs are essentially free of expression or sialylation of lipooligosaccharide (LOS), contain LOS
that includes a lipid A with a penta-acyle structure and contain increased expression levels of at least
one minor conserved outer membrane protein, wherein the minor conserved outer membrane protein is
selected from proteins that induce bactericidal antibodies. The minor conserved outer membrane
protein can be selected from the group consisting of NadA, factor H binding protein (FHBP) variant 1,
and FHBP variant 2. In other aspects, at least some of the NOMYV comprise shortened or truncated
LOS that are essentially free of lacto-N-neotetraose (LNnT) tetrasaccharide and/or at least some of the

NOMY comprise (wo or more diflerent PorA proteins.

[0018] In another aspect, the present technology provides a method of eliciting an immune response to
meningococcal disease in an animal or human comprising administering the composition containing
NOMVs from at least one genetically altered strain of N. Meningiitdis to the animal or human for
immunization against meningococcal disease. 'T'he vaccine is used for immunization against group B

meningococcal disease.
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[0019] In a further aspect, the present technology provides a method of preparing a genetically

modified strain of N. meningitidis for use in a vaccine against meningococcal disease comprising the
steps of: a) selecting a strain of meningococcal type B able to be genetically modified; b) genetically
modifying the strain by inactivating the synX gene, c) genetically modifying the strain by
inactivating the /pxL./ gene, d) genetically modifying the strain by inactivating the /gzA gene, and e)
genetically modifying the strain by increasing expression of one or more minor conserved outer
membrane proteins. In further aspects, the method further comprises genetically modifying the
strain by inserting at least one second antigenically different porA gene into the open reading frame
of the opa gene. In other aspects, the method further comprises the step of genetically modifying
the strain to stably express or over cxpress at least onc outer membrane protein by replacing the
poly-C sequence within the promoter or open reading frame of the at Icast onc outcr membranc

protein with a sequence containing G and C nucleotides.

[0020] In yet another aspect, the present technology provides a method of preparing a vaccine against
meningococcal disease comprising the steps of: a) culturing a genetically modified strain of N.
meningitidis comprising one or more modification selected from the group consisting of inactivation
of the synX gene, inactivation of the Ipx[./ gene, inactivation of the /gzA gene, insertion of at least
one second antigenically different porA gene in place of the opa gene, increased or stable expression
of at least one minor conserved outer membrane protein, and/or stabilized expression of at least one
outer membrane protein; b) expanding the culture by fermentation using the cultured strain of a) to
inoculate medium in a fermentor; c¢) inactivating the fermented culture; d) harvesting MN.
meningitidis cultured cells by continuous flow centrifugation and collecting cell paste; e) isolating
NOMVs from the cell paste; and f) resuspending NOMVs in buffer or carrier suitable for vaccine

administration.
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS
[0021] ligure 1 is a flow chart depicting the preparation of a master cell bank of cells for the

genetically modified strains of Neisseria for vaccine production.

[0022] Figure 2 is a flow chart depicting the production of the cell bank preparation used for making

the genetically modified strains of Neisseria for vaccine production.

[0023] Iigure 3 is a flow chart depicting the fermentation of the Neisseria used for making the

genetically modified strains of Neisseria for vaccine production.

[0024] Figure 4 is a flow chart depicting the purification of NOMVs from the genetically modified

strains of Neisseria for vaccine production.
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[0025] Figure 5 is a continuation of the flow chart from Figure 4.
[0026] I'igure 6 is a picture of a coomassie blue stained gel showing the protein content of standard
marker (lane 1), control 8570 HOPS-G NOMYV preparation (lane 2), filtered bulk vaccine (lane 3) and

final product vaccine (lane 4).

[0027] T'igure 7 is a silver stained gel showing lipooligosaccharide content of the vaccine. Lane 1 is
the control ML5 LPS, lane 2 is the filtered bulk vaccine and lane 3 is the final vaccine product. I'ifteen
ul of a 1:2 dilution of 100 pug/ml of the vaccine were run on the gel (20 ul of 100 ul/ml of 1:2 dilution

of control).

[0028] Figure 8 is a picture of an antibody stained western blot showing the identity and composition

of the proteins found in the 8570 ITOPS-G NOMYV vaccine.

[0029] Figure 9 is a graph depicting the TNF-a released from human blood after incubation with

different concentrations of the vaccine.

[0030] Figure 10 is a graph depicting 11.-6 release from human blood following incubation with

different concentrations of the genetically modified NOMYV vaccine.

[0031] Figure 11 is a graph depicting the TNF-o released from human blood after incubation with
different concentrations of the genetically modified vaccine as compared with DOC-extracted OMV

from strain 44/76.

[0032] Figure 12 is a bar graph depicting the bactericidal titers of mice vaccinated with different

concentrations of the 8570 HOPS-G Vaccine with or without an adjuvant.

[0033] Figure 13 is a bar graph depicting the bactericidal titer of mice vaccinated with 8570 HOPS-G

Vaccine against different test strains.

[0034] Figure 14 is a graph depicting the results of the bactericidal antibody depletion assay for LOS,
GNA1870, NOMYV and Opc antigens.

[0035] Figure 15 depicts the antibody response of rabbits vaccinated with the 8570 HOPS-G NOMV
vaccine with and without adjuvant.

[0036] Figure 16 is a graph depicting the results of an bactericidal depletion assay for test strains
against the 8570 HOPS-G1 NOMY vaccine.

[0037] Figure 17 is a graph depictling the results of the baclericidal depletion assay for LOS and FHBP
antigens lor the the 8570 HOPS-G1 PorA knockout strain.
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[0038] Figure 18 is a representation of phenotype of the three genetically modified strains of Neisseria

(A=Bl, B=B2, and C=B3) of the present technology.

[0039] T'igure 19 is a representation of the plasmids used to construct the genetically modified strains
of Neisseria: a) plasmid constructed to knockout /gfA, b) plasmid to express second PorA, ¢) plasmid
to overexpress flIbp driven by orthologous (Ptac if E. coli) promoter, and d) plasmid to overexpress
NadA driven by a homologous promoter (PorA promoter of N. meningitidis) and the e)
representational scheme of transformation of N. meningitis with fllbp (variant 1 and 2) and NadA

overexpression plasmid via homologous recombination replacing NspA gene.

[0040] Figure 20a is depiction of the stabilization of the truncated LLOS immunotype of NOMV
vaccine strain by knockout of the /gtA gene of the three genetically modified strains. Figure 20b is an
picturc of an immunoblot of the cxpression of LOS alpha chain by the genetically altered strain B2

and the parental strain (B16B6) with monoclonal antibodies against 1.3, 7,9 (left) and L8 (right).

[0041] Figurc 21 is a picturc representation showing the cxpression of fHbp variant 2 in the
genetically modified strain B3. Figure 21a) shows selection of the strain containing the gentamicin
resistance recombinant containing the overexpressed fHbp by immunoblotting and Figure 21b) is a

Western Blot using JAR4 monoclonal antibody to fHbp showing incrcasced cxpression of fHBp.

DETATLED DESCRIPTION OF THE INVENTION

[0042] The present technology provides a broadly protective vaccine composition for use in
immunization against meningococcal disease, more preferably Neisseria meningitidis subgroup type
B. One embodiment of the present technology provides a vaccine composition including native outer
membrane vesicles (NOMVs) from at least one, preferably at least two, more preferably at least three
genetically modified strains of Neisseria meningitidis. Native outer membrane vesicles, also known as
blebs, are vesicles formed or derived from fragments of the outer membrane of gram negative
bacterium naturally given off during growth and may be obtained from culture medium or from the
cells by mild methods that do not use detergents or denaturing solvents. These NOMYV typically
comprise outer membrane proteins (OMPs), lipids, phospholipids, periplasmic material and
lipopolysaccharide (LPS) including lipooligosaccharides.  Gram negative bacteria, especially
pathogens like N. meningitidis, often shed NOMVs during virulent infections in a process known as
blebbing. In the present technology, NOMYV are vesicles produced from the outer membrane of
bacteria without the used of chemical denaturation processes and are produced from the genetically
modified strains which are antigenically diverse and have each been genetically modified to improve

safety, antigenic stability, and the breadth of the protective immune response.
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[0043] One embodiment of the present invention provides a vaccine composition comprising native

outer membrane vesicles (NOMYVs) derived from at least two or more genetically modified strains of

N. meningitidis, preferably at least three different genetically modified strains.

[0044] Some embodiments of the present technology provide antigentically diverse strains of N.
meningitidis, preferably subtype B which include at least three genetic modifications within the
genome of the bacteria, more preferably at least five genetic modifications, more suitable at least six
genetic modifications. The genetic modifications can include one or more of the following: 1)
inactivation of the synX gene, which is essential for sialic acid biosynthesis and results in no capsule
expression or sialylation of lipooligosaccharide (I.OS); 2) inactivation of the /pxL! gene which
results in a significantly less toxic LOS having lipid A with a penta-acyl structure; 3) insertion of a
sccond, antigenically different porA gene in place of one of the opa genes (OpaC or OpaDy); 4)
incrcased cxpression of at lcast onc minor conscrved outer membrance protein, the minor conscrved
outer membranc protein demonstrating the ability to induce bactericidal antibodics (for cxamplc, but
not limited to, NadA, factor H binding protein (FHBP) variant 1, and FHBP variant 2); 5)
inactivation of the /giA gene in each strain which results in the expression of a shortened or
truncated 1.0S that lacks the lacto-N-neotetraose (I.NnT) tetrasaccharide; and/or 6) stabilized
expression of certain outer membrane proteins, such as Opc and PorA that are susceptible to phase

variation in wild type strains.

[0045] The present technology provides genetically modified strains that provide both increased
safety of use and increase the breadth of the protective antibody response to meningococcal disease.
In one embodiment, the genetically modified strains provide increased safety by incorporating at
least one of the following mutations into the bacterial genome: deletion of the synX gene which
blocks sialic acid synthesis of capsid and results in the formation of capsule-negative phenotype
NOMVs, deletion of the IpxI.1 gene which reduces the endoloxin activily by resulling in a penla-
acyl lipid A structure, and/or deletion of the /g¢A gene which block lacto-N-neotetraose biosynthesis
on the lipooligosaccharide (LOS) which stabilized the truncated LOS structure; more preferably the
genetically modified strains provide two of these mutations, most preferably the genetically
modified strains provide all three of these mutations. In another embodiment of the present
technology, the genetically modified strains have an increased breath of protective antibody
response by targeting at least one of three sets of possible protective antigens contained within the
NOMYVs. The three possible antigens targeted include at least one of the following: PorA protein, at

least one conserved minor protein, and/or the LOS core structure, and include any combination
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thereof. In more preferred embodiments, the genetically modified strain targets at least two of the

possible protective antigens, most preferably targeting all three of the possible protective antigens.

[0046] In some embodiments of the present technology, the synX- mutation (inactivation of the synX
gene) was inserted into the genetically modified strain by a method as described in U.S. Patent
6,558,677, incorporated by reference herein in its entirety. In brief summary, a pUC19-based plasmid
containing the synX gene in which 200 bp sequence was replaced by a kanamycin resistance gene is
used to transform the genetically modified strain. Kan resistant transformants were selected and tested
by PCR for the presence of the disrupted synX gene and for the capsule negative phenotype. This
synX- mutant was constructed based on results and sequence information reported by Swartley and
Stephens (Swartley and Stephens (1994) J. Bacteriol. 176: 1530-1534) who showed that insertion of a
transposon into the synX gene led to a capsule ncgative phenotype. The same or an cquivalent
mutation can be introduced into any transformable N. meningitidis strain. A suitablc plasmid for usc
in transforming meningococci was constructed using the following procedure. Three DNA scquences
were pieced together using the splicing by overlap extension (SOE) polymerase chain reaction (PCR)
technique (Horton et al. (1989) Gene 77: 61-65). The three DNA sequences included, in order
beginning at the 5' end, synXB bases 67 to 681; the kanamycin resistance gene from pUC4K
(Pharmacia I.KB Biotech Co.) 671 to 1623; and synxB bases 886 to 1589. In addition, at the 5’ end, a
putative uptake sequence, ACCGTCTGAA, was added by including it at the end of the PCR primer
used to amplify the synXB 67 to 691 base sequence. The complete construct was amplified by PCR,
purified and blunt ligated into pUC19. pUC19 was used to transform Escherichia coli DHS5a and
selected on LB agar with 50 pg kanamycin. A kanamycin resistant colony was selected, the DNA
extracted, purified, and cut with Xbal. Another copy of the presumptive uptake sequence was ligated
into this multiple cloning region site and the resulting plasmid again used to transform E. coli DH5a
and kanamycin resistant colonies screened by PCR for presence of the additional uptake sequence.
Plasmid DNA was isolated (rom a selecled colony and used as a template for PCR using primers that
amplified only the insert part of the plasmid excluding the ampicillin resistance gene which should not
be introduced into N. meningitidis. The amplified DNA was then purified and used to transform the
genetically modified N. meningitidis strain. 'The synX(—) mutant of N. meningitides was selected by

kanamycin resistance and confirmed by PCR amplification of the modified region.

[0047] In some embodiments of the present invention, the /px[./ gene was inactivated in the
genetically modified strains to produce a reduced endotoxic LOS expressed on the NOMVs in the
vaccine compositions. The lipid A of N. meningitidis 1L.OS is normally a hexa-acyl structure and is

responsible for the endotoxic properties of the LOS. Two acyl-oxy-acyl linked secondary fatty acids
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present in the lipid A are important for endotoxic activity. The genetically modified strain includes

the I[pxL] mutant as described by van der Ley and co-workers (van der Ley, P., Steeghs, L., Hamstra,
I1J., van Ilove, J., Zomer, B., and van Alphen, .. Modification of lipid A biosynthesis in Neisseria
meningitidis Ipx]. mutants: influence on lipopolysaccharide structure, toxicity, and adjuvant activity.
Infection and Immunity 69(10), 5981-5990, 2001.) Deletion of the IpxL.1 gene resulted in expression
of normal levels of penta-acyl LOS with greatly reduced endotoxicity as tested by both rabbit pyrogen
test and by cytokine release assay using human monocytes from whole blood. Other methods for
disrupting the /pxI.] gene are contemplated in further embodiments of the present technology for use

in developing the genetically modified strains.

[0048] In some embodiments, the genetically modified strain contains an insertion of a second,
antigenically differcnt porA gene in place of one of the opa gene (OpaC or OpaD). The major outer-
membrane protein, Porin A or PorA of Neisseria meningitidis, is the product of the porA gene. PorA
has widc antigenic variation and is subject to phasc variations to cvade immune selective pressurc;
therefore it is not always cross-protective to other subtypes. To increase the reactivity of the vaccine
compositions against different subtypes of PorA, at least one additional porA gene is inserted into the
opaC or opaD gene of the genetically altered strain. 'The PorA serotype selected for insertion is
selected based on the most prevalent forms of PorA found in cases of subtype B meningococcal
disease.  Suitable PorA serotypes include, but are not limited to: P1.7-1, (from strain M1080);
P1.22,14 (from strain M4410); P1.22,1.4; or other suitable PorA serotypes as to be understood by
one skilled in the art or described in the current literature, for example, as described by Sacchi et al.,
Diversity and prevalence of PorA types in Neisseria meningitidis serogroup B in the United States,
1992-1998, J Infect Dis. 2000 Oct;182(4):1169-76. The second PorA genes may be under control of
any suitable strong promoter that provided expression ol the PorA protein, [or example the PorA
promoter from suitable strains, e.g., H44/76 strain. Suitable methods of cloning the porA gene into
the geneltically altered strain would be known (o a person skilled in the art, and can include, but is
not limited to homologous recombination. For example, the porA gene may be PCR amplified from
bacterial chromosomal DNA, cloned into a cloning vector and recloned into an appropriately
constructed plasmid, for example pUCI19, using gene splicing by a modification of the overlap
extension PCR technique. This construction plasmid can be introduced into the bacterial genome
via homologous recombination such as to replace the opa gene. Transformants may be selected by
colony blotting with monoclonal antibodies to the Porin. These methods are known to one skilled in

the art.
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[0049] In further embodiments of the present technology, the modified strains have stable and/or

increased expression of at least one minor outer membrane protein. Suitable minor outer membrane
proteins demonstrate the ability to induce bactericidal antibodies (for example, but not limited to,
NadA, factor H binding protein (I'HBP) variant 1, and T'HBP variant 2). Not to be bound by any
theory, stabilization and/or increased expression of highly conserved surface exposed minor outer
membrane proteins identified through genomic analysis as having potential to induce protective
antibodies may lead to an increase in the cross-protective immune response. Suitable conserved
minor proteins include, but are not limited to, NadA, FIIBP variant 1 and 2, and Opc. Methods of
stabilizing and/or overexpression of the minor outer membrane protein (OMP) include use of
cxpression plasmids and homologous recombination, or other suitable methods that arc known to
onc skilled in the art.  The minor OMPs can be undcer a strong promoter, for cxample, but not

limitcd to the N. meningitidis PorA promoter or IPTG-inducible E. Coli ptac promoter.

[0050] As described in the examples below, construct plasmids were used to establish increased
expression of fHbp 1 and fHbp 2 in the genetically modified strains, where the overexpressed
protein appeared properly processed, lipidated, and translocated to the surface of the outer
membrane. For example, expression of v.1 under the control of TPTG-inducible E. coli Ptac
promoter in strain 8570 HOPS-G (B2) was about 4-fold higher than in the parental strain 8570 and
expression of v.2 in strain B16B2 HPS-GA (B3) was 32-64 fold higher than in the parental strain
B16B6 (See Figure 20)). Alternatively, an expression system that utilized the PorA promoter could

be used to stabilize/overexpress the minor conserved proteins.

[0051] In further embodiments of the present technology, the genetically modified strains include
inactivation of the /grA gene which results in the expression of a shortened or truncated LOS that lacks

the lacto-N-neotetraose (LNnT) tetrasaccharide.

[0052] An important characteristic ol meningococcal LOS is phase-variation, which occurs due (0
high-[requency multalions in homopolymeric tracts of nucleotide residues in /gzA and other neisserial
genes. These multations switch on or oll the expression ol the LgtA transferase which mediates the
assembly of the LOS a-chain (altering the conliguration of substituents on heptose two). This phase-
variable activation of the /g¢A gene may lead to undesirable elongation of the LOS a-chain resulting in
lacto N-neotetraose which has structural similarity to human blood cell antigens. The genetically
modified strains of the present technology have the /g¢A gene knocked out by disrupting the native
gene with a antibiotic marker or other suitable marker (for use in screening for alternations in the
gene), for example, but not limited to the zeomycin resistance gene. Methods of knocking out the /gtA

gene are known to one skilled in the art including, but not limited to construct plasmids and
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homologous recombination or transformation. The mutated AlgfA gene was inactive in all modified

strains during at least 22 observed passages and this was a stabilized truncated form of the LOS core
structure. ‘lThe deletion of the /gfA gene stabilizes the truncated a-core LOS structure, for example,
providing the truncated core structures as depicted in Figure 19, wherein three exemplary modified
strains are shown, for example the B3 strain contains the L8 alpha chain with the L3 core structure.
The genetically modified strains of the preset technology contain specific LOS core structures
corresponding o immunolypes L3, LS and L2 providing stabilized core structures in which an
immune response can be mounted, and in the examples below demonstrate truncated L8-like LOS
(L.8-3, L.8-5, and L.8-2) which are able to kill wild type strains expressing full length LOS. AlgiA
strains are able to elicit antibodies that recognize both the truncated and full-length forms of the LOS
structure, without cross-reacting with the lacto-N-neotetraose oligosaccharides found on human blood

cells.

