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(57) ABSTRACT 

The present invention is directed to methods for producing 
and selecting novel mutant strains of B. ?’agilis that consti 
tutively express a particular capsular polysaccharide or only 
selected capsular polysaccharides; compositions directed to 
the novel mutant strains of B. ?’agilis that constitutively 
express a particular capsular polysaccharide or only selected 
capsular polysaccharides; improved methods for puri?cation 
of individual capsular polysaccharides; and compositions 
directed to novel res02 and invl9 genes and their gene 
products. Signi?cantly, the present invention provides meth 
ods and compositions for overexpressing and purifying 
immunomodulatory capsular polysaccharide A (PSA) in 
high yield. 
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Figure 6 
SEQ ID NO:5 

agtactgataactccqgtgactcccgccactgtaaaagaaaatgccggagaagctcccca 6O 
gggacaagacgtaaacgctacggtgaaaaatgacacggtgttcttcgacaaattgccggt 120 
aaccgaacttattacctccattgtaggcgataaagacaaagcggaagccattgtcaaagc 180 
catcggtgacgtaaaatacaaagtaggctacaagccggctctcaacacagagaaggacag 240 
catctaccttgctttcgatccgaaaccgttgacccttcaactgcctgcagccgtagaagg 300 
ccaggaaggacagactgttaccgtaaccatttcgtctccggacaaaggcagctttgctta 360 
caagaaaaatcagttgaagttgaagctcagcgccgataaagtggaactggcaggcgtagc 420 
ggtacctgttcctcagaccctgttcgacttcggtatgaccaaaaagaagtgattgcctgt 480 
tcaacacacgtaacaagcagtagtcatagggggtaaagcctgtaaagacaggctttatac 540 
ccgcatgaaaaagtccgtgctctcccccccggagtgaacacggactttctgttccttgaa 600 
accattcaaaaaaaaaagattatttcacagcagccaatgccttttcataatccggctcct 660 
gagtaatctccggcacaagctctgtataagctactttcccgtctttcccaatcaccacta 720 
ccgcacgcgccagcagtccggccagcggtccgtcagccatcctcacgccatagctctcgt 780 
cgaagtccgaaaagcggaaatccgacaacggaatcacgttttcgataccctctgtcgtgc 840 
agaagcgtccctgcgcaaacggcaagtctttcgaaatggccaataccacggtatccttca 900 
ttccggctgccattttattgaatttacgcaccgaagtggcgcacacaccggtatccagac 960 
tcgggaaaatattcagaacaatattcttacctttcagatcttttagtgcgaaagaagata 1020 
aatcacttttcaccagctcgaaatcgggagccacctttccaacctgtataaattcgccaa 1080 
tcagctttaccggttgtcctttgaaatttgttgttgccataattgataactctaagtttt 1140 
atttactatattctaaacaatcggtgcaagaactttgttcacgatggacaataatctaaa 1200 
aaataaaattgatatgaaaactttattcgacgagatggaacacgcagtcaaaaactggtg 1260 
gttatctcttattctgggtattctgtacatcatcgtggctctctgtctgctattcgcacc 1320 
gggaagcagttacattgccctcagcgtcatcttcagcatttcgatgctgataagtggtat 1380 
catcgaaatcatcttctccatcagtaaccggcgaggcatctcgtcctggggatggtacct 1440 
cgcaggcggtatcatcgatctgatcttaggcatctacctggtagcctatccgctgctcag 1500 
catggaagtcataccgttcatagtcgccttctggatgatgttccgcggtttctccgccac 1560 
aggctattctatgqacctgaagcgttatggcacccgtgagtggggatggtacatgggatt 1620 
cggcatcctcgccatcatttgttcgctgatcatcctgtggcagccggccgtaggtgccct 1680 
ctacgttatatatatgctggcattcactttcctgatcatcggattcttccgtgtcatgtt 1740 
gtccttcgaactgaaaagccttcataaacgatcaacggtgatgaacggtaaatgataaac 1800 
attgaatgaacccctattcaccacagattacacagattaacacagatattttaattaaac 1860 
tctcagtaaaataaattattaatctgtgagaatctgtgtaatctgcggtgaattatgact 1920 
cccctaaccgttactaatacatcgttttcataaaccgg 1958 



Patent Application Publication Jan. 25, 2007 Sheet 4 0f 5 US 2007/0020730 A1 

Figure 7 
SEQ ID NO:6 

ttttccgtacttactctcaaataagctattaccataattcatgtttttaaatgattaata 60 
caccacgaaaaaacggctattcattcaaatacgggacacttttttacgttccttttttct 120 
catgccacttgggtatttctgaaactttcattcgtctatacatttatgctattgattttt 180 
tactaatttccagcatattttccaatctgtcactcaaaatcttttttattataaaccgtg 240 
ttcttgaacacactaaaaagaacaagaaaatggaaatagaaaaattcattaaatctttag 300 
caagaaaagcgaagttaggcgggcgttacagcacagccaatacctacctctacactttgc 360 
acagttttcagaagtttgcgggaaaagcctcactgacttttgaagagatcactcccgaga 420 
gtatcaaggagtacgagcaatacttaatcctcaacgggaaacggtacaacacgatctcgc 480 
tctacatgcgcatgttgcgttccatctgcaatcaggcatcggagcagaacatagcttcgc 540 
tcaacacccgcgagctgtttgagaatgtttttatcggcaacgaacccactgccaagcgtg 600 
ccatctcacccgtcctcatttcccgcctgctcgaagcagatttcagcaagaacagccggc 660 
tcgattttgcccgcgacctcttcttgctaagcttctacctgaggggaatcccgtttgtcg 720 
acctggtacatctccgcaagaccgatgtgcagggaaacatgctcgtttatttccgccaga 780 
aaacgggacagcaacttacggtaatcatagaaaactgcgccaaagtgatcttgcgtaagt 840 
atgcctcgctttgcaaagaatccgtctatctgctgcccgtcatcagcgcagccggagagg 900 
aggggcacaagcagtaccgaagtgcattgagggtatacaacaaacgcctcaaccagatat 960 
ccggaatactgaaattgaagactccgctgacctcttatgtggcacgccacagttgggcga 1020 
ccacggccctgcagaaaggggttccggtttcagtgatcagtgcaggaatggggcatgctt 1080 
cagagaaggtgacatacatttatctggcatcttttgataacaaaacgctcagtaacgcaa 1140 
ataaaaaagtgattgccgccgtgagatttaagaaagaggaggaggagtgataatagctgt 1200 
tctcttacttattaggtaatagaacagattcatttgttttatcgctgcaaaaatagagat 1260 
aataattgaaactccacaaacaaaatgataatttcttttctataaaagtggattataacc 1320 
agttgaagtatcagtttgaaataatttattcacttaatagaaatattagtcataattcct 1380 
gtttgatgtaattactcaaacaggagtttacaattt:gcaataatttgacatcagaattat 1440 
ataatccagcccctgttttatgtttagttaacctctaaaagttatatttcatatcttttc 1500 
gctattccgcattctattacctaataagtaagggatcactttgttctattacctaataag 1560 
taagggaacaaattgcaatgcacacagcaagatggtagttattcaaacattaacgacaac 1620 
tatcgcaaacatttctaaaagtacagtatgaaacaggtattgcggttcaataaagtcatt 1680 
aaaaggattgtattcaccggagatctcattctcttgaatggcacctttctgtccttgtac 1740 
accctattggggagcaaattttttgcagatccattcattcactcacttccccaagtactg 1800 
gtattgctcaacttatgctacctggttagcaacatgtcttcaggtatcatattgcaccgc 1860 
cgtgtagtacgtcccgagcaaatcgtatggcgtgccttacgcaacagtgcgggacacgcc 1920 
ttgtttttttcctgcgcgctcacctttggaaacttcggcatcctttccgcccgctttttc 1980 
ttactgttctacattgcgttcactctgctgttggtttgttaccggttattgttccgcaag 2040 
atcctgaagtcctatcgtaagcatggaggcaactcccgcagcatcattctggtgggaagc 2100 
aatagcaatataatcgaactctaccatcaaatgacggacgacgtcacttccggattccgt 2160 
gtcatcggctactttgacgaccagccaggcagccgcttccccgaaaaggtgaactatctg 2220 
ggaaaacccggtaagattgtggaccgcctgaagcagggaggagtcgagcaggtttattgt 2280 
tgcctgccttcggcccgcagcgaagagattctccccatcatcgactattgcgaaaatcac 2340 
ctgat:acgctttttcagtgtccccaacgtgcgcagctatctgaagcggcgcatgtacttc 2400 
gagctcctgggcaacgtgcccgtactctgcatccgccaggagccgctcagttttgccgaa 2460 
aaccgattcaggaagcgtgtgttcgacatcgctttctcgctcttgtttctttgcaccctc 2520 
ttccccattatctatgtcat 2540 
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METHOD FOR OVEREXPRESSION OF 
ZWITTERIONIC POLYSACCHARIDES 

Related Application 

[0001] This application claims bene?t under 35 USC 35 
§ 1 19(e) ofU.S. provisional application Ser. No. 60/364,168, 
?led Mar. 13, 2002, the entire contents of Which is hereby 
incorporated by reference. 

GOVERNMENT RIGHTS 

[0002] This invention Was funded in part under National 
Institutes of Health Grant No. AI44193. The government 
may retain certain rights in the invention. 

FIELD OF THE INVENTION 

[0003] The invention relates to compositions and methods 
for the production and isolation of capsular polysaccharides 
Which have been reported to have immunomodulatory 
effects. Speci?cally, the invention relates to compositions 
and methods for the production and isolation of capsular 
polysaccharide A (PSA) of Bacleroides ?’agilis (B. fragilis). 

BACKGROUND OF THE INVENTION 

[0004] Capsular polysaccharide A (PSA) of Bacleroides 
?’agilis NCTC9343 has been reported to be an immuno 
modulator With therapeutic and preventative applications. 
US. Pat. Nos. 5,679,654 and 5,700,787; TZianabos A O et 
al. (2000) J Biol Chem 275:6733-40. It Was recently reported 
that in addition to PSA, B. ?’agilis NCTC9343 synthesiZes 
at least seven other capsular polysaccharide (PSB-PSH). 
Krinos C M et al. (2001) Nature 414:555-558. It has also 
recently been reported that expression of seven of these 
eight capsular polysaccharides of B. fragilis are variable due 
to phase variation dictated by inversion of DNA segments 
containing the promoters of each of the polysaccharide 
biosynthesis loci. Krinos C M et al., supra. The fact that this 
strain synthesiZes so many polysaccharides makes puri?ca 
tion of PSA from this strain very laborious. This, coupled 
With the variable expression of PSA due to its phase varia 
tion, often results in a very loW yield of PSA folloWing 
extensive procedures for its puri?cation. Scaled-up puri? 
cation of PSA for preventative or therapeutic applications 
thus presents technical obstacles. 

SUMMARY OF THE INVENTION 

[0005] The invention arises in part from the discovery by 
the present inventors of methods for controlling the phase 
variation of seven of the eight knoWn capsular polysaccha 
rides of B. ?agilis, PSA, PSB, PSD, PSE, PSF, PSG, and 
PSH. It Was surprisingly discovered that inactivation of a 
novel gene, res02 (also denoted mpi, multiple promoter 
invertase), has the effect of locking the invertible promoters 
of each of the capsular polysaccharide biosynthesis loci in 
either an “on” orientation or an “o?‘” orientation. When an 

invertible promoter of a capsular polysaccharide is in an on 
orientation, the promoter is transcriptionally active With 
respect to the polysaccharide biosynthesis locus associated 
With the biosynthesis of the capsular polysaccharide. Con 
versely, When an invertible promoter of a capsular polysac 
charide is in an olf orientation, the promoter is transcrip 
tionally inactive With respect to the polysaccharide 
biosynthesis locus associated With the biosynthesis of the 
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capsular polysaccharide. By locking the promoters and then 
selecting for bacterial cells constitutively expressing only a 
particular capsular polysaccharide, or expressing only a 
restricted set of capsular polysaccharides including the par 
ticular capsular polysaccharide, it Was discovered according 
to the instant invention that it Was noW possible to increase 
the yield of the particular capsular polysaccharide. Thus, it 
Was discovered according to the instant invention that it is 
noW possible to generate and select mutant strains of B. 
?’agilis that constitutively express any combination of 
selected capsular polysaccharides and not others. Further 
more, using this method it is noW possible to generate and 
select mutant strains of B. ?’agilis that constitutively express 
only one particular capsular polysaccharide, e.g., PSA, and 
no other capsular polysaccharide. Because each selected 
mutant strain is rendered incapable of phase variation, the 
amount of selected polysaccharide, e. g., PSA, made by each 
cell is increased compared to Wild type. In addition, because 
a selected mutant strain expresses only a single capsular 
polysaccharide, or it expresses only a desired combination 
of capsular polysaccharides, puri?cation of capsular 
polysaccharide is greatly simpli?ed and more ef?cient. 

