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CLAIMS

What is claimed is:

[ A host cell comprising a donor plasmid and a helper plasmid,

(a) wherein the helper plasmid comprises: (i) under control of a first promoter, af open
reading frame encoding lambda red recombinase; and (ii) under control of a second pyomoter, an
open reading frame encoding a restriction endonuclease that has a recognition sequgnce that is
not present in the host cell genome; and

(b) wherein the donor plasmid comprises: (i) from 5' to 3": (1) the recoghition sequence of
the restriction endonuclease; (2) a first homology region of at least 0.5 kilobgses (kb), (3) a
heterologous insert DNA of at least 8 kb; and (4) a second homology regigh of at least 0.5 kb;
and (i) a counterselection marker.
2, The host cell of claim 1, wherein the heterologous insert DNA/comprises a selection
marker,
3. The host cell of claim 2, wherein the selection marker is flanked by flippase recognition
target (FRT) sites.
4, The host ccll of any one of claims -3, wherein the st and second homology regions are
homologous to adjacent regions of the host cell genome.
5. The host cell of any one of claims 1-4, wherein fhe first homology region is at least 2 kb.

6. The host cell of any one of claims 1-5, wherejh the second homology region is at least 2

kb.

7. The host cell of any one of claims 1-6, wherein the heterologous insert DNA is at least 20
kb.

8. The host cell of any one of claims 1-7, wherein the recognition sequence comprises at

least 18 base pairs.

9, The host cell of claim 1, whereid the restriction endonuclease is Scel.

10.  The host cell of claim 1, whe€in the counterselection marker is sacB.
11.  The host cell of any one of £laims 1-10, further comprising an oligosaccharyl transferase.
12. The host cell of claim 11/wherein said oligosaccharyl transferase is heterologous to the

host ccll.
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13.  The host cell of claim 11 or 12, wherein said oligosaccharyl transferase is a prokaryotic
oligosaccharyl transferase.

14.  The host cell of any one of claims 1-13, further comprising at least one
glycosvltransferase.

15.  The host ccll of claim 14, whercin said glycosyltransferase is heterologous to the host ccll.
16.  The host cell of claim 15, wherein said heterologous glycosyltransferase is a prokaryotic
glycosyltransferasc.

17.  The host cell of any one of claims 1-16, wherein one or more genes natiyt to the host cell
have been deleted or inactivated.

18.  The host cell of any one of claims 1-17, wherein said heterologous jhsert DNA comprises
an rfb cluster of a prokaryotic organism.

19.  The host cell of claim 18, whercein said /b cluster is an E. coliffb cluster, a Pseudomonas
rfb cluster, a Salmonella rfb cluster, a Yersinia rfb cluster, a Francigella rfb cluster, a Klebsiella
rfb cluster, an 7fb cluster from an Acinetobacter baumannii straiyy, a Shigella rfb cluster, or a
Burkholderia rfb cluster.

20.  The host cell of claim 19, wherein said r/b cluster is/an E. coli rfb cluster.

21. The host cell of claim 20, wherein said E. coli ifbfcluster is of serotype Ol, 02, 03, O4,
05, 06,07,08,09,010,011,012,013,014, 015,016,017, 018, 019, 020, 021, 022,
023, 024, 025, 026, 027, 028, 029, 030, 032, 0F3, 034, 035, 036, 037, 038, 039, 040,
041, 042,043, 044, 045, 046, 048, 049, 050,51, 052, 053, 054, 055, 056, O57, 058,
0359, 060, 061, 062, 063, 064, 065, 066, 068, 069, 070, 071, 073, 074, O75, 076, O77,
078, 079, 080, 081, 082, 083, 084, 085, H&G, 087, 088, 089, 090, 091, 092, O93, 095,
096, 097, 098, 099, 0100, 0101, 0102,/0103, 0104, 0105, 0106, 0107, 0108, 0109, O110,
0O111,0112,0113,0114,0115,0116/0117,0118,0119, 0120, 0121, 0123, 0124, O125,
0126,0127,0128,0129,0130, 0141, 0132, 0133, 0134, 0135, 0136, 0137, 0138, 0139,
0140,0141, 0142, 0143, 0144,(145, 0146, 0147, 0148, 0149, 0150, O151, 0152, O153,
0154,0155,0156, 0157, 0158, 0159, 0160, 0161, 0162, 0163, 0164, 0165, 0166, 0167,
0168,0169,0170,0171,0)72, 0173, 0174, 0175, 0176, 0177, 0178, 0179, 0180, O181,
0182, 0183, 0184, 0185186, or O187.