[0053] In further embodiments of the present technology, the genetically modified strains of M.
meningitidis have stabilized expression of outer membrane proteins that are normally susceptible to
phase variation in wildtype strains, for example, but not limited to, Opc and PorA. The expression of
these proteins can be stabilized by methods known in the art, and include the method of replacing the
polymeric repeat sequence in either the promoters or within the reading frame of the gene being
stabilized with a non-repeating sequence of optimal length form maximal expression. For example,
part of the poly-C or poly-G sequence in the promoter of these genes can be replaced with a sequence
of the same length containing both C and G nucleotides, for example, 12 bp poly-G sequence of the
promoter of opcA (see Seq. ID. No. 1) was replaced with a new sequence of the same length
containing both C and G nucleotides and a Not I site (See Seq. ID No. 2, Not I site underlined). In
other suitable embodiments, the poly-G sequence in the PorA promoter (for example, see Seq. ID No.

3) can be replaced with a new sequence containing both C and G nucleotides.

[0054] Further ecmbodiments of the present technology provide growth of the vaccine strains in
liquid medium containing a low lcvel of iron in order to induce protein cxpression of protcins
involved in uptake of iron, for example transferring binding protein A and B. In some
cmbodiments, the medium used did not contain specific addition of iron chelators such as desferol
One suitable medium is modified from that published by BW Catlin (Catlin BW. (1973) J. Infec.
Dis. 128: 178-194) by replacing sever individual amino acids with 1% casamino acids (certified,
Difco Iaboratories). The medium contained per liter: 0.4 g NH4Cl1, 0.168 g KC1, 5.85 g NaCl, 1.065
g2 Na,HPQ,, 0.17 g KH,POy, 0.647 g sodium citrate, 6.25 g sodium lactate (60% syrup), 0.037 g
CaClL.2H0, 0.0013 g MnSO4.HO, 5 g glycerol, 0.02 g cysteine, 10 g casamino acids, 0.616 g
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MgSOy4, and distilled water to one liter. The same iron deficient medium was used for the starter

flasks and the final culture flasks or fermenters.

[0055] The vaccine composition of the present technology which include NOMVs from at least three
different genetically modified strains of subgroup B can provide three potential levels of protection or
three types of antigens that each potentially induce a protective antibody response. The three antigens
are the PorA protein (six different PorA subtypes are present in the vaccine, two on each of the three
vaccine strains); the lipooligosaccharides (three different LOS core structures are present in the
vaccine, one from each strain); and the conserved minor proteins NadA, FIIBP variants 1 and 2, and
Opc, which have been over expressed in the vaccine strains. Although PorA has a relatively high level
of antigenic variation with several hundred different sequence variations having been identified,
certain PorA scrosubtypes arc much more frequently encountercd than others and a modest number of
diffcrent scrosubtypes may potentially protect against more than half of group B discasc. Having
more than onc antigen capable of inducing bactericidal antibodics in the vaccine is important because
it has been shown that when the surface density of an antigen is low, antibodies to it may not be able
to initiate a complement mediated lytic event. But if antibodies to two or more such antigens are
present the antibodies can together initiate complement mediated lysis. Genetically modified strains
of the present invention include, but are not limited to, the three strains depicted in Figure 18,

including B1 (44/76 HOPS-D), B2 (8570 HOPS-G1) and B3 (B16B6 HPS-(32) strains.

[0056] The present technology provides a vaccine that provides broad spectrum protection against
meningococcal disease, specifically meningococcal disease caused by Neisseria meningitidis
subgroup B. The vaccine composition of the present invention can be combined with the existing
tetravalent A, C, Y, and W-135 vaccine to provide protection against a majority of pathogenic
serogroups of N. meningitidis. Not to be bound by any particular theory, the vaccine of the
present technology may also provide back up protection against the other pathogenic serogroups
as well as the minor serogroups of meningococci since the subcapsular antigens on which it is based

are shared across all serogroups of meningococci.

[0057] In prelerred embodiments of the present technology, the genes of interest or DNA ol interest
is delivered and integrated into the bacterial chromosome by means of homologous and/or site
specific recombination. Integrative vectors used to deliver such genes and/or operons can be
conditionally replicative or suicide plasmids, bacteriophages, transposons, or linear DNA fragments
obtained by restriction hydrolysis or PCR amplicification as known by one skilled in the art. In
some embodiments, integration is targeted to chromosomal regions dispensable for growth in vitro.

In other embodiments, the gene of interest or DNA of interest can be delivered to the bacterium by
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means of episomal vectors such as circular/linear replicative plasmids, cosmids, plasmids, lysogenic

bacteriophages,or bacterial artificial chromosomes. Selection of recombination events can be
selected by means of selectable genetic markers such as genes conferring resistance to antibiotics
(e.g., kanamycin, zeomycin, erythromycin, chloramphenicol, gentamycin, etc.), genes conferring
resistance to heavy metal and/or toxic compounds or genes complementing auxotrophic mutations.
Alternatively, recombination can be screened by PCR amplification, sequencing, restriction

digestion or other methods known to one skilled in the art.

[0058] A “vaccine” as referred herein is defined as a pharmaceutical or therapeutic composition used
to inoculate an animal in order to immunize the animal against infection by an organism, preferably a
pathogenic organism. Vaccines typically comprise one or more antigens derived from one or more
organisms which on administration to an animal will stimulatc active immunity and protcct that animal

against infcction with these or related pathogenic organisms.

[0059] The purificd NOMVs arce prepared for administration to mammals, suitably humans, mice, rats
or rabbits, by methods known in the art, which can include filtering to sterilize the solution, diluting

the solution, adding an adjuvant and stabilizing the solution.

[0060] Vaccines of the present invention may be administered to a human or animal by a number of
routes, including but not limited to, for example, parenterally (e.g. intramuscularly, transdermally),
intranasally, orally, topically, or other routes know by one skilled in the art. The term parenteral as
used hereinafter includes intravenous, subcutaneous, intradermal, intramuscular, intraarterial injection,
or infusion techniques. The vaccine may be in the form of a single dose preparation or in multi-dose
flasks which can be used for mass vaccination programs. Suitable methods of preparing and using
vaccines can be found in Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa.,
Osol (ed.) (1980) and New Trends in Developments in Vaccines, Voller et al. (eds.), University Park
Press, Baltimore, Md. (1978), incorporated by relerence.

{DOB11A vaccine composition of the present technology is typically administered parenterally in
dosage unit formulations containing standard, well-known nontoxic physiologically acceptable

carriers, adjuvants, and/or vehicles.

(00821 The vaccine compositions of the present technology may [urther comprise one or more
adjuvants. An “adjuvant” is a substance that serves to enhance, accelerate, or prolong the antigen-
specific immune response of an antigen when used in combination with specific vaccine antigens but
do not stimulate an immune response when used alone. Suitable adjuvants include inorganic or

organic adjuvants. Suitable inorganic adjuvants include, but are not limited to, for example, an
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aluminium salt such as aluminum hydroxide gel (alum) or aluminium phosphate (preferably

aluminium hydroxide), but may also be a salt of calcium (particularly calcium carbonate), iron or zinc,
or may be an insoluble suspension of acylated tyrosine, or acylated sugars, cationically or anionically
derivised polysaccharides or polyphosphazenes. Other suitable adjuvants are known to one skilled in
the art. Suitable Thl adjuvant systems may also be used, and include, but are not limited to, for
example, Monophosphphorly lipid A, other non-toxic derivatives of LPS, and combination of
monophosphoryl lipid A, such as 3-de-O-acrylated monophosphorly lipid A (#D-MPL) together with

an aluminium salt.

{30831 Other suitable examples of adjuvants include, but are not limited to, MF59, MPLA,
Mycobacterium tuberculosis, Bordetella pertussis, bacterial lipopolysaccharides, aminoalkyl
glucosamine phosphate compounds (AGDP), or derivatives or analogs thereof, which are available from
Corixa (Hamilton, Mont.), and which arc dcscribed in U.S. Pat. No. 6,113918; c.g., 2-[(R)-3-
TetradecanoyloxytetradecanoylaminoJethyl, 2-Dcoxy-4-0-phosphono-3-O-[(R)-3-
tetradecanoyoxytetradecanoy 1]-2-[(R)-3-tetradecanoyoxytetradecanoylamino]-b-D-glucopyra noside,
MPL™ (3-O-deacylated monophosphoryl lipid A) (available from Corixa) described in U.S. Pat. No.
4,912,094, synthetic polynucleotides such as oligonucleotides containing a CpG motif (U.S. Pat. No.
6,207,646), COG-ODN (CpG oligodeoxynucleotides), polypeptides, saponins such as Quil A or
STIMULON™ QS-21 (Antigenics, Framingham, Mass.), described in U.S. Pat. No. 5,057,540, a
pertussis toxin (PT), or an F. coli heat-labile toxin (LT), particularly LT-K63, LT-R72, CT-S109, PT-
K9/(G129; see, e.g., International Patent Publication Nos. WO 93/13302 and WO 92/19265, cholera
toxin (either in a wild-type or mutant form). Alternatively, various oil formulations such as stearyl
tyrosine (ST, see U.S. Pat. No. 4,258,029), the dipeptide known as MDP, saponin, cholera toxin B
subunit (CTB), a heat labile enterotoxin (LLT) [rom E. coli (a genetically toxoided mulant LT has been
developed), and Emulsomes (Pharmos, LTD., Rehovolt, Israel). Various cylokines and lymphokines
are suilable [or use as adjuvants. One such adjuvant is granulocyle-macrophage colony stimulating
factor (GM-CSF), which has a nucleotide sequence as described in U.S. Pat. No. 5,078,996. The
cytokine Interleukin-12 (IL.-12) is another adjuvant which is described in U.S. Pat. No. 5,723,127.
Other cytokines or lymphokines have been shown to have immune modulating activity, including, but
not limited to, the interleukins 1-0, 1-B, 2,4, 5, 6.7, 8, 10, 13, 14, 15, 16, 17 and 18, the interferons-a.,
B and v, granulocyte colony stimulating factor, and the tumor necrosis factors o and 3, and are suitable

for use as adjuvants.

[0064] The vaccine compositions can be lyophilized to produce a vaccine against N. meningitidis in a

dried form for ease in transportation and storage. Further, the vaccine may be prepared in the form of a
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mixed vaccine which contains the NOMVs containing the proteins from the genetically altered strains

described above and at least one other antigen as long as the added antigen does not interfere with the
effectiveness of the vaccine and the side effects and adverse reactions are not increased additively or
synergistically. The vaccine can be associated with chemical moieties which may improve the
vaccine's solubility, absorption, biological half life, etc. The moieties may alternatively decrease the
toxicity of the vaccine, eliminate or attenuate any undesirable side effect of the vaccine, etc. Moieties
capable of mediating such effects are disclosed in Remington's Pharmaceutical Sciences (1980).

Procedures for coupling such moieties to a molecule are well known in the art.

[0065] The vaccine may be stored in a sealed vial, ampule or the like. The present vaccine can
generally be administered in the form of a spray for intranasal administration, or by nose drops,
inhalants, swabs on tonsils, or a capsule, liquid, suspension or clixirs for oral administration. In the
casc where the vaccing is in a dricd form, the vaccine is dissolved or suspended in sterilized distilled
watcr before administration. Any inert carrier is preferably usced, such as saline, phosphate buffered

saline, or any such carrier in which the NOMYV vaccine has suitable solubility.

[0066] Vaccine compositions of the present technology may include a carrier. If in a solation or a
liquid aerosol suspension, suitable carriers can include, but are not limited to, salt solution, sucrose
solution, or other pharmaceutically acceptable buffer solutions. Aerosol solutions may further

comprise a surfactant.

[0067] Among the accepiable vehicles and solvenis that may be used include water, Ringer's sohution,
and fsotome sedinm chioride sottion, including saline solutions buffered with phosphate, nctate, Tris
and the like. In addition, sterile, fixed ofls are conventionally emploved as g solvent or suspending
medium, including, but not Hmited to, for example, synthetic mono- or di-glycerides. In addition,

fatty acids such as oleir acid find use in the preparation of injectables.

[0068] Injeclable preparations, [or example sterile injectable aqueous or oleaginous suspensions, are
formulated according (o the known art using suitable dispersing or welling agents and suspending
agents. The sterile injectable preparation are also a sterile injectable solution or suspension in a

nontoxic parenterally acceptable diluent or solvent, [or example, as a solution in 1,3-bulanediol.

{30881 The presently described technology and its advantages will be better understood by reference
to the following examples. These examples are provided to describe specific embodiments of the
present technology. By providing these specific examples, the applicants do not limit the scope and

spirit of the present technology. It will be understood by those skilled in the art that the full scope of
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the presently described technology encompasses the subject matter defined by the claims appending

this specification, and any alterations, modifications, or equivalents of those claims.
EXAMPLES

Example 1: Derivation of the genetically modified vaccine strain of N. meningitidis and
production of NOMYVs containing the outer membrane proteins of the genetically modified
vaccine strain.

[0070] The genetically modified strain 8570 HOPS-G1 was modified by five genetic modifications
from a parental strain 8570 which had been analyzed by multilocus enzyme electrophoresis by the
laboratory from whom the strain was obtained and determined to belong to the ET-5 clonal complex
(Caugant, et al.) The PorA variable regions were sequenced typed and the LOS immunotype was
verified before the genetic modifications were made.  Strain 8570 was and ET-5 clone 4:P1.19,
15:L7v, ProB3 (ST4) Tbp2 type II. A scrics of five secquential genctic modifications were made to the

strain as described below:

[0071] 1) A second, different porA gene was inserted at the opaD locus knocking out the opaD gene.
pUC 19-based plasmid pA 18.4 has no antibiotic resistance marker in the insert, was used to insert a
second porA gene into the chromosome at the opaD) locus, disabling opaD by replacing a 100 bp
scquence in the middle of the gene with the insert. The inscrt contained the new porA gene taken from
strain M4410 (B:15:P1.22,14) and placed behind a porA promoter taken from strain H44/76. The
resulting porA type was P1.19,15: P1.22,14 containing the two porin A genes.

[0072] 2) Starting with the strain resulting from 1, with a second PorA expressed, the expression of
the outer membrane protein OpcA was stabilized by replacing a 12 bp poly-C sequence in the
promoter of opcA with a new sequence of the same length containing both C and G nucleotides.
Original promoter sequence (Seq. ID No. 1) (poly-G sequence italicized and bold)
5..CATAGTTAAAACCTCTAAAATTTGGATTGTAGTCGGATATGGTAACATAACGTAAATA
ATCGTTACGCTTACAATTATATTCTITAAGCTTITCGGGGGGGGGGGGATTT..3’ was replaced

with a modified promoter sequence (Seq ID No. 2) containing both G and C nucleotides with a Not 1

sile (underlined)
5"..CATAGTTAAAACCTCTAAAATTTGGATTGTAGTCGGATATGGTAACATAACGTAAATA
ATCGTTACGCTTACAATTATATTCTITAAGCTTTCGCGCGGCCGCGCATTTT.S The

replacement sequence was chosen to contain a restriction site for Notl to enable verification of the
presence of the replacement sequence. The plasmid used for the transformation was pOpc79 (Seq. ID
No. 4). The plasmid insert does not contain an antibiotic marker. Selection of transformants was

based on colony blotting with monoclonal antibody to OpcA. The strain to be transformed was chosen
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to be an OpcA negative phase variant, and strong OpcA positive clones were identified by colony

blotting. True transformants were distinguished from OpcA positive phase variants by PCR and

restriction enzyme (Not I) analysis.

[0073] 3) Starting with the strain resulting from 2, the gene IpxL/, which is an acyl transferase
responsible for linking one of two acyl-oxy-acyl linked fatty acids to the lipid A of the LOS, was
disabled by replacing a 260 bp sequence in the middle of the /pxLI gene with an insert containing the
tetM antibiotic resistance gene. The tetM gene was obtained from a plasmid pJS1934, which was
derived from the transposon Tn916 (Swartley, et al. 1993. Mol. Microbiol. 10:299-310). The plasmid
used to disable the IpxL1 gene was pMn5 (Seq. ID No. 5). The presence of the insert in the /pxL{ gene
was verified by PCR which produced a 3.3 kbp amplicon using primers at the beginning and end of

the Ipx LI gene.

[0074] 4) Starting with the strain resulting from step 3, expression of the conserved outer membrane
protein GNA 1870 (variant 1) (FHBP v.1) was incrcascd by inscrting a sccond copy of the GNA
1870 variant 1 gene in the nspA locus, knocking out expression of NspA. The newly inserted gene was
part of an insert that contained a gentamicin antibiotic resistance gene, the E. coli lac operon with the
IPTG-inducible Ptac promoter, the GNAT870 variant 1 gene and the rrnB terminator, the plasmid used
is depicted in Figure 19c and Seq. ID No. 6. The PUC19 based plasmid, pPBE/GNA1870/101, was
used in the transformation and homologous recombination to insert the GNA 1870 variant 1 gene into
the modified strain. pBE/GNA1870/101 plasmid (7687 b.p.) was constructed with the features as

described in in Table 1 (sequence can be found in Seq. ID No. 6).
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Table 1

Feature Coordinates (nt ##) Source

pUuC19” 1-191 New England Biolabs (NEB)

Sac I sile (unique) 192-197 pUC19 cloning site

Uptake Sequence 198-212 PCR construct

5 NspA non coding region (NCR) 213-1248 N. mening., 44-76, PCR construct

Bam H T site 1249-1254 Gent® gene cloning site

Gent® gene 1255-2104 PCR construct of Gent® gene

Sac II (unique) 2105-2110 PCR construct

Rmp promoter 5 fragment (rest) 2111-2230 Previous plasmid for NspA expression

Mfe I site (unique) 2231-2236 PCR construct

Lac? operon 2237-3641 PMAL-p2X (New England Biolabs)

Ptac promoter 3642-3673 pMAL-p2X, PCR construct

Lac operator 3674-3702 PMAL-p2X, PCR construct

RBS 3750-3755 PMATL.-p2X, PCR construct

Nde 1 site (unique) 3761-3766 PCR construct

fHBP (variant 1) leader peptide 3764-3823 N. mening., 44-76, PCR construct

fHBP (variant 1) ORF with stop codon 3824-4588 N. mening., 44-76, PCR construct

SgrAl site (unique) 4589-4596 N. mening., 44-76, PCR construct

3'NspA and 3’'NspA NCR 45974638 Previous plasmid [or NspA expression

rrnB transcription terminators 4639-4945 pBAD/Thio-E (Invitrogen), PCR

37 NspA NCR 4946-5432 N. mening., PCR construct

Uptake Scquence 5433-5447 PCR construct

Hind III 5448-5453 pUC19 cloning site

pUC 19 5454-7687 end NEB (Amp.})

*) Start from nt. 1 of pUC 19. The plasmid was modified to remove Nde T site for further convenient cloning as follow: It was diges
by Nde I - EcoR [ and 213 b.p.fragment was removed. Sticky ends were filled in and ligated to restore the plasmid. As aresult sited M
1 (183) and EcoRI (395) were destroyed. For cloning of constructs for the expression of target protein we used Sac I and Hind III clon
sites of pUC 19.

[0075] 5) The strain resulting from step 4 was transformed with a pUC19-based plasmid containing
the synX gene in which a 200 bp sequence was replaced by a kanamycin resistance gene. Kan
resistant transformants were selected and tested by PCR for the presence of the disrupted synX gene

and for the capsule negative phenotype. The results verified the knockout of the synX gene.

