WD 01/ 49721 PCT/ US00/ 35604 NOVEL BACTERI AL GENES AND PROTEI NS THAT ARE
ESSENTI AL FOR CELL VIABILITY AND THEIR USES 5 10 Throughout this

appl i cat ivomova7epus publications are referenced. The di scPopus@ssseds t hese
publications in their entireties are hereby incorporated by reference into
this application in order to nore fully describe the state of the art to
whi ch this invention pertains. FIELD OF THE I NVENTION 15 The present
invention relates generally to nucl eoti de sequences, and pol ypepti des

encoded MYOWIFL, BXIUERREAL GEAESNANDE ISROTERNS FoHANeaRs FSENARTL iFor and

to met hodsgpf, viABIITSENDUEHRER AN pol ypepti de sequences. 20
BACKGROUND OF THE | NVENTI ON Bacterial genera, such as Streptococcus,

St aphyl ococcus, Pseudononas,' Yersinia, Salnonella, and Enterobacter, are
t he cause of nunerous afflictions in humans and aninmals. Bacteri al
infection can lead to serious health conditions, including pneunonia, 25
osteonyelitis, neningitis, sinusitis, otitis, cystitis, and even food

poi soning. Typically, these infections can be treated with standard

antim crobial agents such as antibiotics. However, the energence of

pat hogeni ¢ bacterial strains that are resistant to antibiotics has risen
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sequences that encode gene products that are essenti al terial cel

vi abi | i t yrémdo mpbra/Dllp deseaBe thePEW fSHOABEOOMIch this/avatioamdftains.i denti fy agents
which inhibit the function of the gene product. DNA sequencing technol ogy
has advanced from sequenci ng one gene at a tinme to sequencing

FIELD OF THE INVENTION

15
The present invention relates generally to nucleotide sequences, and 'polypeptides
encoded by the sequences, that are essential for bacterial viability, and to methods of

using the nucleotide and polypeptide sequences.

20 BACKGROUND OF THE INVENTION

Bacterial genera, such as Streptococcus, Sz‘aj?hylococcus, 'Pseudomonas," Yersinia,
Salmonella, and Enterobacter, are the cause of numerous afflictions in humans and

( animals. Bacterial infection can lead to serious health conditions, including pneumonia,

" 25 osteomyelitis, meningitis, sinusitis, otitis, cystitis, and even food poisoning. Typically,
these infections can be treated with standard antimicrobial agents such as antibiotics.
However, the emergence of pathogenic bacterial strains that are resistant to antibiotics
has.risen alarmingly in the past two decades. This situation has created an urgent need
for the development of new antimicrobial agents.

30
One strategy for developing new antimicrobial agents is to identify bacterial gene

sequences that encode gene products that are essential for bacterial cell viability and



entire genones, the sumof all genes in an organism Wth the. recent
arrival of bacterial genomc information, it is now possible to conpare
mul ti pl e waeot/&472al genones in an 5 attenpt to identify gePr€BUBHES6@NCode
conserved gene products. In this manner, one skilled in the art may

identify a set of caqnserved bacterial genes, including a subset of genes
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underway (Blattner, F.R, et al., 1?97, Science 277:1453-74; Ferretti, .
J.J., et &spes thaioyye expeptiphdor paeferiplsell ivigbibitys - gnessruishigane s then ugad asla, 1996
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havi ng nesshtialigené.abl e function. 20 O hers have, pursued various
st raisgi es to identify bacterial genes that are essential for viability.
These“strategi es include: identifying genes that are expressed by the
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bacterial genes that encode gene products that are 30 essential for cell
vi abild i t pomplesaly sseqeasiced rhaglerialagprmnesghave heenapublithed aad .ovehd9e obees and

{ont i £ SaflRfefe Mo RbO U LiadRly RBIAAES PR, 2 W 21667 IsHOAR 2794858594,
Ferretti, J.J., et al., 1997 Adv Exp Med Biol 418:961-963; Koonin, E.V., et al., 1996 .
Methods Enzymol 266:295-322). Analyses of these data indicate that approximately
46% of putative bacterial genes are of unknown function having no attributable function.

20 | '
Others héve« pursued various strategies to identify bacterial genes that are essential for
viability. These strategies include: identifying genes that are expressed by the bacteria
‘when present in the infected host (Hensel, M., et al., 1995 Science 269:400-3),
identifying essential genes by isolating temperature sensitive mutants (Schmid, M.B., et
25 al., 1998 Curr Opih Chem Biol 2:529-34), and identifying genes in pathways known
from prior physiological studies to be essential (Skarzynski, T. et al., 1996 Structure

1996 4:1465-74)

There continues to be a need to identify bacterial genes that encode gene produets that are
30  essential for cell viability, such as cell replication, growth, and survival. These genes and

their encoded gene products can be used as a starting point towards identifying agents

2



2 WD 01/49721 PCT/ US00/ 35604 that inhibit functions essential for cel
viability, thereby causing bacterial cell stasis or death (e.g

anti bact av@ al/4|igent s). The present invention provi des expRCT/H8oNxabo4
identification of novel, conserved essential 5 genes (ceg) frombacteria
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pol ypept PURLHRIINERO Sy ¢ 25 desi gnated CFEs which stands for CEG For
Expression. The CFEs are polypeptides resulting fromexpression of the ceg
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15  sequences in many cases is believed to reflect the higher level conservation of common

biochemical pathways essential for bacterial function and viability.

SUMMARY OF THE INVENTION

20  The acronyms “CEG” and “ceg” stand for Conserved Essential Gene. -For convenience,
the italicized term ceg refers herein to ceg nucleotide sequences. The capitalized term CEG

refers herein to CEG polypeptide sequences.

Embodiments of the ceg nucleotide sequencés and fhe CEG polypeptide sequences are
25  designated CFEs which stands for CEG For Expression. The CFEs are polypeptides

resulting from expression of the ceg nucleotide sequence.

The present invention provides isolated nucleotide sequences of conserved essential
genes from bacteria, designated ceg. The invention also brovides recombinant nucleic
30  acid molecules including the ceg sequences of the invention, and methods of uses thereof.

Examples of nucleic acid molecules having ceg sequences are described in SEQ ID



WO 01/ 49721 PCT/ US00/ 35604 NOS.: 1-113. The invention further provides

i sol ated pol ypepti des and reconbi nant pol ypepti des havi ng the CEG
sequencewob1/44121 | nventi on, and net hods of uses thereof. PERA/Y/IE6040f

pol ypepti des havi ng CEO sequences are described in SEQ ID NOCS.: 114- 226. 5

The ceg ences_of the present invention are DNA or RNA Further, the
i nvent i orsﬁagﬁc]l‘ s Thecmwprtion: furthap peesidessispiaied pelepaptides padirecombisat | y

i denti cal i ) t es, 1 i ' The
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under st rExageids ebpdypaptides having €ECe geqenessrce desefibedién SEQeD INGS.:11@- A
further odi nent provi des pol ynucl eoti de sequences which are

conpl ene ry to the ceg sequences of the invention. Yet another
enbodisment provides ceg nucleic acid nolecules that are |abeled with a
detectabl e marker. Anot her enbodi ment provides reconbinant nucleic acid
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anti bacteri al” agents such as antibiotics. The invention Turther provides
subst ant ira¢lequlesuttiat iaedd labEledgwith apdetderebls, manker. udawther FrmbadimerThwovideent i on

al so rel ates .t.0 pharmaceuti cal sitions co i sin nt.i sense. | ecul es
capabl o ST PCHG e o RenkEaPeR ot SETeE oD s AaRlie g dRs ot o or
30 i nhi bisz@é‘q@fme@B@ﬂgﬁﬁﬁeﬂﬁl’oﬁdUCt s, and antibodi es reactive agai nst the CEO
pol ypepti des. : :
15 ‘
- The present invention provides various ceg sequences, fragments thereof having essential

gene activity, and related molecules such as antisense molecules, oligonucleotides,

peptide nucleic acids (_PNA), fragments, and portions thereof.

20  The present invention relates to the inclusion of the polynucleotides encoding CEG gene
products, such as CEG polypeptides, in an expression vector which can be used to
transform host cells or organisms. Such transgenic hosts are useful for the production of

CEG gene products for the development of antibacterial agents such as antibiotics.

25 The invention further provides substantially purified CEG gene products, and uses
thereof. '

The invention also relates to pharmaceutical compositions comprising antisense
molecules capable of disrupting expression of ceg sequences, agonists, antagonists or

30 inhibitors of CEG gene products, and antibodies reactive against the CEG polypeptides.



4 WD 01/49721 PCT/ US00/ 35604 These conpositions are useful for preventing
the gromh or survival of bacteria, for exanple, in the treatnent of
condi ti omOoarswei ated with bacterial infections. BRI EF DEBCRURIVIb40F THE
FIGURES 5 Figure 1. A schematic representation of the gene disruption
assay, described.in Exa i nf .a. conbi nant vector
under goi ﬁ@e%ﬁBmB%ﬁ%nSr @Eoﬁ%ﬁﬁafpf Pre¥Rntine tt@%e g’fﬂ%ﬁ orgByyival ofpacteria (fesyl t of
homol 00w EROFMOREL RN dkohlifidhe aSafERL ntation of the
polarity tes?Ef%B operong gescr? Ocan%ﬁ e#ﬁ1ﬁ§£ﬁ8§§ infra. A The
reconblnant vector under90|ng honol ogous . reconblnatlon mnth t he host
f honol ogous reconbi nation; the
S e noter. C) Case 2; another possible
resul g of honnlogous reconblnatlon the downstream Gene B does not have an
15, independent pronoter. Figure 3: Purification of 2CFE 75, as descri bed
in Exarrplfégtﬁ?e i of scaematjc Fprestritgivatdf e gope disiiption hs@FE déscribbdiirelixfmpmien a
Ni - NTA ¢ el.ect rophoresj s of ooled fracti.ons of CFE 75. C)
Non- denacer T QoA SroBitioh JRad Skteoie BRRoiREws b Ga B imnarit 3 boske 75,
Figure 4: eEJrﬁ&tBPﬂ?éﬂeQﬂt&flﬁEﬂdlc%o% re¢&inbindtigl. ut ed from a hydroxyapatite
colum, as described in Exanple 7, infra. 25 Figure 5: The bi osynthesis
pat hvvay of Coenzyrre A which starts with phosphoryl ation of pantothenate.

Fi d 103 d bed i
mcamife Figtt 2 £ schb SR 1eb R ERAEH, e Ble. Aedu PR Rhromstle B 4O8RR 65 at "as
degr ees @xalpled DCUh@I3, rdli ChOOITHE tRBMBRIanITBletiob p@ffaa;g@u%fu héfiologbdd and

103 at a range of zero to 100 degrees C. 5 WO 01/49721 SO0/ 35604
recombination with the host genome. B) Case 1: one possible result of homologous

recombination; the downstream Gene B has an independent promoter. C) Case 2; another
possible result of homologous recombination; the downstream Gene B does not have an

15 independent promoter.

Figure 3: Purification of 2CFE 75, as described in Example 6, infra. A) Fractionation

profile of 2CFE 75 eluted from a Ni-NTA column. B) Gel electrophoresis of pooled

fractions of CFE 75. C) Non-denaturing gel electrophoresis to determine oligo form of
20 2CFE7S. |

Figure 4: Fractionation profile of 2CFE 3 eluted from a hydroxyapatite column, as described
in Example 7, infra.

25  Figure 5: The biosynthesis pathway of Coenzyme A which starts with phosphorylation of |

pantothenate.

Figure 6: Circular dichroism spectra of 2CFE 101 and 103, as described in Example 10,
infra. A) Circular dichroism spectra of 2CFE 101 and 103 at 25 degrees C. B) Circular
30  dichroism thermal melt spectra of 2CFE 101 and 103 at a range of zero to 100 degrees C.



Figure 7: G rcular dichroismspectra of aggregate and nononer pools of 2CFE
101 and 103, as described in Exanple 10, infra. A) Crcular dichroism
spectra o¥oaggp7egat e and nononer pools of 2CFE 101 and 1PGI/@siZBedegr ees
C. B) Grcular dichroismthermal nelt spectra of aggregate and nononer

pool s of 2CFE_101 and_ 103 at a range of zero to 100 degrees C. 5 Fi&ure 8:
Absor banddg¥pdctralyrdichipiemspectn o 2agpente et mprasam popls o EFRDPI ands103,

descri bed,i 'gé@%@)ﬁpgp ' A ek I ' ion
chr omat ogc}séig?%? and ge %f le%?}g rff)%h%f%fg(%{gﬁs %h\fm&%g S]E) %@H Oﬁgggg%%agéoérrlgr@&é%h %r ms of
2CFE 21 gndls3g2CEE Iddsmdilbadt 251ddexens)il. eBLCirculaf dichroismrteearnibt ek epdcanf . 2CFE
21, lane 7 is a | ecul ar i(ﬁ.&h@ﬁér, Ifnes 8-10 contain 2CFE 39. Figure
10: Gel EABBICEREBAOPEEPIECI00 ' 2pd 401 Aihrapgs ofgedrE 09 degrprs Go and
radi olsabel ed synthetic Holliday Junction tenplate, as described in Exanple
11, infra. Lane 1 contains 15 the synthetic Holliday Junction tenplate;

| ane 2 cdiigwt BsAbduebayge seetra of phmpitkenateldepend@ncmrothaitios oAADPNgH desaitiednisied
tenpl ate;_|ane 4 contains the helicase reaction using 2CFE 39; lane 5

cont ai ns EWPEFe]IQ e reaction using 2CFE 21; lanes 6-8 contain the

hel i case reaction wusing 2CFE 39 and 21 at varying concentrations (e.g., 1,

2, and 3 Meach); and lane 9 contains the helicase reaction using 2M each
2CFE 39 diighr29: The tebdtsufeizerseusibn ehroiaiograph @nd gel rledtropteirgis shotviig the gr aph

depi Gt.i the r | t hel,] ti i . it d.b
roasdP! ngpegelih iin on BB A7 o a0 IR TLEETOR | LaHEH- oL BB Sihe, as
descr i bed)dFE 2 IEXAENia hiblechldf HRighPhafked Mis §20 (SRR IEHTY3 ¢! ect r ophor esi s

results of 2CFE 8 with and wi thout ssDNA, as described in Exanple 12,
infra. A) El ectropherogram of 2CFE 8 al one. B) El ectropherogram of 2CFE 8

0, e PISBSEf Ol el R SRAG.SLNGL G A ol Lot S0, ELgure 13-
E ? :) 21-”325’;?12?‘%%{, L:Iol@igaﬂ sfelibl enplite FxsodBREtbed dn BxambR 11A)nA) Bidd Obdtins
15  the synthetic Holliday Junction template; lane 2 contains the synthetic duplex; lane 3
contains a single-stranded template; lane 4 contains the helicase reaction using 2CFE 39;
lane 5 contains the helicase reaction using 2CFE 21; lanes 6-8 contain the helicase reaction
using 2CFE 39 and 21 at varying concentrations (e.g., 1, 2, and 3 uM each); and lane 9
contains the helicase reaction using 2 pM each 2CFE 39 and 21 in the presence of ethidium

20  bromide.

- Figure 11: A graph depicting the results of the helicase reaction which were monitored by
measuring the unquenching of the Holliday Junction templates with time, as described in
Example 11, infra. |

25 .
Figure 12: Capillary electrophoresis results of 2CFE 8 with and without ssDNA, as
‘described in Example 12, infra. A) Electropherogram of 2CFE § alone. B) |

Electropherogram of 2CFE 8 in the presence of a 32-nucleotide single-stranded oligomer.

30 Figure 13: Gel mobility shift assay of 2CFE 8, and 2CFE 8 in the presence of a single-
stranded 32-mer, as described in Example 12, infra. A) An ethidium bromide-stained,

6



WO 01/ 49721 PCT/ US00/ 35604 native, polyacrylam de gel containing 2CFE 8,
and 2CFE 8 in the presence of a 32-ner. B) The sane native, polyacryl am de
gel stai medowad7dr Coomassi e. Figure 14: The N acetyl gl ucoBamuR@/Isatshway
putatively nmedi ated. by 2CFE 3 and 2CFE 5 86, as described in Exanple 13,

w thout SR PURATRIeAR borteiBR e R o 5o 2 K Bea i Gospace pha pamer )
El ect ropﬁ%'é@ﬂﬁélﬁﬁﬁz]‘:e, gzcgagerygalmdugel, eV Ai OB magleucosani ne- | - phosphat e.  B)

El ectropherogram o wi th and without D glucose-1 10 phosphate. O
El ect ropherogram of 2CFE 3 al one, 2CFE 3 and gl ucose-I-phosphate, and 2CFE

3 d gl - 6-.ph h ...D) El.ect h . f .2 3 Ln th
or esence HGFe 3 RS RARRT erighosbfbaBREY RRBART Reasimd ity d ad gk oce,
D(+) gal %}g&ﬁscﬁb@@h@ﬁx&ﬂb lyg,q?gea_l - phosphate. 15 Figure 16: Capillary

el ectrophoresis results of FITC-derivitized 2CFE 3 pol ypeptide with and
w t hout D- gl ucosam ne- 6- phosphate (substrate) to produce the product

D- gl m ne: .. 1~phasphat ing | y fl d i bed
o Beamp ts15] HRAES e Roniishar ol 2o CRE S g R REe R e s
(put ati ves sdisibedtie ExadplEl1 3 meact g Bmz%lb'p:h@oghmc&smm 8- Rt AAE RidoRs and

t he product gl ucosam ne-I|-phhosphate. igure 17. Gel electrophoresis of

2CFE 86 @luspsaning-drabasphrge- NpALledTopherogan ofcX 3 badthiand vesharnpPeludse-inf r a.

Fi 18; ' ' i-ncludi E 2CFE 86,
1318 *DuolfFhE, RSl SheByf VAL AR, 6P 0, A58t
UDP- N- ac @CFEJ atclagaivse-6-phospharp MatRiectiophitdEhm ESOFESTalbhest ih thebprapte 13,

infra. Fi %ure 19: A faté{é aci d biosynt hesis pathway. 7 WD 01/49721
PCT/ US00 /03 8B9gsanfing;inphosnhate sghieosasagiers prspldie. digtusesea Pify) gaactseeandi e t he

mol ecul ary wei ght, an |igomeric formof 2CFE 34, as described in Exanple
14, inf rg). Té\ﬁlg%eelc@g)gp}éq??jt.ed sanpl es

15 Figure 16: Capillary electrophoresis results of FITC-derivitized 2CFE 3 polypeptide with
and without D-glucosamine-6-phosphate (substrate) to produce the product D-glucosamine-
1-phosphate, using laser-induced fluorescence, as described in Example 13, infia.
Electropherogram of D-glucosamine-6-phosphate (putative substraté), 2CFE 3 reacted with
D-glucosamine-6-phosphate, and the product glucosamine-1-phhosphate.

20 ‘ ‘
Figure 17: Gel electrophoresis of 2CFE 86 eluted from an Ni-NTA column, as described in
Example 13, infra. ' .

Figure 18: HPLC analysis of a coupled reaction including 2CFE 3, 2CFE 86, and D-
25  glucosamine-6-phosphate to produce the product, UDP-N-acetylglucosamine-1-phosphate

(UDPAG), as described in Example 13, infi-a.

Figure 19: A fatty acid biosynthesis pathway.



were sized by gel electrophoresis. 5 Figure 21: Gel el ectrophoresis of 2CFE

41 eluted froma N -NTA colum, as described in Exanple 15, infra. Figure

22: Capi Wany4wbectrophoresis results of 2CFE 40, 41, andpdBpus@sssdescri bed

in Exanple 15, infra. 10 Figure 23: Depicts a schemati c di agram of a

| i gand 2CFE 34. The ligand is 2-

corboxyWAﬁVS %&ys}@n?f “Séff’at?P’WH %TTP%% Q)]de eztheSDH’feéH@r weightr ang 4.

Depl ct S i 2 nd is

AN 4 B R S i e R R R R

Fi gure 25NerDapecbbssgdekcﬂn@imasts di agram of a ligand whi ch binds 2CFE 43. The

ligand is 2- am no (N-para-nethyl phenyl sul fonam de)- 3-phenyl propi ani c

acid. 20 Figure 26: A nucleic acid sequence of 2CFEl deposited with the

Arer i gan FiyRpe [ Ne &lﬁnﬁ%%pi{ 2000.

Figure 27: gl,% %&F&lﬁé&é‘c&r&gﬁéﬂggﬁgfeg@lé@g} %%Eg&ge%gg%d W t h mer ?%an

Type Cul thrempledd), krgfiot.i on as ATCC desi gnati on on Decenber 20, 2000. 25

Figure 28: A nucleic acid sequence of 2CFE3 deposited with the Anerican -

Type Culture Collection as ATCC designati on on Decenber 20, 2000. Figure

29: A NUGHigirg 22 h6fesid Seas t

Culture %JICOI qu%tﬂ%gﬂwg@TCC dggsilﬁlgsnatl on %ﬁd&@&%ﬁ%@&ﬁ%ﬁ%@@%

01/ 49721 1POWds00/ 35604 Figure, 30: A nucleic acid sequence of 2CFE5

deposihted with the Anerican Type Culture Collection as ATCC designation on

Decenber 20, 2000. 5 Figure 31: A nucleic acid sequence of 2CFE6 deposited

with the & DSADCPINDE sEhdniatit diagfadh bESligma mcﬂ%mgmawh@n% @chnber
Wi

20, 2000. rla,g_ure 2. A nucleic acid sequence of 2CFE7 deposite th the

Aner i can Prgpé-N(3 egqybq;(yl -4hydroxyphenyl) azabicyclo [4.3.0] Hona-2, 8-diene.

Figure 24: Depicts a schematic diagram of a ligand which binds 2CFE 43. The ligand is N-
15 (3, 5-dinitrobenzyl)-7-trifluoromethyl benza diaza furanolactone.

Figure 25: Depicts a schematic diagram of a ligand which binds 2CFE 43. The ligand is 2-
amino (N-para-methylpheny! sulfonamide)-3-phenylpropianic acid.

20  Figure 26: A nucleic acid sequence of 2CFE1 deposited with the American Type Culture
Collection as ATCC demgna’uon on December 20 2000.

Figure 27: A nucleic acid sequence of 2CFE2 deposited with the American Type Culture

Collection as ATCC designation on December 20, 2000.

25 | | |
Figure 28: A nucleic acid sequence of 2CFE3 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

Figure 29: A nucleic acid sequence of 2CFE4 deposited with the American Type Culture
30  Collection as ATCC designation on December 20, 2000.




Col I ection as ATCC designation on Decenber 20, 2000. 10 Figure 33: A

nucl ei ¢ acid sequence of 2CFE8 deposited with the Anerican Type Cul ture
Col | ecti WO as49¥ICC desi gnati on on Decenber 20, 2000. Fi gur€T/B800/3s6waucl ei c
aci d sequence of 2CFE9 deposited with the American Type Culture 15

Col I ection as ATCC designation on Decenber 20, 2000. Figure 35: A nucleic
aci d sequence of 2CFE10 deposited with the Anerican Type Cul ture

Col | ect i qagas 36:T ACnl@sik gaiatge%&n@@ oD@@FEbagpo%Qed &Qﬁ%e Kﬁleﬁbﬁyf‘ﬁ)e}@ﬁlﬁﬁe

nucl ei ¢ acid sequence of 2CFEl1 | deposited with the Anerican Type Culture
Col | ect i émligeiionre@ els dgnignation_on_Decenbepn Dgceraga@0, 20§ure 37: A nucleic
aci d sequence of 2CFE12 deposited with the Anerican Type Cul ture

Col I ection as ATCC designati on on Decenber 20, 2000. 25 Figure 38: A

nucl esCc  gghile 38JUEREReIO facid Gefiedcd 6PRSFES depiisiidtl With A BHefiash TyReCcEirt ur e

Col l ection as ATCC designati on on Decenber 20, 2000. Figure 39: A nucleic
aci d seqieleetionfas 2FEq dedgpbont ed wi th t hen NeegrmbesR0; .Culture 30

Col | ecti on as ATCC designation on Decenber 20, 2000. 9 WO 01/49721

PCT/ US00/ 35604 Figure 40: A nucleic acid sequence of 2CFE15 deposited with
t he Amer iRgane TYPQ Gudiéioneid seqhdnee bf DOFEB dépbskediaith Gah hefcanTHRoGIRRE 20,
2000. Figure 41: A nucleic acid sequence of 2CFE16 deposited with the
Anerican%P}lS‘él@ﬁStﬂﬂF@Cd531&119¥1P’écu_0n_as_ATQX€Q9@@F]@?ﬁ394 Oon December 20,
20004nFi gure 42: A nucleic acid sequence of 2CFE17 deposited with the
Anerican Type Culture Collection as ATCC designation on Decenber 20, 2000.
10 Fi gur Figdide 3% nuatdtic aeidisdqemoeeh2€FBs dedsFdPwitk piasAiretcad Typet Ogitderer i can
Type Culture . Collectiagn. as ATCC designation on Decenber 20, 2000. Figure
44: A nulodeetionss f Ielg desiEstign _2CrE21 - dep8R Peedbar 28 2008. Aneri can Type

Cul ture ’

Figure 34: A nucleic acid sequence of 2CFE9 deposited with the American Type Culture
15  Collection as ATCC designation on December 20, 2000.

Figure 35: A nucleic acid sequence of 2CFE10 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

20  Figure 36: A nucleic acid sequence of 2CFE11 deposited with the American Type Culture
" Collection as ATCC designation ‘ on December 20, 2000.

Figure 37: A nucleic acid sequence of 2CFE12 deposited with the American Type Culture

~ Collection as ATCC designation on December 20, 2000.
25 ’
Figure 38: A nucleic acid sequence of 2CFE13 deposited with the American Type Culture
Collection as ATCC designation ‘ on December 20, 2000.
Figure 39: A nucleic acid sequence of 2CFE14 deposited with the American Type Culture

30  Collection as ATCC designation on December 20, 2000,



Col I ection as ATCC designation on Decenber 20, 2000. 15 Figure 45: A

nucl ei ¢ acid sequence of 2CFE24 deposited with the Anmerican Type Culture
Col | ecti WO as49¥ICC desi gnati on on Decenber 20, 2000. Fi guP€T/A800/35603ucl ei c
aci d sequence of 2CFE25 deposited with the American Type Culture

20
Col l ectign_as  ATCC designati on an er 20, ,2000,. Figure 47:. ucl eic
aci d Seq&né%%%d'@"f gg‘&ﬂ‘—‘%é%g"diﬁ%é‘f"‘i’ceed’f%%? BT lorfitss gh‘h@‘r%‘%“éﬁ‘} et
Col | ect i @blivstio A TES defi@taion on Decenbepn PRcerdR00, poFi gure 48: A

nucl eic acid sequence of 2CFE27 deposited with the American Type Culture
Col I ection as ATCC designation on Decenber 20, 2000. Figure 49: A nucleic

aci d seq f A2 2 i.ted Ter | Type .Cul t.ure
ol | oot | ATERE 45T ACITRAC I8 BARIEh G0 Ca s Moo iRA b ine YRRt itk Toweno 1
PCT/ US00/C35i6€:bn 51 ILTE defignafonuc! ei ¢ aci dos Byuanisg 20f2006FE29 deposited with

the Anmerican Type Culture Collection as ATCC designation on Decenber 20,
2000. Figure 51: A nucleic acid sequence of 2CFE30 deposited with the

Aneri can N . 5 .Cx i i i n ce 20,
5000 < b1 ERRE a5 ickeic ReilReduide b1 o iER LAt Al Rl PR
Aner i can ChilpetidaulstAIT@C dédgdadiohi on as ATCConlBetaitsr 20,/2000. Decenber 20, 2000.

10 Figure 53: A nucleic acid sequence of 2CFE32 deposited with the Anmerican
Type Culture Collection as ATCC designation on Decenber 20, 2000. Figure

54: nuGk | Ci G 0S) & Al ; ' e

Gul 676 T BT PR AR nk STRCFET RRPHIE i o AR GPEIEINET . oo
A nucl ei €oliectibnss UKCIC designafl@iFrE34 deposi t enlDatdnliber B8, 2808r i can Type Cul ture
Col | ection as ATCC designati on on Decenber 20, 2000.

Figure 44: A nucleic acid sequence of 2CFE2] deposited with the American Type Culture

Collection as ATCC designation - on December 20, 2000.
15
Figure 45: A nucleic acid sequence of 2CFE24 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.
Figure 46: A nucleic acid sequence of 2CFE25 deposited with the American Type Culture

20  Collection as ATCC designation on December 20, 2000.

- Figure 47: A nucleic acid sequence of 2CFE26 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

25 Figure 48: A nucleic acid sequence of 2CFE27 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

Figure 49: A nucleic acid sequence of 2CFE28 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.
30 '
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Figure 56: A nucleic acid sequence of 2CFE35 deposited with the American
Type Culture 20 Collection as ATCC designation on Decenber 20, 2000.
Figure 5wWoAu/mIel ei c acid sequence of 2CFE36 deposited w pOTAUR@®/3A0@r i can
Type Culture Collection as ATCC desi gnati on on Decenber 20, 2000. 25

Fi gure 58:. A nucleic,acid.sequence. o 37 .deposited with the Anerican
Type Qul e 3o uido pg Soobvees ﬁe%ngﬁﬁgtFﬁBwtsﬁ&ﬁ@ riggt Typsdfepliues gur e

59: A nu a=Tod :0f 2CFE38 depg@si i Anerican Type
Cul ture @%eﬁéﬁﬁs%ﬁ%gﬂgﬁ%uggmgﬁ Debétn é?b’z%q@g‘zooo. 30 11 WO

01/ 49721 PCT/ US00/ 35604 Figure 60: A nucleic acid sequence of 2CFE39
deposited.wi th the Anerican Type - Col.| ection as ATCC desjgnation on
Decenber B Sbod nisfighpad Babhce R0 sepcpied ol e Adrerserbins ahes od

with she AREGGAR AOE dedibiagbs 5 ol | ect bameadmid66; plgnation on .
Decenber 20, 2000. Figure 62: Anucleic acid sequence of 2CFE41 deposited

with the American Type Culture Collection as ATCC desi gnati on on Decenber
20, 2000...10 Eigure 63: A nucleic ' eguence: of 2CFE42 deposited with
Che Aver TUHe Sgod Busteitpt SesieTiecer el Shrohed i R iicn DBCobEs 20,
2000. Fi qu8ctfihasATEC d6lignafich d sequence gh DREdHk3 20en0pi ted with the
Anerican Type Culture Collection as ATCC designati on on Decenber 20, 2000.

15 Figure 65: A nucleic Acid sequence of 2CFE44 deposited with the Anerican
Type | ture Lollecti.on.as ATCC i tjon.o er .20,..2000.. Figure
b ADnudiiafe s oA R0 B BelPs SRR s R R R TR e
Culture @fflebinl RATED dasieifib desi gnat i opn DRcdAseen0e0080, 2000. Figure 67:
A nucl ei ¢ acid sequence of 2CFE46 deposited with the Anerican Type Culture

Col | ection as ATCC designati on on Decenber 20, 2000. ‘
Figure 54: A nucleic acid sequence of 2CFE33 deposited with the American Type Culture

~ Collection as ATCC designation on December 20, 2000.
15
Figure 55: A nucleic acid sequence of 2CFE34 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000. |
Figure 56: A nucleic acid‘ sequence of 2CFE35 deposited with the American Type Culture
20  Collection as ATCC designation on December 20, 2000.

Figure 57: A nucleic acid sequence of 2CFE36 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

25  Figure 58: A nucleic acid sequence of 2CFE37 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

Figure 59: A nucleic acid sequence of 2CFE38 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

30
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25 Figure 68: A nucleic acid sequence of 2CFE47 deposited with the American
Type Culture Collection as ATCC desi gnation on Decenber 20, 2000. Figure
69: A nuovebv4¥ei d sequence of 2CFE48 deposited with the PORUS@EICORype
Culture Collection as ATCC designation on Decenber 20, 2000. 30 12 WO

01/ 49721 _PCT/ US0Q/ 35604 .Figure 7Q. cleic acid sequence of 2CFE49
deposi t ed & %Jét %f?é“r ?%‘g:%egqllj’?‘ﬂf@ %}ﬁ?@?ﬁ de?éf‘ﬁ?‘&é’#ﬁé‘i‘? &g‘eﬂ- e MR i on on

Decenber C%@ect%%%@-Aﬁ(gﬁéﬁ%n%ﬁénA nucl ei ¢ ag) Pe&@teEgS00h. 2CFESO deposited
with the American Type Culture 5 Cottection as ATCC designation on

Decenber 20, 2000. Figure 72: A nucleic acid sequence of 2CFE51 deposited

with the_ Anerican Type Culture Il ectiaon as AT desi gnation an . Decenber
50, 2000 FEE b1l e 20kt ieflabugedt 2CF D SR BRed vt R Dot e e 1 1

the AgericeaBcibaRe A Hafmalioh | ection as ATSGdas: gnabpen on Decenber 20,

2000. Figure 74: A nuclei¢ acidsequence of 2CFE53 deposited with the

American Type.Culture Collection as ATCC designation on Decenber 20, 2000.

15 Figure.75: _A nucleic acid sequ 2CFES4 deposited with t Aneri can
Type oul CEE 660k oS S (LT L cPeeh i Qbirtisd) TBsd6Te gur o
760 A nugdogb@iontk A RO uenaAHM 2CFESS depgsDe&shbet bl 2obg. American Type
Culture 20 Collection as ATCC designation on Decenber 20, 2000. Figure 77:

A nucl ei c acid sequence of 2CFE56 deposited with the Anerican Type Culture

Col l egti @n_as AT desi gnation o r 2 2 . 25 Fi e 78:, A
nucl |ﬁc iné%“&e géqgglﬁuc? elco%@%ﬁgégnice g;?g%i%gggewsgﬁd %qg%}fné?ﬁeg%%%ﬁe&&ﬂfet ure
Col | ect i Qlia@ioABSA TWES esatation on Decenbesn Bcemd2P00, 260gure 79: A nucleic
aci d sequence of 2CFE58 deposited with the American Type Culture

Col | ection as ATCC designati on on Decenber 20, 2000.
Figure 64: A nucleic acid sequence of 2CFE43 deposited with the American Type Culture

Collection as ATCC designatioh ) on December 20, 2000,
15 |
Figure 65: A nucleic acid sequence of 2CFE44 deposited with the American Type Culture
Collection as ATCC designation on December 20, ZQOO.
Figure 66: A nucleic acid sequence of 2CFE45 deposited with the American Type Culture
20  Collection as ATCC designation on December 20, 2000.

Figure 67: A nucleic acid sequence of 2CFE46 deposited with the American Type Culture
Collection as ATCC designation : on December 20, 2000.

25  Figure 68: A nucleic acid sequence of 2CFE47 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

Figure 69: A nucleic acid sequence of 2CFE48 deposited with the American Type Culture
Collection as ATCC designation . on December 20, 2000,
30
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30 13 WO 01/49721 PCT/ US00/ 35604 Figure 80: A nucleic acid sequence of
2CFES9 deposited with the Amrerican Type Culture Collection as ATCC
desi gnat ivod0o#7Recenber 20, 2000. Figure 81: A nucl ei c acpdr/asyssneie of
2CFE60 deposited with the Anerican Type Culture 5 Collection as ATCC

desi gnat i 20, 2000. Fj 2: . i i d f
2CRERT TR fa AETEL ASY ArvBnELal 245 S dipexiee MR Bcftfistn TEYGHRR. ©
desi gnat iCylegibrRYETOE dedhatidR00. 10 Fi gung MB3smibernuci@ioc aci d sequence of

2CFE62 deposited with the Anerican Type Cul ture Col1'ection as ATCC
desi gnati on on Decenber 20, 2000. Figure 84: A nucleic acid sequence of

2CFE64 deposited,'wih the Aneric Cul ture. | Lection_as ATCC

desi gnat &péﬂﬂgh?t)éégﬁ%écra ,Seqﬁf)tffﬁ.oz%?g%ﬁ?g &F%osggcg “%\thgg%ﬁgfeélcgb}r@es@‘&%ﬁce of
2CFE6S daryiRbAidthsATOCBGo¥iBAI can Type OghDébémbdeb] Zopo0i on as ATCC

desi gnati on on Decenber 20,2000. Figure 86: A nucleic acid sequence of

2CFE66 deposited wth the Anerican Type Culture 20 Collection as ATCC

SCREST dTRNE PRI 960 seoBPE of 2 aP dfqonie Mt BeRfisth TERGHAR. ©
desi gnat iCuleOionRBZETHE deddhatidR00. 25 Fi gubs TRBsm¥ernUCIo®0c aci d sequence of

2CFE68 deposited with the Arerican Type Culture Collection as ATCC
desi gnati on on Decenber 20, 2000. Figure 89: A nucleic acid sequence of

oot dlar e 8D AdkIC g SOBhGAT AR GHbAES wliihg Sl Pl o
gitﬁrguqtm'e@ti@fdsdw@@ueﬁgmticﬁ 2CFE70 depeosiDeesmbér b, 2000. Aneri can Type

Figure 74: A nucleic acid sequence of 2CFES3 deposited with the American Type Culture

Collection as ATCC designation on December 20, 2000.

15 : .
Figure 75: A nucleic acid seQuence of 2CFE54 deposited with the Arneriéan Type Culture
Collection as ATCC designation on December 20, 2000. '
Figure 76: A nucleic acid sequence of 2CFE55 deposited with the American Type Culture

20  Collection as ATCC designation on December 20, 2000.

Figure 77: A nucleic acid sequence of 2CFE56 deposited with the American Type Culture -
Collection as ATCC designation on December 20, 2000.

25  Figure 78: A nucleic acid sequence of 2CFES57 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

‘Figure 79: A nucleic acid sequence of 2CFE58 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.
30
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Col I ection as ATCC designation on Decenber 20, 2000. Figure 91: A nucleic
aci d sequence of 2CFE71 deposited with the Anerican Type Culture 5

Col | ecti WO as49¥ICC desi gnati on on Decenber 20, 2000. Fi guP€T/8800/35603ucl ei c
acid sequence of 2CFE72 deposi ted with the Arerican Type Culture

Col | ecti T tion on 20, ,2Q00 Figure 93: A

nucl ei ¢ §@ %ﬁ‘ﬂ?ﬁe 16 839 ed’égg:g:gggd{ ili‘?dt"ﬂg‘ hﬁél"ieéléfﬁan @He ur e
Col I ecti beugétwﬁTa{ggﬁ@@ldgﬁ%ﬁdugﬂ on Decenbeﬁnggcen%gpgo gur e 94 A nucl eic
aci d sequence of '"2CFE76 deposited with The Anerican’ Type Cul ture

Col I ection as ATCC desi gnatl on on Decenber 20, 2000. 15 Figure 95f. A
nucl ei c id seque CFE/8 d th ri can Jype I ture
Col | ect i %iiTéd“H: ?Gﬂ %ﬁn%efwg@éjlﬁp%ed% @ ope Q\ A€l ei ¢

aci d sequeiMesidfas AFET Jedep@sht ed W th t hgy NxBLcan Tw@@ Culture 20
Col I ection as ATCC designation—on Decemnber 20, 2000 Figure 97: A nucleic

acid sequence of 2CFE80 dep05| ted wwth the Anerican Type Cul ture

Col |l ecti . T tion on 0, ,20 5 Figure 98: A
nucl o ¢ S0RE BB ottt A3 seegn i L ERL Heniiind FHG b Bekiafh FiaseCy ur o
Col | ecti Ql'bue@uoﬁTa@meeueg@am@ﬂ on Decenbepn 2cerdi900, Fogur e 99: A nucl eic
acid sequence of 2CFE82 deposi T€d with the Anerican Type Cul ture

Col | ection as ATCC designation on Decenber 20, 2000. 30 15 WO 01/49721

PCT/ 00/, : e 10 nuc se of, 2CFE83 de i ted
it h "Phe Y Pate Tyl B peeReCos R ip SRU SRR T misaan Do G enber
20, 2000Co'ﬁb@Wn%sl¢0ﬂCC6e§igmh@nC aci d sequentrcéhbet 8hERModeposited with the
Anerican Type Culture 5 Collection as ATCC desi gnatl on on Decenber 20,

2000. Figure 102: A nucleic acid sequence of 2CFE85 deposited with the
Amer i can FTé{ﬁ’@ 5L W cFeic acid sequence of 2CFE64 deposited with the American Type Culture

Collection as ATCC designation on December 20, 2000.
15 ' '
Figure 85: A nucleic acid sequence of 2CFE65 deposited with the American Type Culture
Collection as ATCC designation : on December 20,.2000.
Figure 86: A nucleic acid sequence of 2CFE66 deposited with the American Type Cul;cure
20 Collection as ATCC designation on December 20, 2000.

Figure 87: A nucleic acid sequence of 2CFE67 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

25  Figure 88: A nucleic acid sequence of 2CFE68 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

Figure 89: A nucleic acid sequence of 2CFE69 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.
30
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Col I ection as ATCC designation on Decenber 20, 2000. 10 Figure 103: A

nucl ei ¢ acid sequence of 2CFE86 deposited with the American Type Culture
Col | ecti WO as49¥ICC desi gnati on on Decenber 20, 2000. Fi gureT/Lleh/35604nucl ei c
aci d sequence of 2CFE87 deposited with the Anerican Type Culture

Col | ect T - A
nucl of ¢ S0 OB Rann pEkRl R XTI Gerpced SR e Aol Wittt . o
Col | ect i divlstihl{&SATIES idgsigiation on Decenbeon BRcer@d@Q0, Fo0pur e 106: A nucl ei c

aci d sequence of 2CFE89 deposited with the Anerican Type Culture 20
Col | ection as ATCC desi gnat i on on Decenber 20, 2000. Figure 107: A nucleic

q . A )
Col | ect 1 GiEE Rr ALHERES? aIRATLhEbYCRE T Wep Bl yind KRR Tibetrure
nucl eisc mlﬁcmmsemE@Cdés@ﬁﬁEﬂl deposi t ed owiDieberhiee 20y2000can Type Cul ture

Col I ection as ATCC designation on Decenber 20, 2000. Figure 109: Anucleic
aci d sequence of 2CFE92 deposited with the Anmerican Type Culture

Col |l ecti T 1

PCT] US00 JBR0L A1 Bra Ha0 R o e e e e b S

with the Gmﬁecm(nmsﬂ’p(p@dalgnauon Col | ecti onnmceﬁﬁmm,emognatl on on Decenber
20, 2000. Figure 111: A nucleic acid sequence of 2CFES5 deposited with the
Anmerican Type Culture 5 Collection as ATCC desi gnati on on Decenber 20,
2000.19Fi gy 2 SIS CRERRGhIRRRS élpﬁq%l e
Arrerilgan%ypgéaﬁﬁﬁdygbaagecgﬁ%l%n as ATC%ieg(gesét:g nat ?18% on R Dece DZJ%Q 2000.
10 Fi gur €diedionfesrAitC@idesigimitidn sequence of oﬁﬂémﬂbaﬂéﬁp’mmed with the
Anerican Type Culture Collection as ATCC designation on Decenber 20, 2000.
Figure 114: A nucleic acid sequence of 2CFE99 deposited with the Anerican

Type Cul tigRe 94: A nucleic acid sequence of 2CFE76 deposited with the American Type Culture

Collection as- ATCC designation on December 20, 2000.
15 ‘ :
Figure 95: A nucleic acid sequence of 2CFE78 deposited with the American Type Culture
Collection as ATCC designation . on December 20, 2000.
Figure 96: A nucleic acid sequence of 2CFE79 deposited with the American Type Culture
-20  Collection as ATCC designation on December 20, 2000.

Figure 97: A nucleic acid sequence of 2CFE80 deposited with the American Type Culture
Collection as ATCC designatibn ___on December 20, 2000.

25 Figure 98: A nucleic acid sequence of 2CFES81 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

Figure 99: A nucleic acid sequence of 2CFE82 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.
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Col I ection as ATCC designation on Decenber 20, 2000. 15 Figure 115: A
nucl ei ¢ acid sequence of 2CFE101 deposited with the American Type Culture
Col | ecti WO as4¥ICC desi gnati on on Decenber 20, 2000. Fi gurer/U$@r35604nucl ei c
aci d sequence of 2CFE102 deposited with the Anerican Type 20 Culture

Col | ect i desi. i 20, 2000, Fi 17: | ei
20l d_ seqUaAis 107 SCRERIALIBErTEA or [ Fot PoR Paafe Y cebE e
Col | ecti %lg@ti&TQQﬁ@gi&ggﬁg@ﬁ on Decenberonajbcelg{;&@(), 2foFi gure 118: A

nucl eic aci d sequence. of 2CFE104 deposited with the Anerican Type Culture
Col I ection as ATCC designation on Decenber20, 2000. Figure 119: A nucleic

acid se nce CFELO5 deposi t ed.w the Anericanp Type. lture
ool oot ATBEE 10k A bR el RER R O Py e MRS ey Pl 1
PCT/ US00/ &Siféedon & ATICE dbaBnatinnuc! ei C aci ¢nIRguanse005oRCFELI06 deposi ted

with the Anerican Type Culturé ColTection as ATCC designation on Decenber
20, 2000. Figure 121: A nucleic acid sequence of 2CFE107 deposited with the

Aneri can . |t ure | ectio I desi gnati qQn. on ce r 20,
2000, 71 JUFBE 192, Al Cactienfifige 8 aCRr T Spp BRI AaS et Tipa kit e
Arer i can JolRetiodas ADCE desibhaiohi on as ATCCofdewicaindri2om@o,. Decenber 20, 2000.
10 Figure 123: A nucleic acid Ssequence of 2CFE109 deposited with the

Anerican Type Culture Collection as ATCC designati on on Decenber 20, 2000.