[0006] The invention also relates in part to a second novel 
gene, invl9, located adjacent to res02 and believed by the 
applicants also to be involved in controlling the expression 
of capsular polysaccharides in B. ?’agilis. Unlike res02, 
inactivation or deletion of invl9 does not appear to result in 
locking the phase variable promoters of capsular polysac 
charide biosynthesis loci. HoWever, it Was discovered 
according to the instant invention that deletion of both res02 
and invl9 can produce a genotype different from res02 
deletion alone. For example, in one instance a res02 deletion 
alone did not express PSC, While a double res02/invl9 
deletion did express PSC. 

[0007] As detailed beloW, the present invention thus 
includes methods for producing and selecting novel mutant 
strains of B. ?’agilis that constitutively express only particu 
lar capsular polysaccharides; compositions directed to the 
novel mutant strains of B. ?’agilis that constitutively express 
only particular capsular polysaccharides; improved methods 
for puri?cation of individual capsular polysaccharides; and 
novel compositions directed to the res02 and invl9 genes 
and their gene products. 

[0008] It is believed that the novel res02 polypeptide 
encoded by the novel res02 gene functions as an invertase 
for nucleic acid sequences having speci?c structural char 
acteristics. The speci?c structural characteristics include the 
presence of inverted repeat sequences ?anking a central 
sequence, Where the inverted repeat sequences have a par 
ticular sequence speci?cally recogniZed by the res02 
polypeptide. 

[0009] In one aspect the invention provides an isolated 
nucleic acid molecule related to res02. The nucleic acid 
according to this aspect includes a nucleotide sequence 
selected from the group consisting of: (a) a nucleotide 
sequence as set forth in SEQ ID NO: 1; (b) a nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
NO:2; (c) a nucleotide sequence Which hybridiZes under 
stringent conditions to a complement of (a) or (b); and (d) a 
nucleotide sequence complementary to any of (a)-(c). In one 
embodiment the nucleic acid molecule is a nucleotide 
sequence as set forth in SEQ ID NOzl. In one embodiment 
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the nucleic acid molecule is a nucleotide sequence encoding 
a polypeptide as set forth in SEQ ID N012. A nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
N012 includes a nucleotide sequence that differs from the 
nucleotide sequence as set forth in SEQ ID N011 in codon 
sequence due to degeneracy of the genetic code. 

[0010] In another aspect the invention provides an isolated 
nucleic acid molecule related to res02. The nucleic acid 
according to this aspect includes a nucleotide sequence 
selected from the group consisting of: (a) a nucleotide 
sequence encoding a polypeptide Which is at least about 70 
percent identical to a polypeptide as set forth in SEQ ID 
N012, Wherein the encoded polypeptide has an activity of 
the polypeptide set forth in SEQ ID N012; (b) a nucleotide 
sequence encoding an allelic variant of a nucleotide 
sequence as set forth in SEQ ID N011 or (a); (c) a region of 
the nucleotide sequence of SEQ ID N011, (a), or (b) 
encoding a polypeptide fragment of at least about 9 amino 
acid residues, Wherein the polypeptide fragment has an 
activity of the encoded polypeptide as set forth in SEQ ID 
N012, or is antigenic; (d) a region of the nucleotide sequence 
of SEQ ID N011, or any of (a)-(c) comprising a fragment of 
at least about 16 nucleotides; (e) a nucleotide sequence 
Which hybridiZes under moderately or highly stringent con 
ditions to the complement of any of (a)-(d); and (f) a 
nucleotide sequence complementary to any of (a)-(d). 

[0011] In yet another aspect the invention provides an 
isolated nucleic acid molecule related to res02. The nucleic 
acid according to this aspect includes a nucleotide sequence 
selected from the group consisting of: (a) a nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
N012 With at least one conservative amino acid substitution, 
Wherein the encoded polypeptide has an activity of the 
polypeptide set forth in SEQ ID N012; (b) a nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
N012 With at least one amino acid insertion, Wherein the 
encoded polypeptide has an activity of the polypeptide set 
forth in SEQ ID N012; (c) a nucleotide sequence encoding 
a polypeptide as set forth in SEQ ID N012 With at least one 
amino acid deletion, Wherein the encoded polypeptide has 
an activity of the polypeptide set forth in SEQ ID N012; (d) 
a nucleotide sequence encoding a polypeptide as set forth in 
SEQ ID N012 Which has a C- and/or N-terminal truncation, 
Wherein the encoded polypeptide has an activity of the 
polypeptide set forth in SEQ ID N012; (e) a nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
N012 With at least one modi?cation selected from the group 
consisting of amino acid substitutions, amino acid inser 
tions, amino acid deletions, C-terminal truncation, and 
N-terminal truncation, Wherein the encoded polypeptide has 
an activity of the polypeptide set forth in SEQ ID N012; (f) 
a nucleotide sequence of any of (a)-(e) comprising a frag 
ment of at least about 16 nucleotides; (g) a nucleotide 
sequence Which hybridiZes under moderately or highly 
stringent conditions to the complement of any of (a)-(f); and 
(h) a nucleotide sequence complementary to any of (a)-(e). 

[0012] In another aspect the invention provides a vector 
including the res02 nucleic acid molecule of any of the 
aspects above. 

[0013] In a further aspect the invention provides a host cell 
including any of the res02 vectors above. 
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[0014] In another aspect the invention provides an isolated 
polypeptide related to res02. The isolated polypeptide 
according to this aspect includes an amino acid sequence as 
set forth in SEQ ID N012. 

[0015] In another aspect the invention provides an isolated 
polypeptide related to res02. The isolated polypeptide 
according to this aspect includes an amino acid sequence 
selected from the group consisting of: (a) an amino acid 
sequence for an ortholog of SEQ ID N012; (b) an amino acid 
sequence Which is at least about 70 percent identical to the 
amino acid sequence of SEQ ID N012, Wherein the polypep 
tide has an activity of the polypeptide set forth in SEQ ID 
N012; (c) a fragment of the amino acid sequence set forth in 
SEQ ID N012 comprising at least about 9 amino acid 
residues, Wherein the fragment has an activity of the 
polypeptide set forth in SEQ ID N012, or is antigenic; and 
(d) an amino acid sequence for an allelic variant of the 
amino acid sequence as set forth in SEQ ID N012, (a), or (b). 

[0016] In yet another aspect the invention provides an 
isolated polypeptide related to res02. The isolated polypep 
tide according to this aspect includes an amino acid 
sequence selected from the group consisting of: (a) the 
amino acid sequence as set forth in SEQ ID N012 With at 
least one conservative amino acid substitution, Wherein the 
polypeptide has an activity of the polypeptide set forth in 
SEQ ID N012; (b) the amino acid sequence as set forth in 
SEQ ID N012 With at least one amino acid insertion, 
Wherein the polypeptide has an activity of the polypeptide 
set forth in SEQ ID N012; (c) the amino acid sequence as set 
forth in SEQ ID N012 With at least one amino acid deletion, 
Wherein the polypeptide has an activity of the polypeptide 
set forth in SEQ ID N012; (d) the amino acid sequence as set 
forth in SEQ ID N012 Which has a C- and/or N-terminal 
truncation, Wherein the polypeptide has an activity of the 
polypeptide set forth in SEQ ID N012; and (e) the amino 
acid sequence as set forth in SEQ ID N012 With at least one 
modi?cation selected from the group consisting of amino 
acid substitutions, amino acid insertions, amino acid dele 
tions, C-terminal truncation, and N-terminal truncation, 
Wherein the polypeptide has an activity of the polypeptide 
set forth in SEQ ID N012. 

[0017] In certain embodiments the isolated polypeptide 
encoded by any of the foregoing res02 nucleic acid mol 
ecules has an activity of the polypeptide set forth in SEQ ID 
N012. Speci?cally, in certain embodiments the activity is 
promoter invertase activity. 

[0018] The invention in another aspect provides a selec 
tive binding agent or fragment thereof Which speci?cally 
binds the res02 polypeptide of any of the foregoing aspects. 
In one embodiment the selective binding agent or fragment 
thereof speci?cally binds the polypeptide comprising the 
amino acid sequence as set forth in SEQ ID N012 or a 
fragment thereof. In one embodiment the selective binding 
agent is an antibody or fragment thereof. 

[0019] In yet another aspect the invention provides a 
fusion polypeptide comprising the res02 polypeptide of any 
of the foregoing aspects, fused to a heterologous amino acid 
sequence. 

[0020] In a further aspect the invention provides an iso 
lated nucleic acid molecule related to inv19. The nucleic 
acid according to this aspect includes a nucleotide sequence 
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selected from the group consisting of: (a) a nucleotide 
sequence as set forth in SEQ ID N013; (b) a nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
N014; (c) a nucleotide sequence Which hybridiZes under 
stringent conditions to a complement of (a) or (b); and (d) a 
nucleotide sequence complementary to any of (a)-(c). In one 
embodiment the nucleic acid molecule is a nucleotide 
sequence as set forth in SEQ ID N013. In one embodiment 
the nucleic acid molecule is a nucleotide sequence encoding 
a polypeptide as set forth in SEQ ID N014. A nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
N014 includes a nucleotide sequence that differs from the 
nucleotide sequence as set forth in SEQ ID N013 in codon 
sequence due to degeneracy of the genetic code. 

[0021] In another aspect the invention provides an isolated 
nucleic acid molecule related to invl9. The nucleic acid 
according to this aspect includes a nucleotide sequence 
selected from the group consisting of: (a) a nucleotide 
sequence encoding a polypeptide Which is at least about 70 
percent identical to a polypeptide as set forth in SEQ ID 
N014, Wherein the encoded polypeptide has an activity of 
the polypeptide set forth in SEQ ID N014; (b) a nucleotide 
sequence encoding an allelic variant of a nucleotide 
sequence as set forth in SEQ ID N013 or (a); (c) a region of 
the nucleotide sequence of SEQ ID N013, (a), or (b) 
encoding a polypeptide fragment of at least about 9 amino 
acid residues, Wherein the polypeptide fragment has an 
activity of the encoded polypeptide as set forth in SEQ ID 
N014, or is antigenic; (d) a region of the nucleotide sequence 
of SEQ ID N013, or any of (a)-(c) comprising a fragment of 
at least about 16 nucleotides; (e) a nucleotide sequence 
Which hybridiZes under moderately or highly stringent con 
ditions to the complement of any of (a)-(d); and (f) a 
nucleotide sequence complementary to any of (a)-(d). 

[0022] In yet another aspect the invention provides an 
isolated nucleic acid molecule related to invl9. The nucleic 
acid according to this aspect includes a nucleotide sequence 
selected from the group consisting of: (a) a nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
N014 With at least one conservative amino acid substitution, 
Wherein the encoded polypeptide has an activity of the 
polypeptide set forth in SEQ ID N014; (b) a nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
N014 With at least one amino acid insertion, Wherein the 
encoded polypeptide has an activity of the polypeptide set 
forth in SEQ ID N014; (c) a nucleotide sequence encoding 
a polypeptide as set forth in SEQ ID N014 With at least one 
amino acid deletion, Wherein the encoded polypeptide has 
an activity of the polypeptide set forth in SEQ ID N014; (d) 
a nucleotide sequence encoding a polypeptide as set forth in 
SEQ ID N014 Which has a C- and/or N-terminal truncation, 
Wherein the encoded polypeptide has an activity of the 
polypeptide set forth in SEQ ID N014; (e) a nucleotide 
sequence encoding a polypeptide as set forth in SEQ ID 
N014 With at least one modi?cation selected from the group 
consisting of amino acid substitutions, amino acid inser 
tions, amino acid deletions, C-terminal truncation, and 
N-terminal truncation, Wherein the encoded polypeptide has 
an activity of the polypeptide set forth in SEQ ID N014; (f) 
a nucleotide sequence of any of (a)-(e) comprising a frag 
ment of at least about 16 nucleotides; (g) a nucleotide 
sequence Which hybridiZes under moderately or highly 
stringent conditions to the complement of any of (a)-(f); and 
(h) a nucleotide sequence complementary to any of (a)-(e). 
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[0023] In another aspect the invention provides a vector 
including the invl9 nucleic acid molecule of any of the 
aspects above. 

[0024] In a further aspect the invention provides a host cell 
including any of the invl 9 vectors above. 