[0076] 6) The strain resulting from step 4 was transformed with a plasmid pBE-501 containing
zeomyein gene knocking out the IgrA gene (Seq. ID No. 9). Plasmid pBE-501 contained the features
found in Table 2. Knock-out of the IgfA gene produced expression of a shortened or truncated LOS

that lacks the lacto-N-neotetraose (LNnT) tetrasaccharide (see Figure 20).
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Table 2
Feature Coordinates (nt #) Source
pCR 4-TOPO TA cloning Vector 1-3667 Invitrogen. Type: pUC ori
Uptake Sequence 3668-3682 PCR construct
LgtA 5" segment 36834037 N. mening., 2996, PCR construct
pEM7/Zeo 40384122 Invitrogen. Cloning site and EM7 promoter Zeocin
41234497 Zeocin™ gene provided ALgIA pEM7/Zeo
4498-4633 Fragment of pEM7/Zeo cloning site LgtA 3’
segment 4634-5448 N.mening.,2996,PCR construct
Uptake Sequence 5449-5463 Uptake sequence
pCR 4-1TOPO 'I'A cloning Vector 5464-5759 end Invitrogen

*) LgtA cDNA was digested by BssH IL Resulting 3” and 5’ sticky ends were refilled and Zeocin gene was inserted in this
blunt ended cDNA. In case of excising of disruptive Zeocin gene which may occur during of the reparation of bacterial
DNA, relegated 5 and 3” of LglA [ragments will bearing unreparable sequence

[0077] This genctically modified strain was tested to unsure retention of all five mutations and

cxpression of all cxpected antigens.
Example 2: Production of Vaccine amounts of the genetically modified strain

[0078] The genetically modified strains were then used for production of master and production cell
banks for use in vaccine manufacture as detailed in the flow-charts in Figures 1-5 to produce a
composition of NOMVs. The NOMVs culture is tested for the expression of the outer membrane

proteins and L.OS.
Example 3: Characterization of Vaccines

[0079] The final product obtained from Example 2 was subjected to quality control testing and

preclinical safety and immunogenicity testing in mice and rabbits.

[0080] The composition of the final product vaccine was:

Protein 2001ag/ml
Lipooligosaccharide 36 tg/ml
Nucleic Acid 2.5 pg/ml
Sodium Chloride 0.9%
Tris-HCI Buffer 0.0l M pH 7.6

[0081] The vaccine composition was further analyzed by sodium dodecyl sulfate polyacrylamide gel
electrophoresis and western blotting. Figure 6 depicts coomassie blue stained gel showing protein
content in the vaccine (lanc 4) as compared to control (lanc 2) and filtered bulk lot (lanc 3). Figurc 7
depicts silver stain gel showing the liposaccharide component of the vaccine (lane 3) as compared
with control (ML.5 1.PS, land 1) and filtered bulk vaccine lot (lane 2). Figure 8 depicts the results of
identity testing of the vaccine for the major components of the NOMVs vaccine according to the

antibodies as listed in Table 3.
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Table 3
Lane | Antibody Specificity Monoclonal Expected Test Result
Antibody Reaction
1 Pre-stained standard NA
2 L8 LOS 2-1L8 Trace Trace
3 L8v LOS 25-1-L.C1 Positive Positive
4 L3,7 LOS 9-2-1.379 Trace Trace
5 Lip (H8) 2-1-CA2 Positive Positive
6 Opa P5.10 23-1-P5.10 Negative Negative
7 Opa P5.11 MF7-1-P5.11 Negative Negative
3 Opc (P5.0) B306-P5C Positive Positive
9 FHBP I (GNA1870) JAR 4 Positive Positive
10 Rmp 9F5 Positive Positive
11 PorB P4 15-1-P4 Positive Positive
12 PorA P1.14 MN21G3.17 Positive Positive
13 PorA P1.15 MN3C5C Posilive Positive
14 PorA P1.19 2-1-P1.19 Positive Positive
15 TBP2 476C2G2 Positive Positive
16 Gp B Polysaccharide 2-2-B Negative Negative
17 Amido Black Stain NA

[0082] The results are found in Figures 6, 7 and 8 showing proteins found in the NOMV of the
vaccine from the genetically modified strain 8570 HOPS-G NOMYV contain the proteins and LOS as

described.

Example 4: General Safety Test of the Vaccine

[0083] The vaccine was tested in the General Safety Test as prescribed in 21 CFR 610.11.

results [or the vaccine are given in Table 4.

Table 4

Test Article

Test Result

Comments

8570 HOPS-G NOMV
'Vaccine Lot # 1289

Passed

All animals remained
normal and hcalthy and
zained weight

Example 5: Rabbit Pyrogenicity Test*

[0084] The results of the rabbit pyrogen test for endotoxin activity are given in Table 3 for the
genetically modified vaccine 8570 HOPS-G NOMYV alone and the vaccine adsorbed to aluminum
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hydroxide adjuvant. The values given are the highest amounts tested that did not induce a fever in the

rabbits (temperature increase of > 0.5 °C), results of which are found in Table 5.

Table 5
Temperature Rise for
Test Article Conc. Indicated Rabbit
Tested 1 2 3

8570 HOPS-G NOMYV Vaccine | 0.4 pg/kg 0.1 0.2 0.2
Lot # 1289
8570 HOPS-G NOMYV Vaccine| 0.5 ng/kg 0 0 0
Lot # 1289 adsorbed to
aluminum Rehydragel HPA lo(
#1347

* These tests were performed by BioReliance, Inc. under GLP following the protocol
specified in the CFR.

*#* Amount of aluminum hydroxide/kg that will be used in the human study for all
formulations (doses).

[0085] In summary, the vaccinc alone passed at 0.4 pg/kg, the aluminum hydroxide adjuvant passed at
15 pg/kg (the largest amount per kg to be used in the clinical study), and the vaccine adsorbed to
aluminum hydroxide passed at 0.5 lag/kg but failed at 1.0 pg/kg. Extrapolation of these results on a
pg/kg basis suggest the adsorbed vaccine would be non-pyrogenic in humans up to a dose in the range

of25-50 ug.

Example 6: Cytokine Release from Whole Human Blood

[0086] The vaccine was tested for endotoxin content by measuring its ability to induce
proinflammatory cytokines TNF-alpha and IL-6, from fresh whole human blood. The results are
shown in Figures 9 and 10. 'The data are the mean of 3 (£. Co/i LPS Standard and NOMY vaccine lot
1119 with /pxL2 LOS) or 5 (Lot 0832 NOMYV with wild type LOS, and Lot 1289 NOMYV vaccine
with /pxl.l LOS) tests. 'The error bars are the standard error of the mean. 'The concentration of
NOMV is based on protein but the E. Coli standard LPS is based on LPS by weight. Not to be
bound by any particular theory, these results suggest that the current vaccine may have a similar safety
profile in human volunteers as was seen with the /pxL2 L.OS containing vaccine (Meningococcal

44/76 MOS 5D NOMYV vaccine, Lot # 1119, BB-IND 12687).

[0087] The activity of the 8570 HOPS-G NOMYV Vaccine Lot # 1289 was compared to the activity of
deoxycholate extracted outer membrane vesicles (OMYV). The vesicles were prepared using the basic

method described by T'redriksen JH, et al. NIPH Annals, 14:67-80, 1991, except 0.5% deoxycholate
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(DOC) was used through out the procedure rather than using 1.2% DOC to resuspend the

ultracentrifuge pellets. The results of this comparison are shown in Figure 11.
Example 7: Immunogenicity in Mice and Bactericidal antibody response

[0088] Mice were given three doses of genetically modified vaccine strain 8570 HOPS-G at four week
intervals with or without adsorption to aluminum hydroxide adjuvant (Rehydragel LV). Groups of 10
mice were vaccinated intraperitoneally at 0, 4 and 8 weeks with 0.1, 0.3, 1.0 or 3.0 ug of NOMYV, the
vaccine groups are listed in Table 6. Serum was taken at 0, 7 and 10 weeks. The sera were tested for
bactericidal antibodies against four different strains, the parent of the vaccine strain and several related
strains using normal human serum as a source of complement. Pre-vaccination sera were uniformly

lacking in bactericidal activity.

Table 6

Vaccine Group Vaccine amount injected
1 0.1 pg
2 0.3 ug
3 1.0 pg
4 3.0 pg
5 0.1 pg + Rehydragel I.V
6 0.3 1g + Rehydragel LV
7 1.0 ug + Rehydragel LV
8 3.0 ug + Rehydragel LV
9 1.0 pg + Rehydragel HPA

[0089] The results obtained with the 10-week sera (three doses of vaccine) are shown in TI'igure 12
showing the bactericidal titer of the different vaccine groups for the genetically modified stains. Two
of the test strains were isogenic with the parent of the vaccine strain. They were derived from the
parent strain by replacing the porA gene with an alternate porA having a different serosubtype
specificity. Two of the PorA proteins expressed in these test strains are present in the vaccine
(P1.19,15 and P1.22,14), but the third (P1.22-1,4) is not. The fourth strain, 44/76, has a different
PorA, a different PorB, and a different LOS core structure as compared to the vaccine strain.
Surprisingly different to published studies in which deoxycholate extracted vesicle vaccines
show the PorA antigen as typically the dominant antigen, the results of the vaccine of the present
technology demonstrates that the majority of the bactericidal activity was not dependent on the

scrosubtype of the target strain and hence not against PorA.
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[0090] Bactericidal antibodies induced in mice by the 8570 HOPS-G NOMY vaccine do not show

serosubtype specificity, but appear mostly independent of serosubtype and serotype (Figure 13). The
antibodies killing strain 44/76 were found to be mainly directed against the LOS. Bars are standard
error of the mean. The vaccine was administered with and without adsorption to Rehydragel LV

aluminum hydroxide adjuvant.

[0091] Analysis of the specificity of the bactericidal antibody response against the heterologous strain
44/76 was undertaken by depletion of bactericidal activity with different isolated antigens. Post-
vaccination mouse serum was diluted to the bactericidal endpoint (-50% killing) and incubated in 96-
well microplate wells coated with different concentrations of several antigens. After 4-hrs incubation,
the serum was tested for bactericidal activity and the percent removal of bactericidal antibody
determined. Purified LOS prepared from the target strain (immunotype L3,7) was able to remove
ncarly all the antibody. Purificd LOS (immunotype L8v) prepared from the vaccine strain was able to
remove about 70% of the antibody. The conserved protein GNA1870 (purificd, recombinant protein)
appeared to remove about 20% of the bactericidal activity, which, not to be bound by any particular
theory, may indicate some cooperative killing involving both anti-1.OS antibody and anti-GNA1870

antibody as shown in Figure 14.
Example 8: Inmunogenicity in Rabbits

[0092] The vaccine was also tested for immunogenicity in rabbits. Groups of four rabbits were
vaccinated intramuscularly with different doses of vaccine, with or without adsorption to aluminum
hydroxide adjuvant. Three doses were given at six week intervals and blood was drawn two weeks
after the last injection. The bactericidal antibody response of the rabbits to four test strains was
determined. The test strains included 3 isogenic variants of 8570 expressing different PorA
proteins and L.3,7v LOS and strain 44/76 which has a helerologous PorA and LOS with a different
core structure. PorA proteins P1.19,15 and P1.22,14 were present in the vaccine, but P1.22-1,4 was
not. The results of the bactericidal lests are given in Figure 15. Analysis of the cross reactive
bactericidal activity toward strain 44/76 was analyzed in the same manner as [or the mouse sera and
the results were essentially the same. Mosl of the cross-reaclive baclericidal antibodies could be

removed by purified LOS homologous to the test strain

Example 9: Preparation and Animal Testing of a Laboratory Lot of the Complete Multivalent
NOMY Vaccine.

[0093] In addition to strain 8570 HOPS-GI which was described in the Examples above, two

additional vaccine strains were selected and genetically modified. The first was strain B 16B6 (B:2a:P
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1.5,2:1.2). This strain belongs to the genetic group ET-37 and has a class 2 PorB protein and type I

transferrin binding protein B. The second was strain 44/76 (B:15:P1.7,16:1.3,7), which belongs to the
genetic group ET-5 and is representative of the epidemic strain responsible for the group B
meningococcal epidemic in Norway in the 1970's and 1980's. It expresses a class 3 PorB protein and

type II transferrin binding protein B.

[0094] Strain B16B6 was genetically modified in much the same manner as described for strain 8570
ITOPS-G1. Two genes were disabled, synX and IpxL1, to prevent capsule synthesis and sialylation of
LOS and to reduce the toxicty of the LOS. A second porA gene (subtype P1.22-4) was inserted in
place of the opaD gene. Variant 2 of GNA 1870 (FIIBP) with the IPTG inducible E. coli Ptac
promoter, was inserted in place of the nspA gene as a second copy using plasmid pBE-201 (Seq. ID.
No 7). Plasmid pBE-201 (7687 b.p. for additional cxpression of fHBP (variant 2)) was constructed

with the features as described in Table 7 .

Table 7
Feature Coordinates (nt ##) Source
pUuC 19" 1-191 New England Biolabs (NEB)
Sac I site (unique) 192-197 pUC19
Uplake Sequence 198-212 PCR construct
5" NspA NCR 213-1248 N. mening., 44-76, PCR construct
Bam H Isite 1249-1254 Gent' gene cloning site
Gent' gene 1255-2104 PCR construct of Gent® gene
Sac 1T (unique) 2105-2110 PCR construct
Rmp promoter 5” fragment (rest) 2111-2230 N. mening., PCR construct
Mfe I site (unique) 2231-2236 PCR construct
Lac? operon 2237-3641 PMAL-p2X (New England Biolabs)
Plac promoter 3642-3673 PMAL-p2X, PCR construct
Luc operator 3674-3702 pPMAL-p2X, PCR construct
RBS 3750-3755 pPMAL-p2X, PCR construct
Nde 1 site (unique) 3761-3766 PCR construct
fHBP (variant 2) leader peptide 3764-3823 N. mening., 2996, PCR construct
fHBP (variant 2) ORF with stop codon 38244588 N. mening., 2996, PCR construct
SgrAl site (unique) 4589-4596 N. mening., 44-76, PCR construct
3’NspA and 3'NspA NCR 45974638 Previous plasmid for NspA expression
B (ranscription lerminators 4639-4945 pBAD/Thio-E (Invitrogen), PCR
3” NspA NCR 4946-5432 N. mening., PCR construct
Uptake Sequence 5433-5447 PCR construct
Hind TIT 5448-5453 pUC19 cloning site
pUC 19 5454-7687 end NEB, (Amp.~)

*) Start from nt. 1 of pUC 19. The plasmid was modified to remove Nde I site for further convenient cloning as follow: It was diges
by Nde | - LicoR 1 and 213 b.p.fragment was removed. Sticky ends were filled in and ligated to restore the plasmid. As a result sited M
I (183) and EcoRT (395) were destroyed. For cloning of constructs for the expression of target protein we used Sac I and Hind 11T clon

sites of pUC 19.

A phase variant of the resulting strain expressing a truncated alpha chain consisting of glucose and
galactose. L2 LOS was selected by colony blotting. The resulting genetically modified strain was

designated B16B6 HI’'S-G2, see Figure 18.
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[0095] Strain 44/76 was also modified genetically in the same pattern as described for strain 8570

HOPS-GI1. The two genes, synX and IpxLi, were disabled by insertion mutagenesis, a second porA
gene (subtype P1.7-1, 1) was inserted along with its promoter in place of the opaD gene, and a second
copy of nadA was inserted behind a porA promoter in place of the nspA gene. Plasmid pBE-311 was
used for homologous recombination to insert the NadA gene, the plasmid 3-11 was constructed with

the features as described in Table 8 and the sequence can be found in Seq. ID No. 8.

Table §
Feature Coordinates (nt ##) Source
puC19” 1-191 New England Biolabs (NEB)
Sac I site (unique) 192-197 pUC19 cloning site
Uptake Sequence 198-212 PCR construct
5" NspA NCR 213-1248 N. mening., 44-76, PCR construct
Bam H I site 1249-1254 Gent' gene cloning site
Gent' gene 1255-2104 PCR construct of Gent™ gene
Sac II (unique) 2105-2110 PCR construct
PorA promoter (44-76) (modified)** 2111-3266 N. mening., 44-76, PCR conslruct
Nde 1 site (unique) 3267-3272 PCR construct
NadA (allele 3) leader peptide 3270-3338 N. mening., 2996, PCR construct
NadA (allele 3) ORI‘ with stop codon 3339-4487 N. mening., 2996, PCR construct
SgrAl sitc (uniquc) 4488-4495 N. mening., 44-76, PCR construct
PorA terminator (44-76) 44964910 N. mening., 44-76, PCR construct
Bsm1I 49114916 PCR construct
3’ NspA NCR 4917-5329 N. mening., PCR consiruct
Uptake Sequence 5330-5344 PCR construct
Hind III 5345-5350 pUC19 cloning site
puUC 19 5351-7584 end NEB, (Amp.%)

*) Start from nt. 1 of pUC 19. The plasmid was modified to remove Nde T site for further convenient cloning as follow: Tt
was digested by Nde I - EcoR I and 213 b.p.fragment was removed. Sticky ends were filled in and ligated to restore the
plasmid. As a result sited Nde I (183) and EcoRI (395) were destroyed. For cloning of constructs for the expression of
target protein we used Sac I and Hind III cloning sites of pUC 19.

*#) The 14Gs Poly G tract of the 44-76 promoter was modilied by replacing with optimal [or the expression 11Gs.

[0096] In addition, expression of OpcA was stabilized by curing the phase variation associated with its
gene. This was done as described for strain 8570 HOPS-GI by breaking up the poly-G string in its
promoter in Example 1. The IgtA gene was interrupted as in Example 1 producing a truncated LOS.
A phase variant of the resulting strain expressing the L8 immunotype was selected by colony blotting
with an L8 specific monoclonal antibody. This genetically modified strain was designated 44/76
HOPS-D as shown in Figure 18. The two additional strains were characterized to confirm stability of

all the genetic modifications and stocks of each were frozen down.

Example 10: Preparation of NOMYV Vaccine from Strains B16B6 HPS-G2 and 44/76 HOPS-D.
[0097] The three genetically modified strains were used to prepare laboratory lots of NOMYV vaccine
compositions. The strains were grown in Catlin's modified medium as one liter cultures in Fernbach
flasks on a rotary shaker. The cells were harvested by centrifugation, weighed and the cell paste

[rozen. The cell paste was thawed and used (0 prepare NOMV [ollowing essentially the same
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procedure as described for the clinical lot of vaccine from strain 8570 HOPS-G1 as described in

Example 2. The process was scaled down and ultracentrifugation twice at 225,000 x g for 60 min at 2-

8°C to remove nucleic acids and all soluble, non-vesicle material.
Example 11: Immunization of Mice with Complete Multivalent Vaccine

[0098] Groups of ten CD-1 mice were vaccinated intraperitoneally with two pg of NOMV vaccine
from each genetically modified vaccine strain (6 pg total for the combined vaccine with NOMV from
three strains). Three doses were given at 0, 4, and 8 weeks. Blood was drawn pre-vaccination and 2

weeks following the last vaccination (at 10 weeks).

[0099] Sera from individual mice were tested for bactericidal antibodies against the homologous
strains, and pooled serum from each group of 10 mice was tested against a panel of 14 heterologous

group B strains and 1 group C strain cxprcssing a broad range of diffcrent subcapsular antigens.

[00100]

of the three vaccine strains and a 4-fold or greater increase in bactericidal antibodies against 13 of the

The combined multivalent vaccine induced a geometric mean 1:256 titer against each

15 heterologous strains. Two of the test strains were not killed in spite of having an antigen shared
with one of the vaccine strains. The bactericidal titers observed against the panel of strains are given

in the Table 9.