Fi.gure 124; A pclel Cl n E111 depositied with the Anmerican
Type 1%Cul%ﬁ re lg‘gl ﬁencﬁg feX nacgdssseﬁ eﬁﬁ%@%‘%a 1BRSEY Vﬂgbtzlﬁ’é‘é?enf@? %(gulugg

Fi gur e’ 12%llebtichigl £TCCdsdighgieguence of 2CoEDkdedeR08] 1080 Wi th the Anerican
Type Culture Collection as ATCC designation on Decenber 20, 2000.

Figure 104: A nucleic acid sequence of 2CFE87 deposited with the American Type Culture

Collection as ATCC designation on December 20, 2000.
15
Figure 105: A nucleic acid sequence of 2CFE88 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.
Figure 106: A nucleic acid sequence of 2CFE89 deposited with the American Type Culture
20 Collection as ATCC desigﬁation on December 20, 2000.

' Figure 107: A nucleic acid sequence of 2CFE90 deposited with the American Type Culture

Collection as ATCC designation on December 20, 2000.

25  Figure 108: A nucleic acid sequence of 2CFE91 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000.

Figure 109: Anucleic acid sequence of 2CFE92 deposited with the American Type Culture
Collection as ATCC designation on December 20, 2000. '

30

16



Figure 126: A nucleic acid sequence of 2CFE113 deposited with the American
Type 20 Culture Collection as ATCC designation on Decenber 20, 2000.

Fi gure 13V0o opugtecl ei ¢ aci d sequence of 2CFE114 deposited RET/OSedBES604TEr i Can
Type Culture Collection as ATCC desi gnation on Decenber 20, 2000. 25
Figure 128: A_nucleic, aci d, sequenc CFE115 deposited with the American
Type OJIZRBI%‘FS 1@2@1 Paieletacidseq e&g%&éﬁé‘{ fenesifad ik erggn TypOultyee gur e
129: A nUCdiRLGorPe ATCEWERSRi0AT 2CFEL16 depasd.Lade ot Hdohe American Type
Culture Collection as ATCC designation on Decgnlgeerr 80'*,)])%00. 30 18 WO

01/ 49721 PCT/ USO0/ 35604 Figure 130: A nucleic acid sequence of 2CFE 117

deposi ted,wi th the Angri T Col | ect | ATCC desj gnat i
pecenber 3Bt 3bbion MG £ eitiies AEAGTES EPHa UL P B SYRECORIEh ar o
|i gangs, C@lecrP¥APCCRbsigfaibA2. 5 DETAI bLERDESRHBTAG, OF THE | NVENTI ON

Definitions 10 All scientific and technical terns used i h this application
have neani ngs comonly used in the art unless otherw se specified. As used

inthis | i ign, .the follown r _.phrase ave, t he neani ngs
peci 1 ed B TTed helet ard a0 AEAFERD Gepafotie Anicenl we upee

"i sol at edCollebigsh dshETOCCkSbtiogi d 15 nol egﬁmc&ﬁbé}lgb?jmﬂ ally separated
from contam nant nucl eic acid nmoleculeés That encode " pol ypepti des ot her

than CEGs. Additionally, isolated nucleic acid nolecule refers to any RNA

or S .0 ' Jar n urce, 0 onstructed b o
Fecont: a1 Eb R aE el Bed B 7R B vl FE A eitt Pl el oy
nucl ei ¢ auldctichalsat TOO degigeieaur es t o obt ahMedsmbebagpd. nucl ei c aci d

nol ecul e havi ng ceg sequences. 20 The term "ceg” includes all .isolated

fornms of ceg nucleotide and CEG ami no acid sequences
Figure 114: A nucleic acid sequence of 2CFE99 deposited with the American Type Culture

Collection as ATCC designation : on December 20, 2000.
15 '
_Figure 115: A nucleic acid sequence of 2CFE101 deposited with the American Type
'Cultu_re Collection as ATCC designation on December 20, 2000.
, Figure 116: A nucleic acid sequence of 2CFE102 deposited with the American Type
20 Culture Collection as ATCC designation on December 20, 2000.

Figure 117: - A nucleic acid sequence of 2CFE103 deposited with the American Type
Culture Collection as ATCC designation on December 20, 2000.

25  Figure 118: A nucleic acid sequence of 2CFE104 deposited with the American Type
Culture Collection as ATCC designation on December 20, 2000.

Figure 119: A nucleic acid sequence of 2CFE105 deposited with the American Type
- Culture Collection as ATCC designation on December 20, 2000.
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di scl osed herein. The ceg sequences encode gene products that have
essential biological functions in bacterial cells, such as, for exanple,
nucl eot i O bi/eygnt hesi s, am no acid biosynthesis, DNA repCT/w8tsn4 RNA
transcription, protein translation, DNA 25 reconbi nati.on, DNA repair,

bi osynt hesi s of. cofactors (e.qg., Coe A), .biosynthesis of prosthetic
gr ou%s~, g@ﬁ“ﬁl 120 pfxo%‘@ieé‘éé&?e?%@‘.l‘?ncﬁ ﬁ’gmgé dﬂ@SF@Wﬁ#@ r‘f\m%{ﬁ’gn Type
pol ypept i dgnrs e6N&iibRA ATENEdGniIALOl i sm (e. gy DRERHESH) gggfphat e

pat hway, glycolysis, gluconeogenesis);, fatty acid biosynt s, cell wall
bi osynt hesi s, and/or biosynthesis of purines, pyrimdines, nucleosides,

and nucl egti des. Accordi.ngly, the ge cts of the 30 ceg nucl eotide

sequence ?ﬁ%l}rg %?é qui Elécq‘?lﬁ %cé W?ﬁ%fﬁ%&%ﬁ%@?“@eﬁ% _thq-!é,\énecn@amn’l?yeg g"

al so si n@mﬁﬁ@cm&dﬁaﬂwA'T@@d&V\iéﬁ&tfdneotIde sequ ec’éhlgb,llﬁ, Qéqo,to the
01/ 00/ 35604 1 nclu

di scl osed ceg sequences, 19 di ng
sequences isolated fromvarious bacterial genera and species, allelic

i ants,.. mut.agt i ants,..and i hat, ' d
hone conedi B2 ot st At "inebE? ot SRS ethinlERR oo I ionm peo
provi des dwfur@lCblidaen SEATEMRSigaARRAr at ed by 1 eganhipdato (Db echnol ogy,

i ncl udi ng conpl ementary sequences, ceg sequences that 5 hybridize to the
sequences of the invention at high stringency hybridization conditions,

f usi i SN don. i . Th
essaf a8 e 2R b RS pGE I REHE B Pl e R ATt S ek game
product hamikd\Qolgectibings APCOMkighation equi red f o, 5&@kmbYi BPbAGL Y. The term

"essential protein" refers 10 to a polypeptide that is encoded by an
essential gene and has a function that is required for cell viability.

or essent it A oftihfied dRh KaRbR G AG I G fRa vk W, AEERE BapPng 1 he
nut at i on.CultiNoQolestienis ATCOaRsighativh " Non- essentondbechin®é@ioNsioor ef er to
genonic information or the 15 protein(s) or RNAs encoded therefrom which,
mhenléisrupted by a nutation, do not result in aloss of viability of

cell s han i sahd, ik atkan : I . 3 ondi t.ion As used
her ei n, aFl? %%: Irlgts)'t i %cejn seqﬁtg%@esel E&géiogﬁ%@gz"%gﬁgﬁggﬁ ﬂfeoﬂgqr%lf: %ﬁ‘ype ‘

r ef er ence&ulture Collection as ATCC designation on December 20, 2000.

Figure 126: A nucleic acid sequence of 2CFE113 deposited with the American Type
20  Culture Collection as ATCC designation on December 20, 2000.

Figure 127: A nucleic acid sequence of 2CFE114 deposited with the American Type
Culture Collection as ATCC designation on December 20, 2000.

25 Figure 128: A nucleic acid sequence of 2CFE115 deposited with the American Type
Culture Collection as ATCC designation on December 20, 2000.

Figure 129: A nucleic acid sequence of 2CFE116 deposited with the American Type
Culture Collection as ATCC designation ) on December 20, 2000.

30
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20 sequence when both nucl eoti de sequences are exactly alike. As used
herein, a nucleotide sequence is said to be "simlar" to another reference
sequence wiend4ezconpari son of the two sequences shows thapCT/e§o/dseose a | ow
| evel of sequence differences. For exanple, two sequences are considered

to be sim.lar each 25 ot.her when entage of .nucl eotides that are
shar ed b(re%%g rl]‘%ﬁ he %%eé%&ﬂgrﬁég%enf% of %&Fﬁiﬁ %glgedﬂ’yﬁ&)tﬁ% 1§80/ 'dPer t he
entire | anghfe Cblldchien bYATEEWSREARn AS Used hergimecafbatiog@eci d sequence

is said to be "simlar"” to another reference sequence whén a conpari son of
the two sequences shows that they have a |ow |l evel of 30 sequence

di f f-erenges. anpl.e, .t ) ences are cansidered to be simlar to
cach " 20 D1 oS LBt OBt 08 HBieh AR Ee (B SR A SCOF 4 no
acidssthat are shared.between the two sequences may be between about 30%
to 100%identity over the entire length of 'the two sequences. As used
herei n, RETAILEDDESCRIBTIGNOQF T8 EXYENTIONAn al ternative form of the
naturally- 5 occurring ceg sequence. Alleles result froma mnutation, that
changes the nucl eotide sequence, and generally produce altered nRNAs or
pol ypept ipfmitidizse structure or function may or may not be altered.
"Substantially purified" as used herein neans a specific isolated nucleic
acid or protein, 10 or fragnment thereof, in which substantially al

cont g@in . t differ.. fr said specific | ecul e)

hav eq? ee?\}ms %%‘gdrua &t a ? ér%g%%@gtf?%nsn‘%%? lélfit(&:]jsaagp teagio f g]%et I@?ar]il.n%ls i Olgnf%'g{) usffg %, an

" endogenaks artagdpse ntieraBe spestfed)engi wdedre@niss @pﬁl&tﬁti@xﬁ;cthé%l‘ljovﬁﬁguﬁi&@or t hat
is naturally-occurring and resides within the host genone. 15 In a host
cel I, an PheRRgyave thememnes sesified. used herein neans an isol ated nucleic acid
sequence that is introduced into the host cell, using any one of a variety
of introduction nethods, such as transfection, electroporation, cationic

| i pid or Asabsed heweat, mesey nueleleadil makcllKioskdwt bartibelmed” when theariksleist acid

mut ation” as used herein refers to an in vitro engineered disruption of a

regi dn of® BndlbsartalyaaAal foRmcpraginanigiugleip arid mejeculssehgermsnds |

polypeptides other than CEGs. Additionally, isolated nucleic acid molecule refers to any

e-d cl

RNA or DNA sequence obtained from a natural source, or constructed by recombinant
methods, or synthesized. A skilled artisan can readily employ nucleic acid isolation
procedures to obtain an isolated nucleic acid molecule having ceg sequences.

20
The term “ceg” includes all isolated forms of ceg nucleotide and CEG amino acid sequences
disciosed herein. The ceg sequences encode gene products that have essential biological
functions in bacterial cells, such as, for example, nucleotide biosynthesis, amino acid
biosynthesis, DNA replication, RNA transcription, protein translation, DNA

25  recombination, DNA repair, biosynthesis of cofactors (e.g., Coenzyme 'A), biosynthesis
of prosthetic groups, cellular processes (e.g., chape‘:rones,. cell division, and polypeptide
secretion), energy metabolism (e.g., pentose phosphate pathway, glycolysis,
gluconeogenesis), fatty acid biosynthesis, cell wall biosynthesis, and/or biosynthesis of
purines, pyrirhidines, nucleosides, and nucleotides. Accordingly, the gene products of the

30 ceg nucleotide sequences are required for viability of bacterial cells. The term “ceg” also

includes -variants having nucleotide sequence similarity to the disclosed ceg sequences,

19



typically within a protein coding region. A knockout nutation can be
generated by inserting an exogenous DNA sequence into the honol ogous
endogenowsO sEgpIence. A knockout rmutation occurring in a peDuUséaBsse@di ng
region is expected to disrupt normal 25 expression of the protein coding

regi on. Thi,s,.usual | | eads. to.l oss .of the function rovi deq by the -
o, HerRang P BolBrel Joast e, birgerte! deases Ppd BDSHIGS BUCR PP | ¢
under st 0GglutakiRRrif@h,| QMBS varBBBaRAtRhERR cossebhitivé Md tbn-3Pseata R At d At 21
PCT/ US00/ 35604 A) MOLECULES OF THE I NVENTION 1.) CEG NUCLEI C ACI D

MOL ECUL ESubstififongr eBleenpresent énvengion plsov pdeisles Soil all edg anguenessogdmerssatt by eg
nucl ei ¢ aci d ,nol l,es, and, fra nts thereof, and rel ated nol ecul es, such
as sequeﬁ%cé)gnbé%a!’?gmgnﬁe lqey, Eggﬁ%a%ﬁé@sn%"ry FIPBIER: o178t HEYLEPS ﬁ’ﬂld

t hose st halybhibe itélitke sdRendes ofURd &tven@é ot AlhaeilRAcOhybriddaibi Cemdition, 10
The ceg pol ynucl eotide sequences, also referred to herein as nucleic acid
mol ecul edusin gines compsing veeg saquenps, @hé cedsinyisage viagattat ed form i ncl udi ng

DNA, RNA, DNA/ RNA hybrids, and related nolecules, and fragnents thereof.
Specifically contenplated are genomi ¢ DNA, ribozynes, and antisense

ol ecul esfheagmivetdseiifal pefdseireferCioth ARleRideeRqinse thRnédtes Al deBb PREduLE
backbone or including alternative bases, whether derived from natural

sour ces devingz fpeticnewhiehds regmsediforsall yiabilitya The termaitessangialorptpmicietns i de

and in ' e ' e _no imted t.0, .the sequences
descﬁlfpbe © ?r?o%g%ﬁgge ﬁl%gflsde “:"?8“%‘*;%?‘? 9%1 ﬁenﬁ\l@ &égﬂgfncé‘ﬁ-t%ég THSEQ 1D
NCS: 227-f33&11 B48lt5 2Acdoedinglof 4 tetation thhieligegs theoluetits &ahé e@emitd gand No

aci d sequences were designated cfe which stands for CEG For Expression. 20

Bi ol ogi c&F essaniial @koteins resaltvinrHopyef Wakilivaf ¢chphasberinesthe mugationsEQ | D Nos:
227-331) ,
- "Non-essential genes" or "non-essential proteins" refer to genomic information or the
15  protein(s) or RNAs encoded therefrom which, when disrupted by a mutation, do not

result in a loss of viability of cells harboring said mutation under defined laboratory

conditions.

As used herein, a nucleotide sequence is said to be “identical” to another reference

20  sequence when both nucleotide sequences are exactly alike.

As used herein, a nucleotide sequence is said to be“‘similar” to another reference
'sequence when a comparison of the two sequences shows that they have a low level of
sequence differences. For example, two sequences are considered to be similar to each
25  other when the percentage of nucleotides that are shared between theé two sequences is

between about 70 % to 99.99% over the entire length of the two sequences.
As used herein an amino acid sequence is said to be “similar” to another reference

sequence when a comparison of the two sequences shows that they have a low level of

30 sequence differences. For example, two sequences are considered to be similar to each

20



wer e deposited on Decenber 20, 2000 with the Anerican Type Cul ture
on (ATCC), 10801. University Blvd., Manassas, VA 20110-2209. TABLE
| CFE Desv@nr#d7eon SEQ |ID NO .SEQ ID NO PCOLARI TY ( NucPenuURaeds604

Col | ecti

(Pol ypeptide) CFE 1 1 114 + CFE 2 2 115 - CFE 3 3 116 - CFE 4 4,117 +

55 118
Desi gnat

22 MO .01/ 497 3560 TABLE |- CF

ot apin e phesntedetor AR AT s Soeted Reeen e EBMITGEBEY de)

CFE

CFE 7 7 1ROetwdshkbBut 3086 i2 1000k Eledtif)y k2t enffHeddh b0thbaFosequchbesll 11 124 +
CFE 12 12 125 + CFE 13 13 126 - E 14 14 127 + CFE 115 157128 - - CFE 16

16 129 -

10

15

20

25

30

CFE 17 17 130 - CFE 19 18 131 +
As used herein, an "allele" or "allelic sequence" is an alternative form of the naturally-

occurring ceg sequence. Alleles result from a mutation, that changes the nucleotide
sequence, and generally produce altered mRNAs or polypeptides whose structure or

function may or may not be altered.

"Substantially purified" as used herein means a specific isolated nucleic acid or protein,
or fragment thereof, in which substantially all contaminants (i.e. substances that differ

from said specific molecule) have been separated from said nucleic acid or protein.

In a host cell, an “endogenous” sequence as used herein means a nucleic acid sequence

that is naturally-occurring and resides within the host genome.

In a host cell, an “exogenous” sequence as used herein means an isolated nucleic acid
sequence that is introduced into the host cell, using any one of a variety of introduction

methods, such as transfection, électroporation, cationic lipid or salt treatment methods.

"Knockout mutant" or "knockout mutation” as used herein refers to an in vitro engineered
disruption of a region of endogenous chromosomal DNA (e.g., disruption of the genome),
typically within a protein coding region. A knockout mutation can be generated by
inserting an exogenous DNA sequence into the homologous endogenous sequence: A
knockout mutation occurring in a protein coding region is expected to disrupt normal
expression of the prbtein coding.region. This usually leads to loss of the function

provided by the protein.

In order that the invention herein described may be more fully understood, the following

description is set forth.
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CFE 21 19 132, - CFE 24 20 133 - CFE 25 * 21 134 +. CFE 26 22 135 - CFE 27
23 136 + CFE 28 24 137 - CFE 29 25 138 - CFE 30 26 139 - CFE 31 27 140 +
CFE 32 28va4149721 CFE 33 29 142 - CFE 34 30 143 + CFE 35 BQT/U46D/35604CFE 36
32 145 + CFE 37 33 146 - CFE 38 34 147 + CFE 39 35 148 - CFE 40 36 149 -

GE4137M@ ~An39 152 - CFE 44 40 153 + CFE 45 41
154 - CFEA% < M/ USO00/ 35604 TABLE | :

1.) CEG NUCLEIC ACID MOLECULES

-5 The present invention provides isolated and recombinant ceg nucleic acid molecules and
fragments thereof, and related molecules, such as sequences complementary to ceg
sequences or a portion thereof, and those that hybridize to the nucleic acid molecules of

" the invention.

10 The ceg polynucleotide sequences, also referred to herein as nucleic acid molecules of the
invention, are preferably in isolated form, including DNA, RNA, DNA/RNA hybrids, and
related molecules, and fragments thereof. Specifically contemplated are genomic DNA,
ribozymes, and antisense molecules, as well as nucleic acid molecules based on an
alternative backbone or inciudiﬁg alternative bases, whether derived from natural sources or

15  synthesized. Embodiments of particular ceg polynucledtidé and amino acid sequences
include, but are not limited fo, the sequences described in Tables I and II (e.g., SEQ ID
NOS:1-113, 114-226 and SEQ ID NOS: 227—339, 340-452, respectively). The ceg
polynucleotide and amino acid sequences were designated cfe which stands for CEG For
Expression. 4

20 |
Biological samples of the 2CFE nucleic acid molecules (e.g., SEQ ID NOS: 227-331)
were deposited on December 20, 2000 with the American Type Culture Collection
(ATCC), 10801.University Blvd., Manassas, VA 20110-2209.

TABLE I
CFE Designation SEQ. ID NO. SEQ.IDNO. POLARITY
‘ ’ - (Nucleotide) (Polypeptide)
CFE 1 1 114 +
CFE2 ‘ 2 115 -
CFE 3 3 116 _ ‘ -
CFE 4 4 117 - +
CFE 5 5 118 -
CFE 6 6 119 | T

22



CFE Designation SEQ ID NO SEQ ID NO POLARITY (Nucleotide)
(Pol ypeptide) CFE 47 43 156 - CFE 48 44 157 CFE 49 45. 158 + CFE 50 46 159
+ CFE 5Wd?1/4%01 + CFE 52 48 161 - CFE 53 49 162 + CFE Bd1/58001%804+ CFE

55 51 164 + CFE 56 52 165 + CFE 57 53 166 + CFE 58 54 167 + CFE 59 55

168 - CFE 60 56 169 + CFE 61 57 (1_)[.7% + _}gFiE 62 58 171 CFE 63 59 172 CFE 64
60 173 + CFE 65 61 174, + CFE 6 ?E + CFE 67 63 176 + CFE 68 64 177
- CFE 6965178 + CFE 70 66 179 + CEF 71 67 180 - CFE 72 68 181 -

CFE Designation SEQ. ID NO. SEQ. ID NO. POLARITY
(Nucleotide) (Polypeptide)
CFE7 7 ‘ 120 -
CFE 8- h 8 121 +
CFE 9 - 9 122 +
CFE 10 A 10 123 +
CFE 11 11 o 124 +
CFE 12 S 12 125 +
CFE 13 13 126 -
CFE 14 14 127 +
CFE 15 15 128 - -
CFE 16 16 129 -
CFE 17 17 ‘ 130 -
CFE 19 18 131 +
CFE 21 19 132 -
CFE 24 20 133 -
CFE 25 21 134 +
CFE 26 22 135 -
CFE 27 23 : 136 +
CFE 28 24 137 -
CFE 29 25 138 -
CFE 30 26 139 -
CFE 31 27 140 +
CFE 32 28 , 141 +
CFE 33 _ 29 142 -
CFE 34 30 143 +
CFE 35 o3 144 +
CFE 36 32 ‘ 145 +
CFE 37 33 146 -
CFE 38 : . 34 147 +
CFE 39 35 148 -
CFE 40 36 149 -
CFE 41 37 : 150 -
CFE 42 38 151 -
CFE 43 . 39 152 -
CFE 44 40 : 153 : +
CFE 45 41 154 -
CFE 46 : © 42 155 -

23



CFE 73 69 182 + CFE 74 70 183 - CFE 75 71 184 - CFE 76 72 .185 + CFE 77
73 186 CFE 78 74 187 + CFE 79 75 188 - CFE 80 76 189 - CFE 81 77 190 +
CFE 82 78va9t4w21 WO 01/ 49721 PCT/ US00/ 35604 TABLE | CFE Pewiugeetss@n SEQ
ID NO. SEQ ID NO POLARITY (Nucleotide) (Polypeptide) CFE 83 79 192 - CFE
84 80 193 - CFE 85 81 194 - CFE 8@£éé%? - CFE 87 83 196 - CFE 88 84 197 -
CFE 89 85 198 + CFE 90 86 199 + g% 200 - CFE 92 88 201 - CFE 93 89
202 + E 94 90 203 + CFE 95 91 204 +

CFE Designation SEQ. ID NO. SEQ. ID NO. POLARITY
(Nucleotide) (Polypeptide)
CFE 47 43 156 -
CFE 48 : 44 157
CFE 49 © 45 158 +
CFE 50 46 159 +
CFE 51 - 47 160 +
CFE 52 48 161 -
CFE 53 49 ' 162 +
CFE 54 50 163 +
CFE 55 51 164 +
CFE 56 52 165 +
CFE 57 53 166 +
CFE 58 54 - 167 +
CFE 59 55 168 -
CFE 60 56 169 +
CFE 61 57 170 +
CFE 62 ' - 58 171
CFE 63 59 172
CFE 64 60 ‘ 173 +
CFE 65 61 174 - +
CFE 66 : 62 175 +
CFE 67 63 176 +
CFE 68 64 177 .-
CFE 69 65 178 et
CFE 70 66 179 +
CFE 71 67 180 -
CFE 72 68 181 . -
CFE 73 69 182 +
CFE 74 ' 70 ‘ 183 -
CFE 75 71 : 184 -
CFE 76 72 - 185 T+
CFE 77 73 186
CFE 78 74 ‘ 187 +
CFE 79 75 188 -
CFE 80 76 189 -
CFE 81 . 77 : 190 +
CFE 82 78 191
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CFE 96 92 205 + CFE 97 93 206 - CFE 98 94 207 CFE 99 95 208 + CFE 100. 96
209 CFE 101 97 210 - CFE 102 98 211 + CFE 103 99 212 - CFE 104 100 213 +
CFE 105 Waofd92r CFE 106 102 215 - CFE 107 103 216 - CFEPQO®S@BS6R17 +
CFE 109 105 218 - CFE110 106 219 - CFE 111 . 107 220 - CFE 112 108 221 -
CFE 113 109 222 - CFE 114 110 223,. R}ggg 15 111 224 - CFE 116 112 225 -
CFE 117 113 226 - 25 WO 01/49721 Eéf /7’35604 TABLE Il CFE Designation

SEQ IDNO SEQ 1D NO FIGIRE (Nucleotide) (Polypeptide) 2CFE 1 26
CFE Designation SEQ. ID NO. SEQ. ID NO. POLARITY
(Nucleotide) (Polypeptide)

CFE 83 79 192 -
CFE 84 80 193 -
CFE 85 81 194 -
CFE 86 - 82 195 -
CFE 87 - 83 196 -
CFE 88 84 197 -
CFE 89 -8 198 +
CFE 90 86 ‘ 199 +
CFE 91 ‘ 87 200 -
CFE 92 88 201 -
CFE 93 -89 202 +
CFE 94 90 203 +
CFE 95 91 204 +
CFE 96 : 92 : 205 . +
CFE 97 93 206 -
CFE 98 94 207
CFE 99 - 95 208 +
CFE 100 . A 96 209 |
CFE 101 97 210 -
CFE 102 98 211 +
CFE 103 .99 - 212 -
CFE 104 100 213 +

- CFE 105 101 . 214 -
CFE 106 102 215 -
CFE 107 | 103 216 -
CFE 108 104 217 +
CFE 109 105 218 ‘ -
CFE110 . | 106 219 -
CFE 111 - 107 1220 -
CFE 112 108 - 221 -
CFE 113 109 222 -
CFE 114 110 . 223 -
CFE 115 111 224 -
CFE 116 112 225 -
CFE 117 = 113 226° -

25 -



2CFE 2 27 2CFE 3 28 2CFE 4 29 2CFE 5 30 2CFE 6 31 2CFE 7 32 2CFE 8 33
2CFE 9 34 2CFE 10 35 2CFE 11 36 2CFE 12 37 2CFE 13 38 2CFE 14 39 2CFE
15. 40 2pm/4%2101 2CFE 17 42 2CFE 19 43 2CFE 21 44 2BFEP800AH6042CFE25
46 2CFE26 47 2CFE27 48 2CFE28 49 2CFE 29 50 2CFE 30 51 2CFE 31 52

2CFE32 53 2CFE33" 54 TABLE II
CFE Designation SEQ. ID NO. SEQ. ID NO. FIGURE
(Nucleotide) (Polypeptide)
2CFE 1 ‘ : 26
2CFE 2 , 27
2CFE 3 28
2CFE 4 29
2CFE 5 : 30
2CFE 6 31
2CFE 7 32
2CFE 8 33
2CFE 9 34
2CFE 10 ' ' 35
2CFE 11 36
2CFE 12 I 37
2CFE 13 38
2CFE 14 ' 39
2CFE 15. 40
2CFE 16 ' : 41
2CFE 17 ‘ ‘ 42
2CFE 19 43
2CFE 21 ‘ 44
2CFE 24 45
2CFE 25 A - 46
2CFE 26 ' 47
) 2CFE 27 : 48
2CFE 28 49
- 2CFE?29 : 50
2CFE 30 , : 51
2CFE 31 - - 52
2CFE 32 , 53
2CFE 33 : _ 54
2CFE 34 ' 55
2CFE 35 ' 56
2CFE 36 : : 57
2CFE 37 58
2CFE 38 ‘ ‘ © 59
2CFE 39 - 60
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2CFE34 55 2CFE35 56 2CFE36 57 2CFE37 58 2CFE38 59 2CFE39 60 26 WO
01/ 49721 PCT/ US00/ 35604 CFE. Desi gnation SEQ ID NO. SEQ ID NO. FI GURE
(Nucl eot ivd@p1/4®el ypepti de) 2CFE 40 61 2CFE 41 62 2CFE HCT/GS00/BGHE 43 64
2CFE 44 65 2CFE 45 66 2CFE 46 67 2CFE 47 68 2CFE 48 69 2CFE 49 70

2CFE 50 PerRSEEdulg |2oREGaDNO, 2 E WG ID ROTE T+ Tom e 55 1°
(Nucleotide) - (Polypeptide)
2CFE 40 61
2CFE 41 62
2CFE 42 : "63
2CFE 43 n 64
2CFE 44 : o 65
2CFE 45 A 66
2CFE 46 . 67
2CFE 47 . 68
2CFE 48 69
2CFE 49 . 70
2CFE 50 71
2CFE 51 72
2CFE 52 73
2CFE 53 , 74
2CFE 54 75
2CFE 55 76
2CFE 56 77
2CFE 57 78
2CFE 58 79
2CFE 59 80
2CFE 60 81
2CFE 61 ‘ 82
2CFE 62 83
2CFE 64 : - 84
2CFE 65 85
2CFE 66 ' 86
2CFE 67 : 87
2CFE 68 88
2CFE69 89
2CFE 70 i 90
2CFE 71 , ' 91
2CFE72 . - 92
2CFE 75 93
2CFE 76 : 94
2CFE 78 : 95
2CFE 79 _ , 96
2CFE 80 97
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2CFE 58 79 2CFE 59 80 2CFE 60 81 2CFE 61 82 2CFE 62 83 2CFE 64 84
2CFE 65 85 2CFE 66 86 2CFE 67 87 2CFE 68 88 2CFE 69 89 2CFE 70 90
2CFE 71 WO oRERE 72 92 2CFE 75 93 2CFE 76 94 2CFE 78 9BCT/BOMBSEEH 96

2CFE 80 97 27 WO 01/49721 PCT/ US00/ 35604 CFE Designation SEQ |D NO SEQ
2CFE-81 08 2CEE 82 99 2CFE-83

| D NO. FHEERE-{(Nueteott+ger(Polypepti-de) 81 08 2 99
100 ZCFE\@ lgll? B § . Ib“ﬁb. @\Q.LID NO. FIGURE
(Nucleotide) (Polypeptide)
2CFE 81 938
2CFE 82 ‘ - 99
2CFE 83 100
2CFE 84 101
2CFE 85 102
2CFE 86 : ' 103
2CFE 87 104
2CFE 88 105
2CFE 89 106
2CFE 90 : 107
2CFE 91 ‘ 108
2CFE 92 ’ 109
2CFE 94 110
2CFE 95 111
2CFE 96 112
2CFE 97 A 113
2CFE 99 114
2CFE 101 115
2CFE 102 116
2CFE 103 117
2CFE 104 118
2CFE 105 : 119
2CFE 106 : - 120
2CFE 107 ' 121
2CFE 108 122
2CFE 109 - 123
2CFE 111 124
2CFE 112 : 125
2CFE 113 126
2CFE 114 ‘ 127
2CFE 115. 128
2CFE 116 ' 129
2CFE 117 , 130
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2CFE 86, 103 2CFE 87 104 2CFE88 105 2CFE 89 106 2CFE 90 107 2CFE 91
108 2CFE 92 109 2CFE 94 110 2CFE 95 111 2CFE 96 112 2CFE 97 113 2CFE
99 114 20pE1/4011 115 2CFE 102 116 2CFE 103 117 2CFE 10HCTWU800/BE@HE 105
119 2CFE 106 120 2CFE 107 - 121 2CFE 108 122 2CFE 109 123 2CFE 111 124
2CFE 112 125 2CFE 113 126 2CFE 114 127 2CFE 115. 128 2CFE 116 129 2CFE

117 130 . a) Variant ceg Nucleotide Sequences

The present invention also provides nucleic acid molecules having a nucleotide sequence
5 substantially identical or similar to the ceg sequences (SEQ ID NOS: 1-113, 227-331)

' disclosed herein.

The present invention provides nucleotide sequences which are similar to SEQ ID
NOS:1-113 and/or SEQ ID NOS:227-331. The present invention provides nucléoﬁde

10 sequences which vary from SEQ ID NOS:1-113 or 227-331 by a range of about 1% to
about 70%.

The present invention encompasses variations in polynucleotide sequences resulting from
mutations and/or from transfer of genetic material from one cell to another (e.g.,

15 horizontal gene transfer or horizontal gene exchange).

The present invention also provides for variants of the polynucleotide ceg sequences
disclosed herein, including variants isolated from naturally-occurring sources, those
generated by recombinant DNA technology or other in vitro synthesis methodologies
20 (e.g., PCR). The variant polynucleotide sequences of the invention encode polypeptides
that exhibit the biological activity of naturally-occurring CEG polypeptidés, such as

activity required for bacterial cell viability.

In general, for example, a variant of ceg polynucleotide sequences may encode a
25  polypeptide that differs by one or more amino acid substitutions. The variant may have
conservative changes, wherein a substituted amino acid has similar structural or chemical

properties, eg, replacement of leucine with isoleucine.
A polynucleotide sequence can encode conservative amino acid substitutions without

30 altering either the conformation or the function of the polypeptide. Such changes include

substituting any of isoleucine (I), valine (V), and leucine (L) for any other of these

29



28 WO 01/49721 PCT/ US00/ 35604 a) Variant ceg Nucl eoti de Sequences The
present invention also provides nucleic acid nol ecules having a nucl eotide
sequence waos#sst antially identical or simlar to the cegperga@sses (SEQ | D
NOS: 1-113, 227-331) disclosed herein. The present invention provides

nucl eot i nces. wWhi .are.siml.ar t0.-SE D. NOS; 1-.113 .and/or SEQ I D

NCS; 227- gg’f&%%ﬁlg .%ﬁgl\géﬁcﬁﬁ?,ngsgfﬁ %Cghélgrgs\)i ggrs 8 rlilha@iugo?cﬂ%?-:(E 89 UG8 e¥FEPs whi ch

vary fromlSeRiddIQYE6: asharbgheqN) 827 vidd YeBY; @ndrsafie (I ffotibeishink@h end weut

70% The present 1nvention enconpasses variations in polynucleotide

sequencesveris ul ey SEbsitionsit ¢fni dse kendpwrsidared porsenvasiver defendimgeon cthe

mat eri al o) o . i.zont ene,; transfer. or

hori zont aﬁfn%g%&gxog%én%%ﬁqﬁ hééﬁg{) gé@nagdiltﬁ\;élgtlﬁg% ta egba%ﬁ?lgs\ll?n%?n}cgfre&&i ants
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has simlar structural or chemcal™ properties, eg, replacenent o Feum ne
Wi th i sol"eamsenativel’ jpglaytmutdr eovikglenagdgguence can encode conservative am no
acid substitutions without 30 altering either the conformation or the
“function of the polypeptide. Such changes include substituting any of
i sol euci ne vhhiant M&) hl@@}f@% nofddilsdrOMtBie Gahbds, bO repRYerRER & flydiReSEHh £9 WO

01/ 49721 PCT/ US00/'35604 )
tryptophan. Other variations may also include amino acid deletions or insertions, or both.

15 Guidance in determining which and how many amino acid residues may be substituted,
inserted or deleted without abolishing biological or immunological activity may be found

using computer programs well known in the art, for example, DNASTAR software.

Another type of ceg sequence variant includes naturally-occurring allelic variants of ceg
20  which share significant similarity (e.g., between about 30- 99%) to the disclosed CEG
polypeptide sequence. Allelic variants of the ceg sequences can encode conservative or
non-conservative amino acid substitutions of the CEG polypeptide sequence herein

described.

25  Anexample of allelic variants of ceg are mutant alleles of ceg polynuclebtide sequences that
encode a polypeptide having one or more changes in the polypeptide sequence, such as
amino acid substitutions, deletions, insertions, frame shifts, or truncations. The mutant
alleles of ceg may or may not encode a CEG polypeptide having the same biological
functions as wild-type CEG proteins. '
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pol ypepti de sequence. Allelic variants of the ceg sequences can encode
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pol ypepti de havi ng one or nore changes in the pol ypepti de sequence, such as

ani no aciadtiBieHs resistancend he gransey ofgsneticimatetialgneludésiteanstes pf fargs regions of
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pr ot ei ns.or nltige gene sequences. This mode of transfer can give rise to replacement of native

whole gene sequences or introduction of new sequences in the recipien{ cell. This mode

of transfer gives rise to mosaic gene sequences in the recipient cell.

20  The variation of genoﬁic sequences resulting from gene transfer can be examined using
molecular techniques, including: multilocus enzyme electrophoresis (Selahder. R. K, et
al., 1986 Appl. Environ. Microbiol. 51:837-884); and restriction endonuclease cleavage
electrophoretic profiling (Coffey, T. J., et al., 1991 Mol. Microbio. 5:2255-2260); pulse-
field gel electrophoresis fingerprinting (Bygraves, J. A. and Maiden, M. C. J. 1992 J.

25  Gen. Microbiol. 138:523-531); and ribotyping (Stull, T. L., et al., 1988 J. Infect. Dis.
157:280-286). The degree of variation can vary greatly, and rangés from little or no
variation as exemplified by gene sequences of E. coli (Caugant, d. A., et al., 1981
Genetics 98:467-490; Whittam, T. S., et al., 1983 Mol. Biol. Evol. 1:67-83; Souza, V., et
al., 1992 Proc. Natl. Acad. Sci. US4 89:8389-8393) and Salmonella (Selander, R. K., et

30 al., 1990 Infect. Immun. 58:2262-2275; Selander, R.K. and Smith, N, H. 1990 Rev. Med.
Microbiol. 1:219-228; Smith, J. M., et al., 1993 Proc. Natl. Acad. Sci. US4 90:4384-
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i nterspecies. Gene transfer can occur between bacterial cells which are

mb f ' J ' latj but.
s ot 1 P ashd6 AR Eaelly (oBETIn RORWM LORPrdt b POHLE, L. 88 P
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of tnanshaficioéntede MefBoli®erBamk 6r 4RE1aP BRYAMEES dnyhde recipient cell. 20
The variation of genom c sequences resulti’ng fromgene.transfer can be

exam ned using m)l ecul ar technl ques i ncluding: multilocus enzyne

| bi ol .
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sequenceBaoferil. 1qgj137@(1@ag)m’e, oskibld. , et al., 1981 GCenetics 98:467-490;
Whittam T. S., et al., 1983 l\/bI. Biol. Evol. 1:67-83; Souza, V., et al.,

1992 Proc. Natl. Acad. Sci. USA 89:8389-8393) and Sal nonella (Sel ander, R

K., et Interspecies gene transfer is also possible (Dowson, C. G., et al., 1989 Proc. Natl. Acad.

Sci. US4 86:8842-8846; Laibl, G., et al., 1991 Mol. Microbiol. 5:1993-2002; Bourgoin,
20 F.,etal., 1999 Gene 233:151-161).

Variant gene sequences arising from gene transfer can be continually generated in
transformable bacteria (e.g., transformation competent), such as S. pneumoniae. For
example, the worldwide spread of varying degrees of antibiotic resistance has. been
25  documented and reviewed (Dowson, C. G., et al., 1994 Trends Microbiol. 2:361-366;
Spratt, B. G. in Bacz‘erfal Cell Wall, eds Ghuysen J-M. and Hakenbeck, R. 1994 pp. 517-
534; and reviewed in Maiden, M. C. J. 1998 Clinic. Infect. Dis. 27 (Supplement 1) S12-
S20). For example, variant gene sequence arising from gene transfer can be tracked
using a marker gene such as the gene which encodes the penicillin binding protein
30 (Barcus, V. A., et 51., 1995 FEMS Microbiol. Lett. 126:299-303). At the nucleotide level,

gene sequences encoding the penicillin binding proteins in susceptible and resistant
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extensive gene transfer in Neisseria gonorrhoeae (Smth, J. M, et al.,

1993 Prqg..; de i . : 8 ransfer .c

exam ned% eltn\%l/e?itéérl;elv ralaogﬁgﬁfdé’gf)g?gsa%‘kég@%gﬁ [ ?uglsalgg%é Ig@acgﬁﬁb@q%

whi ch ar d1aff $rbintB.o5 sieBicterio Coll VEMiL, iels Ghiysen SNV SdndrHakebdckeR, 1904 ph. , et
al ., 199% Molec, M ﬁl‘ﬁbl ol . 5:2255-2260). Ml ecul ar biol ogy techniques can
be utilized¥g: SPighyBt He ot aegioad Nsisseria pignigitises sl sporsecasinpawnonideh as,
for exa , . ge e ..nf~- nsfer e . ser .. Lhsal.ates,
strains m%I(C)irg %&612%, g’é gt.rﬁTRg' Zi%g%léte&fgc?’ ??g’neé[fa g’r fg(?gg‘glggoeexaé?%?gg ' Il?%%%’npar i ng,
for eganple, the penicillin binding proteins and nunerous different |oci

10 whi ch _encode taboli c enzynmes or, ca s;%ar bi osynt hesi s _enzynes. For
exanpl e, 1A%t 68 Qprleqiide sedngnses sap deyiselatedatiem: Yasious spesies phSEepveoqcanf f ey,

T. J., et ; jol | [ [ . in S
pnetmont A (<ing PRSP Phaniitle | SORpiL U (RSERERES AEBELULANTA, ), o
chol er ae oflB Riepcodda] speriealincludings. EMBGs, B. A genss; AWOS2heynopaiid Haewephi | us
i nfluenzae, (Kroll, J. S. and xon, E.. R, 1990 J. Bagteriol. .

172:' 1374° 9@f°t€ﬂeeseﬁ8§%%|°@pv$m g?s’ﬁ%’@'fegsf]f neiains, R roler j Racterial, epRssai bl e
(Dowgon, ifeludig, Bht @ot - LAI&P tB) Fereplidbéous, AGBERericR - BiHSHB6] a0
Laibl, G . et & .. 1991 Nol. M crobiol 5. 199§f’§§%*2;350ur€of%?’%’5§%1, et
al ., . 199%ecunie, XBBra&ls 26d Hoenaphibst gene sequences arising from gene
transfer can be continually generated in transfornable bacteria (e.qg.,
transformation conpetent), such as S. pneunoni ae. For exanple, the

wor | dwi derhs pi@esk et bdamiod S8 £i9%ides isdlidduoabh- ' | n 25
docunent ed z%nd relvi%wed (Dmﬁso%{lﬁgl G} et aIO., %5£4$%Eﬁé%ggﬁﬁﬂag%ég?§f

2: 361- 366he displpsad cegRuclotide sgaueness, et dehot gt ithe pradic@IUGESpalydeptidend
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sequence t&hhslopg fCeivngang be askbtrl toadhtidezé MRCKREl of production of the ceg
transcript or CEG polypeptide in a particular prokaryotic or eukaryotic expression host;
in accordance with the frequency of codon utilized by the host cell. Alternative reasons
for altering the nucleotide sequencé encoding a CEG polypeptide include the production
20  of RNA transcripts having more desirable properties, such as an extended half-life or
increased stability. A multitude of variant ceg nucleotide sequences that encode the
respective CEG polypeptide may be isolated, as a result of the degeneracy of the genetic
code. Accordingly, the present invention contemplates selecting every possible triplet
codon to generate every possible combination of nucleotide sequences that encode the
25  disclosed CEG polypeptides. This particular embodiment provides isolated nucleotide
sequences that vary from the sequences as described in SEQ ID NOs.: 1-113 or 227-33 1,
such that each variant nucleotide sequence encodes a polypeptide having sequence
identity with the amino acid sequences, as described in SEQ ID NOs.:114-226 or 332-
436, respectively.
30
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using a marker gene such as the gene which encodes the penicillin binding
protein 30 (Barcus, V. A, et al., 1995 FEMSM crobiol. Lett. 126:299-303).
At' the nwoevtd7de | evel, gene sequences encodi ng t he penPCT/URIOBSHA4NDI ng
proteins in susceptible and resistant 32 WD 01/49721 PCT/ US00/ 35604
strains differ by about 14%to 23% (Hakenbeck, R 1995 Bi ochem Pharnacol .
50:1121- 1127; Spratt, B. G in Bacterial Cell Wall, eds CGhuysen J-M and
Hakenbeck, R 1994 Ipp Conppllémeithry Spgadrices B. G, et al., 1991 Neisseria
meningitidis and Streptococcus pneunoni ae eds. Camsi, J., et al., pp.
73-83; Coffey, T. J., et al., 1995 Mcro. Drug Resist. 1:29-34). 5 The ceg
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production of the ceg transcript or CEG polypeptide in a particular
prokaryotic or eukaryotic expression host, in accordance with the
frequency of codond‘gt 'gl i zed bﬁ tk@ hgat C.%L .. Alternative reasons for

al tering the nucl ed?i 84S HeRkIR b YRIdIZIREG 1ol ypepti de i ncl ude t he
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characteristics of the nucleic acid molecule to be hybridized, such as, the length, the
dégree of complementarity (e.g., exact or non-exact complementarity), the percent A/T
content, and the objective of the hybridization experiment.
20 |
The hybridization procedure may by performed in low stringency hybridiéation
conditions. Low stringency hybridization conditions will permit hybridization between
two nucleic acid molecules that differ from exact complementarity by about 25% to 70%. |
Hybridization under standard high stringency conditions will occur between two
25  complementary nucleic acid molecules (e.g., 100% exact complementarity) or two
complementary nucleic acid molecules that differ from exact complementérity by about

1% to about 70%.