[0025] In another aspect the invention provides an isolated 
polypeptide related to invl9. The isolated polypeptide 
according to this aspect includes an amino acid sequence as 
set forth in SEQ ID N014. 

[0026] In another aspect the invention provides an isolated 
polypeptide related to invl9. The isolated polypeptide 
according to this aspect includes an amino acid sequence 
selected from the group consisting of: (a) an amino acid 
sequence for an ortholog of SEQ ID N014; (b) an amino acid 
sequence Which is at least about 70 percent identical to the 
amino acid sequence of SEQ ID N014, Wherein the polypep 
tide has an activity of the polypeptide set forth in SEQ ID 
N014; (c) a fragment of the amino acid sequence set forth in 
SEQ ID N014 comprising at least about 9 amino acid 
residues, Wherein the fragment has an activity of the 
polypeptide set forth in SEQ ID N014, or is antigenic; and 
(d) an amino acid sequence for an allelic variant of the 
amino acid sequence as set forth in SEQ ID N014, (a), or (b). 

[0027] In yet another aspect the invention provides an 
isolated polypeptide related to invl 9. The isolated polypep 
tide according to this aspect includes an amino acid 
sequence selected from the group consisting of: (a) the 
amino acid sequence as set forth in SEQ ID N014 With at 
least one conservative amino acid substitution, Wherein the 
polypeptide has an activity of the polypeptide set forth in 
SEQ ID N014; (b) the amino acid sequence as set forth in 
SEQ ID N014 With at least one amino acid insertion, 
Wherein the polypeptide has an activity of the polypeptide 
set forth in SEQ ID N014; (c) the amino acid sequence as set 
forth in SEQ ID N014 With at least one amino acid deletion, 
Wherein the polypeptide has an activity of the polypeptide 
set forth in SEQ ID N014; (d) the amino acid sequence as set 
forth in SEQ ID N014 Which has a C- and/or N-terminal 
truncation, Wherein the polypeptide has an activity of the 
polypeptide set forth in SEQ ID N014; and (e) the amino 
acid sequence as set forth in SEQ ID N014 With at least one 
modi?cation selected from the group consisting of amino 
acid substitutions, amino acid insertions, amino acid dele 
tions, C-terminal truncation, and N-terminal truncation, 
Wherein the polypeptide has an activity of the polypeptide 
set forth in SEQ ID N014. 

[0028] In certain embodiments the isolated polypeptide 
encoded by any of the foregoing invl9 nucleic acid mol 
ecules has an activity of the polypeptide set forth in SEQ ID 
N014. 

[0029] The invention in another aspect provides a selec 
tive binding agent or fragment thereof Which speci?cally 
binds the invl 9 polypeptide of any of the foregoing aspects. 
In one embodiment the selective binding agent or fragment 
thereof speci?cally binds the polypeptide comprising the 
amino acid sequence as set forth in SEQ ID N014 or a 
fragment thereof. In one embodiment the selective binding 
agent is an antibody or fragment thereof 

[0030] In yet another aspect the invention provides a 
fusion polypeptide comprising the invl 9 polypeptide of any 
of the foregoing aspects, fused to a heterologous amino acid 
sequence. 
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[0031] According to yet another aspect of the invention, a 
bacterial cell is provided in Which res02 expression is 
disabled. The expression of res02 can be disabled by any of 
a number of possible mechanisms, including, but not limited 
to, alteration of the res02 gene sequence by an insertion or 
deletion mutation that causes either deletion, truncation, or 
frameshift of the translated product, or disruption of a res02 
gene expression sequence, such that res02 is not expressed 
by the cell. 

[0032] According to yet another aspect of the invention, a 
bacterial cell is provided in Which invl9 expression is 
disabled. The expression of invl9 can be disabled by any of 
a number of possible mechanisms, including, but not limited 
to, alteration of the invl9 gene sequence by an insertion or 
deletion mutation that causes either deletion, truncation, or 
frameshift of the translated product, or disruption of an 
invl9 gene expression sequence, such that invl9 is not 
expressed by the cell. 

[0033] In another aspect the invention provides a popula 
tion of bacterial cells stably expressing a speci?c capsular 
polysaccharide, or only a limited set of capsular polysac 
charides including the speci?c capsular polysaccharide, 
selected from the group consisting of: PSA, PSB, PSD, PSE, 
PSF, PSG, and PSH. In one embodiment the speci?c cap 
sular polysaccharide is PSA. In certain embodiments the 
bacterial cells are B. fragilis, including B. fragilis 
NCTC9343. In one embodiment the bacterial cells are B. 
?’agilis 9343res02mut44. In another embodiment the bacte 
rial cells are B. fragilis 9343res02mut2. 

[0034] The invention further provides a bacterial cell 
expressing a capsular polysaccharide selected from the 
group consisting of: PSA, PSB, PSD, PSE, PSF, PSG, and 
PSH, Wherein a promoter controlling expression of the 
capsular polysaccharide is locked on. In one preferred 
embodiment the capsular polysaccharide is PSA. In some 
embodiments promoters controlling expression of each and 
every capsular polysaccharide selected from the group con 
sisting of: PSB, PSD, PSE, PSF, PSG, and PSH are locked 
off. In some embodiments any one or combination of 
capsular polysaccharides selected from the group consisting 
of: PSA, PSB, PSD, PSE, PSF, PSG, and PSH is not 
expressed. Also in some embodiments a promoter control 
ling expression of any one or combination of capsular 
polysaccharides selected from the group consisting of: PSA, 
PSB, PSD, PSE, PSF, PSG, and PSH, Wherein said any one 
or combination of capsular polysaccharides is not expressed, 
is locked off. In one embodiment res02 expression is dis 
abled. In one embodiment invl9 expression is disabled. In 
one embodiment res02 expression and invl9 expression are 
both disabled. In one embodiment the bacterial cell accord 
ing to any of the foregoing aspects is B. fragilis. In one 
embodiment the bacterial cell according to any of the 
foregoing aspects is B. ?’agilis NCTC9343. In one embodi 
ment the bacterial cell is B. ?’agilis 9343res02mut44. In 
another embodiment the bacterial cell is B. fragilis 
9343res02mut2. 

[0035] According to yet another aspect, the invention 
provides a method for locking a phase-variable promoter of 
a capsular polysaccharide biosynthesis gene on. The method 
according to this aspect involves inactivating res02 in a 
bacterial cell to lock a phase-variable promoter of a biosyn 
thesis gene for a capsular polysaccharide on. 
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[0036] In a further aspect the invention provides a method 
for affecting expression of a capsular polysaccharide bio 
synthesis gene. The method according to this aspect involves 
inactivating invl9 in a bacterial cell to affect expression of 
a biosynthesis gene for a capsular polysaccharide. In certain 
embodiments the method further involves selecting a bac 
terial cell expressing at least one capsular polysaccharide 
selected from the group consisting of: PSA, PSB, PSD, PSE, 
PSF, PSG, and PSH. In certain embodiments the method 
further involves selecting a bacterial cell expressing only 
one capsular polysaccharide selected from the group con 
sisting of: PSA, PSB, PSD, PSE, PSF, PSG, and PSH. In one 
embodiment the one capsular polysaccharide is PSA. 

[0037] The invention in another aspect provides an 
improved method for purifying PSA from a bacterial cell. 
The improvement involves inactivating res02 in the bacterial 
cell such that a promoter for PSA is locked on or off, and 
selecting a bacterial cell expressing PSA. In one embodi 
ment the bacterial cell is B. ?’agilis. In one embodiment the 
cell is B. ?’agilis NCTC9343. In one particular embodiment 
the bacterial cell is B. fragilis 9343res02mut44. In another 
particular embodiment the bacterial cell is B. ?’agilis 
9343res02mut2. 

[0038] The invention according to yet another aspect 
further provides a method for producing a pure capsular 
polysaccharide. The method according to this aspect 
involves groWing a population of bacterial cells stably 
expressing a speci?c capsular polysaccharide, or only a 
restricted set of capsular polysaccharides including the spe 
ci?c capsular polysaccharide, selected from the group con 
sisting of: PSA, PSB, PSD, PSE, PSF, PSG, and PSH, and 
isolating the speci?c capsular polysaccharide from the popu 
lation of bacterial cells to produce a pure capsular polysac 
charide. In one embodiment a promoter controlling expres 
sion of any one or combination of capsular polysaccharides 
selected from the group consisting of: PSA, PSB, PSD, PSE, 
PSF, PSG, and PSH, excluding the speci?c capsular polysac 
charide, is locked off. In one embodiment the speci?c 
expressed capsular polysaccharide is PSA. In one embodi 
ment promoters controlling expression of each and every 
capsular polysaccharide selected from the group consisting 
of: PSB, PSD, PSE, PSF, PSG, and PSH, are locked off. In 
one embodiment the bacterial cells are B. ?’agilis. In one 
embodiment the bacterial cells are B. fragilis NCTC9343. In 
a particular embodiment the bacterial cells are B. ?’agilis 
9343res02mut44. In another a particular embodiment the 
bacterial cells are B. ?’agilis 9343res02mut2. 

[0039] In yet another aspect the invention provides a 
method of treating or preventing in?ammatory boWel dis 
ease. The method according to this aspect involves admin 
istering to a subject in need of treatment for or prevention of 
in?ammatory boWel disease an effective amount of a popu 
lation of bacterial cells stably expressing a speci?c capsular 
polysaccharide to treat or prevent the in?ammatory boWel 
disease. In one embodiment the speci?c capsular polysac 
charide is PSA. In one embodiment the bacterial cells are B. 
?’agilis. In one embodiment the bacterial cells are B. ?’agilis 
NCTC9343. In one embodiment the bacterial cells are B. 
?’agilis 9343res02mut44 (mut44). In another embodiment 
the bacterial cells are B. fragilis 9343res02mut2 (mut2). 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is the nucleotide sequence of res02 (SEQ ID 
N011). 
[0041] FIG. 2 is the deduced amino acid sequence of res02 
(SEQ ID N012). 

[0042] FIG. 3 is the nucleotide sequence ofinv19 (SEQ ID 
N013). 
[0043] FIG. 4 is the deduced amino acid sequence of inv19 
(SEQ ID N014). 

[0044] FIG. 5 is a diagram showing the construction of 
pKGWlO and mutation strategy used in deleting res02 from 
the B. fragilis NCTC9343 chromosome. The direction of 
translation of res02 is from right to left in the ?gure. 

[0045] FIG. 6 is the nucleotide sequence of Left Flank, 
invl9-D1a through <r>invl9-D2, 1,958 bp (SEQ ID N015). 

[0046] FIG. 7 is the nucleotide sequence of Right Flank, 
invl9-D5a through <r>invl9-D6, 2,540 bp (SEQ ID N016). 

[0047] FIG. 8 is a composite of Western immunoblot 
images demonstrating that mut2 (lane 2) and mut44 (lane 4) 
express PSA, but not PSB, PSC, PSD, PSE, PSG, or PSH. 
Small amounts of PSP Were expressed by each of these 
mutant strains, but not by another res02 mutant, res02mut8. 
Wild-type (lane 1) and res02mut8 (lane 3) are also shoWn for 
comparison. 

DETAILED DESCRIPTION 

[0048] The technology described in this application has 
utiliZed the genetic information that the inventors have 
discovered about B. fragilis NCTC9343 to circumvent both 
the dif?culty of puri?cation of one capsular polysacharide 
from the other seven polysaccharides, and the loW yield of 
a given capsular polysaccharide due to the phase variation in 
its expression. Importantly, the technology described in this 
application circumvents both the dif?culty of puri?cation of 
PSA from the other seven polysaccharides, and the loW yield 
of PSA due to the phase variation in its expression. 

[0049] In featured aspects of the invention, res02 is inac 
tivated so that phase variation of the capsular polysaccha 
rides is eliminated. The lack of res02 activity renders the 
invertible promoters for the polysaccharide biosynthesis loci 
locked in either the on or the oif orientation. Selection of 
particular phenotypes then permits selection of mutants With 
the promoter of a selected capsular polysaccharide locked on 
and the promoters of other capsular polysaccharides locked 
off. 

[0050] The terms “res02”, “res02 gene”, and “res02 
nucleic acid molecule” refer to a nucleic acid molecule 
comprising or consisting of a nucleotide sequence as set 
forth in SEQ ID N011, a nucleotide sequence encoding the 
polypeptide as set forth in SEQ ID N012, and nucleic acid 
molecules as de?ned herein. 