Table 9: Bactericidal Titers of Pooled Mouse Sera against a Diverse Panel of Test Strains

Bactericidal  |Antigens Expressed [Titer of Pooled Serum from Mice Vaccinated with
Test Strain Indicated Vaccine

B1+B2+B3 | B2 +B3 B1 B2 B3
44/76 (15 PL.7,16:P5.11,C.1L3,7 256 256 256 256 1
8570 4 P1.19,153:P5.5:13,7v 256 256 2 5 6 256 2
816136 2aPLa2T Tal2 256 256 1 1 256
0162 B:15:PL.7-2.3:P5. 10,111 3.7% 16 6 3 ) 1
M1080 T,I9PI.T:P5.3L1,3,7 B 1 1 1 1
3576 A EPLEELST 128 128 4 2 16
8047 B:2b:P1.5,2:13.4,7 64 128 1 1 128
0547 AL 256 256 128 2 64
531 2a:P1.52:P51a b 4,5:1.3.7 256 256 256 1 256
7608 ChPLoP 2l 256 128 1 1 128
6940 8. 19 PINT.LT 4 4 1 1 1
1901 S IO PLNT:P5.CLL,3,7 756 32 128 1 g
99M :2a:P1.2:P51a,Ib,5:1.3,7 512 512 16 8 256
6275 2a:PL2:P5.1a4,5:1.3,7 _ 512 32 1 512
126F C:8,19:PI.5,2Z.LT:P3.c 256 256 4 2 64
ho81 S I9PLIALT 32 g 4 64 7
M4720 TOPI 221412 1 1 1 1 1
6557 TPLIALIGT 32 16 1 32 16
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[00101] Vaccine Code:B1 = 44/76 HOPS-2I§ NOMV
B2 = 8570 HOS-GI NOMV
B3 =B16B6 HPS-G2 NOMV
[00102] These results demonstrate the ability of the combined vaccine to induce bactericidal

(protective) antibodies against a broad range of group B strains and potentially strains of other

serogroups as well.

[00103]

that antibodies to all three sets of antigens were involved in killing at least some of the test strains. In

Analysis of the bactericidal antibodies using a bactericidal depletion test demonstrated

some cases, it appeared that antibodies to more than one antigen were involved and acted together to

produce bactericidal activity against a given strain.

[00104] Additional groups of mice were vaccinated with NOMV vaccine prepared from
isogenic mutants of strain 8570 HOPS-G1. The mutant strains diffcred in their expression of PorA.
Two mutants expressed a single PorA (one or the other of the two in the multivalent vaccine strain)
and the third was a PorA knockout mutant cxpressing no PorA protein. Bactericidal titers induced by

cach of the four strains against scveral different test strains arc shown in Table 10.

Table 10

Test Strain Mutant of 8570 HOPS-G1 from Which NOMYV Vaccine Wag

Prepared
8570 (P1.19,15| 8570 (P1.19,15)| 8570 (P1.22,14)| 8570 APorA
and P1.22,141

8570 256 256 256 256

44/76 256 256 256 256

B16B6 1 1 1 1

3576 2 3 8 3

9547 2 4 4 2

2981 64 1 16 1

6557 32 1 128 1

[00105] For the first five test strains in Table 10, the PorA expression had no effect on the titer

of bactericidal antibodies induced by the vaccine. For the last two strain, which both express P1.14,
the presence of the P1.14 epitope in the vaccine correlated with the capacity of the respective serum to
kill the strain. This demonstrates that antibodies to PorA are involved in the observed killing for some
strains. For other strains such as the homologous strain and strain 44/76 other antigens are responsible
for most of the bactericidal activity. This was demonstrated by analysis with the bactericidal depletion

assay. Results of one such assay are given in Figure 16. The results shown in Figure 17 demonstrate
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that antibodies to LOS and FHBP (GNA1870) were involved in the killing of strain 8570 by antiserum

to PorA knockout mutant of 8570 HOPS-G1.
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CLAIMS:

1. A vaccine comprising native outer membrane vesicles obtained from at least
two meningococcal strains that have been genetically modified to provide broad based
protection, wherein the native outer membrane vesicles include three different sets of antigens
based on Porin A (PorA), one or more lipooligosaccharide (LOS), and one or more conserved
outer membrane proteins, wherein the genetically modified strains have been modified to
provide enhanced safety based on inactivation of [pxLl, synX, and /gtA genes;, and wherein at
least one of the genetically modified strains expresses at least two different PorA subtype

proteins or subtype epitopes from group B Neisseria meningitidis.

2. The vaccine of claim 1 where each strain expresses any one or more of (a) a
different LOS core structure and has an alpha chain consisting of glucose and galactose, (b) at
least two different PorA subtype proteins or subtype epitopes which are chosen based on the
most prevalent of PorA subtypes among group B case isolates, and/or (c) a different conserved
surface protein with demonstrated capacity to induce bactericidal antibodies is over-expressed
in each strain and are taken from the group consisting of FHBP (GNA1870) variants 1, FHBP
variants 2, and FHBP variants 3; NadA; App; NspA; TbpA and TbpB.

3. A combination of NOMVs from three genetically modified, antigenically
diverse Neisseria meningitidis strains, wherein at least one of the strains is selected from:

(D) H44/76 HOPS-DL which has the following genetic modifications or
characteristics:

inactivation of the genes synX, IpxLl, and IgtA,;

insertion of a second porA gene (subtype P1.7-1,1) in the place of opaD;

increased expression of NadA; and

stabilized high expression of Opc and PorA;

(2) 8570 HOPS-GAL which has the following genetic modifications or characteristics:

inactivation of the genes synX, IpxL/, and IgtA;

insertion of a second porA gene in place of opaD;

increased expression of factor H binding protein variant 1; and

stabilized high expression of PorA and Opc; and

(3) B16B6 HPS-G,A which has the following genetic modifications or characteristics:
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inactivation of the genes synX, IpxL 1, and /gt4;
insertion of a second porA gene in place of opaD;
increased expression of factor H binding protein variant 2; and

stabilized high expression of PorA and Opc.

4. The combination of vaccine strains of claim 3 wherein strain H44/76 HOPS-
DL was derived from the ET-5 wild type strain H44/76 (B:15: P1.7,16: L,3,7:P5.5,C); wherein
strain 8570 HOPS-G/L was derived from the ET-5 wild type strain 8570 (B:4: P 1.19,15: L3,7v:
P5.5,11,C); and/or wherein strain B16B6 HPS-G,L is derived from the ET-37 wild type strain
B16B6 (B:2a:P 1.5,2: L2:P5.1,2,5).

5. The vaccine of claim 1 where the NOMYV are prepared without exposure to

detergent or denaturing solvents from packed cells or from spent culture medium.

6. The vaccine of claim 1 where the NOMYV are combined with one or more

adjuvants including aluminum hydroxide or aluminum phosphate, MF 59, CPG-ODN, or MPLA.

7. A method of using the vaccine of claim 1 administered intramuscularly and/or
intranasally for immunization against meningococcal disease and/or group B meningococcal

disease.

8. A vaccine composition against meningococcal disease comprising native
outer membrane vesicles (NOMVs) from one or more genetically modified strains of Neisseria

meningitidis, wherein the one or more genetically modified strains has been modified by:

1. inactivation of the synX gene,
ii. inactivation of the /px/./ gene,
iil. inactivation of the /gf4 gene in each strain resulting in expression of a

shortened or truncated lipooligosaccharides (LOS) that lacks lacto-N-neotetraose
tetrasaccharide, and
iv. insertion of at least one second antigenically different porA gene in place of the

opa gene.
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9. The vaccine composition of claim 8, wherein the genetically modified strain
further comprises one or more of any of the following (a) increased or stable expression of at
least one minor conserved outer membrane protein, (b) stabilized expression of at least one
outer membrane protein, wherein the outer membrane protein is selected from the group
comprising Opc and PorA, (c) at least one second antigenically different porA gene expresses at
least one PorA subtype protein or subtype epitope selected from the most prevalent of PorA
subtypes of meningitidis group B isolates, and/or (d) the at least one minor conserved outer
membrane protein is selected from the group consisting of: FHBP (GNA1870) variants 1, FHBP
variant 2, FHBP variant 3; NadA; App, NspA, TbpA and B.

10. A genetically modified vaccine strain of Neisseria meningitidis subtype B

strain: comprising H44/76 HOPS-DL strain.

1. A genetically modified vaccine strain of Neisseria meningitidis subtype B

derived from: H44/76 strain comprising the genetic modifications of

1) inactivation of a synX gene,

i1) inactivation of the /px/./ gene,

iil) inactivation of the IgtA gene,

iv) insertion of a second porA gene in the place of a opaD gene,

V) increased expression of NadA compared with the native strain, and

Vi) stabilized increased expression of Opc and PorA proteins.

12. A genetically modified vaccine strain of Neisseria meningitidis subtype B

comprising strain: 8570 HOS-GI1.

13. A genetically modified vaccine strain of Neisseria meningitidis subtype B

strain: derived from 8570 comprising the genetic modifications of:

1) inactivation of a synX gene,

i1) inactivation of the /px/./ gene,

iil) inactivation of the IgtA gene,

iv) insertion of a second porA gene in place of opaD;

V) increased expression of factor H binding protein variant 1; and
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Vi) stabilized increased expression of PorA and Opc proteins.

14. A genetically modified vaccine strain of Neisseria meningitidis subtype B

comprising B16B6 HPS-G,A strain.

15. A genetically modified vaccine strain of Neisseria meningitidis subtype B

derived from B16B6 comprising the genetic modifications of:

1) inactivation of a synX gene,
i1) inactivation of the /px/./ gene,
iil) inactivation of the /g74 gene,

iv) insertion of a second porA4 gene (subtype P1.22-1,4) in place of opaD;

V) increased expression of factor H binding protein variant 2; and
Vi) stabilized increased expression of PorA and Opc proteins.
16. A vaccine composition comprising NOMV from one or more genetically

modified strain of any one of claims 11-15.

17. The vaccine composition of claim 16, wherein the vaccine composition
comprises NOMVs from two or more genetically modified strains, preferably NOMVs from

three or more genetically modified strains.

18. The vaccine composition of any one of claims 1-6, 8, and 16-17, wherein the
NOMYV are prepared from packed cells or spent culture medium without exposure to a detergent

or denaturing solvent.

19. The vaccine composition of any one of claims 1-6, 8, and 16-17, where the

NOMYV are combined with one or more adjuvants.

20. The vaccine composition of any one of claims 1-6, 8, and 16-17, wherein the

genetically altered strain is altered to express iron uptake proteins.
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21. A method of eliciting an immune response to meningococcal disease in an
animal or human comprising administering the composition of any one of claims 1-6, 8, and 16-
17-to the animal or human for immunization against any one or more of meningococcal disease

or group B meningococcal disease.

22. A method of preparing a genetically modified strain of N. meningitidis for

use in a vaccine against meningococcal disease comprising the steps of:

a) selecting a strain of meningococcal type B able to be genetically modified,

b) genetically modifying the strain by inactivating the synX gene,

c) genetically modifying the strain by inactivating the /pxL/ gene,

d) genetically modifying the strain by inactivating the /g74 gene, and

e) genetically modifying the strain by increasing expression of one or more

minor conserved outer membrane proteins; and
f) genetically modifying the strain by inserting at least one second antigenically

different porA gene into the open reading frame of the opa gene.

23. The method of claim 22, further comprising the steps of:

genetically modifying the strain to stably express or over express at least one outer
membrane protein by replacing the poly-C sequence within the promoter or open reading
frame of the at least one outer membrane protein with a sequence containing G and C

nucleotides.

24, A method of preparing a vaccine against meningococcal disease comprising
the steps of:
a) culturing a genetically modified strain of N. meningitidis comprising one or

more modification selected from the group consisting of

1. inactivation of the synX gene,

ii. inactivation of the /px/./ gene,

iii. inactivation of the /g74 gene,

iv. insertion of at least one second antigenically different porA gene in

place of the opa gene,
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V. increased or stable expression of at least one minor conserved outer
membrane protein, and
vi. stabilized expression of at least one outer membrane protein;
b) expanding the culture by fermentation using the cultured strain of a) to
inoculate medium in a fermentor;
c) inactivating the fermented culture;
d) harvesting N. meningitidis cultured cells by continuous flow centrifugation

and collecting cell paste;

e) isolating NOMVs from the cell paste; and
f) resuspending NOMVs in buffer or carrier suitable for vaccine administration.
25. The vaccine of claim 2 or 9, where each most prevalent of PorA subtypes

among group B case isolates is selected from the group consisting of P1.7-1,1, P1.22,14, and

P1.22-14.

26. A vaccine according to claim 1, substantially as hereinbefore described with

reference to any one of the Examples of the specification.

The U.S.A., as represented by The Secretary of the Army, on behalf of Walter Reed Army
Institute of Research

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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FIGURE 1

Master Cell Bank Preparation

Research cell bank
8570 HOPS-G

Streak on GC/DS and TSA agar
plates to verify culture purity

y

Set up and grow overnight on GC/DS agar
plates. Use growth of one plate to inoculate
100 ml of Catlins Modified liquid medium in
a 500 ml Erlenmeyer [ask

A 4

Grow for 1-2 hr and transfer culture to 1.0 L
Catlins Modified medium in a 2.8 L Fernbach
flask. Incubate culture at 37°C with rotary
shaking at 160 rpm until culture reaches OD
600nm of 0.7 to 1.0

Gram stain sample of culture to test for
purity

Y

v

Harvest cells by centrifugation, discard
supernatant and suspend cells in 100 ml of
cryopreservative medium.

Test sample for:
1. Contamination on GC/DS and
LB plates
2. Viable cell count by plating
serial dilutions

A 4

Dispense cell suspension in labeled vials @1
ml/vial and freeze in liquid Nitrogen bath. 90
vials filled. Storc at -80£10°C
This is the master cell bank for
Strain 8570 HOPS-G

Test final frozen product after 1 week
for:

1. Viable cell count

2. Correct species by sugar
fermentation, oxidase test, gram
stain

3. Correct phenotype and antigen
expression by colony blotting with
panel of monoclonal antibodies.

v
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FIGURE 2

Production Cell Bank Preparation

Master Cell Bank

Streak on GC/DS and TSA agar
plates to verify culture purity

A

Set up and grow overnight on GC/DS agar
plates. Use growth of onc plate to inoculate
100 ml of Catlins Modified liquid medium in
a 500 ml Erlenmeyer flask

'

Grow for 1-2 hr and transfer culture to 1.0 L
Catlins Modified medium in a 2.8 I I'ernbach
flask. Incubate culture at 37°C with rotary
shaking at 160 rpm until culture reaches OD

600nm of 0.7 to 1.0
o | Gram stain sample of culture to test
v for purity
Harvest cells by centrifugation, discard
supernatant and suspend cells in 100 ml of
cryopreservative medium.
Test sample [or:
1. Contamination on GC/DS
n and TSA plates
v 2. Viable cell count by plating
serial dilutions
Dispense cell suspension in labeled vials @1
ml/vial and freeze in liquid Nitrogen bath. 90

vials filled. Store at -80+10°C
This is the production cell bank for

Strain 8570 HOPS-G Test final frozen product for:

1. Correct species by sugar
fermentation, oxidase test,
gram stain

2. Correct phenotype and
antigen cxpression by colony
blotting with panel of
monoclonal antibodies.

v
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FIGURE 3

PCT/US2009/045818

Fermentation

Production Cell Bank

A

Inoculate 6 GC/DS agar plates with each of two
vials of production CB and grow 10-14 h at 37°C
in 5% CO, atmosphere

v

Use the growth [rom [our agar plates to
inoculate 1 1. of Modified Catlins medium in
cach of three 2.8 L I'ernbach flasks. Grow for 4
to 6 h to a final OD 600nm of about 3.0 + 0.5.

Plate out samples of cultures onto TSA
agar plates Lo check [or conlamination
at the time of inoculation of the agar
plates.

v

Use the contents of the three flasks (3 L) to
inoculate 27 L of Modificd Catlins medium in
40 L fermenter. Continue fermentation at 37 £
1°C, 200 £ 10 rpm, 30 £ 10 L air/min, pH 7.5 +
0.1 until the culture OD 600nm reaches 2.0 +
0.5.

v

Measure the OD 600nm of cultures
after inoculation and at the time of
noculation of the 40 L fermenter.

Plate out samples of cultures onto TSA
agar plates o check lor contamination
at time of 40 1. fermenter inoculation

h 4

Monitor OD of culture cvery 30 to 60
min

\J

Use contents of 40 L fermenter to moculate 270 L
of Madified Catlins medium in a 400 L fermenter.
Continue fermentation (37 + 1° C, 200 - 400 rmp,
300 £ 10 L air/min, pH 7.4 — 7.8 until 1 hour into
stationary phase (5 + 0.5 h). Monitor OD at hourly
intervals

v

Inactivate culture with phenol to 0.5% for 2 h.

Plate out a sample of 400 L fermenter
medium before inoculation to verify
sterility of medium .

Plate out on TSA plates for purity and
plate serial dilutions on GC/DS agar to
determine viable CFUs;

Gram stain sample of culture to
crosscheck purity

Harvest cells by continuous flow centrifugation
using a Sharples Centrifuge. Weigh and freeze
ccll paste in 500 g portions at —80 + 10°C.
Yield was 2639 g of cell paste.

This is the 8570 HOPS-G Cell Paste, lot #
1267.

Verify Inactivation: Plate out 100 ul
samples on 2 plates each of GC/DS and
TSA agar. Incubate GS/DS plates for
18-24 h at 37°C and TSA plates for
minimum of 48 h at 30-35°C.
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FIGURE 4

PCT/US2009/045818

Purification of Native Outer Membrane Vesicles

8570 IIOPS-G Cell Paste, Lot # 1267, 500
gm

v

Thaw the cell paste at 2-8°C for 18-24 hr and
suspend the cells in 4 volumes of buller
containing (.01 M Tris-HCI, 0.15 M Na(ll,

0.001 MEDTA pH 7.5.

\

First Extraction
Warm the cell suspension at 56 + 3°C for 30
min; cool; shear in a Waring blender for 3
min at high speed; centrifuge at 23,600 x g
for 20 min, 4 + 2°C; retain supernatant as
extract 1; re-extract pellets.

A4

Second Extraction
Suspend pellets in 0.01 M Tris-HCL pH 7.5,
37 £ 3°C; shear in a Waring blender for 3 min
at high speed; centrifuge at 23,600 x g for 20
min, 4 + 2°C; retain supernatant as extract 2;
re-extract pellets.

'

Centrifuge combined extraetsat23:600gtor

20 min, 4 + 2°C; discard pellets and retain
supcrnatant containing cxtracted membranc
vesicles. Store overnight at 2-8°C. Prior to
further processing, centrifuge at 4200xg max
for 15 min at 2-8°C and discard the small
white pellets

}

Add 100X MgCl, to 15 mM final
concentration. Add Benzonase (nuclease) to
100 units per ml and stir at 20 £5° C for 60-80
min.

A 4

Visual inspection of combined supernatant by
PI to determine, based on turbidity, that the
yield from the 2 extractions is adequate.
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FIGURE 5

Preparation of Native Outer Membrane Vesicles (Continued)
( Room 3, Bldg. 501)

'

Remove degraded nucleic acids and soluble
proteins, etc by ultrafiltration/diafiltration (UFP- Monitor filtrate for OD at 260 nm
750-E-6A cartridge, 750 K MWCO) with 0.01 M And continue diafiltration until OD
Tris-HCL, pH 7.5, buffer and concentrate sample to falls below 0.05.

about 1 liter, recover retentate.

v

Perform UV scan to evaluate removal
of nucleic acid and to estimate protein
v concentration

Ultracentrifuge vesicles at 225,000 x ¢ for 60 min at
2 — 8°C to remove all soluble, non-vesicle material.