The high stringency hybridization conditions that disfavor non-homologous base pairing
30  are well known in the art. Typically, high stringency hybridization conditions, includes
but is not limited to, hybridizing at 50 °C to 65 °C in 5X SSPE, and washing at 50 °C to
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the art that the stringency of the hybridization condition selected w |

depend upon the characteristics of the nucleic acid nolecule to be

hybri di zed, such asd) theghenttdf cef Sequaegs ee of conpl enentarity (e.g.,
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ve
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example, the length of the fragment to be used as a nucleic acid probe or PCR primer is
15 chosen to obtain a relatively small number of false positives during probing or priming,
Alternatively, a fragment of the ceg sequence may be used to construct a recombinant fusion

gene having a ceg sequence fused to a non-ceg sequence.

The nucleic acid molecules, fragments thereof, and probes and primers of the present
20  invention are useful for a Vaﬁety of molecular biology techniques including, for example,
hybridization screens of libraries, or detection and quantification of mRNA transcripts as
a means for analysis of gene transcription and/or expression. Preferably, the probes and
primers are DNA. A probe or primer length of at least 15 base pairs is suggested by
theoretical and practical considerations (Wallace, B. and Miyada, G. 1987
25  “Oligonucleotide Probes for the Screening of Recombinant DNA Libraries” ‘in: Methods -
in Eﬁzymology, 152:432-442, Academic Press). Other lengths of fragments, probes, or

primers are possible and routine to determine.

- The probes and primers of this invention can be prepared by methods well known to

30  those skilled in the art (Sambrook, et al. supra). In a preferred embodiment the probes
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25 conpl enentary nucleic acid nolecules (e.g., 100% exact conplenentarity)
or. two conplenentary nucleic acid nolecules that differ from exact
conpl emew@pi/gyr2by about 1% to about 70% The hi gh stri nBEREH00/35604
hybri di zati on conditions that disfavor non-honol ogous base pairing 30 are
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ceg sequépbiédigimgdo thesEQseqieNGs:ol td 4% p2he8fi)  di scl osed her ein. The size
of the fragnent will be determned by its intended use. For exanple, the
length of the fragment to be used as a nucleic acid probe or PCR priner is

15 chgsen to obtai R al)@ﬁ{,@mevlqﬁmel@q@lamg@ﬁés of -fal se positives during
probing or prinmng.  Alternatively, a fragnent of the ceg sequence nay be

used to construct a reconbi nant fusion gene having a ceg sequence fused to

a non- cegysequen clerc acid nolecules, fra n.ts t he f, and
probes a %\cf?é QCISfm&ﬁ‘éMBSr 8@@&“@'&%%%%@%{@{; 81Fuar01 {P@@af”’i ety of
nol ecul aaeme@iv@gﬁofeeﬁey sGdIe s ipAGIpHeiottoaté, %h&,ismkﬁer pR¥hbinfalib O Scr eens
of libraries, or detection and guantification of MRNA'transcri pts as a

means f oimeaApRpsphongic, fah spacifigally bingtip singlnsiranded DA o5 RO inkr kefsepaisi v, t he
pr Ob?§ aﬂgpendent manner (Zamecnik, P. C., et al., 1978 Proc. Natl. Acad. Sci. 75:280284;

Goodchild, P. C., etal., 1986 Proc. Natl. Acad. Sci. 83:4143-4146).

PNA molecules comprise a nucleic acid oligomer to which an amino acid res;idue, such as
lysine, and an amino group have been added. These small molecules, also designated

20  anti-gene agents, stop transcript elongation by binding to their complementary (template)
strand of nucleic acid (Nielsen, P. E., et al., 1993 Anticancer Drug Des 8:53-63). For
example, reviews of methods for synthesis of DNA, RNA, and their analogues can be
found in: Oligonucleotides and Analogues, eds. F. Eckstein, 1991, IRL Press, New York;
Oligonucleotide Synthesis, ed. M. J. Gait; 1984, IRL Press, Oxford, England.

25  Additionally, methods for antisense RNA technology are described in U. S. patents
5,194,428 and 5,110,802. A skilled artisan can readily obtain these classes of nucleic acid
molecules using the herein described ceg polynucleotide sequences, see for example
Innovative and Perspectives in Solid Phase Synthesis (1992) Egholm, et al. pp 325-328 or
U. S. Patent No. 5,539,082.

30
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prinmers are DNA. A probe or priner length of at |east 15 base pairs is
suggested by theoretical and practical considerations (Wallace, B. , and
M yada, &O0p®7225 "d i gonucl eoti de Probes for the ScreenP@lyuséo/Recionbi nant
DNA Li braries"™ in: Methods in Enzynol ogy, 152:432-442, Academ c Press).
O her lengths of fragnents, probes, or priners are possible and routine to
determ ne. The probes and priners of this invention can be prepared by
met hods wel | known f§ oORNZOMdlesflesski | | ed in the art (Sanbrook, et' al.
supra). In a preferred enbodi ment the probes 35 WO 01/49721 PCT/ US00/ 35604
and primers are synthesized by chem cal synthesis nethods (ed: Git, M J.
1984 A t: f .1 e

198 gfga%%eﬁl? (AN BERS RNRmbIeEEs 3t Hcdae HILA Oéa?&?%% 8% ar

enbodi ment resent” 1 nvention provides nuclerc ac

5 conpl epesdustsy ﬁa@aﬁ@laﬁ%dﬂdﬁ&mh&wle@oﬁlhbCiMWetnltien g Che ﬂs@laﬁﬁﬁhll—ﬂdz ion of
nucleic acid , nol ecul es _of_ the invention or of a%&gemflc parts thereof.

Anot her @WW%WCH@ o5 N A Q}lggmeas Bab saeo deebictsedbary for
A

part thereo Derivative elc e nuc c acid
nmol ecul eporfonsb€CBGsent i on i ncl ude peptide nucleic acids (PNA5), or
derivative nol ecul es such as phosphorot hi-oate, phosphotriester,

phosphorami date, and nethyl phosphonate, that specifically bind to

sé i nglig- stipangQd PfscAles F@lwqb rin@en B8 %1®ainhglh§8a§§g§ﬂ9q%gAgﬁﬁfaﬁge§ @5@8@' K, P.

et al., 1978 Proc. . Aca Sci . 2
al ., 198@ueleimc.acidat KPNAs)ad or Swin-mekid 143 4thoBrulePNAIchD Iaecpmcﬂph@oﬂmatese a

nucl ei ¢ aci.d .ol i goner t mno acid.r h . as si ne, and
o ot no B GUh0 mssrica e BB S rrdioboer R o Gt maton 20
anti - gen@eﬁaﬁeﬁtsmaﬁﬁ&p tAr aRsed 'aﬂisa&'c@ﬂ%‘édﬂ?”oﬂ%é’inbth%' Q8std oﬁ Bﬁél&c Jeid
conplenentary (tenplate) strand of nucleic acid (N el sen, P. al

1993 Ant inzderutes uBing ghelesseis d6Rib3) ceglequenessanyl e, reV| ews of rret hods for’
synt §S| s of DNA, RNA, and their anal ogues can be found in:
ai g ucl eotides and Anal ogues, eds. F. Eckstein, 1991, IRL Press, New

Yor k; g) Labeled Nucleic Acid Molecules

The nucleic acid molecules having ceg sequences can be labeled with a detéctable
marker. Examples of a detectable marker include, but are not limited to, a radioisotope, a
20 ' fluorescent compound, a bioluminescent compound, a chemiluminescent compound, a
metal chelator or an enzyme. Technologies for generating labeled DNA and RNA probes

are well known in the art (See e.g. Sambrook et al., supra).

42.) RECOMBINANT NUCLEIC ACID MOLECULES
25 ‘

Also provided are recombinant nucleic acid molecules, such as recombinant DNA. molecules
(tDNAs) that comprise ceg sequences or fragments thereof. As used herein, a recombinant
DNA molecule is 2 DNA molecule that has been subjected to molecular manipulation in vitro.
Methods for generating tDNA molecules are well known in the art, for example, see Sambrook

30 etal, Molecular Cloning ( 1989), Supra.
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digonucl eotide Synthesis, ed. M J. Gait, 1984, IRL Press, Oxford,

Engl and. 25 Additionally, nmethods for antisense RNA technol ogy are

descri beavon/i9725. patents 5,194,428 and 5, 110, 802. A skPCT/@doedssédsan can
readily obtain these classes of nucleic acid nolecules using the herein
descri bed ceg polyn3 bgg ti de sequences, see for exanple I|nnovative and
Perspectives in sol¥d 2% Synthesis (1992) Egholm et al. pp 325-328 or
U S. Patent No. 5,539,082. 30 36 WD 01/49721 PCT/ US00/ 35604 f) RNA

Mol ecul es_The present invention provides RNA nol ecul es that encode the
predi ct edBeeBuQGEReacid rﬁeléeuleft of q%ﬁ ipsentioaumay b ecorfpinans| welgrwes @ach he

i nventio r r ul es or
ol | goner SoPRYFAE 08 Jeigife. 4 borGhGHAedt ob 8 depNrallgle s IR T e
i nvenbi orequeateldeFdr hexampid, euhEchg seqUgIRBCRsy ®ECm§¢d19p@hﬂ1vely to ROKEdteN S Of

CEGs. 10 The RNA nol ecul es of the invention al so include antisense RNA
mol ecul e€eng5alst # Jecombinpy; moksilgs Thepima) veckr mshdanchwi i aeti Hmdted doul es

such -as ﬁgﬁg&g;&% t&d gﬁde}ﬁ?&s’ veg, dper% B SAE et n%fb'dlay A Hﬁpﬁcﬁncgal,l[& JSense

strand o e palr- rranner sk

can read ird:glicaﬂixm@/ectcbﬁmqmsingsasephmh t}mmliremte tieatplication ef:tlhb eBNUswilgintihe
herein descri hbed .c e€ s? nces. géﬁLabele Nucl ei ¢ Acid Mol ecul es The
nucl ei ¢ 2BPTAPHFe st eglln en@”é"é‘{fds U s pdude, pe| exgrassion egntrol

det e¢p ablefmemBr #€H -as '%?‘?fﬁ?do%@f éefqué‘hcg e@vﬁ&h%ﬁ@leﬁaﬁ&‘h lo'i'QE% Pﬁe@&%s not

limted to, a radi ol so | uor escent corrp cent
conmpound ,seqsuentﬁs miahdi rdan elsa: emd (f(mmguiaﬂmg atheredxpressibe| (atgqr traxlscﬂptlcmn Aydrer

Technol o eneratl | ed DNA and. RNA probes e vveII known in
Then oot e ariohy, HEBT PRI S5k SHaRct 51 P EONBRIARTS AL B 3 D

MOLECULEZcherichia colz. Expressmn control elements are known in the art and include, but are not

limited to, inducible promoters, constitutive promoters, secretion signals, enhancers,
15  transcription terminators, and other transcriptional regulatory elements. Other expression
control elements that are involved in translation are khown in the art, and iﬁclude the Shine-
Dalgarno sequence, and initiation and termination codons. The preferred vector also
includes at least one selectable matrker gehe that encodes a gene product that confers drug
resistance such as resistance to ampicillin or tetracyline. The vector also comprises
20  multiple endonuclease restriction sites that enable convenient 1nsert10n of exogenous

DNA sequences

The preferred vectors for generating ceg transcripts and/or the encoded CEG polypeptides
are expression vectors which are compatible with prokaryotic host cells. Prokaryotic cell

25  expression vectors are well known in the art and are available from several commercial
sources. For example, a pET vectors (e.g., pET-21, Novagen Corp.) may be used to
express CEG polypeptides in bacterial host cells.
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25 Al so provided are reconbi nant nucleic ,acid nolecules, such as

reconbi nant DNA nol ecules (rDNAs) that conprise ceg sequences or fragnents
t her eof . W@ ouswal herein, a reconbinant DNA nol ecul e i s aPONBSondsewul e t hat
has been subjected to nol ecular mani pulation in vitro. Methods for
generating rDNA nol ecul es are well known in the art, for exanple, see
Sanbrook 30 et:- al., Ml ecular Coning (1989), supra. 37 WO 01/49721

PCT/ US00/ 35604 a) bhYeRkosibihaat Weetogy fordftedradecul es of the invention may
be reconbi nant nol ecul es each. conprising the sequence, or portions
thereof, of a ceg sequence linked to a non-ceg 5 sequence For exanpl e,

th t
e oo, SRR eyl HRSSLOREEGANEIY L HECHAD, B0 ETSLShRs,
pl asnbds exogesiwusly , pravided agueticess inté\ the elegome tofve dostr cd:lDC| Tige Secathbinant

aut ononmoysly replicati %ivect or conprising a replicon that directs the
repl i cat i¥RSEHOR WSCJ‘PH\IQ; & Rfesent HBVC%BBr@ﬁlﬂlﬁ‘ataeg%s? at epgodesigeselictabls r ed
vectors | tr

or oot or TRk2 AR UGS G RIFRHEIRRE | The HieflHF Rhund G0 8%

sequence énmgmltecma dag saqmﬁcé @xito raetytgeatgem sdquencexthaietsidos wikirgthe bacterial
abI |l i nked ceg sequence in an

transcription and/ transl ati on aweg)s%

appr opr i 208 HI9MEC Ig idomengys s H%ert RY B P E(B}ee@ﬁﬁmiil elothertarget

el engpt s 3hesdM WWithih AR l?ar&enaf‘&ﬂ!snqthQEinteQi'httmﬁrv@ctBﬁtm ﬁ(iin Eﬁﬁ

i nduci bl € pronbters, constitutive pronoters, secretion gna S, enhancers,
15 t ransdnsrmtlcmr‘a$my o patar sandatatk mamclemmnmqmqwces}nﬂlord@guI1&ér@1rfy the

el enent s. her expression control elenents that e involved in

Cr ans! at FORIGE SEHBISTS L EReoda eene A nalderccheeChy Ractepel g biEkquence,
and initiation and termination codons. The preferred vector also includes
at | east one sel ectable marker gene that encodes a gene product that
confers draggrdingyithesameeonshindnt alstegre‘sq')m veatets indudemngrindidatel cegaequentesaityt i ne.

SR TSR AEIE R S TR X LGN TN AL
is required for cell viability. The candldate ceg sequence that is included as part of the
recombinant integration vector is the “exogenous” ceg sequence that is employed as the
“disrupting” sequence in a gene disruption assay. The ceg sequence that resides within
the host genome is the “endogenous” or “target” ceg sequence.

20
The integration event rarely occurs, for example, by non-homologous recombination in
which a recombinant vector, that includes the exogenous ceg sequence, inserts the
€X0genous ceg sequence into a random location within the host genome. In a more
preferred embodiment, the integration event inserts the exogenous ceg sequence into a
25  specific target site within the host genome. The targeted integration event can involve
homologous recombination in which the integration vector, that includes the exogenous
ceg sequence, inserts the exogenous ceg sequence into its homologous target ceg
. sequence that resides within the host’s genome (e.g., the endogenous ceg sequence)
(Figure 1). Further, the exogenous ceg sequence can be uéed as a disrupting sequence
30  whereby the homologous recombination event integrates the exogenous ceg sequence

into the endogenous target ceg sequence resulting in disrupﬁon of the function of the
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The preferred vectors for generating ceg transcripts and/or the encoded CEG
pol ypeptides are expression vectors which are conpatible with prokaryotic
host cel W0 oP#oRBryotic cell 25 expression vectors are weCT/UReIBs04 n t he
art and are avail able from several commercial sources. For exanple, a pET
vectors (e.q. ET-21, Novagen Corp.) ,may .be used to ress CEG

ol ypept FHEAYERE SAPcendr cxanble, ISHIRE g1 gshan pealeadBsRsEb 42 )
Recombi nggducNeChey fesliRin 1BUSGIAbAARAIREI RI@8RNt | nvention provides
reconbi nant vectors that may be used to integrate 5 exogenously provided
sequences into the genone of a host cell. The reconbinant integration

vectors qgf the present invention._.ingl ude geng that .encodes_a sel ectabl e
mar ker ant Sﬁa&l@%qoﬁean{:eecg ?}1\{’8}3‘“’& r %Eﬂlggﬁag c?ﬁgbree%sfea P! inﬁ?%fa?%ﬁ VAV Bt Pors are
used §0 phalkSliM B thOSEVeD $@MENeR-Fidle ClaveRisgelal 0898 GORUSAC 2 3-1128),
resides wthin the bacterial host genone (e.g., endoqenous sequence),

t her eby dihgripYPAgvacke miageateoAR GROZHIOUS Seeienca by grameolegapiseiseembinatiom t he

bacteri al s, inte t IO c i n e

i sr upt | GoRagy TSl SR isaAERS! & CRERTL OB L R B 308 ter 1o
identify4boe TenplkvRIRE ve@euaRheRs thadplieos ket ANGEHL G119 duCirathdioalite
required_for bacterial _cell viability. Accordingly, these reconbi nant

i nt egr at Pasictiecushs a5 nk| Gal cdherederee the PEE deMeddr cartot 15 pliggte | inpd.
screened - e i : e oduct
Chat 101 s PparRELTHEE videl A CARHR IhAERt A SRS S SERRR AERE L OT

i ncl uded chlergmapteniebl tihebothe aoplannacgativert &gl atdnoposided draciesial vach esogenous”
ceg sequence that is enployed as the "disrupting"” sequence in a gene

di srupt i BREHEYREE- The ceg sequence that resides within the host genone is
t he "endogenous” or "target" ceg sequence. 20 The integration event rarely
occurs, for exanple, by non-honol ogous reconbination in which a

reconbi nant vect or ¢) t Fadion Gehe/Sepienbes exogenous ceg sequence, inserts the

exogepous ceg sequence into a random |l ocation within the host genone. In a
geh g seq g
nore*~ preferred enbodi ment, the integration event inserts the exogenous ceg

sequence A fikBndeg gene is another example of a recombinant molecule of the invention. A fusion

gene includes a ceg sequence operatively fused (e.g., linked) to a non-ceg sequence such as,
for example, a tag sequence to facilitate isolation and/or purification of the expressed
CEG gene product (Kroll, D.J., et al., 1993 DNA4 Cell Biol 12:441-53).

20
Alternatively, a recombinant fusion molecule has a ceg sequence of the invention fused to
a ceg sequence isolated from a different microbial source. For example, the disclosed ceg
sequences isolated from S. pneumoniae can be fused to a ceg sequence isolated from a
different bacterial species.

25

3.) CEGPROTEINS AND POLYPEPTIDE MOLECULES

The invention additionally provides CEG proteins“ and peptide fragments thereof that are
isolated or substantially purified. Embodiments of particular CEG amino acid sequences
30 are disclosed in Tables I and II (SEQ ID NOS:114-226 and SEQ ID NOS:332-436,

respectively).
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25 specific target site within the host genone. The targeted integration
event can involve honol ogous reconbination in which the integration

vect or, tWav1/i91el udes t he exogenous ceg sequence, i nsertBCT/NSBSOGENOUS
ceg sequence into its honol ogous target ceg sequence that resides within
the host's genone (e.g., the endogenous ceg sequence) (Figure 1). Further,
t he exogenous ceg sequence can be used as a disrupting sequence 30 whereby

t he honol Tigopesene davdatioatal@nirelieles polipegiRrt eavingsequaRe RAHBHGRIFSAGUENCE
into the endogenogus target ceg sequence resulting in disruption of the

functi on Redielkd CEE \Robpeptidsr 3equsagesudirolosert diereinn isdietdiog snulen vetamnmce.

For exa | 3G -h ctlon: t sequence may
rosul 1 NP Rbod b Gorlad e Riler VR EONBRANAL Tt Gt SR man
vect 05 t haganisus. b&ousenveaienas) such quotatns e efetrod tb hefzin ab “OBEH pRkiAE, i s the
PEVP- 3 ve Jean-Pierre Caverys, et al, 1995 Gene 164: 123-128). The
pEVP- 3 VZ P&WH?@@F%{?’@Ee%{ﬁteé%d{féli‘ﬁ)’@é’e@@&uence by honol ogous reconbi nation
i nvol ving a Canpbel | -type event (S. Adhya and A. Canpbell 1970 J. Ml .-

Bi ol . 50:481- 490). The pEVP-3 vector includes a replicon that functions
only in ghausedbgaii, (EG hattierdas tcupblypeptife havihg amibb e seqgencé Rientiz\dP- 3

vect or cann@t.r licate %n S.%ﬁo cfneum)nl e. This vector also contains
mul tipleS "?ﬁt}ﬁggéw guae oLfhg needigted ammosacid spquencey as prpeded s &3INOA bot h
a gramr negainyerand.4gpa bl ' i &%F@@i )
Fusi on Cene Seqtljegcé}g6 %Qﬁlﬁrg%@?gg/ﬁ%%%? ?%Pgen%?e %lgrforg%rrp e ’o%%}alt a¥
r econmbi namytantofosmelof GEGtpvdyrieptidast | The presénisinventiogeni® provides @sn@retige

ratively fused _..Linked). - ) h.as,
For examshtaopagubats 48 e Bicieipt e GibinBe e ioBn st WARPE CHG on of
the expr gsgethe CGEGpIRPEytRIE RHGhirddbPbdoterfal dell viili§l.- » 1993 DNA Cel | Bi ol

12:441-53). 20 Alternatively, "a reconbi nant fusion” nol ecul e has a ceg
sequence of the invention fused to

15 The CEG protein may be isolated from any source whether natural, synthetic, semi-
synthetic, or recombinant. As used herein, "natural" refers to a polypeptide which is
found in nature. Accordingly, the CEG proteins may Be isolated from a prokaryotic
organism, such as a bacterial strain including, but not limited to, Streptococcus,
Escherichia, Bacillus, Pseudomonas, Yersinia, Salmonella, and Streptomyces. The CEG

20 proteins of the invention, and fragments thereof, can also be generated by recombinant

methods or chemical synthesis methods.

The CEG polypeptides of the invention are essential for the viability of a bacterial cell.
Further, the CEG polypeptides can exhibit at least any one of the following functions: a
25  pantothenate kinase, a Holliday Junction branch migration protein, a single stranded -
DNA binding protein, a phosphoglucosamine mutase, an acetyliransferase, an
uridylyltransferase, a malonyl CoenzymeA:ACP transcylase, a43-oxoacyl-ACP synthase
I, a 3-oxoacyl-ACP reductase, a phosphomethylpyrimidine (HMP-P) kinase, a GTP
binding protein, a ATP binding protein, or a 4-aminoimidazole carboxylase. Putative
30  functions can include, but are not limited to, sugar transferase, techoic acid biosynthesis,

ribosome -recycling factor, response regulator, nicotinate phosphoribosyltransferase,
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a ceg sequence isolated froma different mcrobial source. For exanple, the
di scl osed ceg sequences isolated from S. pneunoni ae can be fused to a ceg
sequencew@ol/st7ed froma different bacterial species. 25PGT/US@BES6MRROTElI NS
AND POLYPEPTI DE MOLECULES The i nventi on addi tionally provides CEG proteins

and pept ed or s al | rfed
Enbogl ﬁelr{tggmé)ﬂf’) par{i]lto%égﬁ% ng;g% Q{gﬁ};%g tseq gcglérger %rgt% @H‘ld&?ﬁyaé in
Tabl es | dehgldrbber(aSE QnuRiNGSsithe 2 6cbaAtmSERidsPniNess, 33BCA 88nspof s WAvel y).
40 WO 01/ 49721 PCT/ US00/ 35604 The qpr esent invention al so |nc | udes

pol ypept iTBeSTiFRpRNRpZEEGy afe] f@@ﬁ‘?sa]t SoPEOCESS B Qfﬁéme:pFFéﬂAcméthICE@lqﬁ@hgepept i de

sequence I’ t con rvati

st ol AELERE: 1N A PRI A0k A b aeca SO BN, yotic

5 organi stskingaioneimyéincyd rgigceralulmhasey di}@fdﬁplcmmeterleﬁ@dtﬁs%d HIPDNA &isittias " CEG
"proteins_of the invention". As used

d
i SR BPRACES Sl roBeieTod Yt BAncI SR s
dent 1Y Shondi T ISTRbAR: *Mjulte SpdlesBrsthoLE B noAtyd, scayppees

pol ypept ipyesphosphokimasd,| eddetyl{aATs catboOAGe, s@-lsw&glywpﬂ)lfémf andepephidsRG
pol ypept i The ese I nventi-on, also rovi des conservative

substit utg?‘bqqs?m’tnﬁ Phosphee ppingirasians: Simn pdhssionassaciaiedhl ABEt i | V'I ty
of wijpd-t Hﬁea@gQ}Tf’ hotsxé}ﬁ)lkgﬁgé RRI A PRRD 'd@ﬁy b %erng&u A fPlse %ﬁ%ﬁ{ % cel |

V|ab|I|ty) n may b€ 1solate rom any urce
nat ur al , asqtmk-ﬁeél Qarbcswlase selymithac¢dl?;, phosphogtyoerol kimase, aé«styla@eﬁ dagbosiyase

t | f tid h t A di ngly,
he cka sPBoTT Fahe Rt PR R e el P arS, BRestpids SaerPThe. X
bact er i alpefhéaaé Rubuiid, UehnSdcatat profiin, QﬁeﬁMt f&ndeBse, @Nﬁgéo@Qﬁc%ﬂgn% and tau

Escheri Chl a, Bacillus, Pseudononas, Yersinia, Salnon trept onyces.
The CEG Zubynits: BNYs pof IH hielt riubwnit, ovignak meptideag keadetylchAr eaoboxyban bbtan be

genernat e%ar%xyle%grrn?%r r]plro%em protein chain release factor-1, replicative DNA helicase,
topoisomerase, pentapeptide-transferase, elongation factor G, spore coat polysaccharide
biosynthesis protein C, protein release factor B, DNA polymerase III alpha subunit,
phosphoprotein phosphatase, chaparonin, UDP-N-acetylmuramoylalanyl-D-glutamate-2,

- 6-diaminopimelate ligase, techuronic acid biosynthesis, UDP-glucose lipid carrier

- 20 transferase, transcription termination factor, chromosome segregation factor, amino acid

bibsynthesis, HMG-CoA reductase, hypoxanthine-guanine phosphoribosyltransferase.

a) MODULATORS OF CEG POLYPEPTIDES

25  The invention provides compounds that modulate (e.g., activate or inhibit) the function of
a CEG polypeptide. Such compouﬁds can provide lead-compounds for developing drugs
for diagnosing and/or treating conditions associated with bacterial infections. The
modulator is a'compound that may alter the function of the CEG polypeptide, such as
activating or inhibiting the function of a CEG polypeptide. For example, the compound

30 can act as agonist, antagonist, partial agonist, partial antagonist, cytotoxic agents,
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met hods or chem cal synthesis nethods. The CEG pol ypeptides of the
invention are essential for the viability of a bacterial cell. Further,

t he CEG podypepei des can exhibit at | east any one of the POTAUGW/ATE04
functions: a 25 pantothenate kinase, a Holliday Junction branch m gration
protein, :a:8in0gl r : i Ghi : L . hog Q '

it ace, 4B of oBh pAIEE Rl O BRI opB g Q5A00T THE ROMAL e
Coenzy e AheAédthpound nsyHedsiewnawdnowaae phetidllPkaywh.hase 11, a 3-oxoacyl - ACP
reduct ase, a phosphonet hyl pyri m di ne (HW-P) kinase, a GIP binding
protein, a ATP binding protein, or a 4-am noi m dazol e carboxyl ase. Putative
30 functi i t,.ar i ke u sferas

techoi c asgl ?gblgﬁ%gff%f nggllag’, gﬂrﬁr 3§%neﬂ&£tre Lelggc{hlﬁ%aé&?%% ’o&%’r?{gé%@ns A0 3g181 at or,
ni cot b nateahpdyekpliwe] dasikdloidnsf erase, 41 WO 01/49721 PCT/ US00/ 35604

ni t ropr opane di oxygenase, (3R)-hydroxynyristol acyl carrier protein
dehydrase, sugar dehydrogenase, nurein biosynthesis, cobalimn

bi osynthesi s, ABC transporter... tR NA nodification enzynme, aryl sulfatase,
16S proczg%?%ﬂuﬁ%?§wﬁ?z %N%w&%thyl transferase, elongation factor P,
signal recognition particle, protein export, undecaprenol kinase, SRP 5
docki ng donmai n, diacyl glycepol kinase, dihydopicilinate reductase, HU DNA
bi nding protein, thiapg 4{ osynt hase, G eA transcription elongation
factor, dTDP-L-rhammos ynthhase, N®FP- bi ndi ng noti f, ‘

ri bose-5-p- 3- epi nerase- eNact y==ty, GIP pyrophosphoki nase,. acetyl - CoA
car boxyl ase, O-Sialoglngﬂrot T dopepti dase, .

gl ucosam ne-fruct ose- 6- phosphas i notransferase, Strpn
adhesi on- associ at ed ABC 10 per neas®O2GTP pyr ophosphoki nase RelA, | M
dehydr ogenase, DNA gyrase subunit B, acetyl-CoA carboxylase subunit AccD,

phosphogl ycerol ki nase, acetyl-CoA carboxylase carbonyl transferase,.
phos phopd¥it $a8mpla ofe Maspipetyd tmmescilifse, ol i gopeptide transport pernease

subunit, translocation protein, perM pernease, DNA pol Il gama and tau
subunits, DNA pol 11l delta subunit, signal peptidase |, acetyl-coA

car boxyl ase biotin 15 carboxyl carrg protein, protein chain rel ease
factor-1, replicative DNA helica$k, Opoi somer ase,

pent apepti de-transf erase, elongaﬁﬁggifactor G spore coat polysaccharide
o ,

. O-
10

An example of an azabiciyclodiene is:
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OH

oH ©
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"bi osynthesis protein C, protein' release factor B, DNA pol ynerase ||

al pha subunit, phosphoprotein phosphatase, chaparonin,

UDP- N- acav@ bmg7atoyl al anyl - D- gl ut amat e- 2,  6-di am nopi el BEBUSIASE,
techuronic acid biosynthesis, UDP-glucose lipid carrier 20 transferase,
transcri gt j s factor, chronosone segregation factor, amno acid
bi osynt h&%@l%%gmcﬂg%&éﬁebt ase, hypoxant hi ne-guani ne ‘

phosphori bosyl transferase. a) MODULATORS OF CEG POLYPEPTI DES 25 The

i nvention provides conpounds that nodulate (e.g., activate or inhibit) the
function of a ol ypeptrdeSuUEh conpounds can prNayite | ead- conpounds
for devel i d¢ugs/ for di ai ng and/or treating canditions associ ated
wi th bacterial™>n tions. Thes=frogul ator is a corrpoun(‘}]\trh?it may alter the
function of the G pol ypeptide, sich as activatdng or [nhibiting the
function of a CEG pol ypeptide. F anpl e, the conmpdund 30 can act as
agoni st, antagonist, partial agoai sﬂl\ partial antagQpi §t, cytotoxic. agents,
42 WD 01/49721 PCT/ US00/ 35604 1 nhWbithors' of cell prpliferation, and cell
proliferation-pronoting agents. The activity of theaonpound nay be known,
unknown or partially known. Suitable |igands include, but are not limted
to, diazalactones, N-protected am no acid, 5 azabicyclodiene, and

al kal oi ds. An exanpl e of a diazal actone 'Is: O NNXR2 N CF3 N2 An
exanple of a N-protected amino acid is: 01 9 cNHb

0~
() s
N _N.
oo oo
N Y z I\/N\'

5 B) METHODS FOR MAKING THE CEG PROTEINS AND POLYPEPTIDES

Recombina.nt methods are preferred if a high yield is desired. Recombinant methods
involve expressing the cloned gene in a suitable host cell. For example, a host cell is
introduced with an efipfession vector having the CEG sequence, ;chen the host cell is
10 cultured under conditions that permit iz vivo production of the CEG protein. The
recombinant vector can integrate the CEG sequence into the host genome. Alternatively,
the CEG sequence can be maintained extra-chromosomally, as part of an autonomously

replicating vector.

15 1. HOST-VECTOR SYSTEMS

The invention further provides a host-vector system comprising the vector, plasmid,
phagemid, or cosmid comprising a ceg nucleotide sequence, or a fragment thereof,

introduced into a suitable host cell. The host-vector system can be used to produce the
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10 An exanple of an azabicyclodiene is: O \ NOH OH O 43 WD 01/49721
PCT/ US00/ 35604 Exanples of alkaloids are: FF NN NN?N / N C N NN
a a /voasmmIN N.~NIT A\ N I A\ NW/A\N~ \NN~N\ 5r@)y/UMIMIIGAS FOR
MAKI NG THE CEG PROTEI NS AND POLYPEPTI DES Reconbi nant net hods are preferred

i f a higlppd ¢ ggb@ &é@selbr{c Bgctﬁ@baega&gt cleolfBl @Qﬁﬁncésnvqlht\éeho%r%ﬁsc%hnge the

cl oned gene i'n Ita cell exa

i nt r oducetbkaiyotic an cakaryetisi Bransgles of sim@abﬂmgrd@groﬁEGjostewmeriﬁ@ludé bagtetihe host
cell is 10 cultured under condijt that pernmit in vivo production of the
CEG pr ot &#Ds frpan g%‘%"é‘i‘rﬁp%ﬁ% Et?@i@{ 6?”%&’7?0{[ efradamones, Stepvsacencend nt o

the host gge ngfaﬂ% | Sl Hgble &ﬁ&ﬁ@h%&%ﬁ@ﬁ;%hﬁ% yGst T, Ahfied,

extra-chro part of an aut OnoMUS ‘
5 or an animal cell such as a mammalian cell. A preferred embodiment provides a host-

vector system comprising the pET21 vector having a ceg sequence introduced into an E.
_coli ADE3 lysogen which is useful, for examiple for the production of the CEG protein,
herein designated CFE polypeptides and CFE proteins.

10 Introduction of the rDNA molecules of the present invention into an appropriate cell host is
accomplished by well known methods that typically depend on the type of vector used and
host system employed. For example, transformation of prokaryotic host cells by
electroporation and salt treatment methods are typically employed, see for example, Cohen
etal, 1972 Proc Acad Sci US4 69:2110; Maniatis, T., et al., 1989 Molecular Clenz'ng, A

15 Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY.
Transformation of vertebrate cells with vectors containing rDNAs, electroporation, cationic
lipid or salt treatment methods are typically employed, see, for example, Graham et al,
1973 Virol 52:456, Wigler et al., 1979 Proc Natl Acad Sci USA 76:1373-76.

20  Successfully transformed cells, i.e., cells that contain a rDNA molecule of the present
invention, can be identified by well known techniques. For example, cells resulting from
the introduction of a rtDNA of the preseﬁt invention can be selected and cloned to produce
single colonies. Cells from those colonies can be harvested, lysed and their DNA content
examined for the presence of the rDNA using a method such as that described by Southern,

25 J Mol Biol (1975) 98:503, or Berent et al., Biotech (1985) 3:208, or the proteins produced

from the cell assayed via a biochemical assay or immunological method.

Procaryotes are generally used as host cells for cloning and producing the products of
exogenous DNA sequences. For example, the Escherichia coli K12 BL21 (ADE3)
30 (Novagen) is particularly useful for expression of foreign proteins. Other strains of E.

coli, and bacilli such as Bacillus subtilis, Enterobacteriaceae such as Salmonella
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replicating vector. 15 1. HOST- VECTOR SYSTEMS The invention further
provi des a host-vector systemconprising the vector, plasmd, phagemd, or
cosnm d cov@oi/gd7ag a ceg nucl eoti de sequence, or a fragnenPCT/N800ES5H(4
introduced into a suitable host cell. The host-vector system can be used to

produce zrgﬁ AuhOo? 1’3&%&%@%&9&9&/ ﬁ%@%ﬂs g@%dgﬁox&e})&zlrgﬁgcoggg OdEdc} by the

ceg nucl eot1 de sequences ost ce rokar yotic.
Exanpl es Sarfepmmyrcabklmcmsmkayrg/lsn be etnpidyed ek Ihesti cetlk undelolnﬁrgt &1 exprésbingithe from
genera such abs Escher. chj Baci] | us, Pseudonobnas, Streptococcus, and

St r ept omytOLIbIEENL ptEES gf this [AYEBIOB. eukar yoti c host cell's include a yeast
cell, a plant cell, 5 or an animal cell, such as a manmalian cell. A
preferred embodi ment provi des a host - vect or system conpri sing the pET21
vect of hdwigegeral ¢@glsselmp.remdec1iicm roﬁdcrmedaimmt CEG Foteins omby AntdEk luyingaen

whi ch is,useful r_exanpl e or, the n of the CEGproteln her ei n
desi gnat &§° t&@ @fs?fﬁéﬁl g% eglr ﬁ[g"e%fﬁf? CRIOF B§iFEt ey cployHke r DNA

nol ecul esfolgj‘mh@gteﬁg esent inventi on i nt 0 an appropriate cell host is
acconpl i shed by well . known nethods that typically depend on the type of

vector used and host system errpl oyed. For exanple, transfor rratlon of
pr okaryot, ¢c_haost troporati nd salt treat ' ods are
Pyol cal |y~ Biits pef St S Priafi i 2hshon CBC PSR o pefetnt esmehavat o
69: 2100; aMamy @id & thd pe ﬂalyﬁicleidudes Ji8 88/ &EQ'IWN@& o1 NYor 29AR 1Lamr@E@f y
Manual , Co Spring rbor Labor at omg/1 Col'd Spring Harbor, NY.

y

Tr ansf or ﬁqum WCI%&Q@ ircdecalecis [prederably insgged mtcsatcgmr@smnn@ctpﬂmmerable

| ect £ d t t t _met hod Iy
oo oy o ki WiiaPRGAR FrortisPhbedirof Uduehlel 4 HRherlE] AL STndondEREF of
al ., 197hdRiddgs MetdE@eashdBe selqﬁa‘hce? 6ThS Z@rzs@mn&@c@yeqﬁ@ﬁd&d Ytd b amsdopy med

cells, i.e., cells that contain a rDNA nol ecul e of the present invention,

can be i @i@ﬂt by isaadasg %ﬁmﬂkﬁmﬁnﬁ@@%m@é&e reS@‘tln@i@anD@ledcledSt & edsudd i ng
7S5 e CORGL! 8 Byt BN B DR RRE LR £35Sl CL
har vest edf they €80 gaiek Ishmder BiNAcemrd] e5ft an 1nduc1ble promoter, then ‘suitable growth
conditions would include the appropriate inducer. The CEG protein (e.g., designated a
CFE polypeptide or protein), so produced, is isolated from the growth medium or directly
from the cells; recovery and purification of the protein may not be necessary in some
20  instances where some impurities may be tolerated. A skilled artisan can readily adapt an
appropriate host/expression system known in the art for use with CEGiencoding sequences

to produce a CEG protein (Cohen, et al., supra; Maniatis et al., supra).

Host cells harboring the nucleic acids disclosed herein are also provided by the present

25 invention. A preferred host is E coli strain BL21(ADE3) transfected or transformed with
a vector comprising a nucleic acid of the present invention. The invention also provi'd\es a
host cell capable of expressing the ceg sequences described herein. The preferred host
cell is any strain of E. coli that can accommodate high level expression of an exogenously
introduced gene.

30
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exam ned for the presence of the rDNA using a nethod such as that descri bed
by Southern, 25 JMdl Biol (1975) 98:503, or Berent et al., Biotech (1985)
3: 208, owohw4gept ei ns produced fromthe cell assayed vi BCHUBdO®BSHEM cal
assay or i mmunol ogi cal nethod. Procaryotes are generally used as host cells

for cloni . Qr i e._pr ct f ,exo ous. DNA sequences._ For
exanpl e, T’?’%e& Esg%eér?;fj(% EAI%(S:(%]I im%fg"g%fﬁ a?? &ﬁa%%gl@' f]f\%’yﬁ@lemq&he§ls' The

parti cul arinyiptseffublid phasexhéeial nthekis bo pelypeptideotRivisg! kidwieh 8¢ kbR of E
coli, and bacilli such as Bacillus subtilis, Enterobacteriaceae such as

Sal nonel %3¢y b fonndohty aegmesel texty relating 45 80a arqayFhiganr Huand Peswyr &t i 4981

mar cesca i ) , r C ept onyces speci es
oy o oo Haorkie WO R B TPRIE Sk EPVRRAC RISy VAN, CROTRIFURES B8
reconbi nant symtiesized sbyofsolidvpBaseniethodolagy Sutllizige B Appliedr Mhosyéth@s PAFdUCt i on

of reconbi nant CEG proteins nay. i nvolve using a host/vector system'or
ot her metPFiP)Tb(ge th%sé%ppiwﬂeﬁmﬁqmﬁchﬁters {yerhakidy andplpyhestre cy¢los | owi ng

steps. A i i P j S i : . 2N e G.protei;n or a
Fragment “HacSop Al BoMA PRk e A RIS P PR B o
SEQ | D N@sotectdd hnorady(-8d1 othEherefdetits ercodmn@raialtyl eveilatd drime! @enf e 1S
preferably inserted into an expression vector in operable Iinkage with
sui t abl e “BXPcakPBlY hoyses ol sequences, to generate an expression vector

i ncl ygi ng the CEG encodi ng sequence. The expression vector is introduced
into a suitable ‘host, by standard transformati on nethods, and the

resul t i nghe rrohgfeptidesdohdiet invenided exinibd rirbpartiele of @0@BGt pmsin,t firh &), Ifow t he

duct i f the | tein. F | i.f sl of the CEG
e tnder SEHEPIEchE PEITBR it i germBrtiongbeties Shbivecdariupid spcouere o
condi t i oRssowRHgd WithC lCUas $dMHbPRASOPT | AL&RENCahe TRE d%@;{tﬁfee'd} grﬁ%?b;n

designated a CFE pol ypeptide or protein), SO produce sol ate
t he gr owohgonsgtidertheread; iseepblle of rindncigea spedific immuoe eesponsedinpappidpriagd | on of

t he ot ei.n ngt be necessary in sop 0 instances where sonme inpurities
may E% tgllng}a;%a%r .eﬁiaﬁcgpﬁnﬁ’é’ﬁvgﬁ}%fﬁ‘%c H&?‘ﬁeasdi |y adapt an appropriate
host / expressi on system known in the art for use with CEG encodi hg seqguences

C) ANTIBODIES THAT RECOGNIZE AND BIND THE PROTEINS AND
POLYPEPTIDES OF THE INVENTION

20  The invention furthef provides - antibodies (e.g., polyclonal, monoclonal, chimeric,
humanized, and human antibodies) that bind a CEG polypeptide.  The most preferred
antibodies will selectively bind a CEG polypeptide and will not bind (or will bind weakly) a
non-CEG polypeptide. Antibodies that are particularly contemplated include monoclonal
and polyclonal antibodies, as well as fragments thereof (e.g., recombinant proteins) which

25  include the antigen binding domain and/or one or more complement determining regions of
these antibodies. These antibodies can be from any source, for example, rabbit, sheep, rat,

dog, cat, pig, horse, mouse, and human.