[0051] The terms “invl9”, “invl9 gene”, and “invl9 
nucleic acid molecule” refer to a nucleic acid molecule 
comprising or consisting of a nucleotide sequence as set 
forth in SEQ ID N013, a nucleotide sequence encoding the 
polypeptide as set forth in SEQ ID N014, and nucleic acid 
molecules as de?ned herein. 
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[0052] The terms “res02”, “res02 polypeptide”, and 
“res02 gene product” refer to a polypeptide comprising the 
amino acid sequence of SEQ ID N012 and related polypep 
tides. Related polypeptides include res02 polypeptide frag 
ments, res02 polypeptide orthologs, res02 polypeptide vari 
ants, and res02 polypeptide derivatives, Which possess at 
least one activity of the polypeptide as set forth in SEQ ID 
N012. 

[0053] The terms “invl9”, “invl9 polypeptide”, and 
“invl 9 gene product” refer to a polypeptide comprising the 
amino acid sequence of SEQ ID N014 and related polypep 
tides. Related polypeptides include inv19 polypeptide frag 
ments, inv19 polypeptide orthologs, inv19 polypeptide vari 
ants, and inv19 polypeptide derivatives, Which possess at 
least one activity of the polypeptide as set forth in SEQ ID 
N014. 

Methods and Compositions for 0verexpressing Capsular 
Polysaccharides 
[0054] A bacterial cell in Which “res02 expression is 
disabled” is a viable bacterial cell in Which the level of 
functional res02 polypeptide is negligible compared to the 
level of functional res02 polypeptide normally expressed by 
the bacterial cell under the same conditions. The expression 
can be disabled by the introduction or presence of a mutation 
in the res02 gene that results in a nonfunctional res02 gene 
product or no functional res02 gene product. Such mutations 
include those involving at least one missense mutation, 
nonsense mutation, truncation mutation, insertion mutation, 
or deletion mutation, or any combination thereof, involving 
the res02 open reading frame (ORF). In some embodiments 
mutations resulting in disabled res02 expression include at 
least one truncation, insertion, or deletion mutation, or any 
combination thereof, involving the res02 promoter. In some 
embodiments res02 expression is disabled through manipu 
lation of factors upstream of the expression of res02. For 
example, transcriptional activators, signal transduction, and 
global regulators can in?uence expression of res02. See, for 
example, Gally D L et al. (1993) JBacleriol 17516186-93; 
Blom?eld I C et al. (1993) JBacleriol 175127-36; Dorman 
C J et al. (1987) JBacleriol 16913840-43; Eisenstein B I et 
al. (1987) Proc Natl Acad Sci USA 8416506-10. In one 
embodiment, a bacterial cell in Which res02 expression is 
disabled has a chromosomal deletion of the res02 gene. 

[0055] For example, a bacterial cell in Which res02 expres 
sion is disabled can be a cell in Which there is a deletion of 
any one or combination of the ?rst, second, third, fourth, 
?fth, sixth, and so on, nucleotides shoWn in SEQ ID N011. 
In one embodiment the deletion occurs nearer to the 5' end 
than to the 3' end. For example, deletion of the ?rst, second 
or third nucleotide shoWn in SEQ ID N011 obliterates the 
“atg” start codon at position 1 and moves the ?rst “atg” start 
codon to position 67 of SEQ ID N011, generating an ORF 
that encodes amino acids 23-197 shoWn in SEQ ID N012. As 
another example, deletion of the fourth nucleotide shoWn in 
SEQ ID N011 maintains the original “atg” start codon at 
position 1 but introduces a number of adjacent and nearby 
stop codons. 

[0056] As a further example, a bacterial cell in Which 
res02 expression is disabled can be a cell in Which there is 
an insertion of one or more nucleotides folloWing any one or 

combination of the ?rst, second, third, fourth, ?fth, sixth, 
and so on, nucleotides shoWn in SEQ ID N011. For example, 
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the insertion can be an insertion of an in-frame stop codon 
(taa, tag, tga) in SEQ ID NO11. As a further example, the 
insertion can be a polynucleotide, e.g., a polynucleotide 
sequence that encodes an exogenous gene product. In one 
embodiment the insertion occurs nearer to the 5' end than to 
the 3' end. 

[0057] The deletion or insertion can be accomplished by 
homologous recombination. 

[0058] Homologous recombination is a technique origi 
nally developed for targeting genes to induce or correct 
mutations in transcriptionally active genes. Kucherlapati R 
S (1989) Prog Nucleic Acid Res Mol Biol 361301-10. The 
basic technique Was developed as a method for introducing 
speci?c mutations into speci?c regions of the mammalian 
genome (Thomas K R et al. (1986) Cell 441419-28; Thomas 
K R et al. (1987) Cell 511503-12; Doetschman T et al. (1988) 
Proc Natl Acad Sci USA 8518583-87) or to correct speci?c 
mutations Within defective genes (Doetschman T et al. 
(1987) Nature 3301576-78). Exemplary homologous recom 
bination techniques are described in US. Pat. No. 5,272, 
071; European Patent Nos. 9193051 and 505500; and PCT/ 
US90/07642 (PCT Pub No. WO 91/09955). 

[0059] Through homologous recombination, the DNA 
sequence to be inserted into the genome can be directed to 
a speci?c region of the gene of interest by attaching it to 
targeting DNA. The targeting DNA is a nucleotide sequence 
that is complementary (homologous) to a region of the 
genomic DNA. Small pieces of targeting DNA that are 
complementary to a speci?c region of the genome are put in 
contact With the parental strand during the DNA replication 
process. It is a general property of DNA that has been 
inserted into a cell to hybridiZe, and therefore, recombine 
With other pieces of endogenous DNA through shared 
homologous regions. If this complementary strand is 
attached to an oligonucleotide that contains a mutation or a 

different sequence or an additional nucleotide, it too is 
incorporated into the neWly synthesiZed strand as a result of 
the recombination. As a result of the proofreading function, 
it is possible for the neW sequence of DNA to serve as the 
template. Thus, the transferred DNA is incorporated into the 
genome. 

[0060] Homologous recombination can also be used to 
delete a region of genomic DNA. In this instance the 
targeting DNA is a nucleotide sequence that is complemen 
tary (homologous) to regions of the genomic DNA ?anking 
that Which is to be deleted. The targeting DNA is usually at 
least one kilobase (1 kb) long for each ?anking region, and 
more preferably it is closer to 2 kb for each ?anking region. 
If this complementary strand is put in contact With the 
parental strand during the DNA replication process, it is 
incorporated into the neWly synthesiZed strand as a result of 
recombination. As a result of the proofreading function, it is 
possible for the neW sequence of DNA, lacking the original 
genomic sequence betWeen the homologous ?anking 
regions, to serve as the template. Thus, the transferred DNA 
is incorporated into the genome. 

[0061] Deletion by homologous recombination involves 
double crossover allelic exchange. In this method a ?rst 
recombination event occurs With one ?ank region, and then 
a second recombination event occurs With the opposite 
?ank. As a result, double crossover homologous exchange 
results in tWo groups of cells, those Which are deletion 
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mutants and those Which are Wild type. The determination of 
Whether a particular cell is Wild type or a deletion mutant can 
be accomplished by screening for the Wild type gene or Wild 
type gene product, or direct screening for the chromosomal 
deletion. 

[0062] A bacterial cell in Which “inv19 expression is 
disabled” is a viable bacterial cell in Which the level of 
functional inv19 polypeptide is negligible compared to the 
level of functional inv19 polypeptide normally expressed by 
the bacterial cell under the same conditions. The expression 
can be disabled by the introduction or presence of a mutation 
in the inv19 gene that results in a nonfunctional inv19 gene 
product or no functional inv19 gene product. Such mutations 
include those involving at least one missense mutation, 
nonsense mutation, truncation mutation, insertion mutation, 
or deletion mutation, or any combination thereof, involving 
the inv19 open reading frame (ORF). In some embodiments 
mutations resulting in disabled inv19 expression include at 
least one truncation, insertion, or deletion mutation, or any 
combination thereof, involving the inv19 promoter. In some 
embodiments inv19 expression is disabled through manipu 
lation of factors upstream of the expression of inv19. For 
example, transcriptional activators, signal transduction, and 
global regulators can in?uence expression of res02. See, for 
example, Gally D L et al. (1993) JBacleriol 17516186-93; 
Blom?eld l C et al. (1993) JBacleriol 175127-36; Dorman 
C J et al. (1987) JBacleriol 16913840-43; Eisenstein B I et 
al. (1987) Proc Natl Acad Sci USA 8416506-10. In one 
embodiment, a bacterial cell in Which inv19 expression is 
disabled has a chromosomal deletion of the inv19 gene. 

[0063] For example, a bacterial cell in Which inv19 
expression is disabled can be a cell in Which there is a 
deletion of any one or combination of the ?rst, second, third, 
fourth, ?fth, sixth, and so on, nucleotides shoWn in SEQ ID 
NO13. In one embodiment the deletion occurs nearer to the 
5' end than to the 3' end. 

[0064] As a further example, a bacterial cell in Which 
inv19 expression is disabled can be a cell in Which there is 
an insertion of one or more nucleotides folloWing any one or 

combination of the ?rst, second, third, fourth, ?fth, sixth, 
and so on, nucleotides shoWn in SEQ ID NO13. For example, 
the insertion can be an insertion of an in-frame stop codon 
(taa, tag, tga) in SEQ ID NO13. As a further example, the 
insertion can be a polynucleotide, e.g., a polynucleotide 
sequence that encodes an exogenous gene product. In one 
embodiment the insertion occurs nearer to the 5' end than to 
the 3' end. 

[0065] The deletion or insertion can be accomplished by 
homologous recombination. 
[0066] A “population of bacterial cells” is a culture of 
bacterial cells. The culture can be liquid culture, semi-solid 
culture, e.g., in gelatin, or a culture on solid medium, e.g., 
on nutrient-supplemented agar. Examples of these various 
types of bacterial culture are Well-knoWn by those of skill in 
the art. A liquid culture can be in a test tube, ?ask, roller 
bottle, bioreactor, or other suitable container, preferably With 
controlled conditions of temperature, aeration, and agitation. 
The volume of a liquid culture can range from less than 1 mL 
to 10 L or more. In one embodiment the population of 
bacterial cells derives from a single bacterium, i.e., it is a 
clone. 

[0067] A “bacterial cell expressing a capsular polysaccha 
ride” refers to the detectable phenotype of a bacterial cell 
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With respect to the capsular polysaccharide. The phenotype 
can be concordant or discordant With genotype. For 
example, a bacterial cell With a promoter for PSE locked in 
the on orientation may or may not express PSE. Of course, 
a bacterial cell With a promoter for PSE locked in the off 
orientation generally Will not express PSE. The genotype 
can conveniently be assessed by polymerase chain reaction, 
restriction endonuclease digestion, direct sequencing, or any 
other method suitable for determining or inferring the 
sequence of a relevant segment of chromosomal DNA or 
RNA. The phenotype can conveniently be assessed by 
Western immunoblot, immunoa?inity, or other suitable 
assay using antibodies or other capsular polysaccharide 
binding agents speci?c for the particular capsular polysac 
charide to be assayed. The antibodies can be in the form of 
monospeci?c or de?ned speci?city antisera, polyclonal anti 
bodies, monoclonal antibodies, polysaccharide-speci?c 
binding fragments of the foregoing antibodies, and deriva 
tives thereof. 

[0068] A “bacterial cell stably expressing a speci?c cap 
sular polysaccharide” refers to a bacterial cell expressing a 
particular capsular polysaccharide Without phase variation 
of its expression. A “population of bacterial cells stably 
expressing a speci?c capsular polysaccharide” refers to a 
population of bacterial cells expressing a particular capsular 
polysaccharide Without phase variation of its expression. In 
certain embodiments the speci?c capsular polysaccharide is 
the only capsular polysaccharide expressed by the bacterial 
cell or by the population of bacterial cells. The absence of 
phase variation can re?ect the inactivation of res02 such that 
the normally invertible promoter for the polysaccharide 
biosynthesis gene is locked in its on orientation. 

[0069] A “promoter controlling expression of a capsular 
polysaccharide” as used herein refers to a nontranscribed 
genetic element associated With and controlling the tran 
scription of a capsular polysaccharide biosynthesis gene. 
The capsular polysaccharide biosynthesis gene can occur as 
part of a polycistronic capsular polysaccharide biosynthesis 
locus. A given promoter can regulate transcription of one or 
more capsular polysaccharide biosynthesis genes Within the 
associated capsular polysaccharide biosynthesis gene locus. 
In one embodiment the promoter includes inverted repeat 
regions separated by intervening sequence. In one embodi 
ment the promoter is contained betWeen inverted repeat 
regions in the intervening sequence and is subject to inver 
sion such that in one orientation the promoter is transcrip 
tionally active (“on”) With respect to the capsular polysac 
charide biosynthesis gene, While in the opposite or ?ipped 
orientation the promoter is transcriptionally inactive (“o?”) 
With respect to the capsular polysaccharide biosynthesis 
gene. The inversion of the invertible promoter region 
betWeen the inverted repeat regions is subject to control by 
a sequence-speci?c enZyme termed a recombinase or inver 
tase. In one embodiment, the recombinase or invertase is 
res02 or invl9. The promoters for seven of the eight knoWn 
capsular polysaccharides of B. ?’agilis, PSA, PSB, PSD, 
PSE, PSF, PSG, and PSH, have been reported to be ?anked 
by inverted repeat regions and are subject to inversion. 
Krinos C M et al. (2001) Nature 4141555-58. 