Retain and resuspend pellets.

v

A

Pass suspended vesicles through microfluidizer o
reduce vesicle size and insure passage through
sterile 0.2 pm filter, 2 cycles at 4-10°C, 19,000 psi.

‘ Perform UV scan to estimate protein
l concentration prior to sterile filtration

Sterile filter vaceine using 0.2 um pore size
membrane filter (Millipak 60 filtration unit).

v

Samples taken for QC tests of bulk
vaccine.

\J

Store sterile filtered vaceine at =80 + 10°C
This is the bulk vaccine Lot # 1277

l

Vialing - .
Bring to 5% Dextrose, adjust concentration to 200 IVH:IS ofdﬁnal lI')l(')dulCtt t"ikenf ff)r ?C
pg/ml protein and dispense into 10 ml vials. Store ests and prechimcal tests ol lina
at-80 £ 10°C. product vaccine.

This is final product vaccine, lot # 1289.
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FIGURE 7
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IDENTITY TEST WITH MONOCLONAL ANTIBODIES
Meningococcal 8570 HOPS-G NOMY Vaccine, BPR-779-00, Lot No. 1289

Lane Antibody Specificity Monoclonal Expected Test Result
Antibody Reaction
1 Pre-stained Standard NA
2 L8 LOS 2-1L8 Trace Trace
3 L8v LOS 25-1-LC1 Positive Positive
4 L3,7 LOS 9-2-1.379 Trace Trace
5 Lip (H8) 2-1-CA2 Positive Positive
6 Opa P5.10 23-1-P5.10 Negative Negative
7 Opa P5.11 MF7-1-P3.11 | Negative Negative
8 Opc (P5.C) B306-P5C Positive Positive
9 FHBP 1 (GNA1870) JAR 4 Positive Positive
10 Rmp 9FS Positive Positive
11 PorB P4 15-1-P4 Positive Positive
12 PorA P1.14 MN21G3.17 Positive Positive
13 PorA P1.15 MN3C5C Positive Positive
14 PorA P1.19 2-1-P1.19 Positive Positive
15 TBP2 476C2G2 Positive Positive
16 Group B Polysaccharide | 2-2-B Negative Negative
17 Amido Black Stain NA
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FIGURE 9

Mean pg/ml TNF-a

Mean TNF-a Release from Whole Human Blood Following

Incubation with Different Concentrations of NOMV Vaccines (N =5)

—e—E. Coli LPS Standard s Lot 0832 NOMV (WT LOS)
&~ Lot 1289 NOMV (LpxL1LOS)  —&- Lot 1119 NOMV (LpxL2 LOS)
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FIGURE 10

PCT/US2009/045818

IL-6 Release from Whole Human Blood Following Incubation with Different

Concentrations of NOMYV Vaccines

Mean pg/ml IL-6
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FIGURE 11

TNF-a Release by Whole Human Blood Following Incubation with Different
Concentrations of Vaccine Lot 1289 or DOC-extracted OMYV from strain 44/76.

N~ 44/76 DOC OMV ~av Lot 1289 NOMV (LpxL1 LOS)
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FIGURE 12

Mean Log2 Bactericidal Titer

Dose response of mice to 8570 HOPS-G Vaccine Lot# 1289 with and without adsorption to
Rehydragel LV. Sera from the final bleed after three doses were tested for bactericidal activity
against four different test strains.

B8570P1.19,15:L3,7v 8570P1.22,14:L3,7v 0O8570P1.22-14:L37v DO44/76 P1.7,16:1L37

%7
Z

Vaccine Group

Yaccine Groups:

1) 0.1 pg 5) 0.1 pg + Rehydragel LV
2) 0.3 pg 6) 0.3 ug + Rehydragel LV
3) 1.0pg 7) 1.0 pg + Rehydragel LV
4) 3.0 g 8) 3.0 ug + Rehydragel LV

9) 1.0 ug + Rehydragel HPA
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FIGURE 13

PCT/US2009/045818

GM Bactericidal Titer of Sera from Mice Vaccinated
with 3 pg Dose of B2 (8570 HOPS-G) NOMV Vaccine vs

Different Test Strains
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=
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P1.19,15: L(3,7}-5  P1.22,14:L(3,7)-5  P1.22-1,4:L(3,7)-5 P1.7,16: L3,7
Test Strain
FIGURE 14
Depletion of Bactericidal Antibody vs 44/76 L3,7 by Serum from
Mice Vaccinated with B2 (8570 HOPS-G) NOMV Vaccine
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FIGURE 15

B 8570 P1.19,15: L(3,7)5
g 8570 P1.22-1,4: L(3,7)5

—

- R T~

MU (eprsusyser 7B wes

60 pg

0 g

Waa

Yacaine Goup

FIGURE 16

Serum
Vaccine: 8570 HOS-G1 APorA

Depletion of Bactericidal Activity from Pooled Mouse
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FIGURE 17
Depletion of Bactaricidal Antibodies to Strain 6557(P1.14) from
Mouse Serum by Different Antigens
vaccine = 8570 HOS-G1 (P1.22,14)
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FIGURE 18
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FIGURE 19
Additio Additio
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FIGURE 20

Strain B2 (1.8-8)
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1
108
DNA
Nei sseria neningitidis

m sc_feature
pronoter region of opcA gene of Neisseria neningiditis

m sc_feature
(93)..(104)
pol y- G sequence

1

catagttaaa acctctaaaa tttggattgt agtcggatat ggtaacataa cgtaaat aat

cgttacgctt acaattatat tcttaagctt tcgggggggg ggggattt

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

2

109

DNA

Artificial Sequence

pronoter region of opcA gene of Neisseria neningiditis

m sc_feature
(93)..(104)
repl acement sequence for poly-G sequence

m sc_feature
(95)..(102)
Not | restriction site

2

catagttaaa acctctaaaa tttggattgt agtcggatat ggtaacataa cgtaaat aat

cgttacgctt acaattatat tcttaagctt tcgcgcggec gegeatttt

Page 1

60
108

60
109



<210> 3

<211> 38

<212> DNA

<213> Artificial
<220>

<223> pronoter

<220>

<221> misc_feature
<222> (12)..(25)
<223> poly-G sequence

<400> 3

Sequence

9766925eq. t xt

gotttttttg cQ9gogggggyg gggggt at aa tt gaagac

<210> 4

<211> 2940
<212> DNA
<213> Arti

<220>
<223>

ficial

Sequence

Nei sseria neningiditis

<400> 4
ctgcagattg

gat aacccac
ccccat accg
gatggttttg
gaagatttta
at t gagcgeg
cat accgecce
gggcgt aaca
cacaccgt at
ggcggaggcea
aaat gccgtc
cgcaaaccaa
agaatttt at
at acgt cgcce
t gt agaacgg
ccaat ccaaa
cgotgtttaa
accagccgt t
ggctgetgtg

agccggcacc

ttttttacga
aacaagccac
gcgacgaagg
ccgeegt gt t
gaat cggggt
t cgccgagt a
agcgcggcaa
at caggccgg
t gcgecgaca
agcacggcgce
t gaaaagttt
aatagtttgc
gccgacgege
actcttggtt
cceegect cg
gccccagecg
tttatagcgg
acccagtt gg
aagcgt at gc

cacacggaaa

cggggaagt t
cgatgatgtt
gggcgaaggt
tttcgtaaaa
t ggcgaacag
t ggcggcaag
t cccgeegge
tttcgcaaaa
gcgcgagceag
gttcctaaaa
cagacggcat
ggt t t ggcat
aagccgt at t
gttacactaa
at gct ggcgg
ttggtttttt
gaat t gaggt
gaaagcaaat

ttggtggttt

ttt aaagaat

ggcaaagaaa
gt agcggat a
gcggacgat g
acggt gogt t
cct geegeeg
gct t aat aat
ggcaaacagc
aacaat caaa
ot gttgot cg
aaacaaaccg
cggctattca
t t aaagt gac
cacgaat act
act cgcegga
attcgcccag
gattgatgtc
caaatttcac
ccgegt gaac
taatgctgtc

cactt aacgt

Page 2

t agcccgegt
aat t t ggcat
ggcat aaaac
tt at cgagat
aaatatttgc
gcaaccat ca
agcgaat cgc
aacagaat cg
at at ggagga
cgtattttaa
aattcatttc
aat gat gat t
ggttttcggg
ttctttgtaa
ttttttacca
ttttttgaga
ttcagaccaa
tttggct aac
ttttgaagat

tt gggt gt ag

region of PorA of Neisseria meningiditis

aagaaaacag
agtgcatttt
gggcaat gat
attcacgtcg
cgacggt aaa
aat gaat at c
cgggcagt aa
cat aaat cca
t gaagt cgat
ccgat t ggaa
acgt aaaaac
t caaat catc
at ggt gagcg
gtgcgttgtt
atatttgcac
tt ggt aacgc
ggot t gat at
cacgact gac

t caaaaccca

gt gt agcct g

38

plasmid pQoc-79 for insertion of sequence into pronoter of opc of

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200



t gt aaagat ¢
ccagcttgtt
cttccaagcg
tggcagcettt
t gt ggacggt
gggcaat cat
ttgtagtcgg
gctttcgege
t acaacgaat
tttgtgtgta
t ct agaaccc
ccgecgecagge
cgt gccgaca
tcggttttct
t gaaaccacc
atttccgata
gact t t aggt
gaaacccaaa
taccccctta
cagcgggcgce
ggctttgege
ggt gcagcgt
gcgttgectc
ttaaatttaa
ccgt cagegg
ccagatgttg
t gggcagt cc
tgtgcagttt
t gt agaggcc
<210> 5
<211> 3341
<212> DNA
<213> Arti

<220>
<223>

gat acggt tt
ctcatctgtt
gat gccttgg
gtgtttttct
aaactcatta
ggcacat gt a
at at ggt aac
ggccgegceat
tgttattcte
tttatcggaa
aacgcgacaa

gggaat ct ag

aacct agat t
gttttaaggg
ct gccgt cat
gattcctgece
ttetgttttt
cacaggtttt
atcctccecg
acttaacctg
actcacttta
accgaagct ¢
gcct t geegt
t ccact at aa
acggt t gcgg
ccggttttce
ttccaacaaa
ct cgat at ag

gtttttcttg

ficial

Plasnmid pM\5 for
(also called htrB)

t caggaacgc
tccaaattaa
tt ggcat caa
t t caggaaag
gcggttt gaa
aaaact gttt
at aacgt aaa
tttacatata
acttggtttt
aaacagaaac
aaatttatcc
aacgt aaaat
cccgect geg
aat gacgaga
t cccgecgaaa
gcgt t ggggg
gttt gagacc
cggetgtttt
gat acccgat
ttggcegett
at cagt ccga
tgttcgacca
actatttgta
cgggtcttcg
caggctttge
gcact gt cat
ggcggcaggt
ccttccgeat

at ccaacggg

Sequence

976692Seq. t xt

cggt gggcag
taatattttt
aaggaat atc
cacgagttga
gctecttgtge
ttttcatagt
taatcgttac
tt aat aaaaa
ctgtttttta
ccgecgeegt
gaagcgacaa
ct aaagaaac
cgggaat gac
ctt gagat gg
gcgggaat ct
tctggattcce
tttgcaaaat
cgccccaaat
aat caggcat
t caacaggt t
aat aggct gc
cat at agt gg
ct gt ct gcgg
at aaat at cg
gcat aat gcc
agectttgtce
gtttgcactc
cggt acgggt

catcgctgtc

Page 3

ttttacattt
tttgctgege
agcacgcacg
agaaat ggaa
agcggceggcea
t aaaacct ct
gcttacaatt
tt aacaaat a
t gggaat gac
cattccecgeg
caatcttttc
cgttttacce
ggogattttag
cggcatttat
aggttcgtcc
cgccet gegeg
tcctttccect
accgcct aat
ccgggcet gee
caaacacat c
ccgegeat ag
attaaattta
cttcgtcgee
gttacgtttg
gt ccaacaac
ggcat agacg
at gggcattg
atgttgtttg
cttact cggt

i nsertion sequence used for knockout of
gene of Neisseria neningiditis

ttagtcttac
ccgaaaccgg
ctgatgtgtt
gagaggt cgg
gt accggt ca
aaaatttgga
atattcttaa
gttatttgtt
gaaattttag
caggcgggaa
atcgtcattc
gataagtttc
gtttctgatt
cgggagcaac
ggtttcggtt
ggaat gacgg

cccgacagcec
tttacccaaa
ttttaggcgg
gcet t caggt
cggaatttac
aaccagt acg
tt gt cct gat
gtttgcgttt
tgatgttctt
gtcgtacct t
gcgggagt aa

t aaccgagt t

gtggtttggce

| pxL1

1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
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2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940



<400> 5
ct gcagaaac

caagcgcgge
caaaaaccga
ttttgcggaa
t gt gat agcg
aat acat act
t gaagt gcgg
att ggagat t
gagt t aat aa
aat aat t aga
ttatcatgtg
gcat aaaaat
t t gaat ggag
aggaaaaact
aagcgt ggac
tacaat t cag
cacgccagga
ggcaattcta
tgcact t agg
aattgattta
caaacagaag
at gggat acg
att agaagca
ccetgtttat
t acgaat aaa
caaaat t gaa
actacattta
gtatacttca
tattttgcaa
acagagaaaa
acct gaacag
t ct acgat at
acaaat ggaa

agagcct aca

cgtattgtct
aat gcggctc
atcgt t gcgt
ctgtttgacg
gt t gcggecet
gat cagcggg
at acaggat g
cctttacaaa
at at gcggca
tgtccttttt
att ct aaagt
cccagt gat a
gaaaat caca
acctt aacag
aaaggt acaa
acaggaat aa
cat at ggatt
ctgatttctg
aaaat gggga
t caacggt tt
gt agaact gt
gt aat agagg
tt ggaact cg
cacggaagt g
ttttattcat
t at acaaaaa
cgagat t cgg
at aaat ggt g
aatgagtttt
agaat t gaaa
agagaaat gt
t acgt ggatt
gtgattagtg
gtcatttata

gcct cgegga
aat ccggt aa
ccgaaat cct
agggcgegea
tt caaaat ct
at at cct gat
at gacacgcg
tatgctctta
aggt attctt
t aggagggct
at ccagagaa
aaagtattta
t gaaaatt at
aaagcttatt
cgaggacgga
cctettttca
tcttagcaga
caaaagat gg
tt cccacaat
at caggat at
at cct aat at
gaaat gat ga
aacaagagga
caaaaaacaa
caacacat cg
aaagacaacg
ttagagtatc
aatt at gt aa
t gaagt t aaa
at ccgcat cc
tgcttgat gc
ct acgacaca
cactgttgca

t ggagagacc

9766925eq. t xt

cgggaat ggc
tcgttgcegt
gat cgggcag
gcccet t cggt
gttcgtccaa
t aagcgegt a
tttgtaatca
cgtgctatta
aaat aaact g
tagttttttg
tatctgtatg
t cact gggat
t aat at t gga
at at aacagt
t aat acget t
gt gggaaaat
agt at at cgt
cgt acaagca
cttttttatc
t aaagagaaa
gt gt gt gacg
ccttttagag
aagcat aaga
t at agggat t
aggt ccgt ct
tcttgcat at
agaaaaagaa
gat t gat aga
tagtgttctt
tctact acaa
ccttttggaa
tgaaattata
agaaaagt at

gt t aaaaaat
Page 4

ggot at cact
ct gaat accg
at acagaaac
gcgeccgat a
tatcttgttt
caccgccat ¢
tgtactcttt
tttaagtgac
tcaattt gat
tacccagttt
ctttgtatac
ttttatgeee
gttttagectc
ggagcgatta
tt agaacgtc
acgaaggt ga
tcattatcag
caaact cgt a
aat aagattg
ctttctgeeg
aactttaccg
aaat at at gt
tttcataatt
gat aacctta
gaactttgcg
atacgecttt
aaaat aaaag
gcttattctg
ggagat acaa
ataactgttg
at ct cagat a
ctttctttct
cat gt ggaga

gcagaat at a

tttgcatttg
aaaaaat cca
ggcgegcet ge
aggaagacgt
ttttgat ggg
t cgaacgcgg
tt gat aaaaa
tatttaaaag
agcgggaaca
aagaat acct
ctat ggt t at
ttttgggttt
at gt t gat gc
cagaat t agg
agagaggaat
acat cat aga
ttttagatgg
tattgtttca
accaaaat gg
aaat t gt aat
aat ct gaaca
ccggt aaat ¢
gttccctgtt
t agaagt gat
gaaatgtttt
at agt ggagt
t t acagaaat
gagaaat t gt
aactattgcc
aaccgagt aa
gt gat ccgct
t agggaaagt
t agaact aaa

ccattcacat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040



cgaagt gccg
gggaagt gga
aaat gcagt t
gacggaat gt
agattttcgg
attgttagag
at acaacgat
gotcattctt
tttctttaca
cggt gaacct
gttcaat aaa
aagat gaaat
t aaact acaa
aagat act ga
gaaat aaagc
t aaaat gaga
t aacgcgt ca
attttetttt
t gacct gcat
t cagcgcgac
t ct gcaccac
gtttgacctg
<210> 6
<211> 7687
<212> DNA
<213> Arti
<220>
<223> _
meni