The invention encompasses antibody fragments that specifically recognize a CEG
30  polypeptide. As used herein, an antibody fragment is defined as at least a portion of the
variable region of the immunoglobulin molecule that binds to its target, i.e., the éntigen

binding region. Some of the constant region of the immunoglobulin may be included.
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to produce a CEG protein.(Cohen, et al., supra; Maniatis et al., supra).
Host cells harboring the nucleic acids disclosed herein are al so provided
by the pmve@ens#97225 i nvention. A preferred host is E. coliPeT/&aloss81421( XDE3)
transfected or transformed with a vector conprising a nucleic acid of the
present invention. The invention also provides a host .cell capable of
expressing the ceg sequences described herein. The preferred host cell is
any straiAs ofll Be wakistdddaby ¢taose akildnindiht eart)i thd régived oexpit@Rsiofn OE@N
exogenousI]\f/ I nf roduced geng}.%iBO 46 WO 01/49721 PCT/ US00/ 35604 The

pr ot ei ns PEIPERKeIP sduch a1 AtEredy dndigesirdanan Vs Witiee Byerded mpplisatiopntaesi s.
The pringiples Is JorC ATA N i | re well
known i n%ﬁgﬁg’r %&%ﬁg% ﬁ%ﬁl&%gst?f)g%gﬂ: e%lalglener a%%?gértﬂs{g rc1 gﬁg%{@ﬁgf {ng&t%}‘_ﬁ%g area
(Duga8, Houmh@EReprotyns @ vikBRbacBriebediashoulCiberiietiey to pp abeksQBle epitope

Spri nger - Ver | ag, w_Yor CEG pol t.ides may 5 be synthesized b

oo § 0 phABGMHALHBAIPHYS GG PIOIAG AMABEs ARt oo B SOPeh SR T

synt hesi e H ; 11 Gl iobd) ' ycl es
Pl | oy A Do Payis Jitn g lor W YA DO e

t - but oxy deatietiomydf-segneteddlt @ gradein oo fragingsts thamebfot her reagents are

commercially available frommany chemical supply houses. 10 The
pol ypeptides of the invention exhibit properties of a CEG protein, such as,

for 1@xanpkiBus nBRodPFdrithe/prefaridnCoflantiBEdi&eAe Wl kaBwAfin 8 4rP Ofti @3 arhPR!
specifically bind an epitope associated wi.th CEG pol ypepti des.
Accor di nghtjhodiesenagre pseraygddiytimgainizng asitablsmapapeliani hoet using2CEG prageioapabl e

of inducing.a specific.i response in approprjate ni, ml s cells
and b naPHA R HTGsF i1 O of BRPaRs Sey EaRR FaRHeds ¥, 1o Elbede ZEMAD i N
THE PROTE}NS; fb¥Bor BRYREPY | EFaon THEich WWEREL Gbingfisild T Al Atkslihy her
provi des anti bodies (e. % ,_polycl onal, nonoclonal, chineric,
also be used, such as a CEG protein/GST-fusion protein. Cells expressing or overexpressing
15  a CEG polypeptide may also be used for immunizations. Similarly, any cell engineered to
express CEG protein may be used. This strategy may result in the production of monoclonal

antibodies with enhanced capacities for recognizing endogenous CEG protein.

The present invention contemplétes chimeric antibodies that comprise a human and non-
20 human immunoglobin portion. The antigen combining region (variable region) of a
chimeric antibody can be derived from a prokaryotic source (e.g., bacteria) and the
constant region of the chimeric antibody which confers biological effector function to the
immunoglobulin can be derived from a eukaryotic source (e.g., human). The chimeric
| antibody should have the antigen binding specificity of the prokaryotic antibody

25  molecule and the effector function conferred by the eukaryotic‘ antibody molecule.

In one example, the procédure used to produce chimeric antibodies can involve the
following steps:

a) Identifying and cloning the correct immunoglobin gene segment encoding the

30 antigen binding portion of the antibody molecule. This gene segment is known as

the VDI, variable, diversity and joining regions for heavy chains or VJ, variable,
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humani zed, and human anti bodi es) that bind a CEG pol ypeptide. The nost
preferred antibodies will selectively bind a CEG pol ypeptide and w |l not
bi nd (or wébi/agsend weakly) a non-CEG pol ypepti de. Anti boBCERESMEL04ar €
particularly contenpl ated i ncl ude nonocl onal and polyclonal anti bodi es, as

el |35 11 20SmOLD (LBBLERl: (ot O ATRLOINMOROLELAEINLGH, 2Rytnghude the

.antigen b|n I'n and?or one € co Ienen

of these antretgi@cklrﬁsybéﬁm%ﬂmﬁﬂhélcm61Sgemaﬁn<bﬂ)nfn§om any source, for exanpl e,
rabbit, sheep, rat cat, pi horse, nouse, and hunman. The jnvention

enconpassed) %ﬁ‘?ﬁl%ﬁv HEP%W@ ftnﬁa@mg fhecsonstany 1egion g8 degiried @ad oot 30
| tid t t
pol ypepti dg %fgsatlﬂgr e bT‘frfa%!é“reigg)% \g@ﬁ 'tl%e&%ﬁrsr%ﬁ%gﬁﬂ solthatdfL | 81% e?es%lﬂﬁeh ast a

portion of ere bulTh ol i nds
to it$ targetntibodg.is emdmdechnia@)emthdmcadbagranﬁgbemancammlawdthe const ant

regi on of tdﬂﬁ i mmunogl obul i n, may be incl uded. 47 01/ 49721 PCT/ US00/ 35604
As wil | {RAIBE BT CRYSIALEE & KEIPTeRPNiaIng @ selp¢table prarkes gind g&ncorondisl t opes

of a CEG POLURSRIER of Protfthérl a@c@;s'amag)x 1)(8) HifGE Gl fiBY vary with the

i nt ended application. For exarrp ant | i'es 1 nten use in an
i munoassay) Aarplifyieg det eatstraot infbacterigr ane 5 bound -CEG proteins on viabl e

bacteri al shoul d. b irected to, an essj| bl e epltope on

menbr ane- b(ﬂu&f&r@E@nﬁrtgfs Ng AR, UK P1ES Cel ﬂsaftraln 6t§ﬂﬂ ZBoghdfiep mammshan nay

be ygeful f‘?ﬁnﬁl@ ?,{ glentl fication of CEG protein wi thin damaged or dying
ete

ceIIs for the ction of secreted CEG protein or fragnents thereof. 10
Vari ous netghSdectiny for hellyaxppasiag ilwrselettabletmivkei; es ar e wel | known in the

art. For e | e nti hodi es red. by . ing a suitable
manmmal i an E‘gg&eﬁ%‘iﬂﬁ Orée@E@IHF%tr@y"he ge%&gtcﬁ FIIC t11a$£§l ‘ﬁ inisolated or

i munocon] ygatahofiae Mty lfmppﬂo%%%te%ﬁdlﬁggp&ﬁm@%@ eff&%f Rdctigfsbor Press,
NY). I'n addition,” fusion'protéins conprising CEG pol ypeptides may also be

used, such as a CEG protein/GST-fusion prot ein. Cell s expressing or
over expr ess 15aCEG S be us ni za |o S.
o i TAPT ee afiodson Ry RS Rttt 3o Rann hay Then pEdhc8: ¢
strat egy byarotoBSIH kel MhotwhEn FROAHY qh¢1@dingfanmmunmmmes éulhag @b’ialWlDiM
enhanced cCapacities for recogni zi ng endogenous CEG pratein.
Nature 312:643); and anti-tumor antigen antibodies (Sahagan et al., 1986 J. Immunol.
137:1066). Likewise, several different effector functions have been achieved by linking
‘new sequences to those encoding the antigen binding region. Examples of these include
20  enzymes (Neuberger et al., 1984 Nature 312:604); immunoglobulin constant regions
from another species and constant regions of another immunoglobulin chain (Sharon et
al., 1984 Nature 309:364; Tan et al., 1985 J Immunol. 135:3565-3567). Additionally,
procedures for modifying antibody molecules and for producing chimeric antibody

, molecules using homologous recombination to target gene modification have been
25  described (Fell et al., 1989 Proc. Natl. Acad. Sci. USA 86:8507-8511).

The predicted amino acid sequence of a CEG protein may be used to select specific regions
of the CEG protein for generating antibodies. For example, hydrophobicity and
hydrophilicity analyses of a CEG polypeptide may be used to identify hydrophobic and
30 hydrophilic regions in the CEG protein. Regions of the CEG protein that show

immunogenic structure, as well as other regions and domainé, can readily be identified using
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The present invention contenplates chineric antibodies that conprise a
human and non- 20 human i mmunogl obin portion. The antigen conbining region
(vari abl avoegiwm) of a chineric antibody can be derived PeDWS@/IFs@kar yoti c
source (e.g., bacteria) and the constant region of the chineric antibody

uhi o conth, Bhal Qe KRILES! Bl LG g0 bR, bler. ] EgOkORYL T ncgan be

derived fr ukaryotic source (e dg., human

shoul d h@welitthkeERBibege K Bplasisagils@daintiodl Wylfehalysle Praghsnty tat tnchikithody 25
nol ecul e and the effector function conferred by the eukaryotic anti body

nol ecul e IMMynEgRRIcIREINPS &e Parisulgily sWied fer gepegtingsnseidia glasses bf srsibodicant i bodi es
can involve the followng steps: a) ldentifying and cloning the correct

i mmunogl obi n gene segnment encoding the 30 antigen binding portion of the
ant i body Mahefsubeprephting @piveeis Ggriats s inumauepeasind feprdffading Hakivabidic
diversity and joining regions. for heavy chains or VJ, variable, 48 WO
01/ 49721 crmyealesot) BEStn Witgiarfierit Pedi BrisSAokli ghetherraris peveiss asiwelhs t he
V or vari egi.o Thi,s : ' be. i | t r
genom c fkgg‘l%ﬁ {I)))%& grnti nght %‘gﬁﬂg’%{é@%@é?ﬂ gméécﬁc%ﬁ%aﬁéﬁgggnghg‘?%% r 181 on or
desired pabbdiithikeeehgents) may gzt iised; irhethearinsidnices diakingrreagents futk asotheseant

region so that the conpl et hi I.C antj body i s coded in faormthat

can be tls‘éﬁ’éf’@fi ibﬁgﬁr%ﬁlgﬁ?%%ﬁ%t]g‘gc;‘fﬁﬁh If‘i HaY L?}@‘g‘%/qtﬁ"‘é a%tl?t{i’élf’n Pﬁ? 6ES vect or

cont ahni E : LECH U : ters,
tap Qﬂnﬁg&%é&q%p\ huBteAREARAIyHYAnSGRR cgz)@f‘% £1ﬁ‘1%ab1fe i %d%ﬂ&%tﬁ%s@éﬂim

enhancers an addi'tion si"gnal s; nplifying this construct in
bact er i a;jsuitgbld adjuadt) @k mmganhially Dhtderstnodinethi arty duiring ¢l insm@itizatios feletlilon) nost

often manmmalian . 10 | h tes; .Sel ecting.for cells.expressi.ng the
Q6! oot an i hboties CEAIEENTS fottHninSadeghach B belkeIeA eRaSOB RO mor i o
anti body; and k) Testing the anti body for appropriate binding specificity

and effector functions. 15 Chineric antibodies of several distinct antigen
bi ndi ng SPkits fthe ipolyenhbaetitser produsetiordthis way may be satisfactory for some

15  applications, for pharmaceutical compositions, monoclonal antibody preparations are
preferred. .Immortalized cell lines which secrete a desired monoclonal antibody may be
prepared using the standard method of Kohler and Milstein (Nature 256: 495-497) or other
techniques as described in Mornoclonal Antibodies; A Manual of Techniques, CRC press,
Inc., Boca Raton, Fla.'(1987) ed. Zola. The immortalized cell lines secreting the desired

20  antibodies are screened by immunoassay in which the antigen is the CEG polypeptide
having binding activity, or a fragment thereof. When the appropriate immortalized cell
culture secreting the desired antibody is identified, the cells can be cultured either in vitro or

by production in ascites fluid.

25  The desired monoclonal antibodies are then recovered from the culture supernatant or from
the ascites supernatant. Fragments of the monoclonal antibodies of the invention or the
polyclonal antisera (e.g., Fab, F(ab"),, Fv fragments, fusion proteins) which contain the
immunologically significant portion (i.e., a portion that recognizes and binds a CEG protein) .
can be used as antagonists, as well as the intact antibodies. Humanized antibodies directed

30  against a CEG polypeptide are also useful. The advantage of using humanized antibodies is

that they are less immunogenic in humans. As used herein, a humanized antibody is an
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by protocols well known in the art, including anti-TNP anti bodi es
(Boulianne et al., 1984 Nature 312:643); and anti-tunor antigen anti bodies
(Sahagan ve® 0a#97211986 J | munol . 137:1066). Li kew se, sevPeBUSavIsHer ent
effector functions have been achi eved by I|i nki ng new sequences to those

(Nouber gar ipB@pbASh gl Rt 4 Sanlyadize B oG8 Dol BEntE Tnd WEGE tne
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donuai ns, e identi ng 49 WO 01/49721 PCT/ US00/ 35604
vari ous 3{1&3@%%?:110%9599 ‘IMW”?; flhgagé) such as Chou- Fasman, Gani er- Robson
, Kyttg- Doolittle, Eisenberg, Karplus- Schul t or Janeson-Wl f anal ysis.
Fragnments that include the i mrunogenic regions are particularly suited for
gener at i rﬁ@;egﬁémhﬂinologicaﬂjs emciple Bagndtslised assthivEab,ditid', foo iF (gh)e fiagmons ds
protein

[ d f t
01 "o pr o PR PRTeAlS CRPTSY 100 i e SIORRETE Bt FEReTRaRF EeneriRbkel ns. ar e

vel | knemmuhSgenitethash the \lvﬂolé %Eluﬁbgl%lﬂﬁt A By, bﬂbﬁe@fﬁc eﬁlﬁﬂbd{%@e&@iclﬁ# ng,
for exanple, <carbodiimde reagentsS may be uséd; i n other i1nstances |inking

r eagent s t¥QOhmaEe eiiopes mgwb@ﬁr@tamyusmem@tbodsmmw k@owvy irRbe b.fto Fdrther]_,

rrayb effective, tratlo i S e
gene?al I fg d?’nffgétf’ﬂ;ﬂj ﬁg%srmgy F%Ogﬁ gEf’l ﬁg g’ﬁ%er%’et Cﬁ td’?thas
sui tabl e aﬁ@bddvearuf theathverione Tk 8kdriply) r@@t@ﬁl%@@eﬁ'dde@ rﬁa%eaerngme@?éa 8 e

i muni zation schedule, titers of antibodies can be takén to determ ne

adequacy rmorpdyay@lt@n@thgrfpm%@g gloiigrehaym disulfide bonds and the generation of
homodimers which may have enhanced capacities for internalization, ADCC and/or

complement-mediated cell killing (Caron et al.,, 1992 J Exp. Med 176: 1191-1195;
20  Shopes, 1992 J Immunol. 148: 2918-2922). Homodimeric antibodies may also be
generated by cross-linking techniques known in the art (Wolff et al., Cancer Res. 53: 2560-
2565). The invention also provides pharmaceutical compositions having the monoclonal

antibodies or anti-idiotypic monoclonal antibodies of the invention.

25  The antibodies or fragments may also be produced, using current technology, by
recombinant means. Regions that bind specifically to the desired regions of the CEG
protein can also be produced in the context of chimeric or CDR grafted antibodies of
multiple species origin. The invention includes an antibody, e.g., a monoclonal antibody
which competitively inhibijcs the immunospecific binding of any of the monoclonal

30 antibodies of the invention to a CEG protein.
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VWil e the polyclonal antisera produced in this way may be satisfactory for
sone 15 applications, for pharmaceutical conpositions, nonoclonal antibody
pr epar at ivooasv#7e1 preferred. -Immortalized cell |ines whi pOTESQVEE a

desi red nonocl onal anti body may be prepared using the standard met hod of

Kohl er a 4 4 0 gue s .descri bed
in Monoc Ir}gﬁgﬂl AUXE@I? g%g%gé fof; éan?}% %ﬁ %%nfnc? ﬁé@gn%ﬁ&?‘g?‘ﬁ mC?‘}d%cph €Boca
Rat on, Fldispldy dnd 380genit. mZEhb@s afall&ldmimfdt by bedssaeﬂ‘ok the FERSrafi6 behinfish t he
deS|red 20 antlbodles are screened by i munoassa n which the antigen is

the CEG penpplaptliapebodies (regewschin N@uaep.em y1998¢ aturar Bipreshuologet &SBWhen
th Lt I d t1 bod
°5 ont PPoL O Bt Rl fihniChlonpdittil whELGRET by B obRGEF S EE LA 001y

in as6it daa:hhd)luglds e@ployie dewi hlﬂmhnnigngmlb%ﬁibu&tﬁriabdlﬁra@lss @, pHage disprgyer ed

fromthe ure pernatant_or from_ the ascites supernat ant Fragnents of
t he monoéﬁge S @t Hipambeomy “Ruilding AR Vi ismingpunenwystepo hiymp Aatibodies e a
(e.g., F “f ;a9 ) )

| mrunol of P%ae i) Borahiter PRI SRl B PhBlops MO SHERAIIAEEE - g

bi nds a @E@T[bemg?ewm)Ap}da:nnM lnsah, a€lakt Mg Gd. }sﬂ‘é)ttl@lameAbacEﬁud,@ 45a64ct

ant i bodi ni ze bodi es rect.ed_ 30 against a CEG pol ypeptide are
al so useifﬁ%y%%‘gn&& oﬁ %&Uﬁ?fﬁfﬁ%ﬁﬁ@c@&}bﬁ%’fﬁl &braries” {d@app Ofiey are
| ess 1 mmghpg Hubhall UABAS0rAP ahifididdSh&) Biso e c@N

WO 01/ 49721 PCI?USOO/35604 |nnunogfobu I"i n nol ecul e mhlc% gapa e of
bi ndi ng EenginesBEGtp aoytaep himhen annhumgbbulnt @ene ile@ sasadésRribelyii un) POTaPategt

havi ng. ORI Y R AP o SHEETRR Messetiai (5P oo Boul i

or a seqyareeyiaNIDILered dnd. Tine: DHES M. THREHeHSd 596@@&&%%%%9 5

nmuri ne and ot her non-human anti bodi €5 by substituting one or nore of

non- hunaﬁwnEWkan@VW@D&@HmGﬂHE@dmkbﬁ@ﬂhmﬂgahﬂﬁﬁﬁﬁamﬁbhmd#xeehghaﬁhmyare

wel | énomn es et @% 1986 Nature 321: 522-525; Ri echmman et al., 1988
Nat uf o4 anldiSeyen et al . 1088 Seience 230: 1534 1536:
Carteret al., 1993 Proc. Nat| . Acad. Sci. USA 89: 4285; and Sins et al.,

1993 J Inmunol . 1,51: 2296).
The antibody or fragment thereof of the invention may be labeled with a detectable

marker or conjugated to a second molecule, such as a therapeutic agent (e.g., a cytotoxic
agent) thereby'resulting in an immunocenjugate. For example, the therapeutic agent
20  includes, but is not limited to, an anti-tumor drug, a toxin, a radioactive agent, a cytokine,
a second antibody or an enzyme. Further, the invention provides an embodiment wherein
the antibody of the invention is linked to an enzyme that converts a prodrug into a

cytotoxic drug.

25  Examples of cytotoxic agents include, but are not limited to ricin, ricin A-chain,
~ doxorubicin, daunorubicin, texol, ethiduim bromide, mitomycin, etoposide, tenoposide,
vincristine, vinblastine, colchicine, dihydroxy anthracin dione, actinomycin D, diphteria
toxin, Pseudomonas exotoxin (PE) A, PE40, abrin, arbrin A chain, modeccin A chain,
alpha-sarcin, gelonin, mitogellin, retstrictocin, phenomycin, enomycin, curicin, crotin,

30 calicheamicin, sapaonaria officinalis inhibitor, and glucocorticoid and other

chemotherapeutic agents, as well as radioisotopes such as 22y 1311, 13 1In, 90Y, and 186Re.
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10 Use of inmmunologically reactive fragnments, such as the Fab, Fab', or
F(ab')2 fragnents is often preferable, especially in a therapeutic

cont ext, ve@ot/kgge fragnments are generally | ess i nmunogenPCTAUREBS6MIe Whol e
i mrunogl obulin. Further, bi-specific antibodies specific for two or nore
epi topes may be generated using nethods generally known in the art.
Further, 15 antibody effector functions may be nodified so as to enhance

t he t her dhetablec detbételle mbriehe foradiaghesicessedf irchrle] Buenid olt 1rikedexanp! e,
cystei ne r&;idues may be engineered into the Fc. region, permtting the
f or mat i orfagiPIsPIoPEr 8 HEHOReSIPRELFORAENG R hiolumineserat gemapund, phemilumingserndi mer s

Sonpl e R A I b An Db Rk B BE o i b

1191- $195an@0 pBirdpesactiva®iR; dnzymeroapatle of 4GiveRHkBhe PP YrugHe B HcHRs foem.

ant i bodi als enerate ross-I_i nking techni ques known in the
art (Wl %%e%i[aq(_ ,lg)léabﬁt,se ARSNOG 29%§§§63n§§€§§».99¢he i nvention al so provides
pharmaceuti cal conpositions having the nonocl onal antibodies or

anti-idiotypi c nonocl onal anti bodies of the invention. 25 The anti bodi es or
f r agment sAdteiyonallpoa recqmlgidard eptoteirs iofigthe Linvetipn t @ahprisiregyhe biytigen@tmithg nant
means. Regi.ons .that bind specifjcally.to the.desired regions of the CEG
protein 5g$}0%|0§ c?pyb(_gb T‘b}? d‘ﬂ?}@ég’nﬁtaﬁwg_dl?érﬂfetg? IBYCUEAR (£87 % BRdecDR g1k 2 ed

ant i Qodi eguson, T hhBieR-iRARE 980K oFithe rbBRbIMANE BrR it ?&ihaﬂ?os aPfba@ny 1 DOdy,
e.g., a nonoclonal antibody ~“which conpetitively inhibits the.

i mmunospdendiiosally activegpastion s ackcanidepmoteio biing therg@utn tetbdtyi €Eheofecbind

i nvention to a CEG protein, 51 / 49721° PCT/ USQO/ 35604 Al ter natj vel y,
et hods. PEOr SaEP RIS BHS "R RN Cramea ARG SnsoRFDgY (phiige

di spl ay #ugtableaN&AEHCRIBBIIOdSscriBELatiiewn and may be used for the
generation of human nonocl onal antibodies (reviewed in: Vaughan et al.,

1998 Nature Biotechnol ogy 16: 535- 539). For exanple, fully human
T A SN BBy S PR NS i o )
((31 ﬁ : L 1(‘) ij It gén]@?g:;cn EHooeRbeRAR Amitodids Fer Bﬂn'tu'ﬂ)télr}kgét[r% OFDHIRS 1S ¥ aL R ThHFRN
in: Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.), pp. 243-56, Alan R.
Liss, Inc. 1985; Hellstrom et al., "Antibodies For Drug Delivery", in: Controlled Drug
Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53, Marcel Dekker, Inc. 1987; Thorpe,
20  "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in: Monoclonal
Antibodies '84: Biological And Clinical Applications, Pinchera et al. (eds.), pp. 475-506
(1985); and Thorpe et al., "The Preparation And Cytotoxic Properties Of Antibody-Toxin
Conjugates”, in: Immunol. Rev., 62:119-58 (1982)). Techniques for joining detectable
markers to antibodies are also known. ‘ '
25
| D) PHARMACEUTICAL COMPOSITIONS OF THE INVENTION

The invention includes pharmaceutical compositions for use in the treatment of microbial
infections comprising a pharmaceutically effective amount of an anti-CEG antibody or a
30 CEG polypeptide.

33



phage display libraries”, in: Protein Engineering of Antibody Ml ecules for
Prophyl actic and Therapeutic Applications in Man, Clark, M (Ed.),

Not t i nghawo Avadetri c, pp 45- 64 (1993); Burton and Bar bas, PCHURW560¥ | bodi es
fromconbinatorial |ibraries” Id., pp 65-' 10 82). Fully human nonocl onal

anti bodi gs i ] . engi

contain hunanyln%;"?u%%ggﬁbbul ?l‘r%g%égﬁ %%Oﬁﬁgggggrlwfﬁglsgé%%? Od%)"

Appl i cat |eahervwﬁr&fd2ﬁéi93:pn}ﬂlgdste<ﬂ)m/a tl&raqieu‘@d agenp(tbg! gtugdtoldBt; efibeie S sed&RY (see
al so, Jakgpbovits, 1998 Exp. Qpin .. Drugs 7. 607-614). This nethod
avoi ds. t RBUPGW)of fpya T?Fé’mbé'eﬂnétf?fgh(%qmlméﬂc o PﬁP%’f&@eTm SPINBSFIASIAYGI ogy
and effi u anti bodi es. The
ant | body “ERphALARORHE BiheDuaibofich bEbdnfuzarckTe B/ bR BIIRBLT {0

det ecbabl e narker or conjugated to a second nDIecuIe such as a

t hera eu e ., a gytotaqgxic ereb resulting in an
[ mmngco é@gﬁnacﬁ ﬁlcag)gglﬁxﬁp%%{oqsr?gsq H@f‘%ﬁ%ﬁ&ﬂ%‘% ‘lo]? lﬁc?amf‘é$ adjuyapgs i s not
limted t\ﬂnclf‘{hcﬁﬂfe' arky Ui Rerigr %ﬁmh%ﬂ&f‘&&nblﬁﬁd @@ﬂhoﬁgtrhyl@cﬁg%@tth ek ne,

a second anti body or "an enzyne. Fur e I nvention provides an
enbodi neig¢.gwhe raaﬁHCE(ﬁ laetitzdyi dwo@EGfproﬂam) reteian lthecmo]esulb k lakivdtyt andas nenzy e

t hat convert.s a. into a t ot ox|.cC drug Eg npl. es ogachyt ot oxi ¢
agent s |ﬁ?ﬁ°H&%W1 eé‘tl eﬂéﬂmm%rs ey, Examples pf yitable caprgraand aivvmibi ci n,
daun@p ubiigdiiye, Bﬁtxzﬂje nof lifHiRH to) (IR dfm HibkAHY GbA ex&ﬁﬁé&?a@@mnﬁ?ﬁ&mﬁf de,
vincristine, vinblastine, colchicine, dihydroxy ant ci'n di one,

act i norrydauffeﬂ:gubduamﬁsemclaas plmxpha,tes?g]guniemﬂas aeidppaiassiung RE))até, andE4ls ombr i n,
arbrin A chain ccin A chain al pha-sarcin, .gel oni ogelljin

et St 1 CEBERHD S NBITD g Pio e BHe R CHe: Eraropies GRTHES a0y B the randny

sapaonar ipfaafacb@idap bhigiets"§ich ésoef ph@pPHate HEREAr dali6o 'sSiluf?lBl’ii Khbe re,mulsmns
chenot herapeutic agents, as wel | as radi ol sotopes such as 212Bi, 1311,

1311 n990 ¥ychaascoiliBBRe emubston)and yﬁmwzxpdswfmmm %604 OBei ¢aatire nowtadsst abl e

kers f t d | but limited t
radi 5 sot it SRR b BetErebleBadiine Pusd PR Bt B rlanfaly such
chem | umcagigfe BntaiGOSRPIAHs sacHTaS @tar@hqhak Oiugﬁf RARNEPEE of AR ibRdhes may

al so be conjugated to an anti
stearic acid or salts thereof, magnesium or calcium stearate, talc, vegetable fats or oils,

gums, glycols, or other known excipients. Such carriers may also include flavor and
color additives or other ingredients. Compositions comprising such carriers are
20 formulated by well known conventional methods. Such compositions may also be
formulated within various lipid compositions, such as, for example, liposomes as well as

in various polymeric compositions, such as polymer microspheres.

The pharmaceuticai compositions of the invention can be administered using
25  conventional modes of administration including, but not limited ‘to, intravenous,
intraperitoneal, oral, intralymphatic or administration directly into the tumor.

Intravenous administration is preferred.

The pharmaceutical compositions of the invention may be in a variety of dosage forms
30  which include, but are not limited to, liquid solutions or suspensions, tablets, pills,

powders, suppositories, polymeric microcapsules or microvesicles, liposomes, and

54



5 cancer pro-drug activating enzyne capable of converting the pro-drug to
its active form See, for exanple, U S. Patent Nos. 4,952,394 and

5,716, 99Wo Addi7ei onal | y, a reconbi nant protein of the i nvROTAUSKIN/IS6NPri Si ng
the anti gen bi nding region of any of the nonoclonal antibodies of the

inventio e l.n t ant i gen-;bi ndi egi on
of the ré rr%flga%ryﬁ%rﬁ% lgl %&H@}}Sm ne% Eetféi-?etdl ealsq cf%ﬁ? ﬁc‘(qgo%gfel ;r/né@t Pf/
portion @ﬂmﬁuﬁ@mﬁdn@ﬂ&ttﬁerapémtlanhdahenapeut| c activity. The second
protein can include, but is not limted to, an enzyne, |ynphokine,
oncostatin or toxin. Suitable toxins include those described above. 15
Techni qu t a | £es are
wel | known® (g o repies a Hple Bl Ul R e Fo AR o PRGBRME

Dr ugs5 | nbaaeadar sp'EbElS aqueh, as IS'n*epthdiwm qmlimbnine. bod‘hsm@ax:hsﬁiaemm Hp@éﬁpy,
Reisfeld et al. f) 21} Al,cﬁg R, Liss, _lnc. 1985; Hellstrom et
al ., " Anf?smserp@/st%ﬂn E?ttfﬁlSDeT Use pep'il apd RE9eins efithis igyentionicay e yisghnd

oo Lot e et s % o oGRS LRIl sl o8P

Monocl on é’l‘reptAMacb@ﬁn@mdnm }Bﬁd:oﬂmgﬂlgaﬂhe Aogl s&duenies alf tlml'pi/d:m:ﬂhicam $e uktdhcher a

et al. (ed -506  (.198 rp "The Preparatlon And
Cyt ot oxi &8 ég\gpﬁ%ci@é (‘%S-ﬁm%% 555 %&2‘ anégi ugaé?%t 0. 5989, M/mhunol . Rev.
62: 119-58 (1982)). 'Techniques for joining detect abI e markers to

anti bodi es are also known. 25 D) PHARVACEUTI CAL COMPCSI TI ONS OF THE
| NVENTI O‘ﬂhﬂ't‘;@lﬁp@p‘éﬁﬂsi and prg¢inglef tbisamemimm tarabe cfonmdaﬁediasnmifzaientuami in the

t r eat ment robl al .infections co maceu al ef fective
rmant oyt Vogts,, THR pEdbngAR 18 AR Renefe R BRRRE Sk b i
PCT/ US004 BlolﬂTQ{éﬁ BIBRYI o8 MHer aﬁtrg%nghar maceut i cal conposi ti ons may

conprise a CEG anti body, ‘either unnodified, conjugated to a therapeutic
agent (e.g., drug, t oxi n, enzyne or second antibody) or in a reconbi nant

For mlg €. 91'11‘thecr,h {N 8 em%lpS ?_ne aé f ﬁ'Pe pr;)rtglensc TR ISI‘IIV%]!’H?OQ‘ISIS usgd (i.e., a peptide
which reacts with cognate antibodies, but cannot itself elicit an immune response), it can
be conjugated to an immunogenic carrier molecule. Conjugation to an immunogenic
carrier can render the oligopeptide immunogenic. Examples of carrier molecules are
tetanus toxin or toxoid, diphtheria toxin or toxoid and any mutant forms of these proteins

20.  such as CRM.sub.197. Others include exotoxin A of Pseudomonas, the heat labile toxin
of E. coli and rotaviral particles (including rotavirus and VP6 particles). Alternatively, a
fragment or epitope of the carrier protein or other immunogenic protein can be used. For

example, the happen can be coupled to a T cell epitope of a bacterial toxin.

25  In formulating the vacéine compositions with the CEG polypeptides or proteins of the
invention, alone or in the various combinations described, the immunogen is adjusted to
an appropriate concentration and formulated with any suitable vaccine adjuvant. Suitable
adjuvants include, but are not limited to: surface active substances, e.g., hexadecylamine,
octadecylamine,  octadecyl = amino = acid  esters, lysolecithin, - dimethyl'-

30  dioctadecylammonium bromide), methoxyhexadecylgylcerol, and pluronic polyols;

polyamines, e.g., pyran, dextransulfate, poly. IC, carbopol; peptides, e.g., muramyl
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additionally include other antibodies or conjugates (e.g., an antibody
cocktail). 5 The pharmaceutical conpositions also preferably include

sui t abl e wanriwes and adjuvants which include any nateri BCTWROCIS6MWhen
conbined with the nolecule of the invention (e.g., an anti-CEG anti body or
a CEG prof r I t.\,qal W t h
t he subj er:‘fé!p ga?’mmnem%%&ﬁe ”H{fEXﬁF (ﬁ} Zagﬁg%lblgéwétﬁgb %inéé%r géig’rg aaghﬁﬁl%ﬁr\l/ant S
10 i ncl udgdrolgide, aalemivoim | phuispleade,t etc. hamiarins@me mstimblatihg, corofiegosc haTlTEer S,
alumna, .lecithin, b ffer substa es iuch as phosphat es egC| ne, . sor bi C
acid, potBEEPQEsTSBIrRA, beingomarated o ligaumese Py cenjugaied loarolprastharidse

sul fate. 2l BEbtheX gs. i nclude any of the standard pharnaceutical’
carriers such as ‘a phosphate buffered saline solution, water, enulsions
such as oil/water enulsion, and various types of wetting agents. O her
carriers y al.so 15 %nclude sterile, solutions, .tablets ingluding coated

tabl ets aﬁ‘&ﬂ%f’@s AdpEsiered 1\ Fuman, o j3gfral dg 4 ¥ty ok (Wavent Ses¢ich as
starch, Ridide HHd8Ermat, elﬁaﬁﬁfnﬂs&ﬂa‘?eﬁltﬁ el‘ftbﬁé’al BehRols, %E\?ﬁﬁéoﬁs Al Fﬂd salts
thereof magnesi um or ‘cal cium stearate, talc, vegetaﬁ ts or ol

gumns, gI ywioingsal opuies her adumioistratos i divethes . theuehcivey careibe lmyoairmotwated ude
flavor and .color additives or other ingredients. Conpositions conprising
such carr?‘(‘éci)%e are 20 fornul ated by well known conventional nethods. Such
conpggitions may also be fornmulated within various |ipid conpositions,

such as, for exanple, liposonmes as well as in various polyneric

conposi t ilhagnost gffhctive m@d@yﬁﬁﬂdrmnéﬂﬂ@@ph@néﬁosaghéegm@nrfan:él@tqoumosmmnpoﬁ| tions

oan i st P EveRnE Rt o8k the EVeriy ik fobesd B BRI!SEs 10 0ot helln
i nt r aper igh® A&pbnseOtoateatrh &t raal AP Nalzh@n bf ﬁférﬂé‘ahﬁg ?ﬁ&ﬂl&é‘n diAestingly, nh@ the
tunor-. | nt ravenous adm nistration is ref erred har maceut i cal

conposi t idospgepef Tilhéomm-‘éh@liscﬁhOWdﬁeﬁérathﬁi tg th@mﬁm@uabpatmg age forns 30 which
i ncl yde, but are not limted to, liquid solutions or suspensions, tablets,
pills; powders, suppositories, polyneric mcrocapsules or mcr ovesi cl es,

| i posoneg) USES 6F THEMOIFCULES DIV BSSBATION

1) MOLECULAR WEIGHT MARKERS

20  The nucleic acid molecules of the invention and their encoded proteins may be employed
as molecular weight markers. For example, the molecular weight of each of the nucleic |
acid molecules having ceg sequences and their predicted polypeptides can be determined
and can be used to compare against other gene sequences and proteins whose molecular
weights are unknown.

25

2) DIAGNOSTICS

The nucleic acid molecules of the invention may be employed in diagnostic
embodiments. For example, the presence of nucleotide sequences which are identical or

30  similar to the ceg sequences of the invention may be detected within a biological sample.
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injectable or infusible solutions. The preferred form depends upon the node
of adm nistration and the therapeutic application. The CEG pol ypepti des
and prot avesvef2t his i nvention are found in comopn pat hograT/wsomssb@act eri al
speci es such as Streptococcus pneunoni ae. This organi sm causes upper

irat ; i 1 I d t ei f . thi
| vant | onlie bbRfleal BHRAE kb ncldt Siood \erBERE b I, 305 REE &% oeert MY on
agai nst abepdrtdrogedi tsy heans of b auslvichcRisdetdstivgpisag.occus pneunoni ae.

Additionally, the ceg sequences of the invention can be used as DNA
vaccines (U S. Patent No. 5,736,524 and U S. Patent No. 5,989,553). 10 The

pol ypepti and: j .S i t as
uni val entﬁ‘g&nge%gﬁi]péri%g% @sn]?ﬁ{\}glrgEaﬁggg\é&ﬂ%&%%@ﬁggrg%%%uéﬁ%xsggemg%snmﬁ at ed
or fused bwi tifedoinherhybritlizgios assaly niol dietearothB mesefice of lthepéduenas whichtdrer
antigens., 15 Further, when a ha%)teni C p%gthi de of the proteins of the

i nvent i ordelglca &b ,Slr’élj]?‘réo, [FEptIIHEN MM RO rIE‘éFgE*P@ant ecbé‘blﬁ&l_ﬁ%l samnlefodi es,
put | cannobydidadG) huuelelcC bbid@ inbREHEE dbESRRNEBI o buibAh LREAOH Yahiedt 0 an

i mmunogeni'c cafrier molecule. Conjugation to an inmmunogentc carrier can
render t Heybdbizgdpeiph ilatelédrprobegeni mrim&sanphe sendtinpahybrédizedohetituRs aé e
tetanus tpoxin or toxqid,, diphtheria toxin or toxoid and any nutant forns of
t hese pr dtesicird &g, resqiuss E%H%?ém §lYt’)e.%1]9“P.WIdnh F &1t ek @& NoxiheraarrnS tlesrn

Pseud@monasuink hemheath@bid Bnd 1834 N orOf ifGabi ay reg S
(i ncl udi ng rotavir ugtagng VPb pgggé’i colresafjj.ajll{fl%q gr I’Y?P?V%?@, %géﬁk lroggmetr?Fﬂ “or

epi t ope dfybtilizatar teckmiqpescindi systoms ardkmovimthah cgyebe wsedrintconmectiom wiih thsed.

For exanple,. the hap can be coupl.ed to a.T cell epitope of a_bacterial
Coxi e oRieKtiph s Btk e, Grelied HiBafitl anevich aHboedes bRy fopt | des
or proteimskf etdleU.$.m4eNd. arzsgazgne or in the various comnbinations

descri bed, the i munogen is adjusted to an appropriate concentration and

formul ated with any suitable vaccine adjuvant. Suitable adjuvants include,
but agr.e not linmt tQ rface activ ubst.a 5. e. 0., he ecyl am ne,
oct aggcy{%ﬁ’}?&s 8€t edg)gﬁ Q%?ﬁﬂlﬁl(?g%\cqr%l ‘ﬁ%c?(@? ,m{l@?ﬂl’@%@ﬁﬂﬁ. {;&gaefqv?ylannéo
di oct adecydemmesn (iHEBrpbRBddRIrein B RERsHEAEN)AM EeMbENY, CAIRc aBTI0mPIduRY e
pol yols; polyam nes, e.g., pyran, dextransulfate, poly. IC carbopol;
pept i des,obgaiged fromraggwjirble biological source and contacted with two primers corresponding

to the ceg sequences disclosed herein, under conditions which allow for hybridization and

polymerization to occur. A pair of probes, one corresponding to the 5 flanking region

20  and the other corresponding to the 3' flanking region, would be sufficient to detect the
nucleic acid molecules of the invention in a biological sample and may be used to

indicate the amount of bacteria present.

Alternative methods of detecting nucleic acid molecules include, for example, in situ’
25  hybridization techniques, where a ceg probe is used to detect homologous sequences
within one or more cells, such as cells within a clinical sample or even cells grown in
tissue culture. As is well known in the art, the cells are prepared for hybridization by
fixation, e.g. chemical fixation, and placed in conditions that allow for the hybridization
of a detectable probe with nucleic acids located within the fixed cell.
30
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55 WD 01/49721 PCT/ US00/ 35604 di peptide, dinmethylglycine, tuftsin; oi

emul sions; and mneral gels, e.g., alum num hydroxide, alum num phosphate,
etc. andwomumg2sti nul ati ng conpl exes. The i nmunogen nayPal/a800as604
incorporated into |iposomes, or conjugated to pol ysaccharides and/or other
pol ymers.~5 The vaccines can be admnistered.to a human or animal.in_a
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i ntraper idogipaald, tol the Nexed BLS noBHACH! SGREBMS, safipd. E6H exdnblEaR3SRuéRdt es of
adm ni stration. Further, the vaccines can be [ive or inactivated vaccines.
10 The mwsesef freeithsreingtsgecdopr dentrased tlevels, ommareddies thyelevelgifownd fiorthe he

iti i s jnventi 1 h i ty.and f th
i sbase. Dol fey MUEMS B RERGRE BOR " CIIE Sk RN Shprent
of thé 't réspinbsig opHYadteriA Mfedtmahal ro@lives tichnent 050 a6 InBhactdirl Josi tions

should be titrated to the individual patient. 15 E) USES OF THE MOLECULES
OF THE I NVENTION 1) MOLECULAR VEI GHT MARKERS 20 The nucl eic acid nol ecul es

f the i i j -8 . I I I
oei gt edEAbd R B Gl SMCRESINIAL el 18 R LRUP R SR BF L o
aci d nol ekténaimeliabyi ngane of w@Gmencemsayd Foekxanslediabtled fpabydieptédase can be

determ ned ., and_can B’E used to cbserrpar e, agai nst ot her gene sequences and
pr ot ei ns AP CRE delypspiidesangnibs Used inRRJHAUNDETesytive) Jem0sT | desctithe
nucl gpc agd et ¢ i 1Y i enpl oyed i n diagnostic
enbodi ne tégm%gI exaﬁgpg%?%ﬁgnkre?g%@%a%ggﬁagﬁeotide sequences which are
i dentical or

3) SCREENING CANDIDATE CEG SEQUENCES

a) Gene Disruption Assay
15
The ceg nucleotide sequences of the invention can be used to identify nucleotide
sequences which are identical or similar to the ceg sequences that are required for
bacterial cell viability. For example, the ceg sequences can be used in a bacterial gene
disruption assay to screen candidate nucleotide sequences to identify sequences required

20  for bacterial cell viability.

The disruption assay can involve: introducing into a host cell a recombinant vector that is
capable of integration into the host genome, where the recombinant vector. includes a
candidate sequenceA that putatively encodes a cell-viability gene product (e.g., the

25 exogenous ceg sequence); the vector integrates the candidate sequence into a target
sequence within the host’s genome (e.g., the endogenous ceg sequence); and the host cell,
so introduced, is screened for viability. The recombinant vector preferably includes a
selectable marker so that the introduced host cell can be screened for viability in the
presence of a selectable agent. 4
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30 simlar to the ceg sequences of the invention nmay be detected within a
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f 1 anki ng veegi vin hipthokogdus t®onmbhlatlom: osulésipamoi pagtial (gemdwéuyﬂicaﬂidmrﬂdnhglgrtb@i on,.

woul d be.suff] |ent t et ect, the cl eic id cules of the invention
o b Bt Vol & R eens iy Adestesia i uatel dhi 2arbi o gredEEr er | o
present. cﬂo;ﬂmhjcypregi%ﬂp&ﬁorﬁés eS8 S5 kAnGink CESlke @&fe@o@'cﬁ 941&%1&1@6  ude,
for exanple, i'n situ 25 hybridization techniques, where a ce eis
used to desistant chbm’s,agdh&;p@maenﬁé@ proyer lspniradnes descripadebet@w,| indicatac thans

ceII inaclinic even.cells grown in tissue culture. As
wi?l &]?ft@ﬁgef gf’nFH@y}Ftessenﬁaé ?:re(ie 1a§ﬂgy.pr epared for hybridization by
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t he hybrl di zati on
More particularly, the gene disruption assay for screening candidate ceg sequences can

involve the following steps. The recombinant pEVP-3 vector encoding CAT resistance
and having a fragment of a candidate ceg sequence, can be introduced into
20  transformation-competent S. pneumoniae cells by methods that are well-known in the art
(Lee, M.S., et al., 1998 Appl. Environ. Microbiol. 64:4796-4802). The preferred size of
the ceg fragment can be between about 200 to about 500 bp in length. It is advantageous
that the candidate ceg sequence does not include the 5° and 3’ ends that encode the N-
and C-terminal ends of the CEG polypeptide. This insures that the inserted ceg fragment
25  and the disrupted endogenous beg gene sequence are not capable of expression of a full-
length, functional ceg gene product. The transformation-competent cells can be obtained
by performing the transformation step in the presence of a heptadecapeptide that induces
competence for transformation of S. pneumoniae (Havarstein, L. S., et al., 1995 Proc.
Nat’l. Acad. Sci. 92:11140-11144), such as the CSP-1 peptide. The CSP-1 can be
30  naturally-derived or synthetic. Additionally, the transformation step can be optimized by

performing the transformation when the cells have reached a density which is optimal for
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of a detectable probe with nucleic acids |located within the fixed cell. 30
0 57 WO 01/49721 PCT/ US00/ 35604 The anopunt of ceg sequences present in a
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ti bact
?2 Ia gfoﬁ!@wé%ﬁoué ARPIRbigPp vhe eﬁ’hﬁ%‘él By qe8 gt é?quhWo‘élﬁbébe For

exanpl e, of used

P R R i e

in thé biabdly prmlunmn@abgeno&)e BOREEN G CANDETIAFENTECeSEQUENCES  a) Gene

Di sruption Assay 15 The ceg nucl eoti de sequences of the invention can be

used to identify hucleotide sequences which are identical or simlar to

the ceg 98QuRREAAMENALIsALE b%%@éiéd 8! of QlirurLPG! Bl drah ﬁef?ﬁéol—‘ébﬁtgiéﬁlg %ro

exanpl e, the ceg sequences can be used In a bacterF gene ti on

assay t o nscliwen Thandils aarebenudtmmi netter sqderd cesditions, desht asf377°$et1u§!)7&oce®2

required 20 for. bacte viability. The disruption assay can

i nvol ve: P%?PHB&’E‘F%‘{:}WEQ & é‘ h %“Fscg‘?rl thg P‘EEQ)’%%?%&?’}?CWJQCG@S hakcary theapabl e

of |qbeg(r§ﬁg%9 Rd4vat@.t he host genone, where the reconbinant vector, includes
candi sequence that putatively encodes a cell-viability gene product

(e g., the 25 exogenous ceg sequence); the vector integrates the candidate

Zﬁﬁgsz‘;ﬁ@égﬁogxagééeémfm&ﬁg%%ﬁ@%“ﬁ%é‘bﬂ pariilel N the BB H@eéo%bﬁ'sa’sga&.?&ned
for viabigldd o JEREmIRE VHRILBAMe Y&ft @i@,rupﬁ ﬁcleéhﬁfre RGhL o ﬁ;ogre

mar ker so that the i1 ntroduced host cel screened )i I i ty | n
t he example, the control samples can be used to cahbrate the gene disruption experiment so

15  that disruption of a known non-essential bacterial gene results in an approximate number
of colonies per plate. Similarly, the disruption of a known essential gene can be
calibrated to yield only zero or one colony per plate. The appearance of one colony is
due to the rare illegitimate recombination into a non-homologous sequence. In particular,
a known non-essential gene such as the /yt4 gene (Tomasz, A., et al., 1988 J. Bacteriol.