[0070] The doWnstream inverted repeat of each the seven 
capsular polysaccharides in B. ?’agilis is shoWn in Table 1. 
Sequence shoWn in bold print represents a consensus res02 
recognition sequence necessary for promoter inversion. 
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TABLE 1 

Characteristics of the inverted repeat (IR) 
regions upstream of the seven polysaccharide 

(PS) biosynthesis loci. 

PS SEQUENCE OF THE 
LOCusDOWNSTREAM IR 

BASEPAIRS SEQ ID 
BETWEEN IRs NO: 

PSA acgaacgttttttgaaaca 193 7 

PSB acgaacgttttttgaaaca 181 7 

PSD tagacgatcgtctattgaaaca 189 8 

PSE acgaacgttttttgaaaca 168 7 

PSF ttaaacgaacgtctattgaaacact 187 9 

PSG gttcaaatagacgaacgttt 174 10 

PSH acgaacgttttttgaaaca 192 7 

PSC None 

[0071] A “phase-variable promoter of a capsular polysac 
charide biosynthesis gene” refers to 

[0072] A “phase-variable promoter of a capsular polysac 
charide biosynthesis gene” refers to a promoter for a cap 
sular polysaccharide biosynthesis gene that, as just 
described, includes inverted repeat regions separated by 
intervening sequence and is subject to inversion such that in 
one orientation the promoter is transcriptionally active 
(“on”) With respect to the capsular polysaccharide biosyn 
thesis genes, While in the opposite orientation the promoter 
is transcriptionally inactive (“o?”) With respect to the cap 
sular polysaccharide biosynthesis genes. Phase variation 
results in the variable expression of the capsular polysac 
charide in response to the orientation of the invertible 
promoter. This phase variation normally can occur Within a 
given cell over time, for reasons that are not yet understood. 
Seven of the eight knoWn capsular polysaccharides of B. 
?agilis, PSA, PSB, PSD, PSE, PSF, PSG, and PSH, are 
subject to phase variation. For the eight knoWn capsular 
polysaccharides, the phenotype of a given cell theoretically 
can vary over time among any of 28 (256) phenotypes. 
HoWever, as disclosed herein, the phase variation among the 
capsular polysaccharides can be ?xed or locked through 
disabling of the promoter inversion mechanism that under 
lies the phase variation. 

[0073] A promoter controlling expression of a capsular 
polysaccharide is “locked on” When the invertible promoter 
is in its transcriptionally active orientation and it cannot 
invert to the transcriptionally inactive orientation. The pro 
moter can be locked on because a sequence-speci?c enZyme 
that normally inverts the promoter is not present or is 
otherWise disabled. Alternatively, the promoter can be 
locked on because at least one inverted repeat ?anking the 
invertible region of the promoter is altered, e.g., deleted, so 
that the inversion is not possible. 

[0074] A promoter controlling expression of a capsular 
polysaccharide is “locked o?" When the invertible promoter 
is in its transcriptionally inactive orientation and it cannot 
invert to the transcriptionally active orientation. The pro 
moter can be locked off because a sequence-speci?c enZyme 
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that normally inverts the promoter is not present or is 
otherWise disabled. Alternatively, the promoter can be 
locked off because at least one inverted repeat ?anking the 
invertible region of the promoter is altered, e.g., deleted, so 
that the inversion is not possible. 

[0075] The phrase “inactivating res02 in a bacterial cell to 
lock a phase-variable promoter of a biosynthesis gene for a 
capsular polysaccharide” refers to any intervention that 
renders inversion of a phase-variable promoter of a biosyn 
thesis gene for a capsular polysaccharide of the bacterial cell 
by res02 gene product impossible. The intervention can 
typically involve deletion of the res02 gene as described 
herein. Other interventions are also contemplated, including 
introduction of other res02 gene mutations that result in 
nonfunctional res02 gene products, introduction of res02 
antisense nucleic acid or other agent that bind to res02 
nucleic acid molecule, as Well as introduction into the 
bacterial cell of agents that can interfere With the function of 
otherWise functional res02 gene product. 

[0076] The phrase “inactivating invl 9 in a bacterial cell to 
lock a phase-variable promoter of a biosynthesis gene for a 
capsular polysaccharide” refers to any intervention that 
renders inversion of a phase-variable promoter of a biosyn 
thesis gene for a capsular polysaccharide of the bacterial cell 
by invl9 gene product impossible. The intervention can 
typically involve deletion of the invl9 gene as described 
herein. Other interventions are also contemplated, including 
introduction of other invl9 gene mutations that result in 
nonfunctional invl9 gene products, introduction of invl9 
antisense nucleic acid or other agent that bind to invl9 
nucleic acid molecule, as Well as introduction into the 
bacterial cell of agents that can interfere With the function of 
otherWise functional invl9 gene product. 

[0077] A “pure capsular polysaccharide” refers to a cap 
sular polysaccharide of the invention that (1) has been 
separated from at least about 50 percent of proteins, lipids, 
carbohydrates, or other materials With Which it is naturally 
found When total capsular polysaccharide is isolated from 
the source cells, and (2) is substantially free of all other 
capsular polysaccharides. “Substantially free of all other 
capsular polysaccharides” means the capsular polysaccha 
ride of interest represents at least 80 percent of all capsular 
polysaccharides present. Preferably, the capsular polysac 
charide of interest represents at least 85 percent, more 
preferably at least 90 percent, even more preferably at least 
95 percent, and most preferably at least 98 percent, of all 
capsular polysaccharides present. In one embodiment, a pure 
capsular polysaccharide of the present invention is substan 
tially free from any contaminants that are found in its natural 
environment that Would interfere With its therapeutic, diag 
nostic, prophylactic or research use. 

[0078] “In?ammatory boWel disease” refers to a group of 
chronic in?ammatory disorders of unknoWn or autoimmune 
cause involving the gastrointestinal tract. These disorders 
are Well knoWn in the medical arts and include tWo principal 
categories, ulcerative colitis and Crohn’s disease. Ulcerative 
colitis characteristically occurs as continuous lesions in the 
colon involving the mucosa alone, Whereas Crohn’s disease 
characteristically occurs as discontinuous lesions anyWhere 
in the gastrointestinal tract, involving in?ammation of all 
layers of the boWel Wall. While the etiology of in?ammatory 
boWel disease remains uncertain, there is evidence to sug 

Jan. 25, 2007 

gest there may be an underlying infectious etiology, and 
effective treatments include the use of local or systemic 
immunomodulatory agents. See Glickman R M in: Harri 
son’s Principles of Internal Medicine, 14th Ed., Fauci A S et 
al., eds., NeW York: McGraW-Hill, 1998, Chapter 286. 

[0079] It is believed by the inventors that live or viable 
bacteria overexpressing PSA can be used to treat or prevent 
in?ammatory boWel disease. The boWel is normally colo 
niZed by bacteria of many species, including B. ?’agilis. 
Therefore introduction into the boWel of live or viable 
bacteria overexpressing PSA is expected to be Well toler 
ated. HoWever, due to the previously described bene?cial 
effects of PSA in in?ammatory boWel disease, believed to be 
related to the ability of PSA to induce the anti-in?ammatory 
cytokine interleukin-l0 (IL-10), and the ability these bacte 
ria to overexpress PSA, it is expected that these live or viable 
bacteria can be introduced into the boWel and thus treat and 
prevent in?ammatory boWel disease. The live or viable 
bacteria overexpressing PSA can be administered to subjects 
in need of treatment for in?ammatory boWel disease by 
mouth or per rectum. Their effect can be determined by 
folloWing disease activity in the usual manner. Furthermore, 
the live or viable bacteria overexpressing PSA can be 
administered in conjunction With any other therapeutic agent 
useful in the treatment of in?ammatory boWel disease, 
except, of course, antibiotics to Which the live or viable 
bacteria overexpressing PSA are sensitive. Viable bacteria 
speci?cally include lyophyliZed bacteria that are capable of 
groWth upon their return to suitable conditions. 

Res02 and lnvl9 Nucleic Acids and Polypeptides 

[0080] The term “polypeptide allelic variant” refers to one 
or several possible naturally occurring alternate forms of a 
gene occupying a given locus on a chromosome of an 
organism or a population of organisms. 

[0081] The term “isolated nucleic acid molecule” refers to 
a nucleic acid molecule of the invention that (1) has been 
separated from at least about 50 percent of proteins, lipids, 
carbohydrates, or other materials With Which it is naturally 
found When total nucleic acid is isolated from the source 
cells, (2) is not linked to all or a portion of a polynucleotide 
to Which the “isolated nucleic acid molecule” is linked in 
nature, (3) is operably linked to a polynucleotide to Which it 
is not linked in nature, or (4) does not occur in nature as part 
of a larger polynucleotide sequence. Preferably, the isolated 
nucleic acid molecule of the present invention is substan 
tially free from any other nucleic acid molecule(s) or other 
contaminants that are found in its natural environment that 
Would interfere With its use in polypeptide production or its 
therapeutic, diagnostic, prophylactic or research use. 

[0082] The term “nucleic acid sequence” or “nucleic acid 
molecule” refers to a DNA or RNA sequence. The term 
encompasses molecules formed from any of the natural 
bases (adenine, cytosine, guanine, thymine, uracil) as Well as 
base analogs of DNA and RNA such as, but not limited to, 
4-acetylcytosine, 8-hydroxy-N-6-methyladenosine, aZiridi 
nyl-cytosine, pseudoisocytosine, 5-(carboxyhydroxylm 
ethyl) uracil, 5-?uorouracil, 5-bromouracil, 5-carboxym 
ethylaminomethyl-2-thiouracil, 5-carboxy 
methylaminomethyluracil, dihydrouracil, inosine, N6-iso 
pentenyladenine, l-methyladenine, l-methylpseudouracil, 
l-methylguanine, l-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 
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5-methylcytosine, N6-methyladenine, 7-methylguanine, 
5-methylaminomethyluracil, 5-methoxyamino-methyl-2 
thiouracil, beta-D-mannosylqueosine, 5'-methoxycarbonyl 
methyluracil, 5-methoxyuracil, 2-methylthio-N-6-isopente 
nyladenine, uracil-5-oxyacetic acid methylester, uracil-5 
oxyacetic acid, oxybutoxosine, pseudouracil, queosine, 
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiou 
racil, 5-methyluracil, N-uracil-5-oxyacetic acid methylester, 
uracil-5-oxyacetic acid, pseudouracil, queosine, 2-thiocy 
tosine, 2,6-diaminopurine, and any combination thereof. In 
some embodiments the nucleic acid sequence or nucleic acid 
molecule can have a modi?ed backbone, e,g., a backbone 
characterized by at least one internucleoside linkage that is 
other than a phosphodiester bond. In one embodiment the 
modi?ed backbone includes at least one stabiliZed inter 
nucleoside linkage, e.g., a phosphorthioate or phospho 
rodithioate linkage. 

[0083] The term “vector” is used to refer to any molecule 
(e. g., nucleic acid, plasmid, or virus) used to transfer coding 
information to a host cell. 

[0084] The term “expression vector” refers to a vector that 
is suitable for transformation of a host cell and contains 
nucleic acid sequences that direct and/or control the expres 
sion of inserted heterologous nucleic acid sequences. 
Expression includes, but is not limited to, processes such as 
transcription, translation, and RNA splicing, if introns are 
present. 