<400> 6
tcgegegttt

cagctt gt ct
ttggcggot g
accat aaatt
tttaaatggt

aaacagcggt

ccaaat cctt
atgcagtatg
at ggaaggga
aaaatctgtt
atgcttgetc
ccatatctta
gct cct aaat
agt ggagaaa
aat ggacgt a
gtttgccage
at aact t agt
attttttaat
gtggatattg
att aaaaat t
agt t caaagt
tt aat acaat
gaaact gcaa
cagacggcaa
ccccgaagga
ggcaagaccg
cat at gct gc

ctttcagacg

ficial

ngiditis

cggt gat gac
gt aagcggat
t cggggct gg
cgagct cgac
ggcggceggca
atct gt cgga

tctgggettc
agagct cggt
t acgct at gg
tt aagt at gg
ctattgtatt
gttttaaaat
att gt gcgaa
tccctgetcg
gtgtttgttt
ccegtcgt cc
gtattttatg
aaagatttga
t gt cct gt at
ccccect ct at
aact gt gat t
ctcattttta
aacat acagt
aat acaaat g
ttgagtttgg
t ccgecgceat
acctgttctt

gtccat ccat

Sequence

ggt gaaaacc
gccgggagea
cttaactatg
cgt ct gaaac
t cacgcggeg
ttgttgcagg

9766925eq. t xt

cattggttta
ttctcttgga
tt gcgaacaa
cttat act at
ggaacaagt ¢
ttatgcgeca
cat cgt agac
gtgtattcaa
aacagagtta
aaat agt cgg
ttgttatata
at t aaagt gt
gt ggaaat aa
t gt ccgaaat
acagagccag
tcggetcttt
acaaaaaat a
ccgt ct gaaa
cggcaagccce
ccgget gggg
ttgccgectt

cacact gcag

t ct gacacat
gacaagcccg
cggcat caga
ggcggcaaag
gat gggt gaa
t gcaggcat a

Page 5

tctgtatcac
tacttaaatc
ggattatatg
agccctgtta
t t aaaaaaag
caggaat at ¢
act caattga
gaat at cgt a
aaagggt acc
at agat aaag
aat atggt tt
aaaggaggag
aacacgatta
gcagacaaga
acgcaaagac
ccgttatgta
taaatttcat
ct at t gaaac
gt ggt t gcgt
cgttcccgaa

gcecct t geeg
g

plasmid pBE-101 for expression of fHBP variant

gcagct cceg
t cagggcegeg
gcagattgta
ccgtt aacce

acttgcaaac

cggttttgtg

cgctteegtt
aatcatttca
gt t ggaat gt
gt accccagce
ct ggaacaga
tttcacgagc
aaaat aat ga
gtgatttaac
atgttactac
t acgat at at
cttgttaaat
atagttatta
aagat aaggg
aaatttaatt
gcagagccga
tggattcttt
ct cgat acac
ct gccgegcet
aaggcgt ggg
agt cccaaca

act accgcct

1 of Neisseria

gagacggt ca
t cagcgggt g
ct gagagt gc
gcgegt tgee
ggt tt ggaaa
tgegtctgtg

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3341

60
120
180
240
300
360



cct t aagegt
cggct gegt t
gcggccgceceg
aagccgcaga
aatcgttctc
aaaaacact g

cagggt cggt

cact cggt ac
gggcgt t cat
cttcactcgg
t gcget cgat
aat cgccgaa
ccgatgtttc
t gt cgagggce
t cggt t ccat
cget get gee
agttgacata
act ggt ccag
cttgttatga
acgcegt ggg
gttacgcagce
cgcacatgta
got cgt gagt
gggaact t gc
gttggcgetc
atctatgatc
aatctcctca
t acggt gacg
cactttgata
ccggecgegy
gcgaagt aaa
aggcgt at tt
t agcgeecgg
gt cgcagagt

cggacatttc
ttccat cgat
atttgtttge
cagt acaaat
tttgagetaa
cagcaaat cg
ttccagcagg
gceegt gege
cat gaattcg
ttggectttge
gcggt cggga
ctgccagt ag
gt agt ggaca
ggct t cgt ct
cgt caggt ga
caaggt t gcc
agcctgttcg
aaccttgacc
ctogttttttt
tcgatgtttg
agggcagt cg
ggct cggeece
t cggagacgt
t ccgt agt aa
tcgcggetta
tcgcagtctc
agcat gaggc
at cccgcagt
t cgacccaag
aat gccgat t
caaggcttcg
caattgccga
aagagagt ca

at gccggt gt

cggcggegge
aagcat attt
gcttatatag
agt acggaac
ggcgaggcaa
tttaaaaaca
cetttttgee
t cct gcaaca
aacggcaaat
att aaggcga
t aggaaat tt
ttcaaatt gt
aaacccgege
t gcggcaaac
t acgcgcet ga
gggt gacgca
gt t cgt aaac
gaacgcagcg
gt acagtcta
atgttatgga
ccct aaaaca
t gaccaagt ¢
agccacct ac
gacattcatc
cgttctgece
cggcgagceac
caacgcgct t
ggct ct ct at
t accgccacc
tcttcttcca

gcecgettcgg

caccat cgaa

at t cagggt g

ctcttatcag

976692Seq. t xt

t gt gccgt ct
t ccggacgeg
t ggatt aaca
cgattcactt
cgecgt actg
agegtccttt
ttgcegtttc
t cgcggcggg
cttcggcage
ggt agt cgt t
t gcegt gege
ggcggceactg
cttccagege
ctttcggegg
t gt gggt t gc
caccgt ggaa
t gt aat gcaa
ot ggt aacgg
t gcct cggge
gcagcaacga
aagttaggtg
aaat ccat gc
t cccaacatc
gegettgetg
aggt t t gage
€ggaggcagg
ggtgcttatg
acaaagtt gg
t aacaattcg
gcaat tt gat
aaacgt t cag
t ggt gcaaaa
gt gaat gt ga

accgtttccc

Page 6

gaaacgcccg

ttcggggcgg

aaaat cagga

got gct t cag
gtttttgtta

ttcogt cggg
gatttgcgece
t acgccgt cg
gacggttttg
9999t ggcgg
gcccgegecet
cat ggct ggt
gcegt gt ace
cgt at gaccg
gceegt aggg
acggat gaag
gt agcgt atg
cgcagt ggcg
at ccaagcag
t gt t acgcag
gct caagt at
gggct get ct
agccggact ¢
ccttcgacca
agccgcegt ag
gcat t gccac
t gat ct acgt
gcat acggga
tt caagccga
ttgtttggag
gttgtgctgg
cctttcgegg

aaccagt aac

gcgt ggt gaa

gcgggggat g
gttttcccgg

caaggcgacg
cacct t agag
atccact at a
cggaat acgg
atgattttgg
gt caggcgea
cgtt cgacgg
cggcggacgg
at gcct aaat
ttcgcaaaag
gegtcttcga
aacggcgt gt
atcccgact t
gcacgaaccc
cgct cacgea
gttttcatgg
caagcgegt t
cagcaacgat
gggcat cat t
tgatcttttc
cgattacctc
agaagcggt t
t gagat ct at
cgegetcat ¢
gcaagcagat
agaagt gatg
gat cggettc
at gccgggt t
taaacttcta
t at ggcat ga
gttat acgat

ccaggccagce

420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400



cacgtttctg
cccaaccgeg
t ccagt ct gg
caact gggt g
gcggceggt ge
gat gaccagg
gatgtctctg
ct gggegt gg
ttaagttctg
caaat t cagc
accat gcaaa
at ggcget gg
tcgot agt gg
at caaacagg
cagggccagg
accct ggege
ct ggcacgac
ttaget cact
accaat get t
at cact gcat
cgacatcat a
tcgtataatg
ttaggtgttt
ctgctgectt
t gt cgcegece
agacaaaggt
gctggcggca
at t gaagaac
gctcattacc
cgectttcag
ccagttcaga
€ggcagggcy
ctacaccat a

agaact caat

cgaaaacgcg
t ggcacaaca
ccet gecacge
ccagegt ggt
acaatcttct
atgccattgce
accagacacc
agcat ct ggt
t ct cggegeg
cgat agcgga
t gct gaat ga
gcgcaat gcg
gat acgacga
attttcgect
cggt gaaggg
ccaat acgca
aggtttcccg
cat t aggcac
ct ggegt cag
aattcgtgtc
acggtt ct gg
tgt ggaattg
t cacgagcac
tct ct gacca
gacat cggt g
ttgcagtctt
caaggt gcgg
gacaaggt ca
tt ggagagtg
accgagcaaa
at cggcgaca
acat at cgcg

gatttcgceg
gt cgacct gg

ggaaaaagtg
act ggcgggce
gcegt cgcaa
ggt gt cgat g
cgcgcaacgce
t gt ggaagcet
cat caacagt
cgcat t gggt
tctgegtcetg
acgggaaggc
gggcat cgt t

cgccattacc
t accgaagac
gct ggggcaa
caatcagctg
aaccgcct ct
act ggaaagc
aattctcatg
gcagccat cg
gct caaggeg
caaat at tct
t gagcggat a
ttcaccaaca
ct gcceygat
cggggettge
t gacgct gga
aaaaaactta
gcegtttcga
gagagttcca
t acaagattc
tagcgggcga
ggacggegt t
ccaagcaggg

ccgecegecga

976692Seq. t xt

gaagcggcga
aaacagt cgt
att gt cgcgg
gt agaacgaa
gt cagt gggc
gcct gcact a
attattttct
caccagcaaa
gctgget gge
gact ggagtg
cccact gcga
gagt ccgggce
agctcatgtt
accagcgt gg
ttgceegt ct
cccegegegt
gggcagt gag
tttgacaget
gaagct gt gg
cact ccegt t
gaaat gagct
acaatttcac
aggaccat ag
t ct gaccgece
cgat gcact a
t cagt ccgtc
t ggaaacggt
ctttatccge
agt at acaaa
ggagcattcc
acat acat ct
cggt t cagac
aaacggcaaa

t at caagccg
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t ggcggagcet
tgctgattgg
cgattaaatc
gcggegt cga
tgatcattaa
atgttccgge
cccat gaaga
tcgcget gt t
at aaat at ct
ccat gtccgg
tgetggttge
t gcgegttgg
at at cccgcece
accgcet t get
cact ggt gaa
t ggccgattc
cgcaacgcaa
t at cat cgac
tatggctgtg
ctggat aatg
gttgacaatt
acaggaaaca
cat at gaatc
t gcagcageg
accgcaccge
aggaaaaacg
gacagcct ca
caaat cgaag
caaagccatt
gggaagat gg
tttgacaagc
gat gccggeg
at cgaacat t

gat ggaaaac

gaattacatt
cgttgccacce
t cgcgecgat
agcct gt aaa
ctatccgetg
gttatttctt
cggt acgega
agcgggecca
cact cgcaat
ttttcaacaa
caacgat cag
t gcggat at ¢
gttaaccacc
gcaact ct ct
aagaaaaacc
att aat gcag
tt aat gt aag
t gcacggt gc
caggt cgt aa
ttttttgege
aat cat cggce
gccagt cegt
gaact gcct t
0aggggot g9
t cgaccat aa
agaaact gaa
at acgggcaa
t ggacgggca
ccgect t aac
tt gcgaaacg
tt cccgaagg
gaaaact gac
t gaaat cgcc

gccat gecegt

2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440



cat cagcggt
t ggcggaaaa
ccat at cggc
cttattctge
tacagattaa
gcgeggt ggt
ot agt gt ggg
gct cagt cga
agt aggacaa
t acacaagcc
ttt gaggaat
ggcgegt aca
ctcgat cceg
gtgttccaaa
aaact caacg
gaatttatcg
ggcgt gcagg
t cat ggt cat
cgagccggaa
attgegttge
t gaat cggece
ct cact gact
gcggt aat ac
ggccagcaaa
cgececectg
ggact at aaa
accct geege
cat agct cac
gt gcacgaac
t ccaacccgg
agagcgaggt
act agaagga
gtt ggt aget

aagcagcaga

tcegtecttt
gcccaggaag
cttgecgeea
aaaccgccag
at cagaacgc
cccacct gac
gtctccecat
aagact gggc
at ccgecgcece
ggcggttttg
ccgaaat gtc
gccaagecgt
ccacgat gac
acct gcaagc
cct acct gac
ccgagecct t
t cgaagccga
agetgtttcce
gcat aaagtg
gct cact gec
aacgcgcggg
cget geget e
ggtt atccac
aggccaggaa
acgagcat ca
gat accaggc
ttaccggat a
gct gt aggt a
cccecegttca
t aagacacga
at gt aggcgg
cagtatttgg
cttgatccgg
ttacgcgecag

acaaccaagc
ttgccggeag
agcaat aacg
cttggctgtt
agaagcggt ¢
cccat gccga
gcgagagt ag
ctttcgtttt
cgggcgagcec
t acgat aat ¢
caaaaccat c
ccgagcaggce
cgt cgt cgge
cgt cgccgaa
cgact t gggc
cceegeecge
agecgt cctc
t gt gt gaaat
t aaagcct gg
cgctttecag
gagaggcggt
ggt cgt t cgg
agaat caggg
ccgt aaaaag
caaaaat cga
gtttccccct
cct gt cegee
tctcagttcg
gccecgaccge
cttatcgeca
t gct acagag
t at ct gcget
caaacaaacc

aaaaaaagga

9766925eq. t xt

cgagaaaggc
cgcggaagt g
ccggt gt gcg
ttggcgoat g
t gat aaaaca
act cagaagt
ggaact gcca
atctgttgtt
ttcggeggtt
ccgaatgctg
at ccacaccg
gacaccgttt
aacggcgat t
gcggcaggcy
aattttgecg
gccgecegt cg
gt gaccgt ct
tgttatccge
ggt gcct aat
t cgggaaacc
ttgegtattg
ct gcggegag
gat aacgcag
gcegegt t ge
cgct caagt ¢
ggaagct ccc
tttctcectt
ot gt aggt cg
t gcgecet t at
ct ggcagcag
ttcttgaagt
ct gct gaagce
accget ggt a

t ct caagaag
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agttactccc
aaaaccgt aa
cgt caaattc
agagaagat t
gaatttgccet
gaaacgccgt
ggcat caaat
t gt cggt gaa
ttgttttctg
cggcttctge
acaaagcccce
acat gagcgg
t ccgegecga
gcacgct gge
tcttcaacga
gegttgecte
gaaacggaag
t cacaattcc
gagt gagct a
t gt cgt gcca
ggcgetctte
cggt at cagc
gaaagaacat
tggegttttt
agaggt ggcg
t cgt gcgetc
cgggaagcegt
ttcgetccaa
ccggt aact a
ccact ggt aa
ggt ggcct aa
cagttacctt
gcgotggt tt
atcctttgat

tcggtatctt
acggcat acg
t gat at gcgce
ttcagect ga
ggcggcagt a
agcgccgat g
aaaacgaaag
cgctctectg
ccaccgcaac
cgcectattt
cgccgecat ¢
t caaat cccc
agcgcgcecaa
cgacat cgt ¢
agt cat ggcg
gct gcccaaa
cttggegt aa
acacaacat a
act cacatta
gctgcattaa
cgcttectceg
t cact caaag
gt gagcaaaa
ccat aggct ¢
aaacccgaca
tcctgttecg
ggcget ttet
gct gggcet gt
tcgtcttgag
caggat t agc
ct acggct ac
cggaaaaaga
ttttgtttge
cttttctacg

4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480



gggt ct gacg
aaaaggat ct
at at at gagt
gcgatctgtc
at acgggagg
ccgget ccag
cctgcaactt
agtt cgccag
cgct cgt cgt
t gat ccccca
agt aagt t gg
gt cat gccat
gaat agt gt a
ccacat agca
t caaggat ct
tcttcagcat
gccgcaaaaa
caatattatt
atttagaaaa
gt ct aagaaa
tttcgtc
<210> 7
<211> 7687
<212> DNA
<213> Arti

<220>
<223>

ct cagt ggaa
t cacct agat
aaacttggtc
tatttcgttc
gcttaccatc
atttatcagc
tatccgectce
ttaatagttt
tt ggt at ggc
tgttgtgcaa
ccgcagt gtt
ccgt aagat g
t gcggcgacce
gaactttaaa
taccgetgtt
cttttacttt
agggaat aag
gaagcattta
at aaacaaat

ccattattat

ficial

cgaaaact ca
ccttttaaat
tgacagttac
atccat agt t
t ggccccagt
aat aaaccag
cat ccagt ct
gcgcaacgt t
ttcattcage
aaaagcggt t
atcactcatg
cttttctgtg
gagt t gct ct
agt gctcatc
gagat ccagt
caccagcgtt
ggcgacacgg
t cagggtt at

aggggttccg

catgacatta

Sequence

plasmid pBE-201 for additi

Nei sseria neningiditis

<400> 7
tcgegegttt

cagct t gt ct
ttggcggatg
accat aaat t
tttaaat ggt
aaacagcggt

cct t aagegt

cggct gegt t

cggt gat gac
gt aagcggat
t cggggct gg
cgagct cgac
ggcggeggcea
atct gt cgga
cggacatttc

ttccat cgat

ggt gaaaacc
gccgggagea
cttaactatg
cgt ct gaaac
t cacgcggeg
ttgttgcagg
cggcggegge

aagcatattt

976692Seq. t xt

cgt t aaggga

t aaaaat gaa
caatgcttaa
gcct gact cc
gct gcaat ga
ccagccggaa
attaattgtt
gttgccattg
tccggttcce
agctccttcg
gttat ggcag
act ggt gagt
t gcccggegt
at t ggaaaac
t cgat gt aac
t ct gggt gag
aaat gt t gaa
tgtctcatga
cgcacatttc

acct at aaaa

onal

t ct gacacat
gacaagcccg
cggcat caga
ggcggcaaag
gat gggt gaa
t gcaggcat a
t gt gccgt ct

t ccggacgceg
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ttttggtcat
gttttaaatc
t cagt gaggc
ccgtcgtgta
t accgcgaga
gggcecgageg
gccgggaage
ct acaggcat
aacgat caag
gt cct ccgat
cact gcat aa
act caaccaa
caat acggga
gttcttcggg
ccactcgt gc
caaaaacagg
t act cat act
gcggat acat
cccgaaaagt

at aggcgt at

gcagct cceg
t cagggcegeg
gcagattgta
ccgtt aacce
act t gcaaac
cggttttgtg

gaaacgcccg

ttcggggcgg

gagatt at ca
aat ct aaagt
acct atctca
gat aact acg
cccacgct ca
cagaagt ggt
t agagt aagt
cgtggtgtca
gcgagttaca
cgttgtcaga
ttctcttact
gtcattctga
t aat accgcg
gcgaaaact ¢
acccaact ga
aaggcaaaat
cttecettttt
attt gaat gt
gccacct gac

cacgaggccc

expression of fHBP variant 2 of

gagacggt ca
t cagcgggt g
ct gagagt gc
gcgegt tgee
ggt tt ggaaa
tgegtctgtg
gcgggggat g
gttttceegg