20 170:5931-5934) can be used so that between about 70 to 100 chloramphenicol-resistant

A colonies will grow per plate. Similarly, the fisZ gene (Lutkenhaus, J. F., et al., 1980 J.
Bacteriol. 143:1281-1288), a known essential gene, can be used to yield zero or, rarely,
one colony per plate. As is well known in the art, specific parameters that are involved in
any given gene disruption assay can be adjusted to calibrate the desired number of plated

25  cells in the control samples. Experimental parameters that can be adjusted include, but
are not limited to, the E. coli strain used to propagate the vector/insert, the fragmeﬁt
length of the sequence to be integrated, the amount of recombinant integration vector
used to transform the cells, use of transformation-competent cells, and plating density of
the transformed cells.
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presence of a selectable agent. 30 58 WD 01/49721 PCT/ US0O0/ 35604 For
exanple, Figure 1 shows a schematic representation of a gene disruption
assay, WoOhi/7a1 bacterial host cell. In Figure 1A, the repCcDURBIOERG4 Vect or,
pPpEVP3, includes the CAT gene (e.g., the sel ectable marker chl oranpheni col
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t he bddy syéwtdreclhlntapphanied-@aaing euedivmi niol eodimsg, el ik carpt b igsriftegene
and CAT; and,. a 3' partial copy,of the target gene. .Thus, integration of
the peves iiptief apng Na SRbiSOR.CF o cBDI D, B PESSHPETPHotY GRMTEE gene
dupl i cat iéwh! ardtsNthetthmsforMbe 8eiR @t Y8 abOsrow findeh hds@ cOIBLHRERRdiDnHOt

essential for survival, it is possible to réecover

chl or anplvery el endogeraus rgene segianes tutt is eprsstiatofor el viatiilityr which hae dbewer
chl or anphgni.col , resistant col.onie in the presence of the proper. controls
as descri BHPIE PYAR SFPgRneUs %agxd{c{%;qﬁagf%eng,ﬁgerg& @%’f‘tl@@gea TREySCH I’égséﬁpf al for
cel I 19i akinki thyoughbiheeePalali bdih@ichied herdsene @hfifkihitOtheasaYedulices CiEENI NG
candi dat e _ceg, sequences can involve the follow ng steps. The reconbl nant
pEVP- 3 vdeesiicd re dsantiaAar ¢ellsyighibvee and having a fragment of a candidate
ceg sequence, can be introduced into 20 transformation-conpetent S.
pneunoni ae cells by nethods that are well-known in the art (Lee, MS., et
al ., 1998 Appl. Enw)ramtoldifirAxbawl . 64:4796-4802). The preferred size of
the ceg fragnent can be between about 200 to about 500 bp in length. It is
advant ageous that the candi date ceg sequence does not include the 5 and

C R R Y e e
gene sequenathigdtionevents agsaltlie dfumionrofsisd tendéd turdedlcbne sequence. The Jyt4
transformation control can be used to confirm that the transformation system is
functioning properly. For example, a phenotypic test for autolysin activity (/yt4 gene
product) can be performed to determine that the exogenous lytd fragment is correctly
20  integrated into the [y¢4 site within the host genome. This typically involves flooding the
culture plates containing transformants carrying the integrated /yz4 control vector with a
solution of detergent, such as 0.1% deoxycholate, which triggers cell lysis in Jyz4-intact
cells (e.g., the cells that have not undergone homologous recombination). After about 5-
10 minutes the colonies with intact /yt4 will appear ghost-like due to cell lysis, and the

25  colonies with a disrupted /yz4 gene will appear intact.
¢) Polarity Analysis

The ceg sequences that are confirmed to be essential for cell viability can be examined
30 further by performing a polarity analysis to determine if the corresponding endogenous

ceg sequence is organized in an operon. Polarity is an effect unique to prokaryotes and is
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| ength, functional ceg gene product. The transformation-conpetent cells can

be obtained by performng the transformation step in the presence of a
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i n 5% CORny fadrthapgpeiekisntiae kytalyge tte 48phofirtbs phthway hmay bepessentiaf feretalbt i ng
cells that bclﬁg,ry the 10 integrated vector. Additionally, control sanples
can be rdf" 1 parallel with the gene disruption assay, in order to

det engi ne whether the gene disruption procedure is working properly. For

exanpl e, the control sanples can be used to calibrate the gene disruption
exper i nerihegaeseaee taepeddnsrinmt basterial hest iganume nay-ieSwmne itk inkeaoretationd ofjene

results i,n an approxi mate nu r. _of colonie er. plate. Simlarly,. the
di srupti & § nea%% noteSulty %rgf‘é‘r?ﬁlp ean‘ﬁﬂgpé@gloifb%ailgs_gre?@ £ Bl%nli’ey zero
or one cehBhdbul inRlFERd ol Afe@RRABE 3X15HEssRIn TBe BRMAMVA dche IR} OntAg, rare
illegitimte reconbination into a non-honol ogous sequence. |In particul ar,

a known Hhave exsessionaifegsrma the drad sownstrdap gengandh¢rttomady is advantageons to 1988

J. Bagter] 2 .0: 5931~ 4) can.be used sq that t ween about 70 to 10
chi ot SmpRebim D RAR A3 A nEAR i et Elochfe Ly IR Y& ot ) he
ftsZ gene (Lutkenhaus, J. F., et al., 1980 J. Bacteriol. 143:1281-1288),

known essential gene, can be used to yield zero or, rarely, _
A polarity analysis can involve performing an in vivo gene disruption procedure using, as

the disrupting sequence, a ceg sequence that includes the entire ceg coding sequence
region but lacking expression regulatory sequences. This differs from the gene disruption
20 assay, which involves the central region of the ceg sequence. The polarity analysis
involves gene duplication via homologous recombination. For example, the pEVP-3
vector having the entire coding region of a ceg sequence can be used for the polarity
analysis (Figure 2 A). The polarity analysis will yield different results depending on the
organization of the endogenous target sequence within the host genome.
25.
For example, Figure 2 shows a schematic representation of the polarity test for operons,
within a bacterial host cell. In Figure 2A, the recombinant vector, pEVP3, includes the
CAT gene and the entire coding region of the ceg disrupting sequence. The “X” in Figure
. 2 indicates the recombinant pEVP3 vector undergoing homologous recombination with the
30  target sequence. Two of the possible results of homologous recombination are shown in
Figures 2 B and C.
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one colony per plate. As is well known in the art, specific paraneters that
are involved in any given gene disruption assay can be adjusted to

cal i br at avo hw4edesi red nunber of plated 25 cells in the copCT@RIEEQ es.
Experimental paranmeters that can be adjusted include, but are not limted
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Thus, the polarity analysis provides a method to determine whether integration of a

- recombinant vector into a target ceg sequence effects expression of downstream genes.

The ceg sequences disclosed herein (SEQ ID NOs.: 1-113, 227-331) encode gene

20  products that are essential for viability in S. pneumoniae. Furthermore, many of these
ceg sequences have been analyzed for the polarity effect and the results are presented in "
Table I. One subset of ceg sequences is classified as polarity negative (-), since the
homologous recombination event did not effect the expression of downstream genes.
Another subset of ceg sequences is classified as poiarity positive (+), since the

25 hémologous recombinétion event did affect the expression of downstream genes. The
ceg sequences that have not yet been classified as polarity positive or negative are
indicated in Table I as a blank. For the ceg sequences that are classified as polarity
positivg, the genes downstream of the disrupted endogénous ceg sequences may or may
not also be essential.
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culture plates containing transformants carrying the integrated |ytA
control vector with a solution of detergent, such as 0.1% deoxychol ate,
whi ch trivgger/#7eel | lysis in |ytA-intact cells (e.g., theCTERIES6Hat have
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on the intact downstream genes. Therefore, it is advantageous to 15

performa polarity analysis to determine if a ceg sequence is part of an
oper r n r ene

O ar ot 1 uRES chepodl b BT bR, BEERE AL bl SRERE e
that inc IdHldﬁﬁmEdil dyeaht Iabﬂrltyt eﬁthedﬂnahgg agefieodénd to a CEG protein and disrupt the

function of the CEG protein. These screening methods include whole cell in vivo assays

as well as in vitro assays with cellular components.

20 An in vivo screening method for identifying ligands that bind CEG polypeptides can be
performed in a whole eell assay. A typical method may be the use ef whole bacterial

~ cells to assess the ‘antibacterial properties based on cell growth or viability. These
methods can include methods for measuring cell growth and/or viability, for example, by
optical density or zones of growth (Koch, A. L. et al., 1970 4nal. Biochem. 38:252-259;

25 Biemer, J. J. et al, 1973 Ann. Clin. Lab. Sci. 2:135-140; Manual of Clinical
Microbiology; 7% edition, Murray, P. R. (ed), ASM Press), by growth inhibition in an

~agar assay (Murray, P. R., supra), or other means of detecting cell metabolism
(Mychajlonka, M. et al., 1980 Antimicrob. Agents Chemother. 17:572-582), and are well
known to those skilled in the art. In addition, there are molecular biology-based detection

30  methods for use with whole bacterial cells, such as gene reporter assays, to monitor the
effect’ of the ligand on specific targets (Slauch, J. M., et al.,, 1991 Methods Enzymol.
204:213-248). Examples of the reporter genes include, but are ot limited to, beta-
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regi on but | acking expression regulatory sequences. This differs fromthe
gene di sruption 20 assay, which involves the central region of the ceg
sequencewQhw4giol arity analysis involves gene duplicati oPCVUSOESH® ogous
reconbi nati on. For exanple, the pEVP-3 vector having the entire coding

i f . th | ar it | ysis (Fi 2
w2 The” eRefRRySSHRIER, BRReRape bt re A AL Biies 8P iR o O he
or gani zatekefpR{ oh&enpodREen PusyidarQaipoReduenae thak inkotd@hivasdn 8eDNE. 25.

For exanple, Fi %t;,re 2 shows a schematic representation of the polarity test
for oper dtathesigbyHusing arperey sichrrsshetzanlactosidasei ez to Aeneshienavactonbe nant

vect or, i t } di ng,region of the
ceg disr ﬂlﬁ/;g%atése ugﬁ%;%%?&#ﬁ%oﬁﬁp?%%ﬁ?&es at}gsﬁﬂéﬁtégp lglglrfgn(gl %ﬁr’r@itﬁ%nt
PEVP35ve@NA syhthetig appaationhogotsn, €CBIYet ARt 1982 Mol Gdnh &erllidsarsgets2-
sequence. Two of the possible results of honol ogous reconbi nation are shown
in  Fi guRéss Rosatandy.» & alg 190N namivyaly Ygents (hsporimsat?al 3Rnl3¥3ure 2 B, case

1, if the endogenous target sequence is not organized in an operon, the
integration event may yield: a functional target sequence (e.g., it is
capabl e” AlterextjveBs sthe njeastatwibtipfbiridasyateno iFfeldse tS. camdl Sowr, 001 $e8BIeNagré hat

| acks a pronmpter; and, a functi ona! gownstreg,m ene (e.g., Gene B) that is
cont r ol | 40E¢>1448) BIgK bp A P SC or Hgands thal W%%}Pﬁlb’ﬁeﬁnﬁﬁ% Geralyegr at ed
targ S WAk Y VA | st o Qr i.n . the esence
of cﬁporgﬁ%ﬁgﬁﬁéol;Qﬁ% C§H§?§?%%§?§h? F%%&S&H%P§$?%§g%gg f%@g&g’F%{Figure
2 C, casaés Basedontthentodnge hateemfehe 6 Alstrarsgapti enefidcton whithdpe a ONA thieling he
integration .10 event may.yield an integratjon site that is sim]ar to that
descri bedomsin and e wanseriichel sivaon AOmER; dhe perst i gRBE] wEHEE Tl

dupl i cat odi i t JATXaTe aﬂ%? J L wever,
this int %?ggy%%mgbgﬁﬁh%y&g‘?gégéﬁgl d aﬁno C?{;})r%tﬁggg%aft %’?mﬂﬁfél?f@gém(}%%ne
(e.qg., GHFEABinbiemgadmeaiexpdeswmitlen refombinantdoslysptida thagectenprses thet Galll ed by

2 D18t Logst a0 wpsiosam ol whe nsertion stle o cells Lhal. ooy
condi ti omyolypeptdedBeconRtubds thy tRRAKpti¥RAl -activity of the transcription factor, thereby
causing expres'sion of the reporter gene. Either of the recombinant polypeptides used in
the two—hybﬁd system can be generated to include a CEG polypeptide sequence to screen
for binding partners of CEG.
20
Another method uses the bacterial CEG proteins as the basis for in vitro assay systems to
detect binding agents. Typically, the in vitro screening method comprises: a) generating
the CEG protein of the invention, or membranes enriched in the CEG protein; b)
exposing the CEG protein or membranes to a candidate agent; and c¢) detecting the
25  interaction of the CEG protein with the agent by any suitable means. Additionally, the
screening methods may be adapted to automated high-throughput procedures, such as
PANDEX.RTM Baxter-Dade Diagnostics, allowing for efficient high-volume screening

of candidate agents.

30 An alternative method for screening potential ligands involves an in vitro binding

procedure. Typically, the CEG proteins of the invention can be produced using
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Thus, the polarity analysis provides a nethod to determ ne whet her
integration of a reconbinant vector into a target ceg sequence effects
expr essi omo of/4domwnst r eam genes. The ceg sequences di scl oBeduk@rasnid ( SEQ | D
NGs.: 1-113, 227-331) encode gene 20 products that are essential for

viability.l i e . ceqg sggquepces have
beon anal o mpaf TEHAE Gl Uhi ABGCelor sYRRLS B abnefBSLp e, EEHFLE |
Table |. JQaet pubseiduedd oRg & egurec &8ssk cohtaing itied CEG pedtain] by Mepaaht ve
(-), since the honologous reconbination event did not effect the

expr essi GACIBPL; dasnprnds grekamay badsiesiablediymethods suchopss bufrniduritddsto,
classifi : i NOSL 1 | ( - S 0 | combi nati on
cvent di 4 aproRpe B EhiuRaThbalte. thihdind oF i CR6 a0 lP O, ARG BEATEMC,

t hat baveéenddterygtedbpany lsaisahild medngingodiag,i foy epamplel iearifying Gathd ¢atrl €
indicated in Tagl e | gsl a. bl ank..algjgr tq}e0 o é,equences that are classified
as pol ar i ¥e§sus yaeynd Jabel pine oy suitahlostiioda i iading 1ok afandidpie agetiady@ous ceg

sequence . sent i : .
e a0 s Rl KO i BIEO00E AEABAYE Physi P BRI AN S RIS Pately o
AGENTS TH¥o. i, 88563717. | Invtbist methogyrtondidg f s cardidata gigemtth adgrofedt isi adsssbdd by ng

agents that .jnteract .5 oy bind to CEG proteins of the invention,
Soch as. dnmiigdng Biagede b leghpBut o mutlSed-prouinglon aamale i owbbnG
derived Qensiy [ h &l =3 [ Ii cjd
nol ecul e, %S?ﬂ‘g{}hrrgf glfe . ﬁﬂ%ﬁégﬁ gggn%%{e?ﬁéét&iar??e&ag%%p&f %@G%F%t |O§é§1§ rl‘:r)gyé cause
bact er i alspewfi¢ antébodly dgginsti the deltiechefaternd theipotdinng WidifFE® chaptwna rotein,

i ncl udi ng) but antt | i mt{@? t 0, nucl eotide biosynthesis, DNA replication,
RNA tran EPV%H 5 o dny cWiable arSns| ati on, and/or cell wall biosynthesis.
Accordi ngly, the present invention provides screening nethods for
identifying agents having antibacterial activity, such as agents that
cause badiheriegntior provikdesmiethgdsiofidensibtingicorapaunds Het GBEGulpteqE gi, Astivaihes e

a8t Srhifin, e RBp 3R CRF bibplRie! HRENKAN S ESnd th AL LidaSh IS

assays of the invention. The preferred compounds are those that are soluble in aqueous

or organic solutions. It will be appreciated by those of skill in the art that there are many
commercial suppliers of chemical compounds that can be used in the methods of the
invention, including Sigma Chemical Co. (St. Louis, Mo.), Aldrich Chemical Co. (St.

20 Louis, Mo.), Sigma-Aldrich (St. Louis, Mo.), Fluka Cheﬁika-Biochemica Analyﬁka
(Buchs, Switzerland), and the like.

The present invention provides methods for detecting compounds which are identified as
modulators of CEG function. The methods of the invention can be performed using
25  isolated CEG polypeptides, or use whole cells expressing the CEG polypeptide. The
steps. of the method using isolated CEG polypeptides include: contacting the isolated
CEG polypeptide with a candidate compound; and determining whether the function of
the CEG polypeptide is altered. The steps of the method using whole cells include:
contacting the whole cells with a candidate compound; and determining whether the cell

30  dies, indicating the compound inhibited the function of a CEG polypeptide.
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15 Various nethods can be used to discover agents having antibacteri al

activity, as determned by the ability of the binding agent to bind to a
CEG prot avaommd2di srupt the function of the CEG protein. PAVES®/3604eeni ng
met hods i nclude whole cell in vivo assays as well as in vitro assays with

Il ul I d
Chat by nd IR medBefhr ot HoERGE bRIMY i oMhibaiscl S Aoy, 92N
typi cal nééﬂnﬁyingrwnipeundsewh&h mdsdthe Itbe bactieti iofila CE6E Ibcﬂypecpuasseﬁﬁ }hg

anti bacte al  pr opelrl éées based on @2 growmh or  viabiljty. These nethods
can incl ¢ a@@%@eré PR SETPRGE |1¢rg5rhémrws @ﬁ&p@pomdab.ﬁomeymnplsrthe

exanpl e, 1h ! AEsePf y%\{xé[ﬂg 1970
Anal . Bi oc %%52 gjggé E%\S&rgl errer,edJ).aS e fﬂ&%?§ Khbeeﬁérfl?)hnei

Sci. 2: 135Jpél¢dl¢1 dhagalid edppGlt] as madrotitht fcjrmlatsodmm)/c,rot?tbﬂﬂplatés tim mhothaﬁgagy, P-
R (ed), ASM Pres | b|t|o say (Mirray,
supra), &f° S’Fﬁ ﬁéar{:\s\{”@g rEF\gﬁ lfqr“iﬁﬁergéﬂ 3198? ;rg:g,;c{e% Q%R’ﬁthomi et
al ., 1980, gt b GHRP plASR e RBHR! Rehicrdfiiep 4hanS? own to
t hose Skl?| ed |r{t1hepart Ip?ic addi tion, Icr(%elre a?e rr%llhe1 ﬁgr @P%if%%?fsﬁgsed
det ect i ons 30sirableh b suf positise contrdls \Kbcﬁneulbathaietheactomﬁmbsts cfuthb |3saygemne
reporter asE to nmonitor the effect' of the ligand on specific targets
(Sl auch, YWPIX¥e Pr%Heﬂé{l , 1991 Methods Enzynol. 204:213-248). Exanpl es of

t he .ngporter genes include, but are not limted to, beta- 64 WD 01/49721

PCT/ US00/ 35604 gal act osi dase, al kal i ne phosphat ase, ‘I uciferase, and green
f Il uorescéiie pight dhroughput sexeripg emetnds eabotie merveniiorovindiede aprogjiting ea

t t hat t hi bj t t by f t h
22" bet a- dambCrbeidbeny | aB it QR S HE VA (CRU e B
cessat i ORoRipolMY) YBBEAASI S @S A H st 1999“7'@’(1@) rB?.kLm; OfSu&H G&Bgﬁlaio%ai he 5
DNA synt hetic aE ar at us.. (ShurV| nton, C 1982

Genet i cs chgBicablibragigs caRbs screengll in ene ar mor@.%&ymo udnntnfy)thbramemmbers

Che her, 42:1392-1396). .Alternati t ot bri st

(F onde. et dBaaat berifSob® RFHEE Yral SubS 0T ol ety 60

screen fcfﬁndubﬁ&ﬂdﬁefdm pblypébt%CéBmhwemt !m}ﬁ& DeeiIR! Ly & E0MhE dpast
two- hybrid systemis perforned in a yeast host cel | carrying a reporfer
gene, and0(10), 51-60). The compounds, so identified, can serve as lead-compounds or can

themselves be used as potential or actual therapeutics.

20 A combinatorial chemical library is a collection of diverse chemical compounds
generated by using either chemical synthesis or biological synthesis, to combine a

’ number of chemical building blocks, such as reagents. For example, a linear
combinatorial chemical library, such as a polypeptide libfary, is formed by combining a

set of chemical building blocks (amino acids) in every possible way for a given

25  compound length (i.e., the number of amino acids in a polypeptide compound). Millions
of chemical compounds can be synthesized through such combinatorial mixing of

chemical building blocks.

Preparation and screening of combinatorial chemical libraries is well known to those of skill in
30 the art. Such combinatorial chemical libraries include, but are not limited to, peptide libraries

(see, e.g., U.S. Pat. No. 5,010,175, Furka, Int. J. Pept. Prot. Res., 1991, 37:487-493 and
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is based on the nodular nature of the GAL transcription factor which has a
DNA bi nding donain and a transcriptional activation domain. The yeast

t wo- hybr ivdo sysda7em rel i es on the physical interaction bet MERUS@/3Se@onbi nant
pol ypeptide that conprises the GAL DNA bi nding dormai n and anot her

nmoi i i h AN i pti | )
e ouat | Mtughiiny BPRL, ARl od10BA, BESs] MR Rl 6 bLlBRE chemical
pol ypept iddhess : iﬂyfdﬁmn'ﬁsichmﬁbs bE ueed. r&mcnhbmshmahc_lw b?cﬂi e%r% nof lirhﬂ‘t’@t to, peptoids
transcri el act r, t here causi n expressi on o _e re orter ene. .
E hor - ofPEROPRBEdE Nan P O AT {15050k qacdad papides (PRE Rukbicyamy WO S960MEan

be gener q&@&g@ggbfgﬁ%ﬁﬁbﬁgéﬁ eRb ) OEANRNG e o%ﬁ%r@so {I‘ESTPBE i ng

partners o uses the bacteria ei'ns as the
basi s5f 015,288,5¢#); rdiveassaoys, syl esrhydantoinke betodiazerdhasgmd gipdpsidesTEHIbBE! dtdal., t he

in vitro screenin th C rises. enerating . the CEG protein of the
i nventi on/9% Wf%fig‘%s&gﬁrﬁgﬁed@ gﬁo%giﬁgf@}ﬂ?%ﬁuéipﬂlypmme@ﬁ&g&% ¢t He JCEG
protein nes, .t c [ x [ the RE

it er act o ot e BLG BBt ol R wurh ApoepiadepRlofRAEl I P0Rducose
Addi t i onatafioldinpeHirschmesmi ef ahpd hddsr. nBerbeSadafi9ed 114 9769248k danalogous

hi gh-t hr oughput procedures, such PAl . RTM Baxt er - Dade Di agnostics,
a1 T owi ng SrEPecipHERS L SeDifOTBP UL L LEH TG <Ll & Ao e aeni 39530 G
al t enpat R¥e1;"NBERQHNEOE: BICLLENINERPREEN IR 2bi 9891951 ) BY QARSHrBIhiE Tolbdyi®

bi nding procedure. Typi cal | y, the CEG proteins of ‘the invention can be
pr oduced libgirieg) (s65 WR..0 beudpzeres; USDon 36604 Navesc of@i3nakan. ISA pameh3d))pgy

and host -vectar syst as desgr.i.bed el n. ndi dat e nt i

i nt roduc® g?cf?fqb@@?se@% o% é%s cé?ncg’or]ipg’n#@g m&icﬁéﬁg rB’PI%t}adg, P Psﬁ’f’%ﬁﬁ%nt

t her eof ; (CABpSANEi Sate GrgeOksn. "BY4 s, d3BE GluslelceackY iBBEAOWS:, RUhFeraf et Byt not
limted to, radioisotope or chenmical |abeling. Binding of the CEG protein
by a candiudevsidesg&n¥uckearids, hRIHd0e0d-AED; psptida yuslaictaatl libramar(sce, eigg Wi ng,

Ui t b1 P HeNNad S BOREk ARy 2tpufR s, L2 B e Hrorinofe Yoo,

14(3), 309-314 and PCT/US96/10287); carbohydrate libraries (see, e.g., Liang, et al., Science,

1996, 274, 1520-1522 and U.S. Pat. No. 5,593;853, Nilsson, UJ, et al., Combinatorial

Chemistry & High Throughput Screening, 1999 2, 335-352; Schweizer, F; Hindsgaul, O.

Current Opinion In Chemical Biology, 1999 3, 291-298); isoprenoids (U.S. Pat. No.

20 5,569,588); thiazolidinones and metathiazanones (U.S. Pat. No. 5,549,974); pyrrolidines (U.S.

Pat. Nos. 5,525,735 and 5,519,134); morpholino compounds (U.S. Pat. No. 5,506,337);
benzodiazepines (U.S. Pat. No. 5,288,514); and other similar art.

Devices for the preparation of combinatorial libraries are commercially available (see,
25 eg., 357 MPS, 390 MPS, Advanced Chem. Tech, Louisville Ky., Symphony, Rainin,

Woburn, Mass., 433A Applied Biosystems, Foster City, Calif., 9050 Plus, Millipore,

Bedford, Mass.). In addition, numerous combinatorial libraries are themselves

commercially available (see, e.g.,, ComGenex, Princeton, N.J., Asinex, Moscow, Ru,

Tripos, Inc., St. Louis, Mo., ChemStar, Ltd., Moscow, RU, 3D Pharmaceuticals, Exton,
30  Pa., Martek Bio sciences, Columbia, Md., etc.).
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be detected by nmethods simlar to an alternative physical nethod disclosed
in US Patent No. 5,585,277. In this nmethod, binding of a candi date agent
to a protvednrag2assessed by nonitoring the ratio of fol drdT/pR@y3E60% t 0
unfol ded protein, for exanple by nonitoring 10 sensitivity of the protein

to a prot €,:Qr .8 il t o i nding..of th ot el a  specific

ant i bgdy I§§§F %1&%% F’hrgﬁh glquae E%{dgtoefqgg 11{1\(1%‘51%?,0%5:&%?%}5) Saﬁran%ffn{ SEIECﬁgﬂ}Sr one
protein, coafpoliiddiancicngrdefeditya feldtivalyl shofilfetiad of tile Fowexahip®) ciilowbiles

met hods of identifying conpounds that nodulate (e.g., activate or 15

i nhi bit) afhe mtgiettar qlatefcan tEEGSedoloyvapt iserarateAseavt agaltsy aaselectednpsentitl can be
used in t | v j . unds are se
that are SRS W lr LnskifulB bkl EPHFLE 4% BOTBRIEE B8 410 c e
by thdse wdllssdsh ltdst b Binglkanaditlatohalhishe s@gRr standardymicERg1gE ahn S34pphboRi s Of

chem cal conpounds 1 hat c&r;s be u?%(f in the methods, of the invention,
i ncl udi nglog{%ﬁhn@ﬁéﬁ%%tll 536 well plages are used,)thenp ginglenpleteesancasiboassay St . 20

Loui s, i i . i , . 1 ka- B 1

sl yi 1 ko ARRIO0 S ABOR 1500k et complds, 1 GRS BBy Rmlse

provi des piEehpesiafpassaledeeshs fig upanpbomds000R2EG000Raed evkanip i aboutal®0,000-

nmodul ators_of CEG functiop. The t hods of the invention can be perfarned
using 25h9@e0% em@z%ﬁ%@g@ﬂ@&r EAMRANBISAES ROSEIRIY Wsibg Hicemsthrgs ohe CEG
pol ypept ifeinvIig st eps. of the nethod using isolated CEG pol ypepti des’

i nclude: contacting the-isolated CEG polypeptide with a candidate
conpound; and determ ni ng whether the function of the CEG pol ypeptide is

altered. The steps of the nmethod using whole cells include; contacting the
whol e cel fﬁﬁ?‘ﬁm& eé%ﬁ?%l%??é’@%%‘gtﬂfﬁ,%s%ﬂla@feé?ffﬁnh‘feﬁaom‘ﬁé‘?Sl%tH’ée €Il 30

di es, indgj LGt Ak Rl ed t] tide.
66 VO 01;H 29 %%%‘gf?ﬁ}%%&o&%%%% mg{#ﬁg@ﬁlgf yrl{gxé’h#’ght% hdé‘ggOtg%‘te?%egﬁ? r?@g%?g‘ﬁ
provi de hitlggnwish tiouigthp s¢ops of thennvegtialssays for i dentifying conpounds which
rmdullgte the function of a CEG pol ypeptide. The high throughput nethods
perm™t screening of -large libraries of conpounds. For exanple the high

t hr oughpytx ANiPIQEl$ can use automated assay steps. The assays can be

per f or med .

The following provides a general description of how a list of candidate ceg sequences
was generated. The list was generated by selecting candidate ceg gene sequences from a
20  Concordance web engine using the method described in: Bruccoleri, R.E., Dougherty,
T.J., Davison, D.B. (1998) “Concordance analysis of microbial genomes” in: Nucleic

Acids Res 26:4482-4486.

Microbial Genomics CEG Disco'verv Process Summary.

25

Microbial Concordance Analysis
The entire genomic sequence data of various bacteria was acquired from several public

and proprietary sequence database sources, including GTC (Genome Therapeutics

30  Corporation), and TIGR (The Institute for Genomic Research).
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5in parallel on a solid support, as mcrotiter formats on mcrotiter
plates in robotic assays are well known. A preferred enbodi nent of the
met hods iw@buesel adapting the nethods to use microtiter PCBUSE/IBH04 pi CO-
nano- or mcro-liter arrays. In high throughput assays it is desirable to

run posi to ensure that the ¢ nents of fhe assays are

wor ki ng yﬁsﬁgﬁgwﬁ% s thR §FP°£IWFO%§‘?'|6’Y?{C é‘%?égﬁg al}?%ﬁ‘?f{acféldo? toKefe ﬂﬁ/enti on
i ncl ude deRiFAyd @m e Ca@mb@% Qhlird adidl REQA0s GO H" g

conpounds (candi date ég dul at or conp%dn ds) (%orna S, ¢ oéﬁé&?g@ﬁﬁﬁ?lggg
70(10), m@)formd:mncngrbaMMda\ranouhpmmaters Werearsed® filer dme gemseritted i n
one or s .to tify library nmenbers 15 (particular chem ca
speci es g&%ﬁ@?ﬁg§8§ &? ‘exhibit the ability to nodulate the function
of thg CEG pol ypeptide (Borman, S., supra; Dagani, R C & E. News, 1999,
70(10), 51-60). The conpounds, so identified, can serve as |ead-conpounds
or can QRAQIIAY eySised as potential or actual therapeutics. 20 A

conbi nat ori al chenlcal library is a collection of diverse chem cal
conpounds generated by using either chem cal synthesis or biological

synt hesi ShheteftifOERbAE @qu&wéhﬂ‘rvaﬂéu§ﬁlﬂﬁbféﬁh W |ab(ﬂhfé:ﬁ ﬁﬂrﬂ@é’%ral PHBhc &%
reagents. For exanpl e, | i near conbi natori al emcal library, such as a
pol ypept |p@jléfaﬂe| Eﬂvéiqﬂ%s T@ pEpHistirh P a@wﬂﬁnnmﬁgsﬁsters efromf Geheme cBhertpeutics ng

bl oc ( eyery S y 25 co) Iength
G oord ¢ RORGaRE Wi NP R BByt e SR By PR iSRS

cheni cal Gama@lur(ﬂsp wacblbmnsmw@slmdm@muwm SeadmicORBeARO (TIGR ) Mitkd NY of
chemi cal _buil ding bl ocks. Preparation_and screeni g of conbi natori al
i

cheni cal Yeairk: éPTe@@elféat%@PfPa froma Rrpteasng. hefs of Beverky, MA, and the Sangsr Genter ich
nbi b . d
L1 br ;P?LZE MeOATRERardh RoRpbFoft M {351 Kooy Mlio/ivid Shefaq BSE, | H€

Res., 199Uddit®fia#B fthd 9Bnanidrobbl siédeité 498 AkePad AR/ 35 68pariior ghtlafata et

al . Nature 1991, 354, 84-88). O her chem_ stries for gener ating chem cal
' 15 subiraction was obtained from a proprietary database, including the LifeSeq Database

from Incyte Pharmaceuticals, Palo Alto, CA.

Where required, Incyte nucleotide sequences were translated into protein sequences in all
Six possiBle reading frames. GTC supplied predicted protein sequences with their data. In

20 .the case of other eubacterial nucleotide sequences, the program CRITICA (Badger, J. and
Olsen, G., 1999 “CRITICA: coding region identification tool invoking comparative
analysis” in: Molecular Biology and Evolution 16:512-524). The sequences were stored
in flat files on a Unix computer system. Each predicted amino acid sequence had to be
greater than 90 amino acids.

25 ,
Each predicted protein sequence was compared to every other sequence (an “all-against-

all” comparison). The program used was FASTA (Pearson, W.R., “Flexible sequence
similarity searching with the FASTA3 program package.” Methods in Molecular Biology
2000 132:185-219.) The parameters used were ktup=2, and all scores above the default
30 cutoff were kept. The output was processed and stored in a PostGres 95 database

(http://www.postgresql.org). Graphical user interfaces, usmg Web browser technology,

were constructed to query the database.
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diversity libraries can also be used. Such chem stries include, but are not
limted to, peptoids (PCT Publication No. WD 91/19735); encoded peptides
(PCT Pubwe@at/iwom WO 93/ 20242); random bi o-ol i gonmers (PCTP@DUKI0CEEGI40N NoO.
WO 92/00091); benzodi azepines (U. S. Pat. No. 5 5,288,514); diversoners,
such as hydant oi ns, benzodi azepi nes and di pepti des (Hobbs, et al., Proc.
Nat. Acad. Sci. USA, 1993, 90, 6909-6913); vinyl ogous pol ypepti des

(Hagi hara, et al.., J. _Amer. Chem Soc. 1992, 114, 6568); nonpepti dal

pept i domidnSioneerdencerAnalysis pag pademeed e it dataliThg quepticscisedrip geearaigithe J

ATET el S0 9% S BBA 92 nial R0 90M e ALARDLANSY DLERES O

smal | ' conrpoun raries 6, 10
2661; 5Ar Béatenfan et eghal WCH% (E%ﬂall Pesein sd@Rbce 2Rntit2R- B(&Ex)sele@fedsglﬁhL
organic nolecule Ilibraries (see, e.g., benzodi azepi nes, Baum C&E News,

1993, Jarmpositi8e apdigegas- ylegatlm bg&@m vcthedatebgsendhe datn ves furtige |r€nm@d nne93,
261, 1303) and/ or pe hos honat es et al O g. Chem
1994, 5910 gBAEFH Yeas vet tch H%Pd QAUBHCES | aésgf(:%teé Cﬁ@egs‘l pyerpl el?mé?lm Sequence
Nucl eosi u 7 t

Qtﬁ'ﬁﬂﬁﬁtw ‘fh@%élﬂi@% dajtgs%? g%c.ilﬁl’ed 0% H:Qﬂore 40é)ecdﬁ§§'v@c} &réxr fd 4 es (see,

libraries (see 9, 083 anti bo
e.g., Vausgiuencest h:ahng kﬁdamr er Bnbmwh rfcmhcrb@;l, Tﬁ@ﬁa,mmdéle(caj se@&ﬁeéﬁlha\angl

PCT/ 96/ b i b t S
1906, 027 #TK487b FabSonS G dhe bt ofg 1% S50 g S Eonpeptedomictn Beddine | ©
Conbi nat Frhrbs, oPERES Fhidh 19 §RuddRE @p@t@t&aﬁ% RENHGs (L 9%@53%%111%1%3
Schwei zer, F; "Hindsgaul, O Current Opinion In Chem cal Biology, 1999

291-298) knpwu;anénrﬂnwr()u S. Pat. No. 20 5,569,588); thiazolidinones and
nmet at hi azanones (U. S. Pat No. 5, 549,974) pyrrolidines (U S. Pat. Nos.
5,525, 73 and r.phol i no co (U.S. Pat. No. 5,506,337);
benzodi aZdBi" r(gg]lsg;o Ser‘ﬂ@ EeBSAE S, 51 %‘n OpteArFncey) vasdisedaf 2 bpsiyi ces
for the [ | | abl e
(see, 15 %reﬁéc%g%ﬂd%re%ﬂiggéﬂ%fslél %ﬂélv ?ﬁ%&ggl%@&%ee% {) gqrgéglmm%,
Synphony ThRaCnnwo;rdanm baysmm Ivademgtx’eaAtoAppﬂrmedn@-msq@hpms ;deﬁuﬁbﬁroanf Y,

Calif., 9050 Pl.us, MII| f or ddlt urreros

Canbi nat GPREYd e MqenBR o e FEHRSL SBritgnea R, ey B Re e g
ConGenex,195% kngfdotthncNarkalysid St iR¥obi ﬁ%s”@&'uclez-guc%q{es ! 26344825448@30 ui s,

Mb., Chenttar, Ltd., Mscow, RU, 3D armaceuticals, Exton, 30 Pa. Martek

Bi o sci ences, Col unbl a, M., etc.).
20  Data Curation And Analvsis

Exact N-terminal and C-terminal translational start sites of genes were identified by
pairwise similarity searches, multiple sequence alignments. Ribosome binding sites,
terminators, nearby genes, operons were identified.
25
The resulting list of conserved genes was used és a basis for selecting and screening
bacterial gene sequences that are essential for cell viability. This Concordance system
was designed to permit high throughput use of the conserved gene sequences contained .
on the list. A set of Knockout PCR primers were generated, based on the list of
30 conserved genes, for the purpé)se of use in the gene disruption procedure described
below. The PCR primers were designed to amplify a central 300-500 bp region of the

ceg (to prevent generation of a functional copy of the ceg gene following integration),
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68 WO 01/49721 PCT/ US00/ 35604 In the high throughput nethods of the

i nvention, several thousand different candidate conpounds can be screened
in a rel avovedyrzshort period of tine. For exanple, each weCT/US@i35604
mcrotiter plate can be used to run a separate assay against a selected

pot enti al I : | f I, O { I.Qn_ti cts . are to
be observe : cgé’lg%&gc_:aig{ g{ € rﬁﬁ%ggg#?l ég@goag?dngzﬁglfﬁﬁoﬂoa& aé%dolirg.gdﬁ]ﬂhg,gtegesi ngl e
st andar d digraptidn precedpteisadesaibeddsiyv.about 100 (96) nodul ators. |f 1536
wel |l plates are used, then a single plate can easily assay from about 100
to about 1500 different conpounds. It is possible to assay many different
pl at es pgf%ggﬁ Bgsay screens for up to about 6, 000-20,000, and even up to
about 100, - Ii 00, 000 di fferent candi date nodul at or conpounds are

possi bl e using the nethods of 10 the invention. The follow ng exanples are

presented. to jllustrate th resent _invention and to assi st one of
or di nar ydgwifpilowwgrpmlﬁas %ﬁ@%ﬂgﬁ%@ & pg%fﬁéuremge@%{ﬁﬁce@a}a@t Hestors 9f ended

Inany vfas_tgm%rfffsa% bt Birldidahec Hl&@ed?ﬂcdets@%én@?’s?ntth - oéé%l% &E 1 The
foll owi ng provides a general description of how a [1st of candidate ceg
sequenc e geneaed gontreamethod Tdescribedt innBsargeaer abed Wyresededabdi gepeatendDiNdat e ceg
gene sequences froma, 20 (ﬁgncordance web engi ne using the nethod descri bed
in: BruccBSBIERLs (RMPIISIBAFRHERIE TS F€qPCICehayi son, D. B. (1998) " Concor dance
anal ygi s of mcrobial genomes” in: Nucleic Acids Res 26:4482-4486.

M crobi al Genom cs CEG Di scovery Process Summary 25 M crobial Concordance
Anal ysi s GeanemenPCRK nokoni TargetJuegnaent iwheratién var i ous bacteria was acqui red
fromseveral public and proprietary sequence database sources, including
GIC (Genone Therapeutics 30 Corporation), and TIGR (The Institute for

Cenom ¢ Resgal ﬁlla%e' format were set up (36 pl H,O , 5 pl 10x Vent™ buffer, 1 pl gene specific,
knockout forward primer (0.5 pg/ul), 1 pl gene specific knockout reverse primer (0.5
15 pg/pl), 0.5 pl Vent™ DNA polymerase (2000 U/ml New England Biolabs, Beverly,
" MA), 1.5 pl each dNTPs (10mM; 6.0 ul total), 0.5 pl S. pneumoniae chromosomal DNA
(0.5 png/ul), 50 ul total volume/reaction).

The nucleotide sequences of the forward and reverse knockout primer pairs were
20  generated from the nucleotide sequence information obtained from the Genomic
Therapeutics Corporation database for Streptococcus pneumoniae. The primer pairs were
each used in a PCR reaction to generate a unique internal (e.g., central region) fragment

- of the candidate gene targeted for knockout.

25  The PCR program was set in the PCR machine (Initial 95 °C - 5 minutes: 30 Cycles of:
95°C-1 minute,' 58 °C - 1 minute, 72 °C - 30 seconds; Final, 72 °C - 10 minutes, 4 °C —
hold indefinitely). 5 pl of each reaction was run on an 0.8% agarose gel after purifying
fragment over PCR purification kit (Qiagen) to visualize the fragments then ligation
reactions were performed.

30
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69 WO 01/49721 PCT/ US00/ 35604 Predicted ORFs fromthe genom c data were
identified, translated, and stored. , The desirable ORFs were at |east 90
am no aciwlopesgd7elues i n | ength. Concordance anal ysis was PETAUSIOSE04anONg
bacteria and various paraneters were used to filter out genes with high

Senuence 114 R, BB R 1A AL Tl 0D AR

private deighras(gedfiateffan steparapoRgt ho @ PBERY - Sgshboutiveowr Genonkiution of
Therapeutics 10 Cor(gor ation, Valtham MA USA contributed data. Public
dat a was vepoaDRhNY af § 0 GagBhnk-5 (1A t10p ligpherpbulir dNawHEngband, BivlabsMhst.0 tlit e f or

of Bever 1) DA Ligwse (HEv<ge Goter gpo0fne biicar! Aot hOedinel o
the Usit eghcKhpgdrmdhttp: // ww. sanger. ac. uk). Additionally, the

non-m crobi al sequence data used as a basis for conparison and data 15
subtraction was obtained froma proprietary database, including the LifeSeq

Dat abase , from I ncyt e. Phar maceut i.cal Pal o, Al t o, Wietr e r.equir

I ncyte ngﬁﬁa‘étb‘qud%(f’ée%@é’ﬁ?eg’ﬂmp Aty ﬂ%?é!"é{?alLé’laltﬁtag 165& é)ivﬁr”@ﬁd’éﬁﬁ%gﬂ% al |
Si X possigBideeadiRgsthidiRns ik Setkdred \he dnilliedatioveldpd8sHdeGRS W th
their data. In 20 the case of other eubacterial nucl eotide sequences, the

pr ogr am @pllawigg dgBadger, J. and A sen, G, 1999 "CRITI CA: coding region
i den 'bfi cation tool invoking conparative analysis” in: Mlecular Biology
and Evolution 16:512-524). The sequences were stored in flat files on a

Uni x Cowmh%%uc&bﬁasqulﬁﬁ@és ¢t theliferteedd afd Revetei i@ aged &t the pbRiritgr eat er
than 90 am no acids. 25 Each predicted protein sequence was conpared to

every ot fiesi wWagugsiertqdain eapimukiyapaer, Hom- theorgslqotide equense iprosgaten used
was FASTA. ( Pear ' " Fl exd u L LYy gSe ' ith the
FASTA3 pr%é’éa%lge% it até\é Noepaufles oo ERifradhy Fé%@ésg £61°8h 6o Dbl
-pneumoniae. The primer pairs were each used in a PCR reaction to generate a unique
15 fragment of the candidate gene targeted for the polarity test. The fragment generated for
the polarity test included the entire ceg coding sequence region but lacking the expression

regulatory sequences.