[0085] The term “operably linked” is used herein to refer 
to an arrangement of gene expression sequence and coding 
sequence Wherein transcriptional and/ or translational control 
elements of the gene expression sequence and open reading 
frame of the coding sequence are covalently linked in such 
a Way as to place the expression or transcription and/or 
translation of the coding sequence under the in?uence or 
control of the gene expression sequence. Thus, tWo DNA 
sequences are said to be operably linked if induction of a 
promoter in the 5' gene expression sequence results in the 
transcription of the coding sequence and if the nature of the 
linkage betWeen the tWo DNA sequences does not (1) result 
in the introduction of a frame-shift mutation, (2) interfere 
With the ability of the promoter region to direct the tran 
scription of the coding sequence, or (3) interfere With the 
ability of the corresponding RNA transcript to be translated 
into a protein. Thus, a gene expression sequence Would be 
operably linked to a res02 or invl9 nucleic acid sequence if 
the gene expression sequence Were capable of effecting 
transcription of the res02 or invl9 nucleic acid sequence 
such that the resulting transcript is translated into the desired 
protein or polypeptide. A gene expression sequence need not 
be contiguous With the coding sequence, so long as it 
functions correctly. Thus, for example, intervening untrans 
lated yet transcribed sequences can be present betWeen a 
promoter sequence and the coding sequence and the pro 
moter sequence can still be considered “operably linked” to 
the coding sequence. Furthermore, an enhancer can be 
upstream or doWnstream of the coding sequence, and the 
enhancer need not be contiguous With the coding sequence. 

[0086] The term “host cell” is used to refer to a cell Which 
has been transformed, or is capable of being transformed 
With a nucleic acid sequence and then of expressing a 
selected gene of interest. The term includes the progeny of 
the parent cell, Whether or not the progeny is identical in 
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morphology or in genetic make-up to the original parent, so 
long as the selected gene is present. 

[0087] The term “res02 polypeptide fragment” refers to a 
polypeptide that comprises a truncation at the amino-termi 
nus and/or a truncation at the carboxyl-terminus of the 
polypeptide as set forth in SEQ ID NO:2. The term “res02 
polypeptide fragment” also refers to amino-terminal and/or 
carboxyl-terminal truncations of res02 polypeptide 
orthologs, res02 polypeptide derivatives, or res02 polypep 
tide variants, or to amino-terminal and/or carboxyl-terminal 
truncations of the polypeptides encoded by res02 polypep 
tide allelic variants or res02 polypeptide splice variants. In 
cerain embodiments, truncations and/or deletions comprise 
about 10 amino acids, or about 20 amino acids, or about 50 
amino acids, or about 75 amino acids, or about 100 amino 
acids, or more than about 100 amino acids. The polypeptide 
fragments so produced Will comprise contiguous amino 
acids numbering about 187, or about 177, or about 147, or 
about 122, or about 97, or doWn to about 9, including every 
integer therebetWeen. Such res02 polypeptide fragments can 
optionally comprise an amino-terminal methionine residue. 
It Will be appreciated that such fragments can be used, for 
example, to generate antibodies to res02 polypeptides. 

[0088] The term “invl9 polypeptide fragment” refers to a 
polypeptide that comprises a truncation at the amino-termi 
nus and/or a truncation at the carboxyl-terminus of the 
polypeptide as set forth in SEQ ID NO:4. The term “invl9 
polypeptide fragment” also refers to amino-terminal and/or 
carboxyl-terminal truncations of invl9 polypeptide 
orthologs, invl9 polypeptide derivatives, or invl9 polypep 
tide variants, or to amino-terminal and/or carboxyl-terminal 
truncations of the polypeptides encoded by invl9 polypep 
tide allelic variants or invl9 polypeptide splice variants. In 
certain embodiments, truncations and/or deletions comprise 
about 10 amino acids, or about 20 amino acids, or about 50 
amino acids, or about 75 amino acids, or about 100 amino 
acids, or more than about 100 amino acids. The polypeptide 
fragments so produced Will comprise contiguous amino 
acids numbering about 296, or about 286, or about 256, or 
about 231, or about 206, or doWn to about 9, including every 
integer therebetWeen. Such invl 9 polypeptide fragments can 
optionally comprise an amino-terminal methionine residue. 
It Will be appreciated that such fragments can be used, for 
example, to generate antibodies to invl9 polypeptides. 

[0089] The term “res02 polypeptide ortholog” refers to a 
polypeptide from another species that corresponds to res02 
polypeptide amino acid sequence as set forth in SEQ ID 
NO:2. 

[0090] The term “invl9 polypeptide ortholog” refers to a 
polypeptide from another species that corresponds to invl9 
polypeptide amino acid sequence as set forth in SEQ ID 
NO:4. 

[0091] The term “res02 polypeptide variants” refers to 
res02 polypeptides comprising amino acid sequences having 
one or more amino acid sequence substitutions, deletions 
(such as internal deletions and/or res02 polypeptide frag 
ments), and/or additions (such as internal additions and/or 
res02 fusion polypeptides) as compared to the res02 
polypeptide amino acid sequence set forth in SEQ ID NO:2. 
Variants can be naturally occurring (e.g., res02 polypeptide 
allelic variants and res02 polypeptide orthologs) or arti? 
cially constructed. Such res02 polypeptide variants can be 
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prepared from the corresponding nucleic acid molecules 
having a DNA sequence that varies accordingly from the 
DNA sequence as set forth in SEQ ID N011. In certain 
embodiments, the variants have from 1 to 3, or from 1 to 5, 
or from 1 to 10, or from 1 to 15, or from 1 to 20, or from 
1 to 25, or from 1 to 50, or from 1 to 75, or from 1 to 100, 
or more than 100 amino acid substitutions, insertions, addi 
tions and/or deletions, Wherein the substitutions can be 
conservative, or non-conservative, or any combination 
thereof. 

[0092] The term “invl9 polypeptide variants” refers to 
invl9 polypeptides comprising amino acid sequences hav 
ing one or more amino acid sequence substitutions, deletions 
(such as internal deletions and/or invl9 polypeptide frag 
ments), and/or additions (such as internal additions and/or 
invl9 fusion polypeptides) as compared to the invl9 
polypeptide amino acid sequence set forth in SEQ ID N014. 
Variants can be naturally occurring (e.g., invl9 polypeptide 
allelic variants and invl9 polypeptide orthologs) or arti? 
cially constructed. Such invl9 polypeptide variants can be 
prepared from the corresponding nucleic acid molecules 
having a DNA sequence that varies accordingly from the 
DNA sequence as set forth in SEQ ID N013. In certain 
embodiments, the variants have from 1 to 3, or from 1 to 5, 
or from 1 to 10, or from 1 to 15, or from 1 to 20, or from 
1 to 25, or from 1 to 50, or from 1 to 75, or from 1 to 100, 
or more than 100 amino acid substitutions, insertions, addi 
tions and/or deletions, Wherein the substitutions can be 
conservative, or non-conservative, or any combination 
thereof. 

[0093] The term “res02 polypeptide derivatives” refers to 
the polypeptide as set forth in SEQ ID N012, res02 polypep 
tide fragments, res02 polypeptide orthologs, or res02 
polypeptide variants, as de?ned herein, that have been 
chemically modi?ed. The term “res02 polypeptide deriva 
tives” also refers to the polypeptides encoded by res02 
polypeptide allelic variants, as de?ned herein, that have been 
chemically modi?ed. 

[0094] The term “invl9 polypeptide derivatives” refers to 
the polypeptide as set forth in SEQ ID N014, invl 9 polypep 
tide fragments, invl9 polypeptide orthologs, or invl9 
polypeptide variants, as de?ned herein, that have been 
chemically modi?ed. The term “invl9 polypeptide deriva 
tives” also refers to the polypeptides encoded by invl9 
polypeptide allelic variants, as de?ned herein, that have been 
chemically modi?ed. 

[0095] The term “res02 fusion polypeptide” refers to a 
fusion of one or more amino acids (such as a heterologous 
protein or peptide) at the amino- or carboXyl-terminus of the 
polypeptide as set forth in SEQ ID N012, res02 polypeptide 
fragments, res02 polypeptide orthologs, res02 polypeptide 
variants, or res02 derivatives, as de?ned herein. The term 
“res02 fusion polypeptide” also refers to a fusion of one or 
more amino acids at the amino- or carboXyl-terminus of the 
polypeptide encoded by res02 polypeptide allelic variants or 
res02 polypeptide splice variants, as de?ned herein. 

[0096] The term “invl9 fusion polypeptide” refers to a 
fusion of one or more amino acids (such as a heterologous 
protein or peptide) at the amino- or carboXyl-terminus of the 
polypeptide as set forth in SEQ ID N014, invl9 polypeptide 
fragments, invl9 polypeptide orthologs, invl9 polypeptide 
variants, or invl9 derivatives, as de?ned herein. The term 
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“invl9 fusion polypeptide” also refers to a fusion of one or 
more amino acids at the amino- or carboXyl-terminus of the 
polypeptide encoded by invl9 polypeptide allelic variants or 
invl9 polypeptide splice variants, as de?ned herein. 

[0097] The term “biologically active res02 polypeptides” 
refers to res02 polypeptides having at least one activity 
characteristic of the polypeptide comprising the amino acid 
sequence of SEQ ID N012. In one embodiment the activity 
is promoter invertase activity. In addition, a res02 polypep 
tide can be active as an immunogen; that is, the res02 
polypeptide contains at least one epitope to Which antibodies 
may be raised. 

[0098] The term “biologically active invl9 polypeptides” 
refers to invl9 polypeptides having at least one activity 
characteristic of the polypeptide comprising the amino acid 
sequence of SEQ ID N014. In addition, an invl9 polypep 
tide can be active as an immunogen; that is, the invl9 
polypeptide contains at least one epitope to Which antibodies 
may be raised. 

[0099] The term “isolated polypeptide” refers to a 
polypeptide of the present invention that (1) has been 
separated from at least about 50 percent of polynucleotides, 
lipids, carbohydrates, or other materials With Which it is 
naturally found When isolated from the source cell, (2) is not 
linked (by covalent or noncovalent interaction) to all or a 
portion of a polypeptide to Which the “isolated polypeptide” 
is linked in nature, (3) is operably linked (by covalent or 
noncovalent interaction) to a polypeptide With Which it is not 
linked in nature, or (4) does not occur in nature. Preferably, 
the isolated polypeptide is substantially free from any other 
polypeptides or other contaminants that are found in its 
natural environment that Would interfere With its therapeu 
tic, diagnostic, prophylactic or research use. 

[0100] The term “identity,” as knoWn in the art, refers to 
a relationship betWeen the sequences of tWo or more 
polypeptide molecules or tWo or more nucleic acid mol 
ecules, as determined by comparing the sequences. In the 
art, “identity” also means the degree of sequence relatedness 
betWeen nucleic acid molecules or polypeptides, as the case 
may be, as determined by the match betWeen strings of tWo 
or more nucleotide or tWo or more amino acid sequences. 

“Identity” measures the percent of identical matches 
betWeen the smaller of tWo or more sequences With gap 
alignments (if any) addressed by a particular mathematical 
model or computer program (i.e., “algorithms”). Percent 
identity With respect to nucleic acid molecules can be 
conveniently determined using a sequence alignment algo 
rithm or computer program such as GAP, BLASTN, FASTA, 
BLASTA, BLASTX, BestFit, and the Smith-Waterman 
algorithm. Percent identity With respect to polypeptides can 
be conveniently determined using a sequence alignment 
algorithm or computer program such as GAP, BLASTP, 
FASTA, BLASTA, BLASTX, BestFit, and the Smith-Wa 
terman algorithm. 

[0101] The term “similarity” is a related concept, but in 
contrast to “identity,”“similarity” refers to a measure of 
relatedness Which includes both identical matches and con 
servative substitution matches. If tWo polypeptide sequences 
have, for example, 10/20 identical amino acids, and the 
remainder are all non-conservative substitutions, then the 
percent identity and similarity Would both be 50%. If in the 
same example, there are ?ve more positions Where there are 
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conservative substitutions, then the percent identity remains 
50%, but the percent similarity Would be 75% (15/20). 
Therefore, in cases Where there are conservative substitu 
tions, the percent similarity betWeen tWo polypeptides Will 
be higher than the percent identity betWeen those tWo 
polypeptides. 
[0102] Except as used in connection With the term “iso 
lated”, the term “naturally occurring” or “native” When used 
in connection With biological materials such as nucleic acid 
molecules, polypeptides, host cells, and the like, refers to 
materials as they are found in nature and not manipulated by 
man. When used in connection With the term “isolated”, the 
term “naturally occurring” or “native” When used in con 
nection With biological materials such as nucleic acid mol 
ecules, polypeptides, host cells, and the like, refers to 
isolated materials sharing Wild type structural features as 
they are found in nature. For example, an isolated naturally 
occuring res02 polypeptide is in one embodiment an isolated 
Wild type res02 polypeptide having the sequence of SEQ ID 
N012. The term “non-naturally occurring” or “non-native” 
as used herein refers to a material that is not found in nature 
or that has been structurally modi?ed or synthesiZed by man. 