6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7687

60
120
180
240
300
360
420
480



gcggecgeceg
aagccgcaga
aatcgttctc
aaaaacact g

cagggt cggt

cact cggt ac
gggcgt t cat
cttcactcgg
t gcget cgat
aat cgccgaa
ccgatgtttc
t gt cgagggce
t cggt t ccat
cget get gee
agttgacata
act ggt ccag
cttgttatga
acgcegt ggg
gttacgcagce
cgcacatgta
got cgt gagt
gggaact t gc
gttggcgetc
atctatgatc
aatctcctca
t acggt gacg
cactttgata
€Cggccgcag
gcgaagt aaa
aggcgt at tt
t agcgeecgg
gt cgcagagt
cacgtttctg

cccaaccgcg

atttgtttge
cagt acaaat
tttgagetaa
cagcaaat cg
ttccagcagg
gceegt gege
cat gaattcg
ttggectttge
gcggt cggga
ctgccagt ag
gt agt ggaca
ggct t cgt ct
cgt caggt ga
caaggt t gcc
agcctgttcg
aaccttgacc
ctogttttttt
tcgatgtttg
agggcagt cg
ggct cggeece
t cggagacgt
t ccgt agt aa
tcgcggetta
tcgcagtctc
agcat gaggc
at cccgcagt
t cgacccaag
aat gccgat t
caaggcttcg
caattgccga
aagagagt ca
at gccggt gt
cgaaaacgcg

t ggcacaaca

gcttatatag
agt acggaac
ggcgaggcaa
tttaaaaaca
cetttttgee
t cct gcaaca
aacggcaaat
att aaggcga
t aggaaat tt
ttcaaatt gt
aaacccgege
t gcggcaaac
t acgcgcet ga
gggt gacgca
gt t cgt aaac
gaacgcagcg
gt acagtcta
atgttatgga
ccct aaaaca
t gaccaagt ¢
agccacct ac
gacattcatc
cgttctgece
cggcgagceac
caacgcgct t
ggct ct ct at
t accgccacc
tcttcttcca

gcecgettcgg

caccat cgaa
at t cagggt g
ctcttatcag

ggaaaaagt g
act ggcgggce

9766925eq. t xt

t ggatt aaca
cgattcactt
cgecgt actg
agegtccttt
ttgcegtttc
t cgcggcggg
cttcggcage
ggt agt cgt t
t gcegt gege
ggcggceact g
cttccagege
ctttcggegg
t gt gggt t gc
caccgt ggaa

t gt aat gcaa

gt ggt aacgg
t gcct cggge
gcagcaacga
aagttaggtg
aaat ccat gc
t cccaacatc
gegettgetg
aggt t t gage
€ggaggcagg
ggtgcttatg
acaaagtt gg
t aacaattcg
gcaat tt gat
aaacgt t cag
t ggt gcaaaa
gt gaat gt ga
accgtttcce
gaagcggcga

aaacagt cgt
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aaaat cagga

got gct t cag
gtttttgtta

ttcogt cggg
gatttgcgece
t acgccgt cg
gacggttttg
9999t ggcgg
gcccgegecet
cat ggct ggt
gcegt gt ace
cgt at gaccg
gceegt aggg
acggat gaag
gt agcgt atg
cgcagt ggcg
at ccaagcag
t gt t acgcag
gct caagt at
gggct get ct
agccggact ¢
ccttcgacca
agccgcegt ag
gcat t gccac
t gat ct acgt
gcat acggga
tt caagccga
ttgtttggag
gttgtgctgg
cctttcgegg
aaccagt aac
gcgt ggt gaa
t ggcggagcet
tgctgattgg

caaggcgacg
cacct t agag
atccact at a
cggaat acgg
atgattttgg
gt caggcgea
cgtt cgacgg
cggcggacgg
at gcct aaat
ttcgcaaaag
gegtcttcga
aacggcgt gt
atcccgact t
gcacgaaccc
cgct cacgea
gttttcatgg
caagcgegt t
cagcaacgat
gggcat cat t
tgatcttttc
cgattacctc
agaagcggt t
t gagat ct at
cgegetcat ¢
gcaagcagat
agaagt gatg
gat cggettc
at gccgggt t
taaacttcta
t at ggcat ga
gttat acgat
ccaggccagce
gaattacatt

cgttgccacc

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520



t ccagt ct gg
caact gggt g
gcggceggt ge
gat gaccagg
gatgtctctg
ct gggegt gg
ttaagttctg
caaat t cagc
accat gcaaa
at ggcget gg
t cggt agt gg
at caaacagg
cagggccagg
accct ggege
ct ggcacgac
ttaget cact
accaat get t
at cact gcat
cgacatcat a
tcgtataatg
ttaggtgttt
ctgctgectt
t gt cgcegece
agacaaaagt
gctggcggca
at t gaagaac
gctcattacc
t gccet acag
ctccttcectt
caaagccgag
t accat agat
gcaaaat gtc

tttgggcgac

cgaccgcgcec

ccet gecacge
ccagegt ggt
acaatcttct
atgccattgce
accagacacc
agcat ct ggt
t ct cggegeg
cgat agcgga
t gct gaat ga
gcgcaat gcg
gat acgacga
attttcgect
cggt gaaggg
ccaat acgca
aggtttcccg
cat t aggcac
ct ggegt cag
aattcgtgtc
acggtt ct gg
tgt ggaattg
t cacgagcac
tct ct gacca
gacat cggcg
ttgcagtctt
caaggt gcgg
gacaaggt ca
t t ggagageg
att gaaaaaa
gt cagcggt t
t at cacggca
ttcgecgeea
gagct t gceg
acgcgct acg

caagaaat cg

gcegt cgcaa
ggt gt cgat g
cgcgcaacgce
t gt ggaagcet
cat caacagt
cgcat t gggt
tctgegtcetg
acgggaaggc
gggcat cgt t

cgccattacc
t accgaagac
gct ggggcaa
caatcagctg
aaccgcct ct
act ggaaagc
aattctcatg
gcagccat cg
gct caaggeg
caaat at tct
t gagcggat a
ttcaccaaca
ct gcceygat
cggggcet t gc
t gacgct gga
agaaaactta
gcegettcga
gagagttcca
t caacaaccc
t gggcggaga
aagcat t cag
aacagggaca
ccgccgaact
gcagcgaaga

ccggcet cgge

9766925eq. t xt

att gt cgcgg
gt agaacgaa
gt cagt gggc
gcct gcact a
attattttct
caccagcaaa
gct gget gge
gact ggagt g
cccact gcga
gagt ccggge
agctcatgtt
accagcgt gg
ttgceegt ct
cccegegegt
gggcagt gag
tttgacaget
gaagct gt gg
cact ccegt t
gaaat gagct
acaatttcac
aggaccat ag
t ct gaccgece
cgat gcact a
t cagt ccgtc
t ggaaacggc
ctttatccgt
aat at acaaa
cgacaaaat ¢
acat accgcc
ct ccgacgat
cggcaaaat ¢
caaagcagat
aaaaggcact

aaccgt gaag
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cgat taaatc
gcggcgt cga
tgatcattaa
atgttccgge
cccat gaaga
tcgeget gt t
at aaat at ct
ccat gt ccgg
tgctggttge
tgcgegttgg
at at cccgcece
accgct t get
cact ggt gaa
t ggccgattc
cgcaacgcaa
t at cat cgac
tatggetgtg
ct ggat aatg
gttgacaatt
acaggaaaca
cat at gaatc
t gcagcageg
accgcaccgc
aggaaaaacg
gacagcct ca
caaat cgaag
caggaccact
gacagcct ga
tt caaccaac
gct ggcggaa
gaacacct ga
gaaaaat cac
taccacctcg

at aggggaaa

t cgcgecgat
agcct gt aaa
ctatccgetg
gttatttctt
cggt acgega
agcgggecca
cact cgcaat
ttttcaacaa
caacgat cag
t gcggat at ¢
gttaaccacc
gcaact ct ct
aagaaaaacc
att aat gcag
tt aat gt aag
t gcacggt gc
caggt cgt aa
ttttttgege
aat cat cggce
gccagt cegt
gaact gcct t
gaggcggcgy
t cgaccat aa
agaaact gaa
at acgggcaa
t ggacgggca
ccgecegt cgt
t aaaccaacg
t gcct gacgg
aact gacct a
aaacacccga
acgccgt cat
cccttttegg
aggtt cacga

2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560



aat cggcatc
cttattctgc
tacagattaa
gcgeggat gat
gt agt gt ggg
gct cagt cga
agt aggacaa
t acacaagcc
ttt gaggaat
ggcgegt aca
ctcgat cceg
gtgttccaaa
aaact caacg
gaatttatcg
ggcgt gcagg
t cat ggt cat
cgagccggaa
attgegttge
t gaat cggece
ct cact gact
gcggt aat ac
ggccagcaaa
cgececectg
ggact at aaa
accct geege
cat agct cac
gt gcacgaac
t ccaacccgg
agagcgaggt
act agaagga
gtt ggt aget
aagcagcaga
gggt ct gacg

aaaaggat ct

gccggcaaac
aaaccgccag
at cagaacgc
cccacct gac
gtctccecat
aagact gggc
at ccgecgcece
ggeggttttg
ccgaaat gtc
gccaagecgt
ccacgat gac
acct gcaagc
cct acct gac
ccgagecct t
t cgaagccga
agetgtttcce
gcat aaagtg
gct cact gec
aacgcgcggg
cget geget e
ggtt atccac
aggccaggaa
acgagcat ca
gat accaggc
ttaccggat a
gct gt aggt a
cccecegttca
t aagacacga
at gt aggcgg
cagtatttgg
cttgatccgg
ttacgcgecag
ct cagt ggaa

t cacct agat

agt agt aacg
cttggctgtt
agaagcggt ¢
cccat gccga
gcgagagt ag
ctttcgtttt
cgggcgagcec
t acgat aat ¢
caaaaccat c
ccgagcaggce
cgt cgt cgge
cgt cgccgaa
cgact t gggc
cceegeecge
agecgt cctc
t gt gt gaaat
t aaagcct gg
cgctttecag
gagaggcggt
ggt cgt t cgg
agaat caggg
ccgt aaaaag
caaaaat cga
gtttccccct
cct gt cegee
tctcagttcg
gccecgaccge
cttatcgeca
t gct acagag
t at ct gcget
caaacaaacc
aaaaaaagga
cgaaaact ca

ccttttaaat

9766925eq. t xt

ccggt gt gcg
ttggcggat g
t gat aaaaca
act cagaagt
ggaact gcca
atctgttgtt
ttcggeggtt
ccgaatgctg
at ccacaccg
gacaccgttt
aacggcgat t
gcggeaggeg
aattttgecg
gccgecegt cg
gt gaccgt ct
tgttatccge
ggt gcct aat
t cgggaaacc
ttgegtattg
ct gcggegag
gat aacgcag
gcegegt t ge
cgct caagt ¢
ggaagct ccc
tttctcectt
gt gt aggt cg
t gcgecet t at
ct ggcagcag
ttcttgaagt
ct gct gaagce
accget ggt a
t ct caagaag

cgt t aaggga

t aaaaat gaa
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cgt caaattc
agagaagat t
gaatttgccet
gaaacgccgt
ggcat caaat
t gt cggt gaa
ttgttttctg
cggcttctge
acaaagcccce
acat gagcgg
t ccgegecga
gcacgct gge
tcttcaacga
gegttgecte
gaaacggaag
t cacaattcc
gagt gagct a
t gt cgt gcca
ggcgetctte
cggt at cagc
gaaagaacat
tggegttttt
agaggt ggcg
t cgt gcgetc
cgggaagcegt
ttcgetccaa
ccggt aact a
ccact ggt aa
ggt ggcct aa
cagttacctt
gcgotggt tt
atcctttgat
ttttggtcat
gttttaaatc

t gat at gcgce
ttcagect ga
ggcggcagt a
agcgccgat g
aaaacgaaag
cgctctectg
ccaccgcaac
cgcectattt
cgccgecat ¢
t caaat cccc
agcgcgcecaa
cgacat cgt ¢
agt cat ggcg
gct gcccaaa
cttggegt aa
acacaacat a
act cacatta
gctgcattaa
cgcttectceg
t cact caaag
gt gagcaaaa
ccat aggct ¢
aaacccgaca
tcctgttecg
ggcget ttet
gct gggcet gt
tcgtcttgag
caggat t agc
ct acggct ac
cggaaaaaga
ttttgtttge
cttttctacg
gagatt at ca

aat ct aaagt

4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600



at at at gagt
gcgatctgtc
at acgggagg
ccgget ccag
cctgcaactt
agtt cgccag
cgct cgt cgt

t gat ccccca
agt aagt t gg
gt cat gccat
gaat agt gt a
ccacat agca
t caaggat ct
tcttcagcat
gccgcaaaaa
caatattatt
atttagaaaa
gt ct aagaaa
tttcgtc
<210> 8
<211> 7584
<212> DNA
<213> Arti
<220>
<223>

meni

<400> 8
tcgegegttt

cagct t gt ct
ttggcgogt g
accat aaat t
tttaaat ggt
aaacagcggt
cct t aagecgt
cggcet gegt t
gcggecgeceg

aaacttggtc
tatttcgttc
gcttaccatc
atttatcagc
tatccgectce
ttaatagttt
tt ggt at ggc
tgttgtgcaa
ccgcagt gtt
ccgt aagat g
t gcggcgacce
gaactttaaa
taccgetgtt
cttttacttt
agggaat aag
gaagcattta
at aaacaaat

ccattattat

ficial

ngiditis

cggt gat gac
gt aagcggat
t cggggct gg
cgagct cgac
ggcggeggcea
at ct gt cgga
cggacatttc
ttccat cgat

atttgtttge

tgacagttac
atccat agt t
t ggccccagt
aat aaaccag
cat ccagt ct
gcgcaacgt t
ttcattcage
aaaagcggt t
atcactcatg
cttttctgtg
gagt t gct ct
agt gctcatc
gagat ccagt
caccagcgtt

ggcgacacgg
t cagggt t at

aggggttccg

catgacatta

Sequence

plasmi d pBE-311 for additi

ggt gaaaacc
gccgggagea
cttaactatg
cgt ct gaaac
t cacgcggeg
ttgttgcagg
€ggcggceggce
aagcat at tt

gcttat at ag

9766925eq. t xt

caatgcttaa
gccet gact cc
gct gcaat ga
ccagccggaa
attaattgtt
gttgccattg
tceggttcee
agctccttcg
gttat ggcag
act ggt gagt
t gcceggegt
at t ggaaaac
t cgat gt aac
t ct gggt gag
aaat gttgaa
tgtctcatga
cgcacatttc

acct at aaaa

onal

t ct gacacat
gacaagcccg
cggcat caga
ggcggcaaag
gat gggt gaa
t gcaggcat a
t gt gccgt ct
t ccggacgeg

t ggat t aaca
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t cagt gaggc
ccgtegtgta
t accgcgaga
gggccgageg
gccgggaage
ct acaggcat
aacgat caag
gt cct ccgat
cact gcat aa
act caaccaa
caat acggga
gttcttcggg
ccact cgt gc
caaaaacagg
t act cat act
gcggat acat
cccgaaaagt

at aggcgt at

gcagct cccg
t cagggcgeg
gcagattgta
ccgt t aacce
act t gcaaac
cggttttgtg
gaaacgcccg

ttcggggcgg

aaaat cagga

acct atctca
gat aact acg
cccacgct ca
cagaagt ggt
t agagt aagt
cgtggtgtca
gcgagttaca
cgttgtcaga
ttctcttact
gtcattctga
t aat accgcg
gcgaaaact ¢
acccaact ga
aaggcaaaat
cttecettttt
attt gaat gt
gccacct gac

cacgaggccc

expression of NadA of Neisseria

gagacggt ca
t cagcgogt g
ct gagagt gc
gcgegt tgee
ggt tt ggaaa
tgegtctgtg
gcgggggat g
gttttceegg

caaggcgacg

6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7687

60
120
180
240
300
360
420
480
540



aagccgcaga
aatcgttctc
aaaaacact g

cagggt cggt

cact cggt ac
gggcgt t cat
cttcactcgg
t gcget cgat
aat cgccgaa
ccgatgtttc
t gt cgagggce
t cggt t ccat
cget get gee
agttgacata
act ggt ccag
cttgttatga
acgcegt ggg
gttacgcagce
cgcacatgta
ggt cgt gagt
gggaact t gc
gttggcgetc
atctatgatc
aatctcctca
t acggt gacg
cactttgata
ccggecgegy
t ccegect ge
cgaacccaca
ctacat cccg
t cccgegeag
cttttcattt
cgataaattc

t ccgt acgga

cagt acaaat
tttgagetaa
cagcaaat cg
ttccagcagg
gceegt gege
cat gaattcg
ttggectttge
gcggt cggga
ctgccagt ag
gt agt ggaca
ggct t cgt ct
cgt caggt ga
caaggt t gcc
agcctgttcg
aaccttgacc
ctogttttttt
tcgatgtttg
agggcagt cg
ggct cggeece
t cggagacgt
t ccgt agt aa
tcgcggetta
tcgcagtctc
agcat gaggc
at cccgcagt
t cgacccaag
tcggactttc
gcgggaat ga
tccegtcatt
tcattcctca
gcgggaat cc
ctagattccc
tt gaggcatt

aacctgcacc

agt acggaac
ggcgaggcaa
tttaaaaaca
cetttttgee
t cct gcaaca
aacggcaaat
att aaggcga
t aggaaat tt
ttcaaatt gt
aaacccgege
t gcggcaaac
t acgcgcet ga
gggt gacgca
gt t cgt aaac
gaacgcagcg
gt acagtcta
atgttatgga
ccct aaaaca
t gaccaagt ¢
agccacct ac
gacattcatc
cgttctgece
cggcgagceac
caacgcgct t
ggct ct ct at
t accgccacc
agat aat ct t
cgaat ccatc
accacgaaag
aaaacagaaa
agt ccgttca
actttcgtgg
gaaattctag

acgtcattcc

976692Seq. t xt

cgattcactt
cgecgt actg
agegtccttt
ttgcegtttc
t cgcggcggg
cttcggcage
ggt agt cgt t
t gcegt gege
ggcggceact g
cttccagege
ctttcggegg
t gt gggt t gc
caccgt ggaa
t gt aat gcaa
ot ggt aacgg
t gcct cggge
gcagcaacga
aagttaggtg
aaat ccat gc
t cccaacatc
gegettgetg
aggt t t gage
€ggaggcagg
ggtgcttatg
acaaagtt gg
t aacaattcg
tgaat attgc
cgcacggaaa
t gggaat ct a
accaaaat ca
gtttcggtcg
gaat gacggc
attcccgect

t aagaacct a
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got gct t cag
gtttttgtta

ttcogt cggg
gatttgcgece
t acgccgt cg
gacggttttg
0999t ggcgg
gcccgegecet
cat ggct ggt
gcegt gt ace
cgt at gaccg
gceegt aggg
acggat gaag
gt agcgt atg
cgcagt ggcg
at ccaagcag
t gt t acgcag
gct caagt at
gggct get ct
agccggact ¢
ccttcgacca
agccgcegt ag
gcat t gccac
t gat ct acgt
gcat acggga
tt caagccga
tgttgttcta
cct gcaccac
ggacgcaggg
gaaacct aaa
tttccgataa
ggaagggt tt
gcgcgggaat

catcccgtca

cacctt agag
atccactata
cggaat acgg
atgattttgg
gt caggcgca
cgttcgacgg
cggcggacgg
at gcct aaat
tt cgcaaaag
gcgtcttcga
aacggcgt gt
atcccgact t
gcacgaaccc
cgct cacgea
gttttcatgg
caagcgcgt t
cagcaacgat
gggcat cat t
tgatcttttc
cgattacctc
agaagcggt t
t gagat ct at
cgcgct catc
gcaagcagat
agaagt gat g
gatcggcttc
aggt ct agat
gtcattccca
t t aagaaaac
atcccgt cat
attcctgetg
tggttttttc
gacgaat cca

ttccctcaaa

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580



aacagaaaac
tccgttcagt
tttcgtggga
aat t ct agat
ggat t aacaa
gattcacttg
gccgtacttg
aaaaagccga
ttgtgttgta
atcattttta
t 9cg9g9ggg
tatcaaattt
cagccat cct
aaaaagct gc
t caaagct gg
caact gcagc
ct aacct gac
cagaat ct ga
at act gat gc
cgacatttgce
t ggct gat ac
aaaccaacac
aagaaaccaa
ccgaagct gc
aagtt accga
acagt gccga
t gaacgct ac
at cacgat ac
gccaaggcct
ggt t caat gt
ccggcet tceg
ccggttctte
cggogeogt g

ct gact gcca

caaaat caga
ttcggtcatt
at gacggcgg
t ccecgect ge
aaat caggac
gt gctt cage
tttttgttaa
gact gcat cc
gaaacacaac
aaat aaaggt
ggggt at aat
acaaaaggaa
tgccactttc
cact gt ggcc
agagaccat ¢
cgat gtt gaa
caaaaccgt c
aat agaaaag
cgct ct ggat
t gaagagact
cgt cgacaag
t aaggcagac
acaaaacgtc
cgct ggcaca
cat caaagct
cgt gt acacc
t accgaaaaa
t cgcct gaac
t gcagaacaa
aacggct gca
ctttaccgaa
cgcagcct ac
aagcggat ag

atctgcttca

aacct aaaat
t ccgat aaat
aagggttttg
gcgggaat ga
aaggcgacga
acctt agaga
t ccact at aa
gggcagcagce
gtttttgaaa
t gcggeat tt
t gaagacgt a
gccgat cat a
t gt agcggeg
attgetgetg
tacgacattg
gccgacgact
aat gaaaaca
tt aacaacca
gcaaccacca
aagacaaat a
cat gccgaag
gaagccgt ca
gat gccaaag
gct aatactg
gat at cgct a
agagaagagt
tt ggacacac
ggtttggata
gccgegcet ct
gt cggcggcet
aactttgecg
cat gt cggeg
ctttogttttt

gccccaaaca

976692Seq. t xt

ccecgtcattc
t cct get get
gttttttccg
cggct gt aga
agccgcagac
atcgttctct
agt gcegegt
gcat cggct ¢
aaat aagct a
at cagat at t
tcgggtgttt
t gaaacact t
cact ggcagce
cct acaacaa
at gaagacgg
t t aaaggt ct
aacaaaacgt
agt t agcaga
acgcct t gaa
t cgt aaaaat
catt caacga
aaaccgccaa
t aaaagct gc
cagccgacaa
cgaacaaaga
ct gacagcaa
gcttggette
aaacagtgtc
ccggtcetgtt
acaaat ccga
ccaaagcagg
tcaattacga
gacggct cge
aaaat ccgga