22, The host cell of #ny onc of claims 1-17, whercin said heterologous inscrt DNA compriscs

a capsular polysacchgfide gene cluster of a prokaryotic organism.
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23.  The host cell of claim 22, wherein said polysaccharide gene cluster is from an E. coli
strain, a Streptococcus strain, a Staphylococcus strain, or a Burkholderia strain.

24.  The host cell of any one of claims 1-17, wherein said heterologous insert DNA encodes
an O antigen of E. coli, Sulmonella, Pseudomonas, Kiebsiella, Acinetobacter, Chlamydia
trachomatis, Vibrio cholera, Listeria, Legionella pneumophila, Bordetella parapertussis,
Burkholderia mallei and pseudomallei, Francisella tularensis, or Campylobacter.
25. The host cell of claim 24, wherein said O antigen of E. coli is O1, 02, O3, O4, OS5, 06,
07,08, 09,010,011,012, 013,014,015, 016,017, 018, 019, 020, 021, 02, 023, 024,
025, 026, 027, 028, 029, 030, 032, 033, 034, 035, 036, 037, 038, 039, Q40, 041, 042,
043, 044, 045, 046, 048, 049, 050, 051, 052, 053, 054, 055, 056, 0577058, 059, 060,
061, 062, 063, 064, 065, 066, 068, 069, 070, 071, 073, 074, 075, 076, 077, 078, O79,
080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092 /093, 095, 096, 097,
098, 099, 0100, 0101, 0102, 0103, 0104, 0105, 0106, 0107, 0108, 0109, O110, O111,
0O112,0113,0114, O115,0116,0117, 0118, 0119, 0120, 012}, 0123, 0124, 0125, O126,
0127,0128, 0129, 0130,0131, 0132, 0133, 0134, 0135, 0)36,0137,0138, 0139, 0140,
0141, 0142,0143, 0144,0145, 0146, 0147, 0148, 0149, @150, 0151, 0152, 0153, O154,
0155,0156, 0157, 0158, 0159, 0160, 0161, 0162, 0164, 0164, 0165, 0166, 0167, 0168,
0169, 0170, 0171, 0172, 0173, 0174, 0175, 0176, 0177, 0178, 0179, 0180, 0181, O182,
0183, 0184, 0185, 0186, or O187.

20. The host cell of claim 24, wherein said O ¢
01, 02,03, 04, 05, 06, 07, 08, 09, 010, O1

tigen of Klebsiella is K. pneumonia serotype
,or O12,

27.  The host cell of any one of claims 1-17, wherein said heterologous insert DNA encodes a
Borrelia burgdorferi glycolipid, a Neisserjt meningitidis pilin O glycan or lipooligosaccharide
(LOS), a Haemophilus influenza LOS, o/ Leishmania major lipophosphoglycan, or a tumor
associated carbohydrate antigen.
28. The host cell of any one of £laims 1-27, wherein said host cell further comprises a nucleic
acid encoding a carrier protein gbmprising a consensus sequence for N-glycosylation.
29.  The host cell of claim/28, wherein the nucleic acid encoding the carrier protein is
heterologous to the host ¢
30. The host cell of glaim 28 or 29, whercin said carricr protein is detoxificd Exotoxin A of P.