[0103] The term “effective amount” refers to that amount 
of a substance that is useful in accomplishing the purpose for 
Which it is used. The term “therapeutically effective amount” 
refers to that amount of a substance that is useful in 
accomplishing the therapeutic effect for Which it is used. 
Thus a therapeutically effective amount of a substance is that 
amount of the substance that, When administered to a subject 
to treat or prevent a condition or disease of the subject, 
prevents the onset of, alleviates the symptoms of, or stops 
the progression of the condition or disease of the subject. 

[0104] The term “pharmaceutically acceptable carrier” or 
“physiologically acceptable carrier” as used herein refers to 
one or more formulation materials suitable for accomplish 
ing or enhancing the delivery of an agent as a pharmaceu 
tical composition. 

[0105] The term “antigen” refers to a molecule or a 
portion of a molecule capable of being bound by a selective 
binding agent, such as an antibody, and additionally capable 
of being used in an animal to produce antibodies capable of 
binding to an epitope of that antigen. An antigen can have 
one or more epitopes. 

[0106] The term “selective binding agent” refers to a 
molecule or molecules having speci?city for an antigen, e.g., 
a res02 or inv19 polypeptide. As used herein, the terms 
“speci?c” and “speci?city” refer to the ability of the selec 
tive binding agents to bind to an antigen of interest and not 
to bind to other antigens. 

[0107] The term “transduction” is used to refer to the 
transfer of genes from one bacterium to another, usually by 
a phage. 

[0108] The term “transfection” is used to refer to the 
uptake of foreign or exogenous DNA by a cell, and a cell has 
been “transfected” When the exogenous DNA has been 
introduced inside the cell membrane. A number of transfec 
tion techniques are Well knoWn in the art and are disclosed 
herein. See, e.g., Sambrook et al, Molecular Cloning: A 
Laboratory Manual (2nd ed., Cold Spring Harbor Labora 
tory Press, 1989). Such techniques can be used to introduce 
one or more exogenous DNA moieties into suitable host 
cells. 
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[0109] The term “transformation” as used herein refers to 
a change in a cell’s genetic characteristics, and a cell has 
been transformed When it has been modi?ed to contain a 
neW DNA. For example, a cell is transformed Where it is 
genetically modi?ed from its native state. Following trans 
fection or transduction, the transforming DNA can recom 
bine With that of the cell by physically integrating into a 
chromosome of the cell, can be maintained transiently as an 
episomal element Without being replicated, or can replicate 
independently as a plasmid. A cell is considered to have been 
stably transformed When the DNA is replicated With the 
division of the cell. 

Relatedness of Nucleic Acid Molecules and/or Polypeptides 

[0110] It is understood that related nucleic acid molecules 
include allelic variants of the nucleic acid molecule of either 
SEQ ID N011 or SEQ ID N013, and include sequences 
Which are complementary to any of the above nucleotide 
sequences. Related nucleic acid molecules also include a 
nucleotide sequence encoding a polypeptide comprising or 
consisting essentially of a substitution, modi?cation, addi 
tion and/or deletion of one or more amino acid residues 
compared to the polypeptide in either SEQ ID N012 or SEQ 
ID N014. 

[0111] Related nucleic acid molecules also include frag 
ments of res02 or inv19 nucleic acid molecules Which 
encode a polypeptide of at least about 9 contiguous amino 
acids, or about 50 amino acids, or about 75 amino acids, or 
about 100 amino acids, or about 150 amino acids, or about 
200 amino acids, or more than about 200 amino acid 
residues of the res02 or inv19 polypeptide of either SEQ ID 
N012 or SEQ ID N014. 

[0112] In addition, related res02 or inv19 nucleic acid 
molecules also include those molecules Which comprise 
nucleotide sequences Which hybridiZe under moderately or 
highly stringent conditions as de?ned herein With the fully 
complementary sequence of the res02 or inv19 nucleic acid 
molecule of either SEQ ID N011 or SEQ ID N013, respec 
tively, or of a molecule encoding a polypeptide, Which 
polypeptide comprises the amino acid sequence as shoWn in 
either SEQ ID N012 or SEQ ID N014, or of a nucleic acid 
fragment as de?ned herein, or of a nucleic acid fragment 
encoding a polypeptide as de?ned herein. Hybridization 
probes can be prepared using the res02 or inv19 sequences 
provided herein to screen cDNA, genomic or synthetic DNA 
libraries for related sequences. Regions of the DNA and/or 
amino acid sequence of res02 or inv19 polypeptide that 
exhibit signi?cant identity to knoWn sequences are readily 
determined using sequence alignment algorithms as 
described herein and those regions can be used to design 
probes for screening. 

[0113] The term “nucleic acid fragment” refers to a 
nucleic acid molecule sharing in common With a sequence 
from Which it derives any sequence of at least 16 contiguous 
bases that is at least one base shorter than the sequence from 
Which it derives. The nucleic acid fragment can be 16, 17, 
18, 19, 20, and so on, bases long, up to but not including the 
total number of bases of the sequence from Which it derives. 
For example, in some embodiments a nucleic acid fragment 
of SEQ ID N011 is a 16-mer de?ned by bases 1-16, 2-17, 
3-18, 4-19, and so on through bases 579-594 of SEQ ID 
N011. As a further example, in some embodiments a nucleic 
acid fragment of SEQ ID N011 is a 17-mer de?ned by bases 
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1-17, 2-18, 4-120, and so on through bases 578-594 of SEQ 
ID NO:1. In certain preferred embodiments a nucleic acid 
fragment encodes an immunogenic peptide of a correspond 
ing polypeptide encoded by the full length nucleic acid 
sequence from Which the fragment is derived. Since immu 
nogenic peptides are generally recognized to be at least 9 
amino acids long, the preferred nucleic acid fragments 
encoding the immunogenic peptides are at least 27 bases 
long. Nucleic acid fragments of the invention are also useful 
as primers for polymerase chain reaction ampli?cation of 
target DNA and for use as probes in DNA hybridization. In 
some embodiments a nucleic acid fragment further contains 
noncontiguous sequence, ?anked by contiguous sequence. 
For example, the fragment can add at least one base, delete 
at least one base, or change at least one base, and still be 
useful as a primer or probe. Such methods are Well knoWn 
in the art for the purposes of introducing a restriction 
endonuclease site to a PCR ampli?cation product, introduc 
ing a mutation Within a speci?c sequence, etc. 

[0114] The term “highly stringent conditions” refers to 
those conditions that are designed to permit hybridization of 
DNA strands Whose sequences are highly complementary, 
and to exclude hybridization of signi?cantly mismatched 
DNAs. Hybridization stringency is principally determined 
by temperature, ionic strength, and the concentration of 
denaturing agents such as formamide. Examples of “highly 
stringent conditions” for hybridization and Washing are 
0.015 M sodium chloride, 0.0015 M sodium citrate at 65-68° 
C. or 0.015 M sodium chloride, 0.0015 M sodium citrate, 
and 50% formamide at 42° C. See Sambrook et al., Molecu 
lar Cloning: A Laboratory Manual (2nd ed., Cold Spring 
Harbor Laboratory Press, 1989); Anderson et al., Nucleic 
Acid Hybridisation: A Practical Approach Ch. 4 (IRL Press 
Limited). 
[0115] More stringent conditions (such as higher tempera 
ture, loWer ionic strength, higher formamide, or other dena 
turing agent) can also be used, although the rate of hybrid 
ization Will be affected. Other agents can be included in the 
hybridization and Washing buffers for the purpose of reduc 
ing non-speci?c and/ or background hybridization. Examples 
are 0.1% bovine serum albumin, 0.1% polyvinyl-pyrroli 
done, 0.1% sodium pyrophosphate, 0.1% sodium dodecyl 
sulfate (SDS), ?coll, Denhardt’s solution, sonicated salmon 
sperm DNA (or another non-complementary DNA), and 
dextran sulfate, although other suitable agents can also be 
used. The concentration and types of these additives can be 
changed Without substantially affecting the stringency of the 
hybridization conditions. Hybridization experiments are 
usually carried out at pH 6.8-7.4; hoWever, at typical ionic 
strength conditions, the rate of hybridization is nearly inde 
pendent of pH. See Anderson et al., Nucleic Acid Hybridi 
sation: A Practical Approach Ch. 4 (IRL Press Limited). 

[0116] Factors affecting the stability of DNA duplex 
include base composition, length, and degree of base pair 
mismatch. Hybridization conditions can be adjusted by one 
skilled in the art in order to accommodate these variables 
and alloW DNAs of different sequence relatedness to form 
hybrids. The melting temperature of a perfectly matched 
DNA duplex can be estimated by the folloWing equation: 

Where N is the length of the duplex formed, [Na+] is the 
molar concentration of the sodium ion in the hybridization 
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or Washing solution, and % G+C is the percentage of 
(guanine+cytosine) bases in the hybrid. For imperfectly 
matched hybrids, the melting temperature is reduced by 
approximately 1° C. for each 1% mismatch. 

[0117] The term “moderately stringent conditions” refers 
to conditions under Which a DNA duplex is able to form With 
a greater degree of base pair mismatching than could occur 
under “highly stringent conditions”. Examples of typical 
“moderately stringent conditions” are 0.015 M sodium chlo 
ride, 0.0015 M sodium citrate at 50-65° C. or 0.015 M 
sodium chloride, 0.0015 M sodium citrate, and 20% forrna 
mide at 37-50° C. By Way of example, “moderately stringent 
conditions” of 50° C. in 0.015 M sodium ion Will alloW 
about a 21% mismatch. 

[0118] It Will be appreciated by those skilled in the art that 
there is no absolute distinction betWeen “highly stringent 
conditions” and “moderately stringent conditions.” For 
example, at 0.015 M sodium ion (no formamide), the 
melting temperature of perfectly matched long DNA is about 
71° C. With a Wash at 65° C. (at the same ionic strength), this 
Would alloW for approximately a 6% mismatch. To capture 
more distantly related sequences, one skilled in the art can 
simply loWer the temperature or raise the ionic strength. 

[0119] A good estimate of the melting temperature in 1M 
NaCl, e.g., in 6x salt sodium citrate (SSC), for oligonucle 
otide probes up to about 20 nucleotides is given by: 

Tm=2° C. per A-T base pair+4° C. per G-C base pair 

[0120] High stringency Washing conditions for oligo 
nucleotides are usually at a temperature of 0-5° C. beloW the 
Tm of the oligonucleotide in 6><SSC, 0.1% SDS. 

[0121] In another embodiment, related nucleic acid mol 
ecules comprise or consist of a nucleotide sequence that is 
at least about 70 percent identical to the nucleotide sequence 
as shoWn in either SEQ ID NO:1 or SEQ ID NO:3, or 
comprise or consist essentially of a nucleotide sequence 
encoding a polypeptide that is at least about 70 percent 
identical to the polypeptide as set forth in either SEQ ID 
NO:2 or SEQ ID NO:4. In ceertain embodiments, the 
nucleotide sequences are about 75 percent, or about 80 
percent, or about 85 percent, or about 90 percent, or about 
95, 96, 97, 98, or 99 percent identical to the nucleotide 
sequence as shoWn in either SEQ ID NO:1 or SEQ ID NO:3, 
or the nucleotide sequences encode a polypeptide that is 
about 75 percent, or about 80 percent, or about 85 percent, 
or about 90 percent, or about 95, 96, 97, 98, or 99 percent 
identical to the polypeptide sequence as set forth in either 
SEQ ID NO:2 or SEQ ID NO:4. Related nucleic acid 
molecules encode polypeptides possessing at least one activ 
ity of the polypeptide set forth in either SEQ ID NO:2 or 
SEQ ID NO:4. 

[0122] Differences in the nucleic acid sequence can result 
in conservative and/or non-conservative modi?cations of the 
amino acid sequence relative to the amino acid sequence of 
either SEQ ID NO:2 or SEQ ID NO:4. Conservative modi 
?cations to the amino acid sequence of either SEQ ID NO:2 
or SEQ ID NO:4 (and the corresponding modi?cations to the 
encoding nucleotides) Will produce a polypeptide having 
functional and chemical characteristics similar to those of 
res02 or inv19 polypeptides. In contrast, substantial modi 
?cations in the functional and/or chemical characteristics of 
res02 or inv19 polypeptides can be accomplished by select 
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ing substitutions in the amino acid sequence of either SEQ 
ID NO:2 or SEQ ID NO:4 that differ signi?cantly in their 
effect on maintaining (a) the structure of the molecular 
backbone in the area of the substitution, for example, as a 
sheet or helical conformation, (b) the charge or hydropho 
bicity of the molecule at the target site, or (c) the bulk of the 
side chain. 