Page 15

ccgecgeagge
tttcatttct
ataaattctt
t gccegat gg
agt acagat a
tt gagct aag
gtgttttttt
gcacgaggt ¢
ttgttttata
tgttctgaaa
gcccgat gt t
t ccat ccaaa
cacaaacgac
t ggccaagaa
cacaat t acc
gggt ct gaaa
cgat gccaaa
cact gat gcc
t aaat t ggga
t gat gaaaaa
t at cgccgat
t gaagccaaa
agaaact gca
ggccgaagct
t aat att gct
atttgtcaga
t gct gaaaaa
agacct gcgce
ccaaccttac
at cggcagtc
cgt ggcagt ¢
gt ggt aacgce
cttcattctt

t acggaagaa

gggaat ccag
agattcccac
gaggcat t ga
tctttatage
gt acggaacc
gcgaggcaac
atggegtttt
t gcget t gaa
t caaaat at a
aatggttttt
tttaggtttt
gt act gacca
gacgatgtta
at caacggt t
aaaaaagacg
aaagt cgt ga
gt aaaagct g
gctttagcag
gaaaat at aa
tt agaagccg
tcattggatg
cagacggccg
gcaggcaaag
gt cget gcaa
aaaaaagcaa
attgatggtc
tccattgceg
aaagaaaccc
aacgt gggt ¢
gccat cggt a
ggcact t cgt
cggt gt at at
t gatt gcaat

aaacggcaat

2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620



aaagacagca
t gcacat at a
gcgccaaaaa
t cagaaaagt
t t gcaaaggt
cttctgeege
aagccccege
t gagcggt ca
gcgccgaage
cgct ggeega
t caacgaagt
ttgcct cget
acggaagct t
caattccaca
t gagct aact
cgt gccagcet
gctcttcege
tat cagct ca
agaacat gt g
cgtttttcca
ggt ggcgaaa
tgcgetctce
gaagcgt ggc
gct ccaagcet
gt aact at cg
ct ggt aacag
ggcct aact a
ttaccttcgg
gtggtttttt
ctttgatctt
t got cat gag
tt aaat caat
gt gaggcacc
t cgt gt agat

aat accgt ct
gt gagacct t
attttcaatt
tttgcatttt
ctcgaatt gt
cctatttttt
cgccat cgge
aat cccectce
gcgccaagt g
cat cgt caaa
cat ggcggaa
gcccaaaggce
ggcgt aat ca
caacat acga
cacattaatt
gcat t aat ga
ttcctegete
ct caaaggcg
agcaaaaggc
t aggct ccge
cccgacagga
tgttccgacce
gctttctcat
gggct gt gt g
tcttgagtcc
gat t agcaga
cggct acact
aaaaagagt t
tgtttgcaag
ttctacgggg
att at caaaa
ct aaagt at a
tat ct cagcg

aact acgata

gaaagatttt
t gcaaaaat a
gcct aaaacc
gaaaat gaga
cattcccacg
gaggaat ccg
gcgt acagcc
gat cccgeca
tt ccaaaacc
ct caacgcct
tttatcgeeg
gt gcaggt cg
t ggt cat age
gccggaagea
gcgt t gcgcet
at cggccaac
act gact cgc
gt aat acggt
cagcaaaagg
cccect gacg
ct at aaagat
ctgecgetta
agct cacgct
cacgaacccce
aacccggt aa
gcgaggt at g
agaaggacag
ggt agetctt
cagcagatta
tct gacgetc
aggatcttca
t at gagt aaa

at ct gt ct at
cgggagggct

976692Seq.
cagacggt at

gtctgttaac
ttcct aat at
tt gagcat aa
caggcgggaa
aaat gt ccaa
aagccgt ccg
cgat gaccgt
t gcaagccgt
acct gaccga
agccct tece
aagccgaagc
tgtttcctgt
t aaagt gt aa
cact gceege
gcgcggggag
t gcget cggt
t at ccacaga
ccaggaaccg
agcat cacaa
accaggcgt t
ccggat acct
gt aggt at ct
ccgt t cagece
gacacgact t
t aggcggt gc
tatttggt at
gat ccggcaa
cgcgcagaaa
agt ggaacga
cct agat cct
cttggtctga
ttcgttcatc

t accat ct gg

Page 16

t xt
ttcgcatttt

gaaatttgac
t gagcaaaaa
aattttagta
tctagtctgg
aaccat catc
agcaggcgac
cgt cggcaac
cgccgaageg
ct t gggcaat
cgceecgegece
cgtcctegtg
gt gaaat t gt
agcct gggot
tttccagtcg
aggecggtttg
cgttcggetg
at caggggat
t aaaaaggcc
aaat cgacgc
t ccecect gga
gtccgecet tt
cagttcggtg
cgaccgct gc
atcgccactg
tacagagttc
ctgcgetcetg
acaaaccacc
aaaaggat ct
aaact cacgt
tttaaattaa
cagttaccaa
cat agtt gcc

ccccagt get

tggcttggtt

gcat aaaaat
gt aggaaaaa
acctatgtta
aat gct gcgg
cacaccgaca
accgtttaca
ggcgatttcce
gcaggcggcea
tttgcegt ct
geegt cggeg
accgt ct gaa
tat ccgetca
gcct aat gag
ggaaacct gt
cgt at t gggc
cggcgagegg
aacgcaggaa
gcgttgetgg
t caagt caga
agctccctcg
ctcecttegg
taggtcgttc
gccttatceg
gcagcagcca
t t gaagt ggt
ct gaagccag
gct ggt ageg
caagaagat ¢
t aagggat t t
aaat gaagt t
tgcttaatca
t gact cceceg

gcaat gat ac

4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660



cgcgagaccce
ccgagcgeag
gggaagct ag
caggcat cgt
gat caaggcg
ct ccgat cgt
tgcataattc
caaccaagtc
t acgggat aa
cttcgggacyg
ctcgt gcacce
aaacaggaag
tcatactctt
gat acat at t
gaaaagt gcc
ggcgt at cac
<210> 9
<211> 5759
<212> DNA
<213> Arti

<220>
<223>

aagt ggt cct
agt aagt agt
ggt gt cacgce
agttacat ga
t gt cagaagt
tcttactgte
attct gagaa
t accgcgeca
aaaact ct ca
caact gat ct
gcaaaat gcc
cctttttcaa
tgaat gt att
acct gacgtc

gaggcccttt

ficial

gcaacttt at
tcgccagtta
tcgtegtttg
t cccecat gt
aagt t ggccg
at gccat ccg
t agt gt at gc
cat agcagaa
aggatcttac
tcagcatctt
gcaaaaaagg
tattattgaa
t agaaaaat a
t aagaaacca

cgtc

Sequence

pl asmi d pBE-501 for knockout of

9766925eq. t xt
acgct caccg gctccagatt tatcagcaat aaaccagcca

ccgect ccat
atagtttgcg
gtatggcttc
t gt gcaaaaa
cagtgttatc
t aagat gct t
ggcgaccgag
ctttaaaagt
cgct gt t gag
ttactttcac
gaat aagggc
gcatttatca
aacaaat agg

ttattatcat

ccagtctatt
caacgttgtt
attcagctcc
agcggt t age
act cat ggt t
ttctgtgact
ttgctcttge
gctcatcatt
atccagttcg
cagecgtttct
gacacggaaa
gggttatt gt
ggt t ccgege

gacat t aacc

| gt A gene of Nei

meningiditis by replacenent with zeomycin gene

<400> 9
cttcecgette

cagct cactc
acat gt gagc
ttttccatag
ggcgaaaccc
gctctcct gt
gcgt ggegcet
ccaagct ggg
act at cgt ct
gt aacaggat
ct aact acgg
ccttcggaaa

gtttttttgt

ctcget cact
aaaggcggt a
aaaaggccag
gct cegecee
gacaggact a
t ccgacectg
ttctcatage
ct gt gt gcac
t gagt ccaac
t agcagagcg
ct acact aga
aagagt t ggt
tt gcaagcag

gact cgct gc
at acggt t at
caaaaggcca
cct gacgage
t aaagat acc
ccget t aceg
tcacgctgta
gaacccccecg
ccggt aagac
aggt at gt ag
agaacagt at
agct ct t gat

cagat t acgc

gct cggt cgt
ccacagaat c
ggaaccgt aa
at cacaaaaa
aggcgtttcc
gat acctgtc
ggt at ct cag
tt cagcccga
acgacttatc
gcggt gct ac
ttggtatctg
ccggcaaaca

gcagaaaaaa
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t cgget gegg
aggggat aac
aaaggccgceg
t cgacgct ca
ccct ggaage
cgectttete
ttcggt gtag
ccget gegee
gccact ggca
agagttcttg
cgetetgetg
aaccaccgct

aggat ct caa

gccggaaggg
aattgttgcc

gccattgct a
ggtt cccaac
tcctteggtce
at ggcagcac
ggt gagt act
ccggegt caa
ggaaaacgt t
at gt aaccca
gggt gagcaa
t gtt gaat ac
ct cat gagcg
acatttcccc

t at aaaaat a

sseria

cgageggt at
gcaggaaaga
ttgct ggegt
agt cagaggt
tcecctegtge
cctt cgggaa
gtcgttcget
ttatccggta
gcagccact g
aagt ggt ggc
aagccagtta
ggt agcggt g

gaagat cct t

6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7584

60
120
180
240
300
360
420
480
540
600
660
720
780



tgatcttttc
t cat gagaca
ttcaacattt
ct cacccaga
gttacatcga
gttttccaat
acgccgggea
act caccagt
ct gccat aac
cgaaggagct
gggaaccgga
caat ggcaac
aacaat t aat
ttccgget gg
t catt gcagce
ggagt cagge
ttaagcattg
ttcattttta
acatatttga
aagt gccacc
aggaaat t gt
cgct gcgaat
ccaagctctt
cccagecgge
aagcaggcat
ct ggcgaaca
acaagaccgg
aat gggcagg
actttctcgg
agcagccagt
gt cgt ggcca
aggt cggt ct
t cagagcagce

gccggagaac

t acggggt ct

at aaccct ga
ccgt gt cgee
aacgct ggt g
actggatctc
gat gagcact
agagcaact ¢
cacagaaaag
cat gagt gat
aaccgetttt
gct gaat gaa
aacgtt gcge
agact ggat g
ctggtttatt
act ggggcca
aact at ggat
gt aactgtca
atttaaaagg
atgtatttag
t gat gcggt g
aagcgt t aat
€gggagcggce
cagcaat at ¢
cacagt cgat
cgecat gggt
gttcggetgg

cttccatccg
t agccggat ¢
caggagcaag
ccctteeege
gccacgat ag
t gacaaaaag
cgattgtctg
ct gcgt gcaa

gacgct cagt
taaatgcttc
cttattccct
aaagt aaaag
aacagcggt a
tttaaagttc
ggt cgecgea
catcttacgg
aacact gcgg
ttgcacaaca
gccat accaa
aaactattaa
gaggcggat a
gct gat aaat
gat ggt aagc
gaacgaaat a
gaccaagt tt
at ct aggt ga
aaaaat aaac
t gaaat accg
aat t cagaag
gat accgt aa
acgggt agcc
gaat ccagaa
cacgacgaga
cgcgageccce
agt acgt gct
aagcgt at gc
gt gagat gac
tt cagt gaca
ccgeget gee
aaccgggcegce
tt gt gcccag
tccatcttgt

9766925eq. t xt

ggaacgaaaa
aataatattg
tttttgcgge
at gct gaaga
agatccttga
tgctatgtgg
tacactattc
at ggcat gac
ccaact t act
t gggggat ca
acgacgagcg
ct ggcgaact
aagt t gcagg
ct ggagecgg
cct ceegt at
gacagat cgc
act cat at at
agatcctttt
aaat aggggt
cacagat gcg
aact cgt caa
agcacgagga
aacgct at gt
aagcggccat
t cct cgeegt
tgatgctctt
cget cgat gc
agccgeegea
aggagat cct
acgt cgagca
tcgtcttgea
ccctgegetg
t cat agccga

t caat cat gc
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ctcacgttaa
aaaaaggaag
attttgectt
t cagt t gggt
gagttttcge
cgcggt atta
t cagaat gac
agt aagagaa
t ct gacaacg
t gt aact cgc
t gacaccacg
acttactcta
accacttctg
t gagcgt ggg
cgtagttatc
t gagat aggt
actttagatt
tgat aatctc
t ccgcgecaca
t aaggagaaa
gaaggcgat a
agcggt cage
cct gat ageg
tttccaccat
cgggcat get
cgt ccagat ¢
gatgtttcge
tt gcat cagc
gcceecggeac
cagct gcgca
gttcattcag
acagccggaa
at agcctctc

gaaacgat cc

gggattttgg
agt at gagt a
coetgtttttg
gcacgagt gg
cccgaagaac
tcecegtattg
tt ggtt gagt
ttatgcagtg
at cggaggac
cttgatcgtt
atgcct gt ag
gct t ccegge
cget cggecce
tctcgeggt a
t acacgacgg
gcct cact ga
gatttaaaac
at gagcggat
tttcccecgaa
ataccgcat ¢
gaaggcgat g
ccattcgeeg
gt ccgecaca
gat at t cggc
cgect t gage
atcctgatcg
ttggt ggt cg
cat gat ggat
ttcgeccaat
aggaacgccc
ggcaccggac
cacggcggea
cacccaagcg

tcatcctgtc

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820



tcttgatcag
tttactttge
cttgctgtce
tgctttctct
cggggt cage
ctttttgata
tt gat gt cat
acact ggcca
t aaagt t cac
cgt cgeececg
tctettttat
gggcgat cgg
aggcgat t aa
agt gaat t gt
tt gcgt cgac
gcct t cagac
atttgcgect
act t ggcgca
attgcccage
tccggt ct ga
ggggaat at a

t at at cggca
gcegt tcegg
ctcgggt t ct
accctgttca
t gggt gcgeg
cgggacgcct
gcect gegeg
ttcccgggga
t acaacgt cg
ccectttege
at cgt gggt g
tt gt cggaag

aaaaaaccga

agct t gat cc
agggct tcce
at aaaaccgc
ttgcgettge
accgtttctg
atctcatgcc
tttcgeggtyg
t at cggt ggt
gggagact tt
gcgt gt caat
aggt gt aaac
t gcgggect ¢
gt t gggt aac

aat acgactc
cgt ct gaaac
ggcat cgt gc
acaacgt aga
act t ggat at
gtttccaaga
ttccectettt
ttgcgegatc
t agt at aat a
t gct caccge
cccgggact t
t cagcgeggt
gcct ggacga
ccgggecgge
acccggecgg
t cct ct agag
t gact gggaa
cagcgcgeac
agat ggaaaa
aaaaggacgg

cccgacacga

cct gcgecat
aaccttacca
ccagt ct age
gttttccctt
cggact ggct
tgacattt at
gct gagat ca
cat cat gcgce
at ct gacagc
aat atcactc
cttaaactgc
ttcgctatta
gccagggt tt
act at agggc
gggggcgagt
ct at cgggag
aaaatatttc
tttgattgtc
acaggacggc
aaacat cggg
gct agct cga
cgacaaggtg
gcgcgacgt ¢
cgt ggaggac
ccaggaccag
gct gt acgece
cat gaccgag
caact gegtg
t cgacct gca
aaccct ggcg
cgat gcagac
agaccgcagc
caaccggcetg

agacat t gcc

9766925eq. t xt

cagatccttg
gagggcgecce
tat cgccatg
gt ccagat ag
ttctacgtga
attccccaga
gccacttctt
cagctttcat
agacgt gcac
t gt acat cca
cgt acgt at a
cgccaget gg
t cccagt cac
gaat t gaatt
aaccgttgta
aat aaattgc
gcccaat cat
gat gacggcet
cgcat ccgea
ct ggat gaat
gcacgtgttg
aggaact aaa
gccggagegg
gact t cgeeg
gt ggt gccgg
gagt ggt cgg
at cggcgagce
cacttcgtgg
ggcat gcaag
ttacccaact
gat att gccg
at cat cgcga
gcgeggeacce

gactttttce
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gcggcaagaa
cagct ggcaa
t aagcccact
cccagt aget
aaaggat ct a
acat caggt t
ccccgat aac
ccccgat atg
t ggccagggg
caaacagacg
ggct gcgecaa
Cgaaagggogg
gacgttgtaa
t agcggecge
cagt ccaaat
agccttt agt
t agccgecgt
cgacggacgg
t cct cgegea
t ggcaaagt ¢
acaattaatc
ccat ggccaa
tcgagttctg
gt gt ggt ccg
acaacaccct
aggtcgtgtc
agccgt gggg
ccgaggagca
cttggcactg
t aat cgect t
cccecegactg
tggotgcgtg
acgaacacgg

ctttcggcaa

agccat ccag
ttceggttceg
gcaagct acc
gacattcatc
ggt gaagat ¢
aat ggcgt tt
ggagaccgge
caccaccggyg
gat caccat ¢
at aacggct ¢
ct gt t gggaa
atgtgctgca
aacgacggcc
gaattcgeccce
gcegt ct gaa
cagcgtattg
cgt gaat caa
tacgettgee
gccgegeaat
9999999999
at cggcat ag
gtt gaccagt
gaccgaccgg
ggacgacgt g
ggcctggat g
cacgaacttc
gcgggagttc
ggact gagaa
gcegtegttt
gcagcacat ¢
gat t gagaaa
gct ggaagt t
caaaaattgg

ccccat acac

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860



aacaacacga
cgggat t ggg
tattatcccg
agcat ccgcece
cagtct at gg
gcgt at gaat
tt gt accaat
gcagacggca
tt gct gaaaa
t gcaaaacca
gt cgaaaggg
gagctt ggcg
t ccacacaac
ct aact caca

ccagct gcat

tgattat gag
cggaagatta
aagcct t ggt
aacacgaaat
gttttaaaac
t gct ggagaa
gct t caaacg
ggat gcggcg
accgt t gaaa
cgttat cage
cgaattcgtt
t aat cat ggt
at acgagccg
ttaattgegt

t aat gaat cg

gcgcagegt ¢
ccaattttgg
caaat accgc
cgcgcaaggce
ccggt t cgac
acatttgccg
gacggacacg
gctgtttacce
aacgccgcet t
ttagcttcecg
t aaacct gca
catagct gtt
gaagcat aaa
t gcgcet cact

gccaacgcgce

9766925eq. t xt

att gacggcg
t acgat gt ca
cttcacgcca
at ccaaaaaa
agcct t gaat
gaagaagat t
ct gccegeceg
t t gaggcaat
t at ccaacag
ccgcagaacg
ggact agt cc
tcctgtgtga
gt gt aaagcc
gccegettte

ggggagaggce
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gtttgcgtta
gcaaat t ggg
atcaggtttc
ccgccagaaa
accgccaaat
t t gaacgcge
gcgegt ggcet
act t cggcat
acaaaaaaca
cagggcgcecce
ctttagtgag
aattgttatc

t ggggt gect
cagt cgggaa

ggtttgegta

caacaccgag
caggct ggct
at ccaaat ac
cgattttttg
aaaagcagt a
ccgeeggttt
ggattttgeg
tttgcaccga
ggat aaatt a
gtttcagacg
ggttaattct
cgct cacaat
aat gagt gag
acctgtegtg
tt gggcgct

4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5759
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