Transformation into E. coli (strain LE392):

20
The next day, 3 pl of above ligation mix was used per transformation reaction plus 50 pl
LE392 competent cells. Reactions were set up in 96-well plate format; incubated on ice
for 30 minutes; heat-shocked at 42° C for 90 seconds; and incubated on ice 2 minutes;
100 ul SOC media (Gibco BRL) was added; then incubated at 37° C on platform shaker

25  for 1 hour; plated on LB/chloramphenicol (13.0 pg/ml) agar plates for constructs over
night at 37° C with plates inverted and proceeded with colony PCR to confirm constructs.
The universal primers flanking the insert site in pEVP-3 were used for PCR

amplification.

30  The colony PCR involved the following. 96-well plate format was set up (36.5 pul H,O,
0.5 pl pEPV3 forward primer (0.25 pg/ul), 0.5 pl pEPV3 reverse primer (0.25 pug/ul), 1.5
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2000 132:185-219.) The paraneters used were ktup=2, and all scores above
the default 30 cutoff were kept. The output was processed and stored in a
Post G es V@@ oda7abase (http://ww. - postgresqgl . org). G aphPCRUSWEISK04

i nterfaces, using web browser technol ogy, were constructed to query the

dat ab . .70 1/ 497 / 1US00/ 3560 A rdgnce An Sj S was
pgr ? o?sr‘rgdﬂ(?ﬁc}}\/\@e&&ilfo ?lf#ﬁggg&tdg@%nggs@dv?%@gﬁﬁ@r ﬁf?l?émf’ﬁée’. d%/llt lla%‘.eye as show
all St re%@ﬁgqqﬂ%fgqegr m‘ﬁﬁ“ﬁﬁ’%aﬂ%ﬁ‘ {)&ufnreﬁnes with asimlarity 5

greater than or equal to 30% over protel n”sequence identity to both
sel ected gram positive and/or gramnegative bacteria in the database. The

Chan SovaslpdervaRaEne soqadresSBITATER A Lad B MM IPaR a8 =

i ncl uged PEPV S tevefse Poinfer! @@A@Rm@ﬁd&é@@@ﬁmﬁc 3 gﬁgﬁm%%r‘g

known or “unknown function. The am no acid sequences havi
functions formed the basis 'of a |list designated Conserved Unknown Readi ng

, i ch,.i bset .gf the total |i f y
el uctes CHTRn it CARNDRAS SRS Ridkedh PRRGY | Reretoplatd s chien T diskel (6 g
nor et harhiRinSIRAURN ¢RsIba@ throisidubthedlahasi3ge (3 anll Ql'ieirﬁi]?ﬂt@% ig:_i‘lg{z@%ich

screeni ng bacterial gene sequences that are esSentia or ¢ viability.

The Conc deghersieplasedtinio aliswal plagnddiltad thie dithtiothivghuser i algdisRCR reaction

Db Sl BB P RS SRRl skl SRS S PEERb
genomes” fhlugleprepLef slgsnidtandBatéBdy B Bepired AReddBl RordPdkhddinAiBgs Anal ysi s

Exact N-terminal and Ctermnal translational start sites of genes were
identified by pairwise simlarity searches, multiple sequence alignnents.

dent i 1 dde o HiogkiE e bR Tt S B A Rhe S e 2e iad AR 8 °C hsi
for sel eghihiig, ZNTC S0 e€ddindg 72vact @rhahtcgenecsaggnces that are essential
for (igl | viabilit y'. Thi s Concordance system
A 10 pl/ reaction was run on a 1.0 % TBE gel. A gel designed for 96 well plates and a
multichannel pipettor were used to ease loading of the sample rows. The gel was run and
stained with ethidium bromide. The positive clones were identified with appropriate
molecular size insert(s),. amplified by the flanking pEVP-3 primers.
20
Minipreps Of Plasmids To Identify Cells Carrying The Pevp-3 Vector With An Insert

The constructs that carried an insert were identified. The constructs having an insert
were inoculated into a 5 ml LB/Cm culture, and incubated over night at 37 °C vﬁth

25  aeration. Miniprep plasmid DNA was prepared by a standard procedure. The miniprep
.DNA was digested with appropriate restriction enzymes to confirm the presence of the
insert (enzymes flank Smal site in pEVP-3) (10 pl miniprep DNA, 2 pl 10 x buffer, 1 pl
Xbal, 1 pl Xhol, 6 ul ddH20, 20 pl total volume for digest).
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was designed to permt high throughput use of the conserved gene sequences
contained on the list. A set of Knockout PCR prinmers were generated, based
on the |iw0o00§9730 conserved genes, for the purpose of usePCTVUSHESSGENE

di sruption procedure described below The PCR prinmers were designed to

anpl i fy %ocgoorﬁ%igl%l)‘r%é%}éségge anﬁ‘?ﬂ%e&f‘ i d g&. ref@fnS tv?ergrefe\éﬁgﬁh@%gga%%gn of a

functional” T € ceg gene |"ow i'ntegration), 21
PCT/ US00h3&684 gel cindethe Geb vas tstapiedoaith ythidinm byoiige. s The pesipivackthes ege
96-wel | format, and used in_the gene disruption procedure as descri bed

bel ow. EXpgdHcEthe Soprerwopige KWREQH bvitaesduie. descri ption of the procedure
to generate reconbi nant vectors of PpEVP-3 having inserts of candidate ceg
nucl eoti de sequences. The Knockout prinmers generated by the nethod

descr § beG@he roEfanbs ACReactions usingdadch ouggreifiat @inié (qualisgommniod step)
conprising candi date ceg sequences. 10 Genom ¢ PCR Knockout Ta:éget Fr agnent

Gener at i #WobEdast] LbHa.e> RbiGktVepgdusisr. 1uy knoekqut forpyard primer @ N/HDTM

buf fer, I ific. Kk f i : I 1 |

peci 11 c IHdIRER eI S et 1es nebs 0% BP §aPY OBl Pl i atmer "

pol yrer aggnp20881),U 51 Newh BERaipardoBve b s td3eN,e1.0 Yl Mg)&eﬁ DINA fRA¢ feseNTPs
(10mvt 6.0 | total), 0.5 1 S. pneunoniae chronosonal (0.5 g/l), 50 I
total voklome/ f@adttiotah)reactie valiwheot ThitePERoprogtes vk ashipllpwswdy dCafid ¥ ever se

knockout pri mer irs were.~20 generated fr.omthe nugleot. sequ

i nf OE Qrat ?’ﬁﬂut%@gmjfsf%%ft%iméeﬁlgﬁ% &T%fgplemﬁ%%uéo?gg?r i Sgﬁgﬁg%ase
for StreptofRaouainRfRURSIAIaL °CT MEheRirbd¥REe HRThE SothEdtRized afdRrtUSRLonArBePCR
reaction to generate a unique internal (e.g., central region) fragnent of

t he candibyeazarogerse! electjephssesivand adidivi bropederriaimeR dhegroafirmed ckaesin the
PCR rmcmw%?e &sler&' fob ?Ille %5 pgeu'mo%i&g E&%%O&éﬁ‘flp?&eaﬁfe. Glycerol stocks were
made of all positive E. coli LE392 constructs and frozen at — 80 degrees C.

15
EXAMPLE 3

The following provides a description of the high throughput gene disruption procedure
used in S. preunomiae strain (e.g., gene knockout procedure). The candidate ceg
20 fragments that were generated by the method described in Example 2 were used in the
gene disruption procedure in order to identify ceg nucleotide sequences that are required

for cell viability.

Reactions were set up in a 1.5 ml eppendorf tube(s or 96 well plate (1 pg total of miniprep
25 pEVP-3 + insert DNA (usually 10 pl of Qiagen miniprep DNA); then 200 ul of S.
pneumoniae (strain Rx-1) competent cells diluted 1:10 in competence media was added
(1 ml of competence media = 980 pl Todd Hewitt (Difco Laboratories) with 0.5% yeast
extract, 20 pl 10% BSA;'IA pl 10 % CaCl2, and 0.5 pl (200 pg/ml) Csp-1 competence
peptide).
30
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95 C- 1 mnute, 58 C- 1 mnute, 72 C - 30 seconds; Final, 72 C - 10
mnutes, 4 C- hold indefinitely). 5 gl of each reaction was run on an 0.8%
agarose gevowmdarer purifying fragnment over PCR purificatipOT/KBe/I564agen) to
visualize the fragnents then ljgation reactions were perfornmed. 30 72 WO

pi ato. o TR 6 TR g TS E el A6 T4 D he bR M Ve
1.0 | pEIBb{né’cnﬁtT&HIJ(_iSitiveV@mh@I (doh-esdéhtidl)| vt i1qry PEPVI &G @r codiuclt= 408

ng/l), 1.5 1 I Ox |,(_:1ati on bhuffer {New Ena‘: and BiolabsTM, 1.0 1 T4 DNA
Li gase (Newregssgadalii dhemBmNosuell platesgnficpntrals svere pgpbated ax370°G farctdl 5

reaction I : agt ] ons . On I - I e at.
1a°C overhigiiE in FRECHRRRSHRN BuuRES REp0TE RIS Sl af gt 7
Vi vo arrp|1?d‘dt1®dv‘viaragwletepm®e3%t§ieaslnextrefcohﬂld)MQ/gnldﬁnyOrmﬁ?h&ﬁ@l.nucI eoti de
sequences of the forward and reverse primer pairs used for the polarity
test were generated in a simlar manner, fromthe nucleotide sequence

| nfor Mt 14 saABIAWELlcLBIE b0G HERRATSF G RE5APEH] LicandBH, RO Bililatabase
for Streptococcus -pneunoniae. The prinmer palrs were each us I'na PCR
react i on checkgédrfer pteserme Wwficglomics S pEVReTENIA) aind troegroanid (pRM R 3 gls). tRiaget ed
for the polarity test. The fragnen enerated for  the polarity test

i ncl uded Wi ¥ARiRe {?%ggre%h P ?@qﬁ%ﬁ@@bp@@) gﬁ%@ﬁtmga}meﬁf@nw@ 28438 si on
reguligt ory oﬁ%tagggggﬁn Tsahshogaetion into E coli (strain LE3921 20 The
next day, % 1o ov§ l1gation m x was used per transformation reaction
plus 50 | LE392 conpetent cells. Reactions were set up-in 96-well plate
format; incubated on ice for 30 .m nutes; heat-shocked at 42 C.for 90
seconds; TRGDS e Bk o nParEamse i ugar amher Wi the boiifty Tragihents

described in Example 3.

15
EXAMPLE 4

The following provides a description of the autolysin procedure used to determine that
the non-essential control samples of S pneumoniae contain a disrupted lyz4 gene.

20
Phenotypic Autolysin Test

The culture plates containing transformants carrying the /yt4 control vector were flooded
25  with 0.1% deoxycholate in H,O. The plates were observed after 5-10 minutes. Plates
with “ghosts” indicated intact [yt4 gene, or plates without “ghosts” indicated a disrupted
Iyt4 gene. The “ghost” phenomenon is due to detergent triggered autolysis of the cells,

causing a gradual fading of the colonies.
30  The detergent treatment triggers the autolysin in /yz4 intact cells; it cannot trigger the

autolysin (lyt4 gene product) in Iyt4 disrupted cells. Colonies with intact [yt4 "ghost" in

5-10 minutes due to massive pneumococcal cell lysis.
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100 1 SOC nedia (G bco BRL) was added; then incubated at 37 C on platform
shaker 25 for 1 hour; plated on LB/ chloranphenicol (13.0 g/m) agar plates
for constwaet/g97over night at 37 Cwith plates inverted andr/psacseded with
colony PCR to confirmconstructs. The universal prinmers flanking the
insert site in pEVP-3 were used for PCR anplification. 30 The col ony PCR

i nvol ved the follow ng. 96-well plate format was set up (36.5 1 H2O 0.5 |
pEPV3 formmAMBEESer (0.25 g/l), 0.5 | pEPV3 reverse priner (0.25 g/1), 1.5
73 WD 01/49721 PCT/US00/ 35604 | each (6.0 1 total) dNTP,s (10 mV), 0.5 |
Vent TM DNA pol ynerase, 5 10x VentTM buffer, 1 1 of a 1:50 cell dilution,

I
50 | tot \Y : | f . ' -y GCTTAT, oG 3
(SEQ I D %eﬁbw %BE%%a rdg%/‘%@{slgn E? P@r?c%“re%%ﬁﬁr W@& 3!
(SEQ 6D N&xg438gigndtied ORE@soteiihs)in A ebli céls392 were picked onto 'a master plate

of LB + 13.g/m chl oranpheni col (incubate throughout the day at 37 C) and
then into 50 I H20 which has been placed into a 96-well plate. 1 | of this

dilution %P?{@gﬂﬁrﬂdmge PCR reaction 10 (if the 96-well dilution plate

is kept to prepare a master plate). Cultures for

m ni preps of plasm d candi dates may be prepared directly fromthe cell |

di | utionsF The ECR programwas run (95 C - 5 mnutes, 30 cles of. 95 C -
1 i nut e, Futlglepgth ceg spaqiyele insepted into 38 52k GrRISSsIopveetor using thaBt edi BU2lC -

hol d 1 I g % TBE gel . A gel designed for
96 w)éPI ng;}?%%‘ﬂéénséﬁgl%%@ﬁs@@%%ﬁog{ﬁ’@ gﬁ c})lgd'were used to ease | oadi ng of
the sanple rows. The gel was run and stained with ethidiumbromde. The
positive clones were identified with appropriate nolecular size insert(s),

anmpl i fi ed'opgachieegs custam REMSEVReTS used feepsert Noand Qi isrraiss int vestersrsiels thmb
| dent i f | ing. The: : ' | .Th t rct
that oo (s St PLidfite linc OHRD S, KB5S Bboor BRGkNg RS ek ¢

promoter and optimally placed with regard to the pET ribosome binding site. The pET

15  vectors contain an Ndel site which allows positioning of ATG start site in the vector. In
cases where the ceg sequence contains an internal Nde! site, blunt ligation of the ceg PCR
fragment into the vector is accomplished via Klenow fill-in of the Ndel site. In many
cases, primers were also designed such that the ceg 3’ (C-terminus of the expressed
protein) will contain an in-frame extension of 6X-histidine residues, encoded in the

20 vector sequence of pET-21.  The individual cegs were PCR amplified via custom
designed primers as described above. Both ceg PCR and-vector DNA were digested witﬁ
appropriate restriction enzymes. The full-length ceg were ligated into the pET
expression vector. The ligation mixture was transformed into competant E. coli BL21
ADES3 cells and selected for transformants on LB agar with 50 pug/ml ampicillin. Positive

25  insert bearing clones were screened via minipreps of the plasmids and size analysis on

0.8% agarose gels, with detection by ethidium bromide staining, as above.

Protein Production

30 The proper reading frame of each ceg inserted into pET-21 is verified by DNA

sequencing.
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were inoculated into a 5 mM LB/ Cnculture, and incubated over night at 37 C
wth 25 aeration. Mniprep plasm d DNA was prepared by a standard
procedur avO ¥he7ei ni prep DNA was di gested with appropri at eP€BRESO0/IS6040N
enzynes to confirmthe presence of the insert (enzynmes flank Smal site in
PEVP-3) (10 | mniprep DNA, 2 |1 10 x buffer, 11 Xbal, 1 1 Xhol, 6 |

ddH20, 20 gl total volune for digest). 74 WO 01/49721 PCT/ US00/ 35604 To
confirm thempl €36nmé) it adturesLEL coli mzdngem mﬁﬁméllﬁm -befig plasmid is

el ectrophore d on an agaros el and the was stained wth ethidium
bromi de. B S YEPLXPIGHER 'We[%g H@Bﬁl%? %@Xges%%ﬁﬁﬁﬁli s IRBOREUTs

d - i £l
O o s (acarFrs B (oI, SER AR ARe, U BRaSORR eIt oabEs on s
buf f ef, IwHolkeak battct (SiDS\lakﬁla@rdf 1063-1 (Rl & @k treated at 180OCKRY1ES rhﬁfﬁﬁa@?ﬁ) pr i mer

(OSg/I) 0.5 d VentTM (6.0, | ;total) DNA Pol ynerase 2000 U M), I
each dmﬁgtemmmwh@h@ thetpsetgin is qvep-ekpigpssH pidpmidxpies pbthet estect predm;d 50 |

t ot al Yire- The PCR programwas as follows: 95 C for 5 10
m nut es, ﬁg%%/c?(@sl of: 95 Cfor 1 mnute, 60 Cfor.1 mnute, 72 C for 30

seconds, 72 C for 10 mnutes, hold at 4 C. The presence of the

correct- sr%lzed i hsert was confl rmed. by agarose gel electrophoresis and
et hi di umIBE MBI 18 OxPIRTQsycedrard Blapﬁqdr%ahecfoéiﬁwg methed.u e tirgeoscaten& 06

pneurpgni ggo [ﬂw I
posi Iter@ ve E (ﬁﬁ %u Ccoozlsl(t3 ‘g‘?‘g?%ﬁ%l% zen a% ?)ﬁ!f%d\ﬁ‘g)r&h @% g‘]g%%o%g(ANPLE
3 The folahd)\protgmpepq)remmm mddeskc farp? iboorsofvith HE TIH gboﬁrblbﬂlmiﬂﬁugalﬂ%‘sede)
di srupti ﬁcedu ng in S. pneu 3@& e strain (e.g. ene knockout
procedur gﬁl CPHY AR AYTVERLE &&anm@eﬂaﬁ%g & Gha? miersshanebihet ecll psllethe
met hod d?e%ﬁ%ﬂeﬁ@éh iﬂ“z@&ﬁ"&l* Duffelefife dbHSdrd Séﬁﬁ% Q&H&tﬁhswﬁf 0 8%%%&1?” ein
order to identify ceg nucl eotide sequences t are rth|re P
vi abi | i t fluidReendtifugad andow spe¢d (FVOONXaG115 min.)efopenoee furbuikes @ils,96Twe! |
pl at? (1 g total f m nj pr.e
5 sxgpernatant uid, containing the over-expressed protein is subjected to Ni- NTA affinity

column chromatography (Quiagen, Inc., Chatsworth, CA). The 6X-histidine residues

linked at the C-terminal end of the CEG proteins permit rapid protein purification via

selective binding to a Ni-NTA resin column. The protein-bound Ni-NTA fesin was to

remove contaminants, and the bound proteins subsequently eluted with imidazole and

20  recovered. It is possible to upscale this procedure to larger volumes for higher yields of

proteins.
EXAMPLE 6

25 The following provides a description of the methods used to purify all 2CEG
polypeptides (e.g., 2CFE polypeptides #19-117; SEQ ID NOS:349-436) having a
histidine tag at their C-terminal ends. The 2CEG polypeptides having the his-tags were
produced by the methods described in Example 5, supra. As an example, results of
purification of 2CFE 75 polypeptide are presented.
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25 pEVP-3 + insert DNA (usually 10 | of Q agen mniprep DNA); then 200 d of
S. pneunoniae (strain Rx-1) conpetent cells diluted 1:10 in conpetence
medi a wasvadded21 (1 ml of conpetence nmedia = 980 | Todd HpewuUseo/I5BI4f co
Laboratories) with 0.5%yeast extract, 20 |1 10% BSA, 1 | 10 % CaCl2, and

0.5 | (Zwoﬁgg%bﬁoﬁﬂebm@&ﬁggg peptide). 30 75 WO 01/49721

PCT/ USO0 ntrols were run wi th each KNOCKOUT experinent and

i nvol ved 1g pEPVS Lyt A construct —p05|t|ve control (non-essential), or 1
g pEPV3 ru = _negative_ . contr (essential). Then the 96 wel |l

pl at es s 0 RDES S boRe s B bIaGRE £ e ear i tsn ROGPSFROB% C 1 oom
W thout SOAkh ES%@‘?%;?Q@OS&LM%EI} Wers 3, MeL8 ot %Q%tgﬁ%g&%%ﬁ Wit

agar pl at east extract chlora € sanpl es
were b ncUMhetnethe\Afgso macgietl appro&?maffe]lyro @%r@ém prn&mdm@hmas 1ﬁ1\hwed (b!y affiagaso wer e

checked far esenc of _col oni es a yt A). and no 8

( pEVP- 3: H?Ms g cellyayeze culipen dar fa%rademmlh2 (heyrs. 7 hq5911 asllefnvas)
desi gnat w@ecw ﬁlgat%orﬁraﬂd %r%r&ueagdf‘ceﬂ BII&Sy %%hfb%&hﬂ%oﬁﬁﬁﬁ% '(Té]d
genes. The polarit t was perforne s m manner, using the

pol ari t y nfiviagaRy; 3’300 IdMNaChepﬂl&ﬂ)Ex?ﬁhq)Bm&tedlBelEMMELcEnmﬁﬁgﬁ ﬁtDl0,0m ng
provi desggbé/gescrl tion e&fr the autol ysin procedure used to determ ne that

t he non- i regiove i 99 Ss anpl es of Spneunoni ae contain a disrupted |ytA
genejp20 Phenotypic Autolysin Test The culture plates containing
transformants carrying the IytA control vector were flooded 25 with 0.1%

deoxychoPatifcationHPRTheTREE Pobtestideer e observed after 5-10 minutes. Pl ates
with "ghosts" indicated intact |ytA gene, or plates wthout "ghosts"
i ndi cated a di srupted ‘

The supernatant was diluted with Solution A, loaded onto a Ni-NTA column (Quiagen)
equilibrated with Solution A; the column bed size was 2.5 x 25 cm, and the flow rate was
15  approximately 3.0 ‘ml/minute. The 2CFE protein was eluted using a linear gradient of
imidazole, using 0-250 mM in 450 ml, flow rate approximately 3.0 ml/minute. The
eluted samples were collected as 22 ml fractions per tube and the eluted samples were
monitored using spectrophotometry. The arhount of protein in the eluted fractions was
estimated using the Bradford method (Bradford, M. M., 1976 Anal. Biochem. 72:248) and
20  the samples weré run on an SDS-PAGE gel (Novex EC6008) (Figure 3 A). Fractions
were selected for pooling based on the results of the SDS-PAGE gel. The pooled
fractions were concentrated using a 10,000 MW Centricon (Amicon) to approximately 5

ml.

25  The 2CFE 75 polypeptide, a precipitate formed and was redissolved upon increasing the

sample volume and removing the imidazole by repeated concentration in 50 mM Tris,

100 mM NaCl, pH 7.5. Varying amounts of the 2CFE 75 polypeptide were diluted in

either 20 mM Tris, 20 mM KCI, pHﬁ 7.5 or 20 mM Tris, 20 mM MgCl, pH 7.5 at

+ concentrations of 12, 24, or 36 ug/ml. The diluted samples were electrophoresed on an

30 SDS-PAGE gel under non-reducing conditions (Figure 3 B). The results of Figure 3 B
suggests that 2CFE 75 forms a multimer.
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| yt A gene. The "ghost" phenonenon is due to detergent triggered autolysis
of the cells, causing a gradual fading of the colonies. 30 The detergent
treat mrentwopi/gggers the autolysin in [ytA intact cells; itPCHRUR@3S604 gger
the autolysin (lytA gene product) in IytA disrupted cells. Colonies with
intact IytA "ghost” in 5-10 mnutes due to massive pneunococcal cell

lysis. 76 WD 01/49721 PCT/ US00/ 35604 EXAMPLE 5 The follow ng provides a
descri pt IEDOAMIPIIINE procedure used to express the CEG proteins 5 (e.g.,
designated CFE proteins) in E. coli cells. CEG Protein Production

Ful I -1 ength ceg gene were inserted into pET-21 expression vector using the
E. coli r For
each ceg,%lh%ljjfg]tk}‘gmg IQE% d8§<8 £§&{??1B88%%lgr%éee%£ﬂﬁsw% fpgh tergr’slglﬁ‘ﬂ?ﬁS t? ges\/ectors
such fhathat tldek e5h1s&<ﬂlde (tzi‘g {eat. MOEIS polyptteleCEG)1 7t SEQOE) NGBS -Mg)perd ah f or
expression behind the T7 pronoter and optimally placed with regard to the
PET ri bo§6ﬁfﬁplﬁs%F??@@Pf@lrlﬁﬂ@r@o%ﬁrcﬁg 3\E@iﬂ§’?§ %@ﬁﬁ’éﬁsﬁmaﬁl} Ndel site which
al l ows positioning of ATG start site in the vector. In cases where the ceg
sequence contains an internal Ndel site, blunt ligation of the ceg PCR

f ragment Purificationenf\tkecCBE 3i Bolgeptidel | shed via Klenow fill-in of the Ndel
site. In many cases, priners were al so designed such that the ceg 3
(C-term nus of the expressed protei n) will contain an in-frame extension

of 63phi §hi s rﬁ?bﬂ/g@mee%é)ﬁ B LR 2t@levl O§cai%efeigﬁ??1§iu9éd %lr:e-]c-ﬁgdl The

i ndi vi dual cegs we VI a chistom tdesi rimers
descri bedestbibee in Battpleey sam afihe QEEED (IBQIDN@: ﬁnypalypq)tiﬂe tldﬂ:ks aC-

L G A TR M 7ot g R (R PRAHS] dRifgdL, fealEBpet ant
E. coli ?l‘(%l?ur%(DEﬁleCﬁllﬂ’E 3%@@2{1&&@%&1&&1 wa@t%ﬂted R 2 28R otcg Riro¥d th S0
cil 2

g/m anp Positive sert bearing clones were scre via
m ni pr epsolofunt (Rhaphadai dsngradO-shOzM Aedll yradientn 2 ﬁﬂ/&%ﬂgeﬁmeatg,ehﬁd thid t h

det e% on a%}/en?tsgé g\;alsjq]lptgr. hen ﬂsle Sbﬂi rEs»gpolypepf1 Ogvgs eluted from a hydroxyapatite
Bio-gel column (Bio-Rad) using a 5-200 mM potassium phosphate (pH 8.0) gradient, the
flow rate was 0.3 ml/minute, and the gradient size was 300 ml. A sample of the 2CFE 3

preparation was run on a polyacrylamide gel (Figure 4).
20 EXAMPLE 8

The following provides a description of the size exclusion chromatography methods used -
to estimate the molecular weight and determine whether the CEG polypeptides
oligomerize. The CFE polypeptide may olimerize to form monomers, dimers, tetramers,

25  hexameric rings, or other oligomeric forms.

Size exclusion chromafography was performed on all isolated 2CFE polypeptides #s 1-
117 (e.g., SEQ ID NOS:332-436). This method was performed using various types of
columns, depending on the particular 2CFE polypepeptide tested.
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Protein Production 30 The proper reading frane of each ceg inserted into
PET-21 is verified by DNA sequencing. 77 WO 01/49721 PCT/ US00/ 35604 A
smal | (2vOmA97eest culture of E. coli BL21 2 DE3 with therCT/uS@risel@eari ng
plasmd is tested for protein expression by I PTG induction of the

expressi i, 8§IP§EEg§ISlIE?LBC@JI%1ltraEQE R e@fglbﬁg'% Lgléo\fgtro%%ﬁgc)géﬁ used

SDS- Pol yacr trophoresi s ana extract
(SDS ext facdxanipld) t&charattedfe CEEISS Thieembbide phast 3hs©.2 M KFT,R0pU8.9%) NAOL

det erm ne whet her the protein is over-expressed and migrates at the correct
pr edi ct e@H Gl ecul ar wei ght. The protein is overproduced and purified. via
the followi ng nethod. A large scale (500- 10 1000m ) culture of E. coli is
grown to early logarithm c phase in broth (e.g., LB broth) and protein
expr e$si dhe iPhdnorehekof002x Idunsn WHiddep | FECS DG polopyl wi tdedp fal exainphd tie) .

cor 1 pol PERESien {obndbdin 00 Hie TGS PSF . forriveLerl gsrf‘%f{‘§5q‘35%%a”d e

soni cati qp, Hla@%éi}i“? OSHRETIOFOBINACT hiti H 1G8Mnfirufid g4 G@&OA A 0 X G
15 nmin.) to rermove unbroken cells. The 15 super nat ant cont al n| ng the

over - exppegsndeieritreatr280ansubj ected to Ni- NTA af fini ty coI um

chromat ogr aphy (Qui agen, Inc., Chatsworth, CA). The 6X-histidine residues
linked at the C-termnal end of the CEG proteins permt rapid protein
puri fo cagxoMPIE 9sel ective binding to a Ni-NTA resin colum. The

protei n-bound Ni -NTA resin was to renove contam nants, and the bound
proteins subsequently eluted with imdazole and 20 recovered. It is

possible scal e thi.s proced VO f her | ds of

P ot ei ne  MEARRE Erivu: RUBERRHGE of B AT SAiBERbA! pes 5 REah Bt nocs

used to piMildiie@bbtwieEGhe BRINIERE ise@fenle. ¢f the mgagwﬁﬁ&blaﬁ@%ew&césl? SEQ

| D NCS: 349- 436) having a histidine tagbat their term nal ends. The 2CEG
a

pol ypept Perskableatihraughtmiblipiagd tpaepricisy ¢latabases. In many cases, the function of the
15 CEG polypeptides was suggested by the results of the similarity searches. The function

of some of these CEG polypeptides has been confirmed by performing additional
analyses. Table V provides a list of the suggested and confirmed functions of CEG
polypeptides designated CFEs #1-117.

20  The putative function of the CFE polypeptides were determined using computer-aided
bioinformatic approaches, including distant homologies, motif searching, or predictions
based on statistical rules. For example, the distant homology approach involved pairwise or
multiple sequence alignments, employing tools such as FASTA, and Psi-BLAST. The
motif searching approach involved using sophisﬁcated hidden Markov models. The

25  approach based upon predictions of statistical rules involved prediction of transmembrane
regions, coiled-coil, and other structural motifs. These approaches have been reviewed in
Computational Methods In Molecular Biology 1998, eds. Salxber, S.L., Searls, D.B. Searls,
and Kasif, S. , Elsevier, and in Bioinformatics: A Practical Guide To The Analysis Of Genes
And Proteins 1998 eds Baxevanis, A. D. and Francis Ouellete, B.F. , Wiley-Interscience.
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produced by the nethods described in Exanple 5, supra. As an exanpl e,
results of purification of 2CFE 75 pol ypeptide are presented. 30 78 WO
01/ 49721 WRC1/4800/ 35604 Production O The CFE Pol ypept i deeT/Uhe/Bh@12 DE3
cell's harboring reconbinant pET-21 vectors carrying a 2CFE nucl eoti de

EQ | D NCS: .24 | t d LB. br ot.h t
e o | | PR SSqNRET FulaB0 Gt Nt BV BIRA g o B8R0 ArgreniPirotict  on
was i nduggdhdyordeided @sstnfalBdnefedudh&s (Ble msl B1YRISEG wbiNGSd flﬁ‘%%?{b

additional .2 hours. The cell pellet was col l ected by centrifugation,
the col | é%e@@dawsr apwinhigdundast piotdie detebasernsdg the BIASTY slgoritiv (RO 300 mvi

Nad , pH T t. cel ged at. 000 ., RPM.t 0
remove th ?"II 21%9?0%6% ?eglgf'fl]%)e% g@%‘ig%({gg jBea ?lﬂilfajdéea*ﬂ'é R nat ant
was df | usa}ﬂxemets hweelidértidiedAn theedodatice @atiBas®NTifing Ahe! NelgfHb29®Adtion
equilibrated wth Solution A, _the colum_bed size was 2.5 x 25 cm and the

f1 ow r at EBiNgeolen K. dhoPeugheiyel - Dayisan LBn W Neplsicotyids ﬁﬁthé(]r?)Wé§2el ut ed
using a L arg&g@tg B iPlhel SHkABRE frind! 3Li0%e SR B Dniededlpa fp A rate

appr oxi mat e es were

fracti onproper readigg afrdmb,hBIﬁckSlTeﬁpes 3eptidag Weid CIDOSTADS eghltisle NSequence

spect rophot onet r The anpunt @g ngot einin the eluted fractions was
t

esti mat eBIERGHE flﬁggmsaef%r &t 20 ( Bfedenas: Bnzvpol \B66: 385742 iuere wBedchem

72: 2 Al I e

(Fi gﬁ(?)e %8@%1 %Q%regg% ?ons ﬁe%%é%glvg%% g’g f?‘ﬁ'n %gl sfglt(jbgoﬁﬁ? ﬁggfné@%l) ts of

t he SDS- RAGE ag,elQ9)9T Mot eids Res. 27(1)A1S-210) End: Bfmegialt:lg ;@Shtéiﬁellrﬂﬁ , @&t &g 000 MW

Centrico to r e ol ypeptide, a

preci pi t2@@%%%‘45’48%%gszogzL)g’?és%q@)e&dgﬁwaﬁhég%%mfi’ga%%%equglé%ﬁB@thﬁoI ume

and r enoyiRg Wi ahd A84R) SorR¥mbRRRela 1f IS ok O Bsihd tROPEMeoh Sold
recognition program (Sippl, et al., 1992 Proteins 13:258-271; Sippl, J. 1993 J. Comp.

15 Aided Mol. Design 7:473-501; Www.pmceryon.com) and Geneformatics.

In bacteria, many operons include genes encoding different proteins that catalyze discrete
- steps of a common biochemical pathway. Therefore, the operon structures in S.
pneumoniae was compared with that in other bacteria in order to predict the function of

20  CFE polypeptides.

Additionally, analysis of bacterial metabolic pathways were performed using Pathway
Tools from DoubleTwist, based on the EcoCyc system (Karp P.D., et al., 1999 Nucleic
Acids Res. 1999 27(1):55-58). This analysis was used to predict which CFEs mediate

25  various steps of the pathways.

When the sequence identity between a CFE polypeptide and the annotated database (e.g.,
SwissProt, Genbank) was low (e.g., sequence identity less than about 30%), a Protein
Threading (e.g., fold recognition) method was used to predict similarities in the folded
30  protein structure of CFE polypeptides in the absence of a high level of sequence similarity
“with proteins in the databases (review by Teichmann, et al., 1999 Current Opinion in

82



100 MM NaCl, pH 7.5. Varying amounts of the 2CFE 75 pol ypeptide were
diluted in either 20 MM Tris, 20 MMIC, pH 7.5 or 20 M Tris, 20 nM
Myd 2, pWwG@ob4®el1 concentrations of 12, 24, or 36 ug/m . FoERUS0/as6@d
sanpl es were el ectrophoresed on an 30 SDS- PAGE gel under non-reducing

conditio 1 ; ) r ; I : P E 75
Forms o mucrrasblol Sa0 00 R ST R 5 SA Bl RS bR 5T g
provi des aaqudes saqupndedn.go fCHEh polypaphide seqrencks) withwencl yf BEGoldsliy peidiirdes 5

that lack a histi.dipe ta . 0., 2CEE pol ypeptides #1-17; SEQ ID .
NOS: 332- é‘&%‘j@ P}@elﬁﬁ{}“@‘ﬁ%ﬁ? I%Ef q&:gge.‘ﬁle Byog BTGP desslopd, mpmtained,
pol ypept izdeupdfedPthRAGRER dhe ggwch&,}&ggsi.on of the CFE 3 Pol ypeptide 10 The

2CFE 3 pol ypepti de was produced using the |arge scale | PTG i nduced net hod
descrPbed in Exanple 5, supra. The 2CFE 3 (SEQ | D NO 334) pol ypeptide | acks

C- ternjnpal chistidine.t The 2CEE.3 pol tid ified usj
5 col unm R (ot BhRbtdt sBRerh B8 PR BT Bt EGd B HEL Lo S
26/ 10 Q SH{TEE @6Kpefides! .%,gs%(%mmosmw&bap Th fold (%sdl}g,ﬂ}l%&%ts ﬂ)’f%gé}f’ﬁﬁer%ézlz 5

e e

m/mnute flow rate, .he 15 gradient size was 1 liter. Then t
pol ypept iVifée Wead o) grneiater pairivise pRadeeyaligamients. Biewajstisecssiquence (ABzom@s)

003 /st e 0 BEEAE pBPGRAE! @RGSRt EolerofponiEhicre o

prepabati on was run on a pol yacryl am de gel (Figure 4). 20 EXAMPLE 8 The

fol | ow n%%]gr ovi des a description of the size exclusion chronatograph

met hods dPaTFGSee QGRS SREICHES| Wels alpo wepdyiie campaigethe rpfisiienwifeetifenal t he

CEG poly i i | i de . Ol i form
RERIeS B the A GAE ik Slatg Tith B89 prog@ggﬂé&. TR

| i-nerize t
nononers, dinmers, tetraners, exa or g!rfggﬁl(%aééeﬁgﬁlle%
forns. Sivme getwhatsd diy asingmamddplapbyquense péEphosne ddeived! froinsal dtresuRCFE
pol ypeptifies #s, 1- f117 (ie. - SE(? | D NOS: 332-436).. This nethod was
per f or med aaséﬁiq?&og £ pigte lisyg)egel@ra e a conservation profile which provided sequence-

15 specific positions conserved across a homologous family of protein folds. Comparative

modeling was used to search the model of the query polypeptide for the critical residues and
determine whether the structural and functional motifs are conserved in the query protein.
Conservation of structural and functional motifs permitted assignment of putative structure

and function to a query polypeptide sequence.

20
The Protein Threading method was used to search for putative folded structure and function
for all CFE polypeptides (SEQ ID NOS:114-226). The CFE polypeptides having signiﬁcant
sequence identity (e.g., more than 30%) to known proteins were assigned pﬁtative functions
with a high level of confidence.

25

EXAMPLE 10
The following provides a description of the methods used to characterize purified, CFE

101 polypeptide. The 2CFE,; 101 polypeptide mediates the conversion of pantothenate to
30 4 phosphophantothenate, and is predicted to be a pantothenate kinase. ‘
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col ums, depending on the particul ar 2CFE pol ypepeptide tested. 30 80 WO
01/ 49721 PCT/ US00/ 35604 The Biosil SEC 125 HPLC Gel Filtration colum

(Bi oRad Mvabor/at7ori es, Inc) was used, for exanple, to chararwsen/ser4CFE 8.
The nobil e phase was 0.2 M KH2PO4, 0.9% NaCl pH 6.8. 5 The Phenonmenex 600
X 7.5 mMEB0568 000 um was used, for exanple to characterize
2CFE 21 and 39. @ﬁ?ﬁ% |e1§c%{nase for size exclusion was 50 mM Na2HPO4, pH
7.0 and 150 MM NaCl run at 1 m/mnute in a Gl son HPLC system with

rotein detection at 0 nm .10 EXAMPL fo rovi des
oo | pt 1Bk R D BT ot ARG it ESamBlF SHPEn TESSIOmt I8 | 11 o
bet ween taﬁﬁn&%@@ecﬁféhé‘e éﬁﬁé‘@F‘Eel%lq;olﬁﬂé t1§%§tﬂlgﬂy W@l(ﬁ%@%‘&rﬁﬁ%% S

avai | abl e through public and proprice€tary ases cases
f unct f on anfing raeldlseq:DE®qo@lfytb@p10aﬁepmﬁms (Sfu@gersiled Thys,t GEEr é&lulnuay bt 4 he

simlarit ar che . The f tion Some of these ti de , has
been con1p)fglil Y456y nYV cfﬂ?ql?%ﬁal 1° QFAvySEd E]”gEP%'RQ}k%%g a i st
of the s Herm@{Figured).f unctions of CEG pol ypepti des deS| gnat ed

CFEs #1- 17 2 The. put atlve function of t.he CFE pol ypepti des were
determ ned usi ng conputer-aided bioinformatic approaches, including

di st ant Qﬁf&ﬁaﬁ)% bis e{nidf i?%?z[r%ﬁl.l’ﬁ%is' OIFhe[Hn%ijét ONng based on statistical
rul es. m@m@_&%mﬁ_m%mmﬂ%%| ved pairw se or

nul tipl e sequence alignments, enploying tools such as FASTA, and Psi - BLAST.
The notif sear chi ng approach invol ved using hi sticated hi dden Markov

nodel s. fisuls dgppisac and syeday, 6tﬁhrwréomélﬁ .mﬁho f Weteabsedt focdgtermine dhe

i | ved g t .
Gy uot ur S0RG iR g " RRIRIERAN ol BRERE: plifienffir Por eflPalna
Met hods IrrreﬂMnll eaylasd B ehagsterdR9the Ritked Salwbdeof ildted 2658 16 ($EB@.IDSear | s,

and Kasi f El sevier, and in Bioinformatics: A Practical Guide To The
Anal ysi s N§: @nes
15

The starting concentration of the 2CFE 101 polypeptide was such that ODyys was
approximately 1.5, and the OD,gp was approximately 0.05 (e.g., 0.05 to 0.1 mg/ml). The
starting concentration of 2CFE 101 was approximately 344 pM in 50% glycerol, 50 mM
Tris, 100 mM NaCl, 5 mM MgCl,, 0.5. mM EDTA, at pH 7.5. The polypeptide was
20 - diluted to a final concentration of 7 uM, as determined by absorbance at A,g0, in 20 mM
Na-plﬁosphate, 100 mM KCl, at pH 7.0. The circular dichroism analysis was performed
using quartz cuvettes, the instrumentation was from JASCO (Model J-720), the readings
were performed at 25 degrees C (Figure 6 A). The band width was 1 nm, the sensitivity
was 20 mdeg, the response was 0.25 seconds, the scan speed was 50 nm/minute, and the
25  step was 0;5'. The circular dichroism thermal melt analysis was performed at a range‘of A
between 0 and 100 degrees C (Figure 6 B). Additionally, the circular dichroism was

performed cqmpa.fing monomer and aggregate pools of 2CFE 101.
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And Proteins 1998 eds Baxevanis, A D. and Francis CQuellete, B.F.

Wl ey-Interscience. 30 81 WD 01/49721 PCT/ US00/ 35604 dd obal sequence
simlaritwoss#ehes were performed using the am no acid spQUEsResso@f al |

t he conserved essential gene sequences (e.g., CFEs 1-117; SEQ I D NOCS:
114-226) 4R g ESA RS egst a non-redundant protein dat abase usi ng the
BLAST2 a S.F., et al., 1997 Nucleic Acids Res.
25(17):3389-3402). In a SI m | ar search simlar 5 sequences were identified

|n t he ancord nce dat abase using the "Nei ghbor™ function Bruccoleri R
£ DoughEe grohpn CEapROatoRy B avae Er B i g ﬂeésBmgé%E@)c .

4486). Tas delcpho b Exurbls F&E;ﬁz@i crrd r&mtpgugg%stdma@ ¥ B pibhiad enoth
and in the proper reading frame, BLA esearc ng an mul tiple

sequehc e foralsi momeners(401E06 gdaysand. @gonmrs é1I94 00029% I\?ﬁtmmmﬁémz:mmy of the

266: 383- 402) wer e sed 1Q. Loc nce s barit ear.c wer e

per f or medOTRYRCE g} HQI%@UF%P @%@?Fﬁo‘f“%rﬁfrm?mede%/ ‘%Fcnbeggg@“f\lucl eic

Acids Res. 27(1):215-219) and Pfamnotifs (Bateman A, et al., 2000

Nucl ei ¢ Aci ds Res 28(1):263-266). .Additionally, the arﬁ no aci d sequences
; e isybyzed by performng protein threading analyses using

the ProCeryon foI d recognition program (Sippl, et al., 1992 Proteins

13: 258-271; Sippl, J. 1993 J Conp. 15 Aided Mbl . Desi gn 7:473-501;

W, PO OC EhY B cBERlcaPlafeaiTRhODBE 1103 polyBeRARIS BisedBNhGRET DIB cdpdide
genes encoding different proteins that catal %/ze di screte steps of a conmon

bi ocheni erdynsatssowsydesqiibadelioVellan.h. Spet eh ($8§7udt Bk Lhem. 362:286824BHI ae was
conpar ed ég'r%ﬁt, Qﬁt Jl %Agltdlft?éwpﬁ%tg[ t%emrb&r%g%_tzgggg)ed! ct the function of

20 CFE polypeptides.” i ‘onal anal'ysi’s ct’erial netabolic pathways
wer e perforned using Pat hway TooI s from Doubl eTwi st, based on the EcoCyc
system (Karp P.D., et al., 1999 Nucleic Acids Res. 1999 27( )gl% 55- iwf Thi s
anal y3| sBm yubedssay peenrEermgd; ashfodpws. i rgacsionsipclnded: o885 18k o8 1o t he

pat hyeys 1 g0 (LS. §)63§ MT?\FAbf—’{ WAV RERTE (187 i e i3S AN L e
pyruvate (56 mM), 5 ul LDH/PK (lactose dehydrogenase/PK; Sigma, catalog # P-0294,
60 U/ ml PK, 1050 U/ml LDH), 5 pl of the 2CFE 101 polypeptide (9 mg/ml in 50 mM
Tris-HCI, pH 7.5, 100 mM NaCl which was diluted to 4.5 mg/ml in 50% glycerol). The
reaction was started by adding 10 pl pantothenate (iOO mM; Sigma, catalog # P2250).