aeruginosa (EPA), CRM 197, Diphtheria toxoid, tetanus toxoid, detoxified hemolysin A of S.
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aureus, clumping factor A, clumping factor B, E. coli FimH, E. coli FimHC, E. coli heat labile
enterotoxin, detoxified variants of E. coli heat labile enterotoxin, Cholera toxin B subunit (C'TB)
cholera toxin, detoxified variants of cholera toxin, E. coli sat protein, the passenger domain of£.
coli sat protein, C. jejuni ActA, or a C. jejuni natural glycoprotein.
31. The host ccll of claim 30, wherein said carricr protein is detoxified Exotoxin A of /.
aeruginosa (EPA).
32.  The host cell of any one of claims 1-31, wherein said host cell is an Escherichia species,
Shigella species, Klebsiella species, Xhantomonas species, Salmonella species, Ygrsinia species,
Lactococcus species, Lactobacillus species, Pseudomonas species, Corynebactgrium species,
Streptomyces species, Streptococcus species, Staphylococcus species, Bacillyls species, or a
Clostridium species.
33, The host cell of claim 32, whercin said host cell is an £. coli spcéi

34. A method of producing a glycoconjugate comprising a carriei/protein and an antigen,
wherein said method comprises culturing the host cell of any one ¢f claims 28-33 under
conditions suitable for the production of proteins.

35. A glycoconjugate produced by the method of claim 34/
36.  The glyconjugate of claim 35, wherein said glyconjigate comprises a carrier protein and
an antigen.
37. The glyconjugate of claim 36, wherein said anfigen is (i) an O antigen of E. coli,
Salmonella, Pseudomonas, Klebsiella, Acinetobacigr, Chlamydia trachomatis, Vibrio cholera,
Listeria, Legionella pneumophila, Bordetella paylpertussis, Burkholderia mallei and
pseudomallei, Francisella tularensis, or Campplobacter; (ii) a capsular polysaccharide of
Clostridium difficile, Staphylococcus aureuy, Streptococcus pyrogenes, E. coli, Streptococcus
agalacticae, Neisseria meningitidis, Candida albicans, Haemophilus influenza, Enterococcus
Jaecalis; or (ii1) a Borrelia burgdorferiflycolipid, a Neisseria meningitidis pilin O glycan or
lipooligosaccharide (LOS), a Haemophilus influenza LOS, a Leishmania major
lipophosphoglycan, or a tumor asgociated carbohydrate antigen.

38. The glyconjugate of clafim 37, wherein said O antigen of E. coli is O1, 02, O3, 04, O5,
06,07,08,09,010, 011, #12,013, 014,015, 016, 017, 018, 019, 020, 021, 022, 023,
024, 025, 026, 027, 028/ 029, 030, 032, 033, 034, 035, 036, 037, 038, 039, 040, 041,
042, 043, 044, 045, 046, 048, 049, 050, 051, 052, 053, 054, 055, 056, 057, 058, 059,
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060, 061, 062, 063, 064, 065, 066, 068, 069, 070,071, 073,074,075, 076,077, O78,
079, 080, 081, 082, 083, 084, 085, 086, 087, 088, 089, 090, 091, 092, 093, 095, 096,
097, 098, 099, 0100, 0101, 0102, 0103, 0104, O105, 0106, 0107, 0108, 0109, O110, Ol
0112,0113,0114,0115,0116,0117, 0118,0119, 0120, 0121, 0123, 0124, 0125, O1 0,
0127,0128,0129, 0130, 0131, 0132, 0133, 0134, 0135, 0136, 0137, 0138, O139, (¥140,
0141,0142,0143,0144,0145, 0146, 0147, 0148, 0149, 0150, O151, 0152, 0153/ 0154,
0155, 0156,0157, 0158, 0159, 0160, 0161, 0162, 0163, 0164, 0165, 0166, OL67, O168,
0169, 0170,0171,0172,0173, 0174, 0175, 0176,0177, 0178, 0179, O180/0181, 0182,
0183, 0184, 0185, 0186, or O187.
39.  The glyconjugate of claim 37, wherein said O antigen of KlebsielluAs K. pneumonia
serotype O1, 02, 03, 04, 05, 06, 07, 08,09, 010, 011, or O12.
40.  The glyconjugate of any one of claims 36-39, whercin said cgfricr protein is detoxificd
EPA.
41.  Animmunogenic composition comprising the glyconjugate of any one of claims 35-40.
42. A method of treating or preventing an infection in a glibject comprising administering the
immunogenic composition of claim 41 to the subject.
43.  The method of claim 42, wherein said infectior/ls an infection by uropathogenic E. coli.
44, A method of inducing an immune response jfi a subject comprising administering the
immunogenic composition of claim 41 to the sub
45, The method of claim 44, wherein said fmmune response is an immune response against a
pathogen.