[0123] For example, a “conservative amino acid substitu 
tion” can involve a substitution of a native amino acid 
residue With a normative residue such that there is little or 
no effect on the polarity or charge of the amino acid residue 
at that position. Furthermore, any native residue in the 
polypeptide can also be substituted With alanine, as has been 
previously described for “alanine scanning mutagenesis”. 
Conservative amino acid substitutions also encompass non 
naturally occurring amino acid residues that are typically 
incorporated by chemical peptide synthesis rather than by 
synthesis in biological systems. These include peptidomi 
metics, and other reversed or inverted forms of amino acid 
moieties. 

[0124] Naturally occurring residues can be divided into 
the folloWing classes based on common side chain proper 
ties: (1) hydrophobic: norleucine, Met, Ala, Val, Leu, Ile; (2) 
neutral hydrophilic: Cys, Ser, Thr; (3) acidic: Asp, Glu; (4) 
basic: Asn, Gln, His, Lys, Arg; (5) residues that in?uence 
chain orientation: Gly, Pro; and (6) aromatic: Trp, Tyr, Phe. 

[0125] Thus, for example, conservative amino acid sub 
stitutions can involve the exchange of a member from one of 
these classes for another member from the same class. 
Non-conservative amino acid substitutions can involve the 
exchange of a member of one of these classes for a member 
from another class. 

[0126] In making such changes, the hydropathy index of 
amino acids can be considered. Each amino acid has been 
assigned a hydropathy index on the basis of its hydropho 
bicity and charge characteristics. The hydropathy indices 
are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); pheny 
lalanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); 
alanine (+1.8); glycine (—0.4); threonine (—0.7); serine 
(—0.8); tryptophan (—0.9); tyrosine (—1.3); proline (—1.6); 
histidine (—3.2); glutamate (—3.5); glutamine (—3.5); aspar 
tate (—3.5); asparagine (—3.5); lysine (—3.9); and arginine 
(—4.5). 
[0127] The importance of the amino acid hydropathy 
index in conferring interactive biological function on a 
protein is generally understood in the art. Kyte J et al. (1982) 
JMol Biol 157: 105-32. It is knoWn that certain amino acids 
can be substituted for other amino acids having a similar 
hydropathy index or score and still retain a similar biological 
activity. In making changes based upon the hydropathy 
index, the substitution of amino acids Whose hydropathy 
indices are Within +2 is preferred, those Which are Within +1 
are particularly preferred, and those Within 10.5 are even 
more particularly preferred. 

[0128] It is also understood in the art that the substitution 
of like amino acids can be made effectively on the basis of 
hydrophilicity, particularly Where the biologically function 
ally equivalent protein or peptide thereby created is intended 
for use in immunological embodiments, as in the present 
case. The greatest local average hydrophilicity of a protein, 
as governed by the hydrophilicity of its adjacent amino 
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acids, correlates With its immunogenicity and antigenicity, 
i.e., With a biological property of the protein. 

[0129] The folloWing hydrophilicity values have been 
assigned to these amino acid residues: arginine (+3.0); lysine 
(+3.0); aspartate (+3.0:1); glutamate (+3.0:1); serine 
(+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); 
threonine (—0.4); proline (—0.5:1); alanine (—0.5); histidine 
(—0.5); cysteine (—1.0); methionine (—1.3); valine (—1.5); 
leucine (—1.8); isoleucine (—1.8); tyrosine (—2.3); phenyla 
lanine (—2.5); and tryptophan (—3.4). In making changes 
based upon similar hydrophilicity values, the substitution of 
amino acids Whose hydrophilicity values are Within :2 is 
preferred, those Which are Within :1 are particularly pre 
ferred, and those Within 10.5 are even more particularly 
preferred. One can also identify epitopes from primary 
amino acid sequences on the basis of hydrophilicity. These 
regions are also referred to as “epitopic core regions”. 

[0130] Desired amino acid substitutions (Whether conser 
vative or non-conservative) can be determined by those 
skilled in the art at the time such substitutions are desired. 
For example, amino acid substitutions can be used to iden 
tify important residues of the res02 or inv19 polypeptide, or 
to increase or decrease the affinity of the res02 or inv19 
polypeptides described herein. Exemplary amino acid sub 
stitutions are set forth in Table 2. 

TABLE 2 

Amino Acid Substitutions. 

ORIGINAL PREFERRED 
RESIDUES EXEMPLARY SUBSTITUTIONS SUBSTITUTIONS 

Ala Val, Leu, Ile Val 
Arg Lys, Gln, Asn Lys 
Asn Gln Gln 
Asp Glu Glu 
Cys Ser, Ala Ser 
Gln Asn Asn 
Glu Asp Asp 
Gly Pro, Ala Ala 
His Asn, Gln, Lys, Arg Arg 
Ile Leu, Val, Met, Ala, Phe, Norleucine Leu 
Leu Ile, Val, Met, Ala, Phe, Norleucine Ile 
Lys Arg, 1,4 Dialnino—butyric Acid, Arg 

Gln, Asn 
Met Leu, Phe, Ile Leu 
Phe Leu, Val, Ile, Ala, Tyr Leu 
Pro Ala, Gly Gly 
Ser Thr, Ala, Cys Thr 
Thr Ser Ser 
Trp Tyr, Phe Tyr 
Tyr Trp, Phe, Thr, Ser Phe 
Val Ile, Met, Leu, Phe, Ala, Norleucine Leu 

[0131] A skilled artisan Will be able to determine suitable 
variants of the polypeptide as set forth in either SEQ ID 
NO:2 or SEQ ID NO:4 using Well-knoWn techniques. For 
identifying suitable areas of the molecule that can be 
changed Without destroying biological activity, one skilled 
in the art can target areas not believed to be important for 
activity. For example, When similar polypeptides With simi 
lar activities from the same species or from other species are 
knoWn, one skilled in the art can compare the amino acid 
sequence of a res02 or inv19 polypeptide to such similar 
polypeptides. With such a comparison, one can identify 
residues and portions of the molecules that are conserved 
among similar polypeptides. It Will be appreciated that 
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changes in areas of the res02 or invl9 molecule that are not 
conserved relative to such similar polypeptides Would be 
less likely to adversely affect the biological activity and/or 
structure of a res02 or invl9 polypeptide. One skilled in the 
art Would also knoW that, even in relatively conserved 
regions, one can substitute chemically similar amino acids 
for the naturally occurring residues While retaining activity 
(conservative amino acid residue substitutions). Therefore, 
even areas that may be important for biological activity or 
for structure can be subject to conservative amino acid 
substitutions Without destroying the biological activity or 
Without adversely affecting the polypeptide structure. 

[0132] Additionally, one skilled in the art can revieW 
structure-function studies identifying residues in similar 
polypeptides that are important for activity or structure. In 
vieW of such a comparison, one can predict the importance 
of amino acid residues in a res02 or invl9 polypeptide that 
correspond to amino acid residues that are important for 
activity or structure in similar polypeptides. One skilled in 
the art can opt for chemically similar amino acid substitu 
tions for such predicted important amino acid residues of 
res02 or invl9 polypeptides. 

[0133] In other embodiments, related nucleic acid mol 
ecules comprise or consist of a nucleotide sequence encod 
ing a polypeptide as set forth in either SEQ ID N012 or SEQ 
ID N014 With at least one amino acid insertion and Wherein 
the polypeptide has an activity of the polypeptide set forth 
in either SEQ ID N012 or SEQ ID N014, or a nucleotide 
sequence encoding a polypeptide as set forth in either SEQ 
ID N012 or SEQ ID N014 With at least one amino acid 
deletion and Wherein the polypeptide has an activity of the 
polypeptide set forth in either SEQ ID N012 or SEQ ID 
N014. Related nucleic acid molecules also comprise or 
consist of a nucleotide sequence encoding a polypeptide as 
set forth in either SEQ ID N012 or SEQ ID N014 Wherein 
the polypeptide has a carboxyl- and/ or amino-terminal trun 
cation and further Wherein the polypeptide has an activity of 
the polypeptide set forth in either SEQ ID N012 or SEQ ID 
N014. Related nucleic acid molecules also comprise or 
consist of a nucleotide sequence encoding a polypeptide as 
set forth in either SEQ ID N012 or SEQ ID N014 With at 
least one modi?cation selected from the group consisting of 
amino acid substitutions, amino acid insertions, amino acid 
deletions, carboxyl-terminal truncations, and amino-termi 
nal truncations and Wherein the polypeptide has an activity 
of the polypeptide set forth in either SEQ ID N012 or SEQ 
ID N014. 

[0134] In addition, the polypeptide comprising the amino 
acid sequence of either SEQ ID N012 or SEQ ID N014, or 
other res02 or invl 9 polypeptide, can be fused to a homolo 
gous polypeptide to form a homodimer or to a heterologous 
polypeptide to form a heterodimer. Heterologous peptides 
and polypeptides include, but are not limited to: an epitope 
to alloW for the detection and/or isolation of a res02 or invl 9 
fusion polypeptide; a transmembrane receptor protein or a 
portion thereof, such as an extracellular domain or a trans 
membrane and intracellular domain; a ligand or a portion 
thereof Which binds to a transmembrane receptor protein; an 
enZyme or portion thereof Which is catalytically active; a 
polypeptide or peptide Which promotes oligomeriZation, 
such as a leucine Zipper domain; a polypeptide or peptide 
Which increases stability, such as an immunoglobulin con 
stant region; and a polypeptide Which has a therapeutic 
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activity different from the polypeptide comprising the amino 
acid sequence as set forth in either SEQ ID N012 or SEQ ID 
N014, or other res02 or invl9 polypeptide. 

[0135] Fusions can be made either at the amino-terminus 
or at the carboxyl-terminus of the polypeptide comprising 
the amino acid sequence set forth in either SEQ ID N012 or 
SEQ ID N014, or other res02 or invl9 polypeptide. Fusions 
can be direct With no linker or adapter molecule, or they can 
be through a linker or adapter molecule. A linker or adapter 
molecule can be one or more amino acid residues, typically 
from about 20 to about 50 amino acid residues. A linker or 
adapter molecule can also be designed With a cleavage site 
for a DNA restriction endonuclease or for a protease to alloW 
for the separation of the fused moieties. It Will be appreci 
ated that once constructed, the fusion polypeptides can be 
derivatiZed according to the methods described herein. 

[0136] In a further embodiment of the invention, the 
polypeptide comprising the amino acid sequence of either 
SEQ ID N012 or SEQ ID N014, or other res02 or invl9 
polypeptide, is fused to one or more domains of an Fc region 
of human IgG. Antibodies comprise tWo functionally dis 
tinct parts, a variable domain knoWn as “Fab” that binds an 
antigen, and a constant domain knoWn as “Fc” that is 
involved in effector functions such as complement activation 
and attack by phagocytic cells. An Fc has a long serum 
half-life, Whereas an Fab is short-lived. Capon D J et al. 
(1989) Nature 3371525-31. When constructed together With 
a therapeutic protein, an Fc domain can provide longer 
half-life or incorporate such functions as Fc receptor bind 
ing, protein A binding, complement ?xation, and perhaps 
even placental transfer. 

[0137] In one example, a human IgG hinge, CH2, and 
CH3 region can be fused at either the amino-terminus or 
carboxyl-terminus of the res02 polypeptides using methods 
knoWn to the skilled artisan. In another example, a human 
IgG hinge, CH2, and CH3 region can be fused at either the 
amino-terminus or carboxyl-terminus of a res02 polypeptide 
fragment. 

[0138] The resulting fusion polypeptide may be puri?ed 
by use of a Protein A af?nity column. Peptides and proteins 
fused to an Fc region have been found to exhibit a substan 
tially greater half-life in vivo than the unfused counterpart. 
Also, a fusion to an Fc region alloWs for dimeriZation/ 
multimeriZation of the fusion polypeptide. The Fc region can 
be a naturally occurring Fc region, or it can be altered to 
improve certain qualities, such as therapeutic qualities, 
circulation time, or reduced aggregation. 

[0139] Identity and similarity of related nucleic acid mol 
ecules and polypeptides are readily calculated by knoWn 
methods. Such methods include, but are not limited to those 
described in Computational Molecular Biology (A. M. Lesk, 
ed., Oxford University Press 1988); Biocomputing: Infor 
matics and Genome Projects (D. W. Smith, ed., Academic 
Press 1993); Computer Analysis of Sequence Data (Part 1, 
A. M. Gri?in and H. G. Gri?in, eds., Humana Press 1994); 
G. von Heinle, Sequence Analysis in Molecular Biology 
(Academic Press 1987); Sequence Analysis Primer (M. 
Gribskov and J. Devereux, eds., M. Stockton Press 1991); 
and Carillo et al. (1988) SIAM JApplied Math 4811073. 

[0140] Preferred methods to determine identity and/or 
similarity are designed to give the largest match betWeen the 


