20 The production of ADP in the reaction was monitored by measuring the absorbance a 340
nm. The results in Figure 8 show that the 2CFE 101 pdlypeptide mediates ADP
production in the presence of pantothenate and ATP. The K, of pantothenate (n=4) was .
144 (£16.5) uM, the Vi, of the 2CFE 101 polypeptide (n=4) was 2.04 (£0.25) pM min”

mg”. The monomer form has a specific activity of approximately 1.7 pM min™ mg™.

25  The oligomeric form has a specific activity of 0.26 uM min” mg™.

Alternatively, the 2CFE 101 polypeptide can be tested in an assay that monitors the
conversion of pantothenate to 4’-phosphopantothenate. The same reaction described °
above can be used, except MC-labeled pantothenate is used. The. reaction can be

30  monitored by measuring the amount of *C-labeled 4’-phosphopantothanate produced.
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Swi ssProt, Genbank) was |l ow (e.g., sequence identity |ess than about 30%,
a Protein Threading (e.g., fold recognition) nethod was used to predict
simlaritwest/iu2t he fol ded 30 protein structure of CFE poPgpEptuiest i n t he
absence of a high level of sequence simlarity wth proteins in the

dat abase%;@g%/ y Tei chmann, et al., 1999 Current Qpinion in 82 WO

01/ 49721 /1 5604 Structural Biology 9:390-399). The Protein

Threadi ng nethod predicts the conpatibility of a query sequence (e.g., CFE
pol ypepti_de guences). with each of the fqQlds in a lLibrary of __known
protein ﬁw@ﬁf%@. projides pylesgriptign Cﬁﬁg%\ﬂ‘eﬁ’rog? 554l tor hagractrizs pygfigdvelBped,
mai nt ai ne, ;nganek gpgarfyﬁelpﬁdég,%mﬁféta ERERRATHERNOERRS TiR 1’8\3’[5%?51 inBfude
potential structural folds, ontd which each query was conpati ble, was

gener at edhelicase mhdticBFEip ovhigie pyities Hollglay SEQctidh Moplatkd 4@ 263clvebhitd ol d
assignnments. for each quer r sed to nerate pairw se sequence

al 1 gnmentlupley RtrugliFes, 'y ot girlhade Sficegh FeRitian Was ROUSE Py EREPEOEoHr of ei n
model s oftehpRtdUety RotnpPantthee (R HelicabdEsi! WRERULSES)for 1Re Thea %gﬁw se
sequence alignnments were also used to conparé the position of critical

resi dues thfoughypit gssap empieying Bumbsserecedpbdled temptatesr y pol ypeptide. The |i st of
critical residues was generated by using nultiple sequence alignnents
derived froma structural «classification of proteins to generate a
consapvatd@mmpeokidee OoRigabisgt ovi ded sequence 15 specific positions
conserved across a honologous famly of protein folds. Conparative
nodel i ng was used to search the nodel of the query pol ypeptide for the
critical [ AN Jer. t a n ungGt i I

ot 1 o aries Ry 3t SR e WASHRA! i BERIC U R WP B ORE and
functi ondd pelypdpsidpefSBQ TBANaGE s14R)nenin KuvAuhahblogust rTied YoMpardddd Alsict i on
to a query pol ypeptide seqguence. .20 The Protein_ Threadi ng net hod was used
Lo sear cHUBSPISSRIATR ! FI0A N1 SRtiaPe Rard okl for al | OFE

pol ypgpti des (SEQ I D NOS: - 114-226). The CFE pol ypepti des having significant

Previous studies by Parsons and others have shown that RuvA and RuvB proteins, in E.
coli, promote branch migration or movement of Holliday Junctions during genetic
recombination and DNA repair (Parsons, C. A., et al., 1992 Proc. Natl., Acad. Sci. USA
89:5452-5456; Tsaneva, I. R., et al., 1993 Proc. Natl., Acad. Sci. USA 90:1315-1319;

20  Muller, B., et al., 1993 J. Biol. Chem. 268:17179-17184; Mitchell, A. H. and S. C. West
1996 J. Biol.- Chem. 271:19497-19502; Parsons, C. A. and S. C. West 1993 J Molec.
Biol. 232:397-405; Tsaneva, L. R., et al., 1992 Molec. Gen. Genet. 235:1-10; Mitchell, A.
H. and S. C. West 1994 J. Molec. Biol. 1994 243:208-2’15).

25  Size Exclusion Chromatography

Size exclusion chromatography was performed on 2CFE 39 (SEQ ID NO:366) and 2CFE

21 (SEQ ID NO:350) using the Phenomenex 600 x 7.5 mm Biosep SECS 3000 column,

. as described in Example 8 supra. Protein standards (BioRad) were used to calibrate the

30 column, including thyroglobulin (670,000 Da), gamma globulin (158,000 Da), ovalbumin
(44,00 Da), myoglobin (17,00 Da), and B-12 (1350 Da).
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sequence identity (e.g., nore than 30%9 to known proteins were assigned
putative functions wth a high |level of confidence. 25 EXAMPLE 10 The

fol |l ow ngv@oowd7ees a description of the methods used to chaET/ASWESHEe
purified, CFE 101 pol ypeptide. The 2CFE: 101 pol ypepti de nedi ates the
conversion of pantothenate to 30 4' phosphophantothenate, and is predicted
to be a pantothenate kinase. 83 WO 01/49721 PCT/ US00/ 35604 Conput er - A ded
Conpar i sdheTaailts dnficdte thaa RGEE IVooar) Soms etadeseantd REFE N1 Fail)|fernds supr a,
suggests that the, am no acid uence of the CFE 101 pol ypeptide (SEQ ID
NO. 210) PEXHDYSiTHHE aHUEHTE he Seletizeh ﬁﬁﬂsii Ppleuchie electrerborseh P ot ei n of
E. coli. ](Nm ot henat e ki nase, which nedi ates the
conver si gﬁwé@%agﬁ%)%%enat gge{ﬁg(lﬁgmggbsphophant ot henate (Figure 5). G rcular
Di chrdismand Circular Dichroism Thermal Melt Analysis 10 G rcul ar

dichroisr’laa i, rcul ar dichroi t'lt re used to determ ne the
fol ded s '@@%@@Mﬁw s pol ypept i des. For

exanple, this nmethod was used to characterize the fol ded structure of
i solated 2CFE 101 (SEQ I D NO 421). 15 The starting concentration of the
2CFE 101 The| yadbdaydelungtion uehelysisit wap2psriomeed apsins xiadinldieled] . Syntheiit, t he

concent r SETBRCEE bty oS sEnoar o st B HHoBo% drgcSr Gl V8E v
Tri 51010Q993MNACE0:787-708 MIGE2HoBidRy JoMtioRTmphitesPiveré. Srodided hohyRaREE de was

20 diluted to a final concentration of 7 M as determ ned by "absorbance at
A280, i nteasthem fona senrsaiph sinsle-sitandadh okigpnucigotigs) strands thdomn rfewt-giranded hr oi sm

anal ysi s sttfictuRds r(é.g.r, I?fedl-lolliday Junction template). The Holliday Junction templates were
reacted with the 2CFE 39 and 2CFE 21 polypeptides, in a helicase reaction, to test their

ability to generate two duplex structures.

15 )
Producing the Synthetic Holliday Junction Templates
The asymmetrical Holliday Junction templates were produced by annealing the following
oligonucleotide sequences:

20 '

Oligonucleotide strand 1:
5’-CCAGTGATCACATACGCTTTGCTAGGACATCTTGATATCAGCCCACGTT
CACCCGCCTACCAGTGCCACGTTGTATGCCCACGTTGACC-3’ (SEQ ID NO:438)

25  Oligonucleotide str;md 2:
5’-GGGTCAACGTGGGCATACAACGTGGCACTGGTAGGCGGGTGAACGTGGG

CTGATATCAAGATGTCCATCTGTCCGTTCATCTATGACGT-3’ (SEQ ID NO:439)

Oligonucleotide strand 3:
30 5-AACGTCATAGATGAACGGACAGATCATGGTGCTTTTAAAGTCTAGAGAC
TATCGAGCATTAGTACCAGTATCGAATCCGTCTTGTCAA-3* (SEQ ID NO:440)
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using quartz cuvettes, the instrumentati on was from JASCO ( Model J-720),
the readings were performed at 25 degrees C (Figure 6 A). The band w dth
was 1 nmwohe4wensitivity was 20 ndeg, the response was BCPES@3sends, the
scan speed was 50 nm m nute, and the 25 step was 0.5. The circul ar

di chroismthermal nmelt analysis was perfornmed at a range of between 0 and
100 degrees C (Figure 6 B). Additionally, the circular dichroism was

per f or nedOkgnmysleptide Fismder and aggregate pools of 2CFE 101. 84 WD 01/ 49721

wer e por For b A SN AL R ATR R ST A T A ARG R L AR YDA 500
supra. THETTAAUAGCATIRERETALAA A AeCEEAT ¢ PGATT APEGLP gqle , ﬂﬁmlﬁgnom

(40, 2Q0 Da) and oligoners (194,000 Da). The specific activity of t
nmononmer and oligoneric forns of 2CFE 101 were determ ned, as described

bel ow. Bie Licak Th 110 1 gal_assays of t.he 2CEE 101

pol ypept i(%géb\%%lggéé%ﬁt%%?g ﬁg]aﬁ@fgﬂ %J(;ﬁ%} gdencgﬁgvﬁeap%%%te eégpilb%(?fby
Val l ari, dligoffuclectideatrand 3,981 J0:xBPI)sphdth BiFfes 6?1221;6&@?119)1 T43R%meREde W
-J., et al., %1994 J. Biol. Chem 269:27051-27058). Briefly, the assay was

per f or medinase {GibcowRL)THa ar hiek vobume, ot toteactBBi5was wffobmed M 37L8egFedssC HCL

H 7.6),. 25, NA 14.1 . 201 ATP (10.7 50 | h ho- | -
éer uvat)ef?%gsonﬁlfl%&l( i%ﬁ/ Fﬁ%??%c‘f’%?séoadlgﬁiyﬂ?tﬁg%&/ ‘Pﬂkumgl gj’tig?fg@‘ggh%g #

P- 0294, i i b 9
220, BBl 0N, L) Ryt s IO LRI,

nmg/ m i nsBeed Jvpe eprbximaldle 15 mgpet jion was started by adding 10 |
pant ot henate (100 mM Sigma, catal og # P2250). 20 The production of ADP in
the reaction was nonitored by neasuring the absorbance a 340 nm The

resul ts iAppfo:aHaR IS c§aWIdaholhe of AF Eo&oéiig%ﬂhMg@meiTﬁga% ct%@pg gagﬁég{’% snat e

production in the présence of pantothenate and A
(n=4) waée.g.1dgbiidiged) Whe ahecalingreation HecladE SLOL ApabalpgpBitie (054nMNasS

2 oor b el o il g T ol BrecT P RE Nl To iR BEBT%50' g OF tadioleersd
oligonucleotide strand 3; and 1000 ng each of oligonucleotide strands 1, 2, and 4;in 50 pl
total reaction volume. The control annealing reaction included: 5 pl Annealing Buffer,
60 ng radiolabeled oligonucleotide strand 3; 1000 ng oligonucleotide strand 4; in 50 ul
total reaction volume. Annealing was performed at 95 degrees C for 5 minuteys, 65

20  degrees C for 30 minutes, 42 degrees C for 30 minutes, and room temperature (e.g.,
between about 23 to 27 degrees C) for 30 minutes to generate the synthetic Holliday
Junction templates. The synthetic Holliday Junction templates werélgel or column-
purified to remove the duplex and non-annealed products. As a control, oligonucleotide
strands 3 and 4 were annealed to form duplex structures. The synthetic Holliday Junction

25  templates and duplex structures were stored at —20 degrees C.

CFE 39 and CFE 21: The Helicase Reaction Using Radiolabeled Templates

The helicase reaction was performed to determine whether 2CFE 39 and 2CFE 21
30 resolved the synthetic Holliday Junction templates into duplex structures. The helicase

reaction was performed as follows. A 50 pl total reaction volume included: 25 pl of 2x
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25 The oligomeric formhas a specific activity of 0.26 Mmn' ng 1.
Alternatively, the 2CFE 101 pol ypeptide can be tested in an assay that

noni t or s whier/4enver si on of pantot henate to 4'-phosphopanroOr/veeetser4 The
sane reaction described above can be used, except 14C-|abel ed pantot henate
IS used. ion i tagr n !

LA e fied %ﬁ%&ﬂp@pgﬁgoﬁsﬁg R ggurﬁgg WeQE 2 ANOATERS) AT, 2604
EXAMPLE Hblﬂ'm qunbm@n/vtangalqﬁe Q% des QaHU@@EEBGt(IQJM@faﬂdhEpJITECﬂTEdH UsgNnt o
characterjze purified % 9 _and §¥21 pol ypeptides, carrying a

C-t er mi ndiheAPacHiPR; WA leat tpd arr?ré degterd du IheyHes. Ehaveepgtionoway siappadons, i n

whi ch sy i Bl ved &
struct urgg&ﬁ% Sﬁgﬁ% od(]lldﬁqﬁh}/lg%égeér aﬁf?nﬁ S Iﬁ?)%l ase']eddgds$]§g)o Te

radi of abetopged i@ﬁmﬂrﬁmzs retifie@ OB hdegredt O dek 5 hlitutbe| TEAREiASSRYctvRSwadapt ed
for use in a_hig t hr oughput. assay en‘(pIPp%l ng fl uorescence | abel ed

t enpl at edoad 9@)0@8@&9#‘@? omp gap-depryang, 4 81 PrheEc biipabveinegelded conpari son, as
described in Exanple 9 supra, suggests that the CFE 39 pol ypepti de (SEQ'

I D NO 148) is an RuvA honol ogue. The conparison al so suggests that CFE 21
(SEQ | D Nige 1&®)ts is]sovaniﬂﬁgﬁkehkﬂrrtdmgﬁ,e? addb8 Andicate ubatshe 2CES 3bynfPacFers and

ot hers have shown t hat B proteins, in E, coli, pronote branch
m grati OHOBPCRW%F@H?’C@F &Fﬂ%ﬁuﬁ’é}ﬁﬁt}’i‘wné‘?ﬁ]ﬂﬁﬁs b‘é?lé?li’léx SW‘E&‘H%l nati on
and PNA repair (Parsons, C. A, et al., 1992 Proc. Natl., Acad. Sci. USA
89: 5452- 5456; Tsaneva, |. .R, et al ., 1993 Proc. Natl., Acad. Sci. USA

90: 1315- @E@, Zhemﬂlbme,R@tlonet al., 1993 J Biol. Chem 268:17179-17184;
Mtchell, A H and S. C. Wst 1996 J Biol. Chem 271:19497-19502;
Parsons, C. A and S. C. West 1993 1 Mblec. Biol. 232:397-405; Tsaneva, |.

R, et ait has1§8 FYBViBsly GR&wn GBACE - co@ze‘ﬁu\lA :l‘tgnds'\‘lot HBﬁidlay Hinctiod tefpthtey  C
West 1994 1 Molec. Biol. 1994 243: 208- Si ze Extl usion

Chr omat offfeagsing, C. A, et al,, 1992 Proc. Nail, Acad Scz USA 89:5452-5456). The ability of S.
15 pneumoniae CFE 39 to bind to a Holliday Junction template can be tested by employing

the helicase assay described herein. The results of the helicase assay can be monitored by
performing a gel shift assay and/or capillary electrophoresis. The presence of a Holliday
Junction template bound to 2CFE 39, which migrateé more slowly than the Holliday
Junction template alone, would indicate that S. pneumoniae 2CFE 39 binds to Holliday

20 Junction templates.

CFE 39 and CFE 21: Holliday Junction Analysis Using Fluorescent-Labeled Templates

The helicase reaction described herein was performed using Holliday Junction templates
25  having one oligonucleotide strand labeled with a fluorescent agent and another strand
labeled with a quenching agent. The 5° fluorescent end and the 3’ quenching end of the
strands that make up the Holliday Junction templates are in proximity to each other,
resulting in a non-fluorescent template. When the Holliday Junction templates are
resolved into duplex structures, the fluorescent and quench ends are not in proximity to

30  each other, resulting in fluorescence.
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Si ze excl usion chromat ography was perforned on 2CFE 39 (SEQ I D NO 366) and
2CFE 21 (SEQ 1D NO 350) using the Phenonenex 600 x 7.5 mm Bi osep SECS
3000 col wep1/4€121 descri bed in Exanple 8 supra. Protein stpodasagssedi oRad)
were used to calibrate the 30 columm, including thyroglobulin (670,000 Da),
gama gl |y 8 I ) 0 ) I : Da) ,
and B- 12%3?@“%?. FERAPAmpiNE B Mo pionlld (B8 expRUAGHO Wbfhkitda, Wl P2

t hat 2CFEolovinmiha)S’ £od o oligimualeetide sirrdd ACRE 12bel¢RuiiB)a flarreseim (elggxhereri ¢

pol yacr yTeaEen SR TRE0A g8 Fhioh areotieofa pEmict PRRLEDeISd R BABRN ysi <
Usi ng Rag:e,g,l, a@@ﬂcﬂﬁgﬁg@&)esrhmﬁigbﬁﬁdlmm SHERE T 108]1eARAtY Shcteitls MAHOT Med

usi ng _radi ol abel ed, synthetic, asymetrical, Holliday Junction tenplates,
as descr iojgenucieotideirand 4dabels] with DASCYL) gver® 98st@sl Syndesiz8l (Gibso-BRie

Hol | i day t] t. | af es were produced by annealing together four

separ ate,L%séinl%ﬁ e@%%lrgsgg 3d, oligonucleotide strands to form four-stranded
structures (e.g., the Holliday Junction tenplate). The Holliday Junction
tenplates were reacted with the 2CFE 39 and 2CFE 21 pol ypeptides, in a
hel i case Thedioresgeintand Béthﬁﬂe#4bleda9ﬁ1$qnﬂlyle%de§ew@rﬁaanéeale% i@ geaotion, as

t t . i t & Hol+l.] i | at Th
nsyrmet r CesioR AL Bt mRe o O ADA LBl SRR RRd e
fol | @i ngvas peifgmmedheddsctbedsampuen dds refilts Qf itigohelthsoichcteonsivednBoritored

5' - CCAGTGATCACATACCCTTTCCTAGGACATCTTGATATCAGCCCACGTT )
CA rercasraechcurusnehingethedotaleycugetiqndemplatysailyaey (Figgre 11).

A i gonucl eotide strand 2:

The helicase assay using Holliday Junction templates labeled with fluorescent-quenching
agents can be adapted for use in high throughput analyses to test 2CFE 39, 2CFE 21, and

15 other polypeptides for their ability to resolve the templates into duplex structures.

EXAMPLE 12

The following provides a description of the methods used to characterize purified, CFE 8
20 polypeptide, which lacks a histidine tag. The CFE 8§ is a putative DNA single-stranded

binding protein.

Compufer—Aided Comparison
25  The computer-aided comparison, as described in Example 9 supra, suggests that the CFE

8 polypeptide (SEQ ID NO:121) may be a single stand binding protein homologue, such
~as SSB.
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5' - GGGTCAACGT GGGCATACAACGT GGCACT GGTAGECGEGEGT GAACGT GGG
CTGATATCAAGATGTCCATCTGTCCGTTCATCTATGACGT- 3" (SEQ I D NG 439)

A i gonucveovi/¢gzstrand 3: 30 PCT/US00/35604

5' - AACGTCATAGATGAACGGACAGATCATGGTGCTTTTAAAGT CTAGAGAC

TAT CGAGCATAAGI A S NI AL U TCTTGTCAA- 3" (SEQ | D NGO 440) 87 WO 01/49721
PCT/ US00/ 35604 A1 gonucl eot1de strand 4:

5' - TTTGACAAGACGGATTCGATACTGGTACTAATGCTCGATAGTCTCTAGAC

TTTAAAA GOGTAT 3" (SEQJ D NQ 441) 5 '.

ai gonu%gfﬁgggsgr%%igp? %sgga%ggﬁgg(gﬁ?%é”qg C@ﬁ%tﬁﬁeﬁg?’%ﬁﬁeo%‘ﬂﬁ?@?y 300
ng of  olchgmmicireshy, deingtthéBibsd, SHCI125 BRPIRN Grep FairetidEdl@hn a8 desc3®Bd AP, 1 |
T4 polynuclotide kinase (G bco-BRL)), in a 10 | volune, and the reaction

was pérf éaaplad sgpraedhe shramatogpmathoied e speaky isertengndingrio wamolegalded ont o
a G0 col ypm. .t A in o] .0l abel . The final
concentrari r% @:‘ 5&‘?@9{1@3@%@8% g'd %ﬁ%’egoélrﬁétﬁeg&ﬁ?lgét?&es ? erqélﬁlace?ﬁb\%gedwted

appr oxi matiatéanldSvaightRgOFE $NBAI7eRSIL TR, elnyhoddichamliiag centticiiss2OFE Bermhoar

ol i gonucl eqt.i de strands were annealed (e.g., hybridized). The annealing
reacti on MHEMGHed: 5 | Annealing Buffer (200 nM 15 Tris-d pH 8.0, 100 nM
Md 2, 1 MNad, 10 mM DTT); 450 ng of radiol abel ed ol i gonucl eoti de strand
3; and 1000 ng each of oligonucleotide strands 1, 2, and 4; in 50 | total
r eactiDon Binding®eacktvm control annealing reaction included: 5 | Annealing
Buffer, 60 ng radiol abel ed oligonucl eotide strand 3; 1000 ng

ol i gonucl eotide strand 4; in 50 | total reaction volunme. Annealing was

per forme t . } €S n6h_ O gni ut es, 42
degr ees ‘é‘h? 02r OQ'%Q%)? étéé; %%%rerg(ggam%{ehrr%gl gtéus?%n e. gl?é,%iugg{)t%e‘% about” 23 to
27 degr edlse Khdingrre&dioniineltidesl: 56 1 QdréRalFE § belypypiidessd aMoligd steand AuPEt i on
tenpl ates.. The syntheti c_Hol I'igla .Junction tenpl afes were gel or. colum-
purifi e 1M Tl M KL abblex Tandindens wasion wep Rerloaued at 37pdegrecs niorad |

ol i geauchggLi de

Oligonucleotide strand A: . :
5’-TTAGGGCCCGGGCTATCTTACAATCTCGTT-3" (SEQ ID NO:442)

20  Capillary Electrophoresis

The results of the binding reaction was monitored by capillary electrophoresis, following
the methods described in “Handbook of Capillary Electrophoresis” 2" Edition, 1997, ed.
J. Landers. '

25
Separation was performed using an uncoated capillary tube (360 pm o.d., 50 pm i.d.,
with a 50 cm effective separation length; Watrex International, Inc., Pittsford, NY) and
50 mM borate pH 9.3 as the mobile phase, at 25 kVolts, 20 minutes separation time.

30  The results indicate that 2CFE 8 alone elutes as a sharp peak, indicating little adsorption
to the uncoated capillary wall (Figure 12 A). The shape of the peak and peak retention
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strands 3 and 4 were annealed to formdupl ex structures. The synthetic

Hol | i day Junction 25 tenplates and duplex structures were stored at -20
degrees &OCHFP730 and CFE 21: The Hel i case Reaction Usi ngPRutsal/3hel ed
Tenpl ates The helicase reaction was perforned to determ ne whether 2CFE 39
and 2CFE % I e nt o
dupl ex sttﬁec%%%eé&wﬁemgﬁ :8 ?ggg@b}r}ggﬁg |dg%lu\/\ggg%¥g§?& %3&56? @o%@ i E A 50 |
total redst ronegabielrmenirol | MddRl:poRpeptided (Rucci, SBI VviD ﬂl/MQDE&otEQTdddSUFO/J35604

ot |1y RREEr 90 3np! GlPBesand fenisichlionee 85 Fichgyeiia faioimuBcpRlpy (1

M. These &éonwﬂmlaﬁu@@,te@mm:’a% RADRSEuVOPI1RE t > I gaction
was stop Se%%%y adding 51 Stop Buffe?g %9& %‘gl S_sdi&hﬁé' eréduc?a@@ ?a

Pr ot eﬁnasl?élcwloé%‘?sb@o 1693 \Sasste@ﬁp@cmﬂeél@t pagne mhgonueleghd@d MmrB?reatﬁgi ees C
f 5 h | oaded
8 AR Sy SRR S0 R LA i e 10,

| anes 6, 7 and 8, indicate that the 2CFE 39 and 2CFE 21 pol ypepti des
resolved the synthetic Holliday Junction tenplates into duplex structures.

10 CFE 3@Mierapifiary depropherssis |aa%{ysemthﬁé§FE§@rhoq@ra@du2&Fﬁ plus hbmnuphatldeE col i
RUvA bi J P 1992
e Phadfmbl L R L GARALSTRLAL £ GIRSANR: 1ot weSoupiadoor, o

CFE 30 t ovabiimectt Che rklilisiiayatd thac i dhcdsedyRICHES Wa:ﬂmbe&t hebhRhdi e AREDY I NY
the helicage, assay described herein. The results of the helicase assay can
be nonit SHEHIBG Of $erEer ming a gel shift assay and/or capillary

el ectrophoresis. The presence of a Holliday Junction tenplate bound to
2CFE 39, which migrates nore slowy than the Holliday Junction tenplate
al one, wdddhdlifyrRhift @tseayshat S. pneunoni ae 2CFE 39 binds to Holliday 20
Junction tenplates. CFE 39 and CFE 21: Hol liday Junction Analysis Using

Fl uorescent - Label ed Tenpl ates The helicase reaction described herein was

per f 95 medhpsiigy Y SCRRY8 PUBBEIRR HeBREA1fdnucleotide strand A was tested in a
mobility shift assay.

* The results indicate that 2CFE 8 binds single stranded oligonucleotides (Figure 13 A and
B). In Figure 13 A, the gel was stained with ethidium broﬁide. The unbound
20  oligonucleotides appear near the bottom of the gel, while the bound oligonucleotides
appear near the middle. The same gel was stained with Coomassie (Figure 13 B),
revealing that 2CFE 8 polypeptide bound to the oligonucleotide migrated further than
unbound 2CFE 8, due to the change in charge carried by the oligonucleotide. Various
ratios of 2CFE8:oligo were tested. The optimal binding ratio was 2:1.
25

The Effect of MgCly

The 2CFE 8 polypeptide precipitated in the presence of 5 mM MgCl. The precipitation
was reversible by the addition of 1 puM of the oligonucleotides tested. The observation

30 indicates specific binding between 2CFE 8 polypeptide and the oligonucleotides tested.
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25 havi ng one oligonucleotide strand | abeled with a fluorescent agent and
anot her strand | abeled with a quenching agent. The 5 fluorescent end and
the 3' gwemohistgr end of the strands that make up the Hol PCO&g00AIHEH | On
tenplates are in proximty to each other, resulting,in a non-fluorescent
t enpl at e.Scithintibh Brdidmity dayaJuncti on tenpl ates are resol ved into dupl ex
structures, the fluorescent and quench ends are not in proximty to 30
each other, resulting in fluorescence. 89 WO 01/49721 PCT/ US00/ 35604 The
Hol | i day Spinidiation praxipitateny (SB4) tethuds can be tibddsinexigh it@nghto seksss t he
foll ow ng):r ctl(:{e 5 end. of oli%g uclff)ot'.de strandgl V\Ia,g | abeled with a

f1 uor esc T PFeREre o mtior, fof exgmRle 3 b1 fepction Sk 4 ditifizeschrgdy f Amersham)

ol i gosuclwnth de @htednsh the WaFadeahih @havh h e
agent). The ol i gonucl eotide strand al}”%%lgrg?ﬁ%}%%d éﬁeﬁg%eggfgéieﬁr?gggglgpké 5
ol i gonucteoPPadead mapidesontad stitcrvidin ito BRBOME biveling with hoymsyeuhedsivireda

(G bco- B%&bt‘n"tj ée Technol ogies, Inc.). The fluorescein and DABCYL | abl ed
ol i gonucl cotid®s were annealed in a reacti on, as described above,. to

generate synthetic Holliday Junction tenplates. The helicase reaction 10
was perfor rrg)d as descri bed above. The results of the helicase reaction were

moni t or ed NBPIRFRE [RarteR ehile 2hdilchopiyaeptise and she-oligondelyotidensttand i tamipd at es

i thqgi i . i . i Hol |i.d ti )
ot bt om g ik 5pa, tEAS: IR 5 BRGRA Yok, SpPheqnl Bha B T6T Gt or use
in high ehidoyghp2CFRBaiotaRtidocdnetsd ta2§ddbwill bickie nPthe oliBBnucldtat Bind

pol ypeptides for. their ability to resolve the tenplates into duplex

st ruct ur éscangraggiplabglsdthe £ of | owi'ng provides a description of the nethods
used to characterize purified, CFE 8 20 pol ypeptide, which | acks a
hi'stidine tag. The CFE 8 is a putative DNA single-stranded binding

pr ot ei n. EGoAkdPIdE 1A ded Conpari son 25 The conput er-ai ded conpari son, as
desc;jibed in Exanple 9 supra, suggests that the CFE 8 pol ypeptide (SEQ ID
NO 121) may be a single stand binding protein honol ogue, such

The following provides a description of the methods used to characterize purified, 2CFE
3 (SEQ ID NO:334) and 2CFE 86 (SEQ ID NO:409) polypeptides.

The 2CFE 3 polypeptide catalyzes the conversion of D-glucosamine-6-phosphate to D-
20 glucosamine-1-phosphate, indicating that 2CFE 3 mediates amino-sugar biosynthesis

through the N-acetyl glucosamine pathway (Figure 14).

The 2CFE 86 polypeptide catalyzes the conversion of D-glucosamine-1-phosphate to N-

acetylglucosamine-1-phosphate, and the conversion of N-acetylglucosamine-1-phosphate
25  to UDP-N-acetylglucosamine-1-phosphate, which indicates that 2CFE 86 also mediates

amino-sugar biosynthesis through the N-acetyl glucosamine pathway (Figure 14).

Computer-Aided Comparisons Of CFE 3

30  The computer-aided comparison, as described in Example 9 supra, suggested that the

CFE 3 polypeptide (SEQ ID NO:116) is a phosphoglucosamine mutase, such as GlmM.
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as SSB. 90 WO 01/49721 PCT/ USO0/ 35604 Size Exclusion Chromatography The
2CFE 8 pol ypeptide (SEQ I D NO 339) was characterized by size exclusion
chr omat ogv@phyy72usi ng the Biosil SEC 125 HPLC Cel Filtrat pPOVUS@/Asn03 as
described in 5 Exanple 8 supra. The chromat ogram showed one peak

cor r espoPdiifigaitdd &F tROCEEY By yBtight of approximately 89 kDa. Based on the
nucl eoti de sequence, the predicted nolecular weight of 2CFE 8 is 17,351

Da. In non-denaturing conditions, 2CFE 8 forns a multiner. 10 Bi nding

React i on Thhe2CKE-B Bolyptptislepivad erovused esiigetheViaidd dtaki OMG-isducadd8Shod
oli gonucldeot.ibg(g.lﬁi Briefly, thﬁ Bi ndi ng reaction included: 50 Mof 2CFE 8
pol ypept SEETIOEHINVEATRIE SstuPatd Tae 206E Imalypeptde tackae Caprminalhistidimtaghi ndi ng

react §on S fpr 3 . Y a igo i de

Cerand AlER R ERIRR e el TR e 2Py B ey, 9825

bCapi |l alr ?aoﬂpaufdﬁqpmﬁkjnswmm}eélﬁmm 8 2611m%@ephaiﬂéegghémqpﬂa%ﬁg&@ﬁugﬁﬁgi é gr eg
y capi r trophoresis,, fol|owing the pethods described in "Handboo

of Capil @rij@“@m@‘éwﬁ%& Jil/mpigu Wgﬁ?, anglgne ggaglent size vepsdeliter. Fhen

Separati g Y6 ' oat [k tub nag. g, 50 m
Sep YEBE PEhbBpER e Ushd Glufid HHROR h%reo%g%uk%{or géé o%rﬁgo@ga-aagq ,

i.d., wth a 50 cmeffective separation’l| ernati on
I nc., Pibsisgor d;:200ymMnpotasiumaiphosplzte (pH 8.03 gaaditihe tiwfiome rabasss 0@ 25

kVol t s, m nut es, separation tinme,.30 The resul indicate that 2CFE 8
al onieéel ﬁ{i’/é%m%tg, ?dsﬁlgrgﬁacg%tglf,lzei W 0% ﬁnhgt&l ?Wﬂﬁ‘é Ogi@o&géﬁ drPreRagatiewancoat ed
capi | | ar ylev@dphotdse@bh &n $DSAolyalRearbideRel @figd:68) peak and peak retention 91

Affinity Capillary FElectrophoresis of CFE 3

15 Affinity capillary electrophoresis methods were used to determine whether the 2CFE 3
polypeptide binds to various gluc.oSe derivatives. Binding was performed under
equilibrium conditions, in which the sugars were dissolved in the running buffer and
reacts with 2CFE 3 during separation in the column. The affinity capillary
electrophoresis method used to analyze 2CFE 3 follows the methods described in

20  “Handbook of Capillary Electrophoresis” 2" Edition, 1997, ed. J. Landers.

Briefly, 2CFE 3 polypeptide was reacted with increasing amounts of various glucose
derivatives (e.g., substrate) at 25, 30 and 37 degrees C. The glucose derivatives included
UDP-glucose, glucose-1-phosphate, glucose-6-phosphate, glucosamine-1-phosphate, and
25  glucosamine-6-phosphate. The reaction included: 2CFE 3 polypeptide (2.0 mg/ml),
separation buffer (25 mM Tris; 192 mM Glycine, pH 8.0; BupH Tris-Glycine Buffer
Packs, Pierce). Separation was performed at 25 kVolts, separation time was 15 or 20

minutes.

30  The results shown in Figure 15 A indicate that at 25 degrees C, 2CFE 3 binds to D-

glucose-1-phosphate in a dose-dependent manner, as the peak shape and/or the retention
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WO 01/ 49721 PCT/ US00/ 35604 tinme changed with 2CFE 8 in the presence of all
ol i gonucl eotides tested (Figure 12 B). As a negative control, MirB

pol ypept ivd@o(/#®reci, M J., L. F. Discotto, and T. J. DouBt®US§0/IFER2
"Cloning and ldentification of the Escherichia coli murB DNA sequence,

whi ch eng B-ReRing S _ o 19 teriol.
174: 169()_%%’%%&%\%; r3:act egﬁvﬂ\f ktﬁy{)ﬂﬁg&%g%qg)lgi %fglnﬂg)l gg{j%%@?&ﬁ/ulr Eg’orsgggct t ed

wi th or wompardtto theeacted gORES. eot i des showed no change in peak shape or
retention tinme. After capillary electrophoresis analyses, the 2CFE8 al one
and 2CFE pl us oligonucl eoti.de sanples were run on native pol yacryl am de
gels to delekfiReshoRal HeFighRe HREGd ' t i ' B

i ndi cate t.hgitég[im;lg al | casels, Zggg 8 vvaréé ?%% ;aggg\g%geﬁiger%&Fﬁaggﬂrlgﬁﬁg EWi th
time or Llusosapeinefbptiosphafe $hid dogksdeppadens Mimmenbisl fheypak GBRE aBdfoltipept i de

to bind oligonucl eaqti rand A.was tested ip . a it hift assay. The
resul ts ifﬁtaﬁ%b% g E%ﬁﬂ;%éé cga'fﬁeﬁd% ilﬂaﬁegces?# Q)rﬁ)deéﬂlr%%l %rﬁ'@ﬁ@@%%@%ﬁf >Iéi gure
13 A and phBiphatetofigatidao kdreActeli PEFE]. Was stained with ethidi um brom de.

The unbound ™ 20 ol i'gonucl eoti des appear near the bottom of the gel, while
t he bound ol i gonucl eoti des appear near the m ddle. The sane gel was stai ned

ith Co i Fj 3 B i t hat . 2CFE ti b dt
the ol [ ganaarubt shdhin i 15 o BHERS i rdsaiiea G SPE S iispite.
change i Rlseadago ghicbseL6lpRysphe. ol i gonucl eotide. Various ratios of

2CFE8: oligo were tested. The optinmal binding ratio was 2:1. 25 The Effect
of MJC 2 The 2CFE 8 pol ypeptide precipitated in the presence of 5 mM MyCl2.

Th i pitat] ible.by th dition.of. 1 M h .
o'+ gonucrbsPRRp LR SRR Bilyaidfs Mol Radlivds. ohabidebBen Cadt ng
bet ween 2k&vm & PighiePEPDI dheasshits hediedté GRPDCSleshB@R-6-BREPHate 92a YRaBH 49721

PCT/ US00/ 35604 , . o
substrate for 2CFE 3, as this reaction exhibits the greatest change in peak shape and/or

15  retention time.

CFE 3: Capillary Electrophoresis and Laser-Induced Fluorescence

In a further analysis of 2CFE 3 polypeptide, capillary electrophoresis was performed with
20  laser-induced fluorescence in order to separate and detect interaction between the
substrate (e.g., D-glucosamine-6-phosphate) and the product (e.g., D-glucosamine-1-

phosphate) in a one dose, one time-point procedure.

The 2CFE 3 polypeptide was derivitized by reacting 10 mM FITC (fluorescein
- 25 isothiocyanate dissolved in methanol; Calbiochem, San Diego, CA) with D-glucosamine-
6-phosphate, at ambient temperature, in the dark, overnight. The FITC-derivatized 2CFE
3 polypeptide (2.0 mg/ml) was reacted with the substrate (D-glucosamine-6-phosphate

and D-glucosamine-1-phosphate) for one hour.

30  Separation was performed using an uncoated capillary (360 um o.d., 50 pum i.d., with a

- 50 cm effective separation length) and 50 mM borate (pH 9.3) as the mobile phase. The
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Scintillation Proximty Assay Scintillation proximty, assay (SPA) nethods
can be used in a high throughput screening procedure to nonitor, for

exanpl e, wObi/sdeng reaction. SPA utilizes beads (AmershanPCT/HSemEsels ar e
coated on the surface with a particular compound or nol ecul e. For exanpl e,
the SPA heafh-RYaseehsPat SebidibM waviidhdih bP 488k dntiah @nflksisH AR Mrish oY

nol ecul e having a biotin tag. The binding reaction of the 2CFE 8

pol ypept i(Beckanah, Flulenon, dohl clhsoterdts showanid Rigeran thiedica® then2CHE Sdbinds ng SPA

beads and scintillation counter. . The beads n coat ith .avidin,
the. acre Bl Soet (e CRNSER: R RIBE SR DaH o> 8P OBHIEH dot | de
strand Ahneghalke radi ol abel ed. EXAMPLE 13 15 The fol | owi ng provides a
description of the nethods used to characterize purified, 2CFE 3 (SEQ ID

NO: 333) .and 2CFE 86 (SEQ | D NO 409) pol ypeptides. The 2CFE 3 pol ypepti de
cat al yzeiotnl;b%tecrgjgi\ﬁg&@'O%aggontbghl"cg%am' ne- 6- phosphate to D- 20

gl ucosam-me-tr=phosphate, rndrcating that 2CFE 3 nedi at es am no- sugar
bi osynthesis through the N-acetyl glucosam ne pathway (Figure 14). The
2CFE 86 pol ypeptide catal yzes the conversion of D glucosani ne-I-phosphate

to N acdiy@mpepsamissalis-asrdpspmbadein Bxampled sovigeyugpesiechthat the CFE 8

N-acetyl gl i 5 S
UDP- N- ac &t %gﬁtﬁ%@o anQnQ??%ﬁ%%ﬁ%té 2 .lé%an?fﬁrglseéa%uéﬂg %%aqlmycggn% %0
medi a0es bifanttivdabeiggmelbinds wolineRihas besmopighiotisle shbvae eay lin fF el ARG Pat hway
(Figure i);l{) ,ConEut er- Ai ded Conpari sons O CFE 3 30 The conputer-ai ded
conpari s GHUEoNgLRIOIGIE Baving beﬂlg@ﬁwée@lt@a@fp@,se andyyadigranyanese priivecHES 3
pol ypepti S )t | u ], ] GLnmM
53 Vo 01/ 3BTRS Yo BeRRRC R BRRRLOF (s I8E o et
2CFE 3 pdily pepali,d9%a Bigredisted 35S579G 85 heTheabifencmable ehdFhis icadlyeed thet hod
conversion of D-glucosamine-1-phosphate to N-acetylglucosamine-1-phosphate
15 (acetyltransferase), and catalyzes the conversion of N-acetylglucosamine-1-phosphate to
UDP-N-acetylglucosmine-1-phosphate  (uridylyltransferase). The Km of the
acetyltransferase and uridylyltransferase reactions has been previously calculated
(Mengin-Lecreulx, D. and J. van Heijennort 1994 supra ). Additionally, the crystal
structure of GlmU from E. coli is known (Brown, K., et al., 1999 EMBO J. 18:4096-
20 4107).

Purification of the CFE 86 Polypeptide

The 2CFE 86 polypeptide (SEQ ID NO:409) has a C-terminal histidine tag. The 2CFE
25 86 polypeptide was produced using the large scale IPTG-induced method described in

Example 5, supra. The 2CFE 86 polypeptide was purified using the Ni-NTA affinity

column method described in Example 6, supra. The eluted 2CFE 86 polypeptide was

dialyzed against 50 mM Tris-Cl, 100 mM NaCl, 25% glycerol, pH 8.0. Samples of the

purified 2CFE 86 polypeptide were electrophoresed on a polyacrylamide gel (Figure 17).
30
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described in Exanple 5, supra. The 2CFE 3 pol ypeptide | acks a Cterm nal
histidine tag. 5 The 2CFE 3 pol ypeptide was purified using a 2-colum
procedur a&vO 011@72CFE 3 pol ypepti de preparati on was el uted PCDWS@/3360410 Q
Sepharose colum (Pharmacia) using a 0-1.0 MNaCl gradient, 2 m/mnute

fl ow rat &ouahfls CFE VAT ERRE $6 BRIWEsSUDPWIG er . Then the 2CFE 3 pol ypepti de
was eluted froma hydroxyapatite Bio-gel colum (Bio-Rad) wusing a 5-200 nmM
pot assi um phosphate (pH 8.0) gradient, the flowrate was 0.3 10 nl/ m nute,

and the I ent. s 09 .m . A l.e of th 3 ration was

el ectr op%%fgfégge 18%1 agsga}é‘%% 1%3% oﬁlgggyﬁqéir%h%gﬁlﬁe‘?he(ﬂ?ﬁr ?&%g:%md 2&5?}?%@%@%' | lary
El ect r opipgRebsintife-Ephodphbfe Af UDP—Nyadé@@%lh&cﬁéﬂﬁr@Lle héspRAEr (@S, SUDPWRds were
used to determ ne whether the 2CFE 3 pol ypeptide binds to various gl ucose
deri vat i id§ 2@ hdiang HakE Sérndyneptidesnweie Useddn lai auplerh reantiont haseds on ithe whi ch
t he sugar 1 I it r i f er X s with 2CFE 3
during sgg%ﬁgﬁgﬁbﬁﬁt%gg’c%Fﬁnﬁgl'ﬂwg@ﬁ 'i‘ﬁﬁ"g&é’é’m %%@%ﬁlﬁ%l ect rophoresis
nmet hod used to anal yze 2CFE 3 foll ows the nethods described in 20

"Handbook of pillary Electrophaoresis” 2d Edition, 1997, ed. J. Landers.
Briefly, @E%Pﬁml%@ﬁ | dpsclaRendenicase FiernPoTRISAs Ryefwoba tassast wosr i ous
gl ucose ' | VS . S : degrees, G .The

gl ucose ggﬁ%ﬁ f\llleiés}}v%fg ngaé%sd%H%DﬁélgPrg%%@geg, @? Hgg%@ﬂgl ?qu)l}?oassgaﬁ'a]tngl,uged' I

gl ucase- myhasphebeumind-6qhesptiane -(Bign)osnaimd BhAduafamine-1,6-diphosphate

gl ucosam ne- 6: phosphat e. ‘The reaction included: 2CFE 3 pol ﬁeptl de (2.0
ng/ m), (3igpaak? sMpgeblopnayment thigga);apd SuMasidings -phesrbae; (S

Tris-dyai - j : f Vol ts,
epar at | orirt BAEGIE(sigkRTS0 R AR, pFEEREHEMMRR,BED, SR flordied 15 A
i ndi cat e staitad baiad@hg dggr SFCEE 3;2@HH 0o fUEFR 86. DTh@tedesewhs piispbate in a

dose- dependent manner, as the peak shgi)e and/or the retention 94 WO
01/ 49721 1qu0T AansRroatese Ohe reaciipnivs stooped & & Hantfkend AS nteutps, by diliseingout 00 and

500 %D%e%@%&ryﬁ’éb?ﬁ%‘.ate conpared to unreacted 2CFE 3.