46. The method of claim 45, whereiysaid pathogen is E. coli, Salmonella, Pseudomonas,
Klebsiella, Acinetobacter, Chlamvdig/trachomatis, Vibrio cholera, Listeria, Legionella
preumophila, Bordetella paraperifssis, Burkholderia mallei, Burkholderia pseudomallei,
Francisella tularensis, Campylgbacter; Clostridium, Staphylococcus, Streptococcus, Neisseria
meningitidis, Candida albicghs, Haemophilus influenza, Enterococcus faecalis; Borrelia
burgdorferi or Leishmainig major.

47.  The method of
48. A kit compri

{ny one of claims 42-46, wherein the subject is a human,
ing a donor plasmid and a helper plasmid,
(a) whergih the helper plasmid compriscs: (i) under control of a first promoter, an opcn

reading frame£&ncoding lambda red recombinase; and (ii) under control of a second promoter, an
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open reading frame encoding a restriction endonuclease that has a recognition sequence that is

not present in the host cell genome; and

and (ii) a counterselection marker.
49. An isolated plasmid comprising (i) under control of a first promoter, an opgh reading
frame encoding lambda red recombinase; and (i) under control of a second prooter, an open
reading frame encoding a restriction endonuclease that has a recognition sequénce that is not
present in the host cell genome.

50.  Anisolated plasmid comprising (i) from 5' to 3": (1) the recognitién sequence of the
bascs (kb), (3) a
region of at least 0.5 kb;

restriction cndonuclease; (2) a first homology region of at Icast 0.5 ki
heterologous insert DNA of at least 8 kb; and (4) a second homolo
and (ii) a counterselection marker.
51. A method of making a host cell, wherein said host cell £omprises a donor plasmid and a
helper plasmid, comprising introducing the plasmids of claifhs 49 and 50 into the host cell.

52. The method of claim 51, wherein said introductiof comprises transformation.
53. An isolated host cell, wherein said host cell copprises a donor plasmid and a helper
plasmid, wherein said host cell is produced according to the following method: (i) introducing a
donor plasmid into the host cell and (i1) introduciffg a helper plasmid into the host cell.

54. The host ccll of claim 53, whercein the hélper plasmid compriscs (i) undcer control of a
first promoter, an open reading frame encodjfig lambda red recombinase; and (ii) under control
of a sccond promoter, an open reading frafc cncoding a restriction endonuclcasc that has a
recognition sequence that is not preseny/in the host cell genome.

55.  The host cell of claim 53 or 34, wherein the donor plasmid comprises (i) from 5' to 3" (1)
the recognition sequence of the regtriction endonuclease; (2) a first homology region of at least
0.5 kilobases (kb), (3) a heteroldzous insert DNA of at least 8 kb; and (4) a second homology
region of at least 0.5 kb; and (ii) a counterselection marker.

56. The host cell of any one of claims 53-55, wherein said introduction comprises

transformation.
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57.  The host cell of any one of claims 53-56, wherein said donor plasmid and said helper
plasmid are introduced separately into the host cell.

58. The host cell of any one of claims 53-56, wherein said donor plasmid and said hefper
plasmid are introduced into the host cell simultaneously.

59.  Anisolated host ccll, wherein a heterologous gene that encodes an oligosacéharyl
transferase has been inserted into the genome of the host cell.

60. The 1solated host cell of claim 59, wherein said host cell is E. coli.

61.  The isolated host cell of claim 59 or 60, wherein said gene is the C/jejuni pglB gene.
62.  Theisolated host cell of any one of claims 59-61, wherein the cgpy number of the
heterologous gene in the host cellis 1,2, 3, 4, or 5.

63.  Theisolated host cell of claim 62, wherein the copy numbgt of the heterologous gene in
the hostcell is 1.

64. The isolated host cell of any one of claims 59-63, whérein said host cell comprises a
carrier protein comprising a consensus sequence Asn-X-S¢r(Thr), wherein X can be any amino

acid except Pro.

65.  The isolated host cell of claim 64, wherein s#id carrier protein is heterologous to said host
cell.
66.  The isolated host cell of claim 64 or 63/ wherein said carrier protein is Pseudomonas

exotoxin A, cholera toxin B, AcrA, HIA or £1fA.
67. A method of producing an N-glygbsylated protein, wherein said method comprises
culturing the host cell of any onc of cldims 59-66 undcr conditions suitable for the production of

proteins.
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CLAIMS

What is claimed is:

1. A host cell comprising a donor plasmid and a helper plasmid,

(a) wherein the helper plasmid comprises: (i) under control of a first promoter, an open
reading frame encoding lambda red recombinase; and (ii) under control of a second promoter, an
open reading frame encoding a restriction endonuclease that has a recognition sequence that is
not present in the host cell genome; and

(b) wherein the donor plasmid comprises: (i) from 5' to 3": (1) the recognition sequence of
the restriction endonuclease; (2) a first homology region of at least 0.5 kilobases (kb), (3) a
heterologous insert DNA of at least 8 kb; and (4) a second homology region of at least 0.5 kb;

and (ii) a counterselection marker.

2. The host cell of any one of claim 1, wherein the heterologous insert DNA is at least 20 kb.
3. The host cell of any one of claims 1-2, further comprising an oligosacchary! transferase.
4. The host cell of any one of claims 1-3, further comprising at least one glycosyltransferase.
5. The host cell of any one of claims 1-4, wherein one or more genes native to the host cell

have been deleted or inactivated.

6. The host cell of any one of claims 1-5, wherein said heterologous insert DNA comprises
an rfb cluster of a prokaryotic organism.

7. The host cell of any one of claims 1-6, wherein said host cell further comprises a nucleic
acid encoding a carrier protein comprising a consensus sequence for N-glycosylation.

8. A method of producing a glycoconjugate comprising a carrier protein and an antigen,
wherein said method comprises culturing the host cell of claim 7 under conditions suitable for
the production of proteins.

9. A glycoconjugate produced by the method of claim' 8.

10.  Anisolated host cell, wherein a heterologous gene that encodes an oligosaccharyl
transferase has been inserted into the genome of the host cell.

11. The isolated host cell of claim 10, wherein said host cell is E. coli.

12. The isolated host cell of claim 10 or 11, wherein said gene is the C. jejuni pglB gene.
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13.  The isolated host cell of any one of claims 10-12, wherein the copy number of the

heterologous gene in the host cell is 1,2, 3, 4, or 5.
14.  The isolated host cell of any one of ¢laims 10-13, wherein said host cell comprisesa

carrier protein comprising a consensus sequence Asn-X-Ser(Thr), wherein X can be any amino

acid except Pro.
15. A method of producing an N-glycosylated protein, wherein said method comprises

culturing the host cell of any one of claims 10-14 under conditions suitable for the production of

proteins.
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