The results of the assay was monitored by HPLC (high pressure liquid chromatography)

using an Optisil 10p SAX column (250 x 4.6 mm), measuring at 262 nm, the mobile

phase was 150 mM KH,PO4 (pH 3.5), and 1.5 ml/minute flow rate. The results shown in

20  Figure 18 show the time-dependent assay and indicate that HPLC detected the presence
of UDPAG.

CFE 86: The Uridylyltransferase Réaction

25  The 2CFE 86 polypeptide was tested in a uridylyltransferase reaction, in which N-acetyl-
D-glucosamine-1-phosphate and UTP produce UDP-N-acetylglucosamine. The
uridylyltransferase reaction was monitored using a malachite green/inorganic
pyrophosphatase assay (e.g., malachite green-IPPAse assay) and/or monitored using
HPLC. The malachite green-IPPAse assay was used to measure orthophosphate

30 production from digestion of the pyrophosphate liberated in the uridylyltransferase

reaction.
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The results shown in Figure 15 B indicate that at 25 degrees C, 2CFE 3
binds to D0 5 gl ucosam ne-6-phosphate in a dose-dependent nanner, as the
peak shapeoaned7or the retention tinme for 2CFE 3 changes pParAk@/3sp@sence of
100 and 500 M D-gl ucosam ne-6- phosphate conpared to unreacted 2CFE 3. The
results shown in Figure 15 Cindicate that at 25 degrees -C, the 2CFE 3

pol ypeptide 10 also binds to glucose-6-phosphate. A conparison of 2CFE 3
react ed Vitermalaghite grees rreses vasimrenaredsasiollgws3d 84T &esolwion of makshite i n

A L | oSe e on o |
putat § ve Ui Fbe  MIS G ARGt b Reflt PRCAT D0 RO oSyl
change i mggadatesagltincladdtpivas plephrtian YNOHCL. i Ths mehkhi®s gleaPhhd arffonium

El ectrophoresis ectrophoresis and Laser-Induced Fluorescence In a further
anal y3i s Rflybeterweregpixes dipaidgleratioasnd stireg for abaut 8pmeinuiss.s Thamiperd wesred

ith 20 iy ] i t & and i
it or act AR phd R4 SREES CENTFo b hA b hABRALA Qi 1Bk s g
the proddiititefieo 0.1, U ¢l SEodaMiis8miM MEOS phaiehnd Soredana ddpees Ccone

ti me-point procedure. The 2CFE 3 pol ypeptide was derivitized by reacting 10
mM FI TC (fluorescein 25 isothiocyanate dissolved in nmethanol; Cal bi ochem

San D egay,, | i L ucosam.ne- X t, .anbient t erature, in
the dar k?fhsﬁdx%h%sfﬁ%s“*ﬁéﬂ‘a%%% OF‘Q%EHQ%‘#E’G"?‘%S%%@&C%@@"&E’ FagtioRy m )
was ieacidestribed hetehewas beifsrated, (iDihgl preRsamdMBECEE phosihat BCFRAGnd 2CFE

D gl ucosam ne-.l-paés hate) . for_ one hour. 30 Separation was perforned using

. 0. | !
an uncoat@dandeiu easigion of. G Ulwell gf theliluteg npragnicoryrenhospliaget The

separat i : . r a i hase.. The 95
w0 01/ 4033 BERpT BTt AR LB Hork Riyratinc e BB B RIRE pe B gt o
488 nm amddition efi2gei drwdll bf éfe @h1abRAG pieen (Bgekn@d, 36w/ mellt M 4o6Abdiukhe
results shown in Figure 16 indicate that 2CFE 3 binds and catal yzes the

conver si 6HraE apd §he Eesston Wes miperbs phateulty obthy widddrruséernse whephesse.
15 monitored by spectrophotometry at 660 nm.

The results of separate uridylyltransferase reactions were monitored by HPLC, using a
Phenosphere-NEXT C18 column (250 x 4.6 mm). The mobile phases included A and B
as follows: A) methanol/10 mM potassium phosphate pH 6.5 (0:100); and B)
20  methanol/10 mM potassium phosphate pH 6.5 (40:60). The mobile phases were run
under the following conditions: 100% mobile phase A for 5 minutes, to 100% mobile
phase B in 3 minutes; and hold 100% mobile phase B for 9 minutes. The retention time

for the UDPAG product is approximately 5.75 to 6.0 minutes.

25  The results three uridylyltransferase reactions, monitored by HPLC are summarized in

Table IIT below.
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5 Conput er - Al ded Conparison O CFE 86 The conparison results, as described
in Exanple 9 supra, suggested that the CFE 86 pol ypeptide (SEQ I D NG 195)
is an acaw@btagnesferase, such as GLmJ which is a 10 bi f urcTiUsodsS6@®NZzy e i n
E. coli. It has been previously shown that, in Ecoli, GlnUis a

bi functional protein having both the acetyltransferase and
uridylyltransferase active sites (Mengin-Lecreulx, D. and J. van

Hei jennort 1994 J Bacteriol. 176:5 = - Gehring, A ., et al., 1996

Bi ochem stry 35:579-585). The bifu enzyne catal yzes the conversion
of D-glucosam ne- 1 -phosphate to N-acetyl gl ucosam ne-| -phosphate 15
(acetyltransferase), and catal yzes the cogy&{ﬁ;d&&“g{y N-acet yl gl ucosam ne- |

- phosphate to UDP-N- acetgﬁ:[gieldq@pﬁlsge 1- p@@%—% ridylyltransferase).
The Km of the acetyltra id hﬁ%égrase reacti ons has been
previously cal cul ated Eégggggqreulx D. a% J. van Heijennort 1994

D

supra ). Additionally, the structureof GlnlJ fromE. <coli is known
(Brown, K., et al., 1999 E £8: 4096- 20 A1D7). Purification of the CFE
86 Pol ypeptide The 2CFE 86 ¥ Bedti de (SEQ I B-NO 409) has a C-ter ninal

hi stidine tag. The 2CFE 25 86 poI ypeptide was produced using the Iarge
scal e | PTG i nduced nethod described in Exanple 5, supra. The 2CFE 86

pol ypept iTie remstspof ithé aglidyBitRgstoise Neadibhs afrfolnﬂbﬁekl b HRIND d¥etibpd gescri bed
i n Exanpl e 6, ra. _The eluted 2CFE 86 do pepti de was dial yzed agai nst
50 mv Tr Malegh ltefgeeumgassazsax@gW&@m mpﬁl‘b@w badaypl es of the purified
2CFE 86 pol ypeptide were el ectrophoresed on a pol yacryl am de gel (Figure
17). ,,30 96 WD 01/49721 PCT/ USO0 Coupling CFE 3 and CFE 86 to

Pr odtljcc):e UDPAG A bi ochem cal assa rforned, to determ ne whet her 2CFE
3 and 2CFE 86 convert D glucosam ne-6-phosphate to
UDP- N- acet yl gl ucorgiétitir:| - phosphat e (KHE:(I’!MPP- AG . ' Method:
Acetyltransferase reaction:
94 - HPLC
Glucosamine-1-P 150 HPLC
- Acetyl-coA
Uridylytransferase reaction:
N-acetylglucosamine-1-P 48 HPLC and MG/IPPAse
UTP 79 HPLC

EXAMPLE 14

15
The following provides a description of the methods used to characterize various 2CFE
polypeptides, inciuding CFE 21, 34, 35, 39, and 90. The molecular weight of these 2CFE
polypeptides were analyzed by size exclusion chromatography and gel electrophoresis.
The 2CFE 34, 35, and 90 polypeptides putatively mediate fatty acid biosynthesis.

20
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5 The 2CFE 3 and 2CFE 86 pol ypeptides were used in a coupled reaction based
on the assays described in Jolly, L. P., et al., 1999 Eur. J. Biochem

262: 202- M0 01/4972i me- dependent and dose- dependent assay WePE€T/pS00360¥ed.
Briefly, the assay was perforned in 96-well plates, each well including.
100 | vol he: | ded: 1 10 nmM D- gl ucosam ne- 6- phosphat e
(Sigm); 0. wreRided Toln aﬂ%ﬂj_ 1, 6-di phosphate (Sigma); 1.2 mM

acetyl - Coenzyne A (Sigma); and 5 mM uridi ne-5'-phosphate (Sigma); 3 niM
Myl 2 (Si rraé%; 50 Tris-d,, pH a 0 ,&!e_}ife Technagl ogi es). The reacti on was
started DyC£QERHFTRigpdsompasiomn as desgrived pyEsrmplermsuge. suegests dhat Gidh34has
perfornme ORH- ug L. et O@W‘ . , and
65 mi nut gg,EQmI/bf m'gﬁyﬁ$ﬁt5§féﬁpﬁ§b2@sqﬁ I’;%lgp??d S. T@%I\?%éé?} sﬁgf t he
assay Swagolypeaptides echidly niddia® ¢ fitytacpk Wesutlesisipgthivdy ¢Figareel®gr aphy)  usi ng an
Optisil 10 SAX colum (250 x 4.6 mm), neasuring at 262 nm the nobile

phase was 150 MM K H2PO4 (pH 3.5), and 1.5 m/mnute flow rate. The results
shown in ' 8 t [ S . i.nd] e HPLC
det ect ed H%%égdﬁ%gsﬁ%esﬁgf@#ué%%Gng?gg:eep'?'ﬁéelgraﬁi %g%ﬁ?ga%%g%)rﬁg%’e ‘ﬁggﬁct ion
25 The 2crglyges ¢ ypagtiondin weich eslenyli oA and dyyly barriengieteias GACBaGd on, in

whi ch N tyl - . D j ne- 1- ph hat © UTP d
o - ac Sop1etien o BHREATR A% CoR g Rl BrER de abmeBiR ot bombompierer e
usi ngoa walzagdyi F&bmor een/ i norgani ¢ pyrophosphat ase assay (e.g., nalachite

green-1 PPAse assay) and/or nonitored using HPLC. The mal achite
green-|1 PPAse assay was used to neasure orthophosphate 30 production from

reacti on 118 PobRE L SRR R b LR e Al e L8R BEBRRE v
prepar ed AP kpith@esl]) AhQhOdtalfes aheliéaetiofin FHiele Raldhyl-AICEe R odiver@ 1dVP636)
was prepared in water. A 4.2 %solution of amoni um nol ybdate

(Mal | i ncRP@dcptongestirdpr ddrus.riha (CHECR0 polyeeptideamny be agraseologisdofahmenti um
15  FabF.

The comparison suggests that CFE 35 is a 3-oxoacyl-ACP reductase (beta aceto acetyl

ACP reductase) which catalyzes the reaction in which beta-keto-acetyl-ACP is converted

to beta-hydroxy-acetyl-ACP. Thus, the CFE 35 polypeptide may be a homologue of E.
20 coli FabG. ' '

Size Exclusion Chromatography

The estimated molecular’ weights of 2CFE 34 (SEQ ID NO:361), 2CFE 35 (SEQ ID
25  NO:362), and 2CFE 90 (SEQ ID NO:413) were determined using the Biosil SEC-125
HPLC Gel Filtration column as described in Example 8, supra.

The results suggest that 2CFE 34 polypeptide is a monomeric protein (33,093 Da), 2CFE
35 is a trimeric protein (25,758 Da; approximately 85%), and 2CFE 90 is a dimeric

30  protein (43,930 Da). Selected eluted samples of 2CFE 34 were electrobhoresed on a
polyacrylamide gel (Figure 20). )
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5 nolybdate were mxed in a 3:1 ratio, and stirred for about 20 m nutes.
The m xture was filtered, and stored at 4 degrees C. The inorganic
pyrophosph@avasw2(Si gma; |1-2267) was diluted to 0.1 Ul ipCBOSeASEr4 s/ 3mvi
MyCl12 ph 8.0, and stored at 4 degrees C. The,uridylyltransferase reaction
was performed in 96-well plates. The coupled reaction 10 described herein
was perfornmed, in the presence of 2CFE 3 alone or 2CFE 3 and 2CFE 86, and

i ncl uded Bioahemdisil Aissay: 6FEB45 U/ wel | of the diluted inorganic pyrophosphate.
The reaction was mxed for 5 mnutes at roomtenperature. The reacti on was
stopped by the addition of 240 |/well of the nmalachite green reagent and

30 |/ wel Theffusd¥nSHUCHR 3£ ek AeRrmaRd tyhRrfceakio &H?ioﬂ@%%d@hérﬁféal £Gidesul t's

of the uridylyltransferase reaction was 15 nonitored by spectrophotonetry
at 660 nro detemineswhetbercfClEe pheaielyzasrthel ponperticonef malasd-Cahtd imnhmyiverde

nmoni t or e%ogytﬂépflﬁgm”g%i&g%t%n gg%glgé%\%lr. e- NEXT C18 colum (250 x 4.6 mm). The

nobi | e phasés i an | ows: A) nethanol /10 nM pot assi um
phosphate pH 6.5 (0:100); and B) 20 nethanol /10 mM pot assi um phosphate pH
6.5 (40:60). The nobile phases were run under the follow ng conditions:
100% robilhe birrhsmic! gepctign wyaspesiormed in donpiestriceof ashihsarier prot@nni Fag es;

UoPaG pr Sactet [Tenkiss, By 10 M6 1463 B85 2t AT A e
11 b oo B8 B 1 H5 S P B0 26050 Mg Pre A0 ke T 7 ©
Puri f i edregFiorg@as (parfoinied at/ rogin: tenPErEI8ae.§., ApfroR EREERGL dGrdes @CRE 36-3 3. 1
° minutes. The reaction was terminated with the addition of 45ul of 0.5% TFA. The
‘ labeled reaction was injected onto a MonoQ 5/5 column on a Gilson HPLC. Detection
was performed by monitoring the radioactivity of the continuous flow-through of the
15 HPLC effluent. Chromatography was performed using a buffer gradient forl column
elution. Buffer A included 20 mM Tris-Cl, pH 8.3. Buffer B was the same as Buffer A
and included 1 M NaCl‘. The program was held at 90% A, 10% B for 10 minutes

followed by a linear ramp to a final mix of 50% of each Buffer A and B over 10 minutes.

20 The substrate (e.g., '*C malonyl-CoA) eluted at 9.9 minutes, the product (e.g., *C
malonyl-ACP) eluted at 14.3 minutes. The results indicate that CFE 34 catalyzes the

conversion of malonyl-CoA and acyl carrier protein (ACP) to malonyl-ACP and CoA.

EXAMPLE 15
25

The following provides a description of the methods used to characterize CFE

polypeptides 40, 41, and 46.
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The results of the uridylyltransferase reactions, nonitored by HPLC or HPLC
and Ml achite Green | PPAse assays are summarized in Table IV below 10
TABLE | VWReav#d7en: Km (M ): Method: Acetyltransferase rebRCT/US0/35604 HPLC

d ucosami ne-1 -P 150 HPLC Acetyl-coA Ui dylytransferase reaction:

N-acet yl glgaGaRe&AREd CoRrdfsddPLC and M& | PPAse  UTP 79 HPLC EXAMPLE 14 15
The foll ow ng-provides a description of the nethods used to characterize
vari ous 2CFE poI ypeptl des, including CFE 21, 34, 35, 39, and 90. The

nol ecul a t ese 2CFE anal yzed by si ze

excl usi o;rhs ﬁP%‘HHe ’rdtggﬁﬁmgﬁrdsoé‘e?&gﬁséptﬁ w@sg SUPF| Heg/ é‘& tthed FRng 90
pol ypept udegolppéide v MEdinNG & 40Rti$ Yo §hbshhbhREWIRSHRe APVPP\MRHILL 49721
PCT/ US00/ 35 Ozpépal npfﬁ]%e(% Ai ded Coﬁparl son%The conpygter-gl ded c arl son, as
descr $ bednvolveriafprmirg Wogynthesisuggest s that CFE 34 (SEQ I D NO 143) CFE 35
(SEQ ID NO 144), and 90 (SEQ ID NO 199) are 5 pol ypeptides which nedi ate a
fatty acid biosynthesis pathway (Figure 19) The conparison suggests that

CFE 34 i Sha cBﬁb@ﬂSﬂn 60 desBEbed Indieed] @9 8upih) sGdbests AhA Nz EFEUNG, dﬁﬁ‘ﬁﬁ&@n in
whi ch nma acyl carrijer prot ein (ACP) are converte

nal onyl - A‘gﬁ%éﬁd\l@dﬂo) s CTP hindapgmolif ansl gigwpe p @eoteass- be a honol ogue 10 of
E. coli FabD.

10 The comparison, as described in Example 9 supra, suggests that the CFE 46 polypeptide
(SEQ ID NO:155) has an ATP-binding motif.

Affinity Purification of CFE 41

15  The large-scale method described in Example 5 supra (e.g., IPTG-induced protein
production) was used to prepare a sample of 2CFE 41 polypeptide (SEQ ID NO:368).
The sample was affinity purified using the Ni-NTA method described in Example 6,
supra. The eluted fractions were loaded onto and run on a 12% SDS-PAGE gel (Novex)
(Figure 21).

20
Circular Dichroism and Circular Dichroism Thermal Melt Analysis

Circular dichroism and circular dichroism thermal melt methods were performed using
JASCO instrumentation. The concentration of the isolated 2CFE 40 (SEQ ID NO£367)

25 was approximately 21 puM, in a 0.1 cm pathlength cell at 210 nm.  The circular
dichroism spectrum suggests that this preparation of 2CFE 40 had mixed alpha and beta
secondary structure. The circular dichroism thermal melt spectrum suggests that 2CFE
40 has a Ty, 'of approximately 67 degrees C. The 2CFE 40 polypeptide precipitates at
approximately the Th,.
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The conparison suggests that CFE 90 is a 3-oxoacyl-ACP synthase Il (beta
ket oacyl - ACP synthase I1) which catalyzes the reaction in which

mal onyl - A@Poi/97epnverted to beta aceto acetyl - ACP. Thus, PCTHES@EE®0

pol ypepti de may be a honol ogue of E. coli 15 FabF. The conparison suggests
that CFE 35 is a 3-oxoacyl - ACP reductase (beta aceto acetyl ACP reductase)
whi ch catalyzes the reaction in which beta-keto-acetyl-ACP is converted to

bet a- hydrﬁb‘é@a@@ﬁ@tmm@ﬁ’mﬂm}@ed POEECHESER Bbm:é@&)lm apasoxieatalytiinmliogue of
E. 20 | G _Si | Th t t ed | |

i gt s OF ORR s paplsntly el-oeTHe ek’ HtPakn prscion Reesss) Daaitis 2Cre
90 (SEQ hRNRi#Hhf YEFR ﬂeﬁa@r i 0a] Egﬁd RgH ‘b@ﬁ Bt Qgdaty §ﬁ%ﬂrg5wr[hpl- eliek

Filtration columm as described in 8, supra.” The resu uggest

t hat QCFEemnq@m vpelpha déruftyres. nﬁmmﬂ@ quownnth(ea@,logat BedctrudCiiggesS is a

30 prot of (A3 1640 By TooPb AP BT R ARPPCh Cof 96RE T Harpeptde - ©

el ect rop?@gcqﬁ@ebsqmappmp@{ay@yﬂmlmn de gel (Figure 20). 100 WO 01/49721
PCT/ USO0/ 35604  Bi ocheni cal Assay: CFE 34 The function of 2CFE 34 was

determ ned by perform ng various biochem cal reactions. 5 To determ ne

V\/net her 2BekoB&ntation yf e itdieed DEVEMG (SEQID Nl 3718) IwaSapptonimatigrdpl pdnd
he.fol.l ow n eact i erforned Th bi ochem cal reaction was

perfé medf £17-1 iR PRl eetla 230 p {;hq?lwlaaﬁ& PISN SPRRITU} Figgesty haf His uded

the foll oA A BRhORY n O3 AFR

(e.q. %IBQBMO F‘]@rls- 90 gﬁd Saﬁ%ﬁrﬂrlntr%égr[ E?C?r%

react i on dwénmmmrﬂmmﬂcmaltt spcmmnu errg@st;st hee 2CEEQ4Q 13h;ghd3xs’rathleehtyel%tetbgr ees

C for 3 ut es

0 59% TFACTHREA S0 Aot AESTER Gn e H T 2P DA OGNSR G0NSH 5 Kol on @

G | son Heighal dAAUBShbI9Peptide remained soluble.

15
Capillary Electrophoresis
Capillary electrophoresis was performed on samples of purified 2CFE 40, 41 and 46.
The electropherograms of 2CFE 40, 41, and 46 are shown in Figure 22.

20
EXAMPLE 16
The following provides a description of methods that can be used to characterize CEG
polypeptides (e.g., CFE polypeptides).

25

Computer-Aided Compilation

Computer-aided compilation of bacterial metabolic pathways may be analyzed using
Pathway Tools from Doubletwist, based on the EcoCyc system (Karp P.D., et al., 1999
30  Nucleic Acids Res. 1999 27(1):55-58). This analysis may be used to predict which CFEs

mediate various steps of the pathways. This information may be used in combination
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was performed by nonitoring the radioactivity of the continuous

fl owthrough of the 15 HPLC effluent. Chromatography was perforned using a
buf fer gmedbes72f or colum elution. Buffer A included 20petMUSo0/3s6@ , pH
8.3. Buffer B was the sane as Buffer A and included 1 M NaCl. The program
was hel d vth B8%sbits sPYbRdL iol Qs | RGP @
final mx of 50% of each éﬁl}f’rfécgloglvg%‘gﬁ%ieg{}%s 1 md%tsgoss%ﬂa%gﬂ#r% subltg?rate
(e.g., 18CHmpdrpdrtideA) eluted at 9.9 ninutes, the product (e.g., 14C

mal onyl - ACP) eluted at 14.3 mnutes. The results indicate that CFE 34

catal yzes the conversion of mal onyl-CoA and acyl carrier protein (ACP) to
mal ony| - AdRtignte FRAunciMAEFE Polpeditg f ol | owi ng provides a description of
t he met hods used to characterize CFE pol ypeptides 40, 41, and 46. 101 WO
01/ 49721 PCT/ US00/ 35604 Comput er - Ai ded Conpari son The conput er - ai ded

i i ' | . ' that th E 40 .
ol ypept g RGBT phioi RS e RS B SBREH e BT s ouiice 5
i nvol ved vitiich bindsrivita the CFPBd1gsdpside. The CieBRBb SidRIraid ndlescidbhetkd wsifxanpl e

9 supra, suggests that the CEE 41 polypeptide (SEQ ID NO 150) has a
GTP- bi ndifi3giorstipe and pfHBYy sepibanyr ¢Jecppaoresiy meibodsophe ifelbnyinggnetbed is bed i n

- AT bt e R (RO o O ol B (R P LRAL RERL I BB R 1031 o
nmet ho@ described in Exanple 5 supra (e.g., |IPTGinduced protein

productiaon) was used tg prepare a sanple of 2CFE 41 pol ypeptide (SEQ ID
NO. 368) . A )Pﬁ@e%aénliﬂ% % CARYIDG; a1y CRIALeRoUS (e %Vﬁhgﬁ)’ﬁi SNRACITRINGES 2

desor | e KRS ot Ricuoss 11 Ao P OB S BEFFL R0

polypeptide is produced by the cell. The cells may be ruptured in order to obtain the cell

lysate. The cell lysate may be fractionated using HPLC technology. The HPLC fractions

15 may be reacted with a CFE polypeptide in-a binding reaction, and the binding reaction
may be analyzed by affinity capillary electrophoresis methods. The ligand or substrate
which reacts with the CFE polypeptide may be identified using mass spectrophotometry
methods (in “Mass Spectrometry” 1990 eds. McCloskey, J. A., in Methods in
Enzymology volume 193; Henion, J., et al., 1993 “Mass Spectrometric Investigations of

20 Drug-Receptor Interactions” Ther. Drug Monit. 15:563-569; Loo, J. A., et al., 1999
“Apﬁlication of Mass Spectrometry for Target Identification and Characterization” Med.
Res. Rev.h 19:307-319;‘ Nguyen, D. N., et al,, 1995 “Protein Mass Spectometry:
Applications to Analytical Biotechnology J. Chromatogr.705:21-45).

25 EXAMPLE 17

The following provides a description of nuclear magnetic resonance (NMR) spectroscopy

methods that were used to characterize CFE polypeptides.

30 High resolution NMR spectroscopy was applied to. °N-labled, 3¢/ N-labeled,
*H/"C/"N-labeled, and type-specifically isotopically labeled CFE polypeptide samples
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20 Circular Dichroismand Crcular D chroism Thermal Melt Analysis G rcular
di chroismand circular dichroismthermal nelt methods were perforned using
JASCO i nsvo umeaterat i on. The concentration of the isol ated PCHFESABS6BEQ | D
NO 367) 25 was approximately 21 M in a 0.1 cmpathlength cell at 210 nm

The circ ' ' : . ' reparation of 2CFE 40
nad i xed" iepRLERANFERARRENMAIRESCS. I e Falo B SRREH &P by

t her mal rstite, egpefotdedness,uggestral infegtity? @riEfind@ phrasowlyldetermiféd @ppfigehigt el y
67 degree eptide precipitates _at approximately the

C. The 2CFE 40 poly
T.... 1 03Ty P11 IS ST IS OEHS: ThaoTilng dRmOREYOROGHEE Reugtwist 0 ed
2CFE 41 pjg%j v s ) ' . . t hl angth
cell. Th(ea%feig%r {éll? I"ar glglg%nrf g??r%a g%@?ﬁﬁ]&fhﬁégégltagﬂr?ﬂg({m%h?%CP?Opl(rag%a gﬁa@h of
2CFE 41 madlemlx gdtamhqmophaid flaghensetmandand spedificdllyr & thé tEFR p]ﬂﬂ%};ﬁde S
percent'a?;g.[ﬂof al pha stryctures,, @2 gér ular dichroismthermal nelt
spect r umtSuyde t Yagpaiic; Resoppnce sy Jameg s Tg b i deriedy i Fwzveeieses C.
The 2CFEV611HM3,99’ept ide precipitates at approximately the T,,,. The
concentration of "the isolated 2CFE 46 (SEQ I D NO 373) was approxi mately 23
M 10 in a 0.1 cmpathlength cell at 280 nm The circular dichroism

t hat .t hi ti f 2CFE 46 had m xed al ph d
et o soodMaTOIG ey Pettden SSiEER DR el S fRerPGRd et ARPIOEMICR Fosts um
t i1db%e. hé : 90
degrens & AR R ;ﬁ%&?ﬁ‘ﬁ%ﬁﬁ?@hﬁ%@éﬁ%@ﬁs STORTEE TR sml D o
G

t he pol ypeyeduife phenmecoplbre @nd 15 cGapbimdadgckE|of qiropyidtarye kinswGaphtit ar y
el ectrophaoresi s was performed. on.samples af purified 2CFE 40, 41 and 46.
The el ecfl}lgﬂﬁ@f 38?’5’9@“‘& 83?@%”5‘8’,134 ,Cl%ﬁaala% Tg? eélgsfrﬁd\ﬁ’fyp?ﬂmiﬁsg@ﬁe target 20

polypeptides) to determine, either based upon perturbations to the chemical shifts of the

amide proton and/or nitrogen resonances, as measured from a two-dimensional proton-
15 nitrogen heteronuclear single-quantum correlation spectrum (2D scréening method), or
based upon increases in the linewidth of the compound's proton resonance(s), as
measured by a one-dimensional T;, spin-lock difference spectrum (1D screening
method), both whether a compound binds to a CFE polypeptide and, in the case of the 2D
screening method, where the compound binds on the CFE polypeptide.
20 '
Isotopic Labeling of CFE Polypeptides

BL21-DE3 E. coli bacteria are transformed with the CFE expression vectors. Expression
takes place between 20°C and 37°C in minimal media containing [‘*N]-ammonium
25  sulfate as the sole nitrogen source and either glucose, [*H];3-glucose, or [ Cle-glucose as
the sole carbon source. Glucose is used for preparing uniformly '°N-labeled and H/"*N-
labeled CFE polypeptides. [ZH]13;gIUCOSC is used for prepéring type-specifically 'H/"C-
labeled, uniformly '°N-labeled CFE pdlypeptides. [13C]6-glucose is used for preparing
B3c/B5N-labeled CFE polypeptides. The minimal media is prepared in 100% H,O for
30  expressing both uniformly '*N-labeled and uniformly >C/'*N-labeled CFE polypeptides;

‘the minimal media is prepared in 95% D,0 (deuterium oxide) and 5% H,O for expressing
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EXAMPLE 16 The follow ng provides a description of nethods that can be used
to characterize CEG pol ypeptides (e.g., CFE pol ypeptides). 25

Conmput er W ded7¢onpi | ati on Conput er-ai ded conpi |l ati on of PaTASEN/ 3604

met abol i ¢ pat hways may be anal yzed using Pathway Tools from Doubl etw st

based on P 1 9 ids Res.

1999 27(11‘§t93%1§5§3%ﬁ1f§ﬁ§ ana(ﬁ Iﬁgdl’eg}d uBf gsggla%bgﬂe% & Jﬁg[ %ﬁ)lrﬁﬂ%:}@g I\‘ﬂmedl ate
vari ous Bibelpd Q¥ pdigpap atldsslvdyishe d’dsesf typfa(spemﬁcad)lly IPM@CHdaa]&bdmfmndgrlrhﬂﬂatl on
103 WO 01/49721 PCT/ US00/ 3560§ ftehe res%clts of . ndicg g ction

whi ch i diékeled | €EEapplygentiles 4 Hﬁﬁ’a‘? Prg{gpat pmly I}B g tide.
| denti f f ion of a CFE

pol ypep Hsggu%lgigf "égﬁlg ecﬁltélugfn cjgentl ‘g‘fér?ggéheaflg%ﬁﬁl ﬂ(d)lftﬁgubst rate which

bi ndsswi th the CFE pol ypepti de. The | i gand or substrate nmay be identified

using fr ionatjon and affinity capillary el ectrophoresis nmethods. The
follow n 0y based upon the assunption that the bacterial cell

| ysate includes the ligand or substrate. 10 A bacterial host cells carrying
an endogenous (e.g. native) CFE gene or carrying a reconbinant vector
whi ch i n€oogesnds iGREe getienivwpidaleclu preupredlissolved e atth@ebﬁmcelpttﬂtl}bpe(ﬁt]uﬁde is

Pyeate. Mt it dpreret PAR St lioR s Bl (Eh dste el oalbE sBh Ane reLc
ffaCi ong, glﬁ?ay élﬁn KAAL ﬁfith\ensh{auan@%&n@ﬁi & af H&e'd@ck @requaais@&vé&aptl on,

andt e bindi ng reaC|on may be anal yze inity capil
el ect r opHartesied drmtohtmohstar@h@oncegua@bmof $Q b A geoupsvel Shi. ¢ea egktwelk he CFE

L o SRR RO SR RSO

3.5 pl of compound is placed at the bottom of a well in.a 96-well, screening plate. This
15  well will be referred to as the compound screening well. Each compound screening well
contains solution from only one deck well. 166.5 ul of buffer is added to each compound
screening well. 170 ul of a CFE polypeptide solution, initially at a concentration ranging
from 200-300 pM, is added to each compound screening well; the contents of that well
are then thoroughly mixed. The control screening well contains only 3.5 pl of deuterated
20 dmso. The screening plate is then centrifuged in a bucket rotor for 15 minutes at 3,500

rpm to insure that all particulate matter is at the bottom of the well.

The 2D screening method requires a single control screening well in which the compound
solution consists only of deuterated DMSO. The 1D screening method requires a control
25  screening well for each compound screening well. In the case of the 1D screening
method, the control screening well is prepared identically to the compound screening

well except that the 170 pl of a CFE polypeptide solution is replaced by 170 pl of buffer.

The screening plate is covered with aluminum foil and placed onto a rack of a Gilson
30  liquid handler. The Gilson liquid handler, under computer control by the NMR host/data-

acquisition software, is responsible for removing each sample from the screening plate,
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f ol | owi ngemoGug d@ssampd;be om; the flow-prbbe wof éwpelm@q@foa@( m@stbnaﬁl@em(xg\lm)te

t t hat
Pt OSSR ol i Sud b

| abel ed CF pepti de sanpl es
solutﬁoncsﬂgﬁﬁiém
structural state, e.g., foldedness,

previ ously determ ned experi nent al

honol ogu@etdrmhifial Saacwrd ORateayishaddlaCF B Polyséptide

By ae D et J R ar e qoleRer oh (e
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measured from a two-di nensi onal

si ngl e-quantum correl ati on spectrum (2D screeni ng method),
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i ncr qgsesr

neasur ed
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Mensi on

ecules; and to identify small 5
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ased upon perturbations
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elt

or based upon

screeni nQhe set {Hy, C°, Cq, Cp, N} for perdeuterated (e.g., ?H-labeled) proteins were determined

_ by procedures well known in the art that involve collecting up to 10 triple-resonance

NMR data sets. The protein secondary structure was delineated as either helical, turn or

extended (e.g., B-sheet) by measuring A(8cq - dcg), ASC’, and Ady, where & refers to the

20

chemical-shift value and A refers to the difference between chemical-shift values

measured in this protein and those measured for the same residue type in a random-coil

(unstructured), tetrameric peptide.

This secondary-structure profile was generated in approximately 2-3 weeks per protein.

25

The secondary-structure profile was used to confirm the functional identity of a protein.

It was also used to refine the list of possible functional identities of fé)lds, predicted by

various computational techniques including fold recognition which is associated with a

protein or polypeptide.
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nmet hod), both whether a conpound binds to a CFE pol ypeptide and, in the
case of the 2D screening nethod, where the conpound binds on the CFE

pol ypept ivd@ 01/2021 sot opi ¢ Label i ng of CFE Pol ypepti des BL2REDESIES6@O! |
bacteria are transformed with the CFE expression vectors. Expression takes

pl ace betMERNwaOSscan6 gdate oldk OF PRitein®ai polgsuptidesion gvﬂlalﬁbﬂth AR RS 25
sulfate as the sole nltrogen source and either gl ucose, | ucose,

[ 13C] 6- gl kaewasf prfequssre hesploghe sudipe étrucelralc%eolpgu%\ye%dlﬁ@rmb%éﬁ &hs ng

uni f or rri | abel ed CFE pol ypeptides. [2H 13-glucose
IS used %Ho%’?écggmﬁﬂﬂt& g%;l cally 1H 13C | abeled, uniformy

15N- | abel ed CFE pol ypeptides. [13C]6-glucose is used for pr epari ng

13C/ 15N- | ahel ed CFE oo{ ptides. The mninmal nedia is prepared in 100% H2O
for 30 e ‘r—ﬁ—ﬁé&ﬂor my 15N-1 abeled and uniformy 13C/ 15N-| abel ed
CFE pol ypeptides; the mnimal nedia is prepared in 95% D20 (deuterium

oxi de) and 5% H2O for expressing 105 WO 01/49721 PCT/ US00/ 35604 both

type- speNﬁclaaavarhhhkelmOE)biak&dIerewﬁeﬂm m&ﬁnellﬁikh Ihaﬂnelcggd -medeted] sistctuned f ormd y

2H 15N- | abel ed E. pol ypepti des. eC|f|caII

THLISC. | PR PETioy dasmbeh srpecispll shitces 5E e shEaE Spelngite. Jpnis
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e

am no acids are a to the mnimal nedia. 5 NMR Screening Conmpounds in
the dfti-m crobial deck are pre-di ssolved to a target concentratl on of 16

oni y " one IHE6 R 48 RbpPeb e HEU A T AT oA S S B G ReEapaRe. deck
are pre- gtrﬁ&eéev%é mﬁeu&er@és%e@wmt&pthe ch @%% -a RN SRBAdIA hoflyf PR MM i n

groups of 8, 1.e., each deck well contains uni que conpounds” wth each
conpound NiVIRadetteanmgpextd mamhm stagdtan fof (58 3Avsuggssted thab CFEo8d sustdichsallt aced
at the bott?mof a.wel | aé)Gr,e screening plate. This 15 well wll
be refer F8Y qréoésaqlﬂ%‘n&g%ﬁlfu% QF}48%ni ng wel | . Each conpound screening wel |

15

The characteristics of other CFE polypeptides were analyzed by NMR methods. A

computer-aided threading analysis revealed that the N-terminal domain of the protein

EGA, which both binds and hydrolyzes GTP, was both structurally similar and

sufficiently similaf in sequence to CFE 52 to suggest that CFE 52 had a similar function.
20 |

The NMR data of CFE 103 suggests tﬁat this polypeptide is unfolded. Circular dichroism

spectra, as a function of temperature, also indicated that CFE103 was unfolded.

The CFEs 2, 42, 43, 68 and 88 polypeptides were tested for their ability to bind potential
25  inhibitor molecules by screening both the anti-microbial deck and the small-molecule,
pharmacophore deck. CFE 34 was tested for its ability to bind potential inhibitor

molecules by screening the anti-microbial deck.
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contains solution fromonly one deck well. 166.5 | of buffer is added to

each conpound screening well. 170 | of a CFE pol ypeptide sol ution,
i nitiall wabr#eoncentration ranging from 200-300 M is pdO®dowaseeach
conmpound screening well; the contents of that well are then thoroughly

m xed. TRe,CoRLLRL TSR %hh- %ont ains only 3.5 pl of deuterated 20
dnso. The s QEE@Q - at e |se enln entrifuged in a bucket rotor for 15

mnutes . at 3,500 rpmto insure that all particulate matter is at t he

bottom o we] | . The 2D scr n|n nmet.hod. re Jre troI

scr eeni nﬁ,ﬂ\&geqasq SHATERS (178 W6 Su%eolPlB lrng ﬁ%tt%s&‘ﬁnil%iﬂ? SﬁlFer ated
DMBO.  Theh 865181 deek TRl heael e{nﬁ%ichﬁﬁaladé‘cﬂnt !B%dm FaBC HBRN e Welebnd OF
each conpound screening well. In the case of the 1D screening nethod, the

cont rdl slowehassgssmeht of ‘élemr@mm@dﬁ dernt¢indd bind: snalhmolonieauitic bindaeni ng

weII except that, the 170.] of a CFE pol ypepti esolutl Iace by 170
of buf ggtla wasTg{so élﬁercéé’ dﬁﬂtlé'l feg ong 8(5%%?’5 P (1% FERA %u?ﬁslf“(‘}ﬁf bi'aced

ont 0 a I gffleciesa ’I‘He'b‘iﬁdln%@aﬂa'xﬁd&' ﬂsoh@gaalt@ﬁdenahecc@)ﬂnw@héﬂn%bﬁlda@swh&i under

conmput er control MR host/data- acquisition software, is responsible

for rermﬂleri@rrmuhdss‘dmhémdr omthe screening plate, 106 WD 01/49721

PCT/ US00/ 35604 injecting the sanple into a high-resolution, 'H 15N

doubl e-resonance NMR fl ow probe, renoving the sanple fromthe fl ow probe,

and g SpRR$EsY stleeHag kefel @ hNBo&RE ARy Bloie antMelibrobla® Modpbeitist fige sanpl e

was originally renmoved. NVR data are collected on the sanple while the

sanpl e rg¥¢bil fangat ioé WRR Blupknprbres screned pye gsnerdvRethadac g6 bmshmge@a ed

Dot or m G et VR PR ot RERROR LR LR SRt cci ng

various aétléﬁﬁﬂnﬁd ef bé bgesidl tu@thér@btesﬁam@ ok (H?E@_'ETﬁ@k@VI@ﬁBtsbﬁemn@MFétﬂﬁﬁ used
10 to provide the follow ng information. The proton 1D spectra and

pr ot on- nitap dgech t deteping é’}’}a@h &EEI\IRWB‘?;PEIQ?% hmdéfc’ avhigle gompounsisdn dhe gatipver al |
fold i_bi | th
ol aga sl bialdrdi B ARERE fiEenith MRt AELURL Ik (RGHHE Y dlifhdl

di sti nct irf agfrapristes bdlnlbdlmﬂeddckm/ér}é ps{eﬁeeﬁéd wﬂxﬁmﬁsau Mahibitory TOenceheaiaal

shift of m)st Iproteln nuclei_in_either the set {HN, Ha, Hp, C, Ca,, Cp, N
or (e.g., MIC). The compounds exhibiting antimicrobial activity were designated active

compounds. The CFE polypeptides were screened to determine which polypeptide bind
to which active compounds. The CFE polypeptides which bound to the active
20  compound(s) were confirmed, where possible, i.e., in cases where an in-vitro assay was
possible to construct, as being inhibited in their function as a polypeptide by the active
compound(s) by examination of the inhibition profile of the compound(s) against the
CFE polypeptides. For additional confirmation, the effect of the compound on the
microorganism harboring the CFE polypeptide was monitored (e.g., whole cell assays).
25  The structure of the active compound was used as a basis to generate chemically-related
compounds by iterative synthesis. The chemically-related compounds were tested in a
screening asséy for binding with CFE polypeptides. The active compounds and the
chemically-related compounds of interest were the compounds which exhibited an
increase in binding affinity for a CFE polypeptide and/or exhibited drug-like properties.
30
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the set {HN, C, Ca, Cp, N} for perdeuterated (e.g., 2H | abeled) proteins
were determ ned by procedures well known in the art that involve

col l ecti mpouap44701 10 tri pl e-resonance NWR data sets. The peDUSIBSs@condary
structure was delineated as either helical, turn or extended (e.g.,

3- sheet | - . Sop).. ~ 9. b
R e b e R T e Y
cheni cal cspbinddédkeschibieisantemhidrobithactivityot 4 bf drse bhbeecompamisdvdor t he

sane residue type jn a rand coil (upstructured), tetranerjc peptide.
Thi s secéﬁﬁ%ﬁ@&?%&l’?ﬁ @0@( g%a‘l %{ M%toélé?ﬁééraé’tdeg‘ck PSPk AYBPRIOPICI e ek s
per prot gi C = | MAE$ &ﬁﬂ; t he
functi ong}hg?ed%ﬁt% P%?ng?@%&%‘}i{o&b?ﬁ F[élﬁtlstts\lgg Hgleélgéﬁge\g?t 0 r’cejtfhiE%e t eduFl?}st of
possi bl e Wemnalsd aleained de ibei suffegently Jobibdis in pquediie beffeiofor bodr theu@D and 1D

conput at i | techni ques,including fold recognition which is associ ated
with a mﬁé%ewg&gﬁf@%pti de. 107 WD 01/49721 PCT/ US00/ 35604 NVR was
used to generate folds of proteins or polypeptides for which both no

structure was known of a sequence honol ogue and no structural honol ogue
was di scdihis fibseti of PheonpbBndsywhousedr mcay NN Rdrased straém teedeteBniRefwhiting a

Structural Mde] .Nucl ear erhauser ) t re used to, refine both
honol ogy *HHEE bé‘ldrcsu@t l‘i"rhé%é1 @ﬁdpéﬁaéﬂl}%s| ﬁaiﬁgr@hgaﬁ'@g’@@ei ﬁ% a_fwo

st rugp ur @erRbntcdRgRURES ngmmé)%gé of U %o 1PROEEHS CIOK3 aRIyRpiaRt el y
2-3 weeks per structure. 10 The CFE 88 pol ypepti de was characterized by NWVR

anal ysi s bvandesinabtomspounds vaibc Eadar $0-58t pMct the e CFEN34 NiRybatide vimsndisBY t o

filter the conputer-ajded threading analysis, The . - det er m ned secondary
structur QO%P“@SE’W%S‘M@@]@%wgﬁQf{P%ﬁ@%ée' C@??M’é‘g s TV M i ar to

4-am noi m dazol e carboxyl ase. 15 The characteristics of other CFE
pol ypepti des were anal yzed by NVR net hods. A
The enzyme assay used to confirm the NMR results which suggested CFE 34 interaction

15  with the compounds included the following: 10 pM “*C-labeled malonyl CoA; 20 uM
ACP, 30 pM CFE 34; 20 mM Tris-Cl, pH 8.0; 5 mM DTT; in the presence of absence of
50 pM of a compound solubilized at 40 mM in 100% DMSO and dilute 100-fold into
10% DMSO and further diluted 8-fold for a final concentration of 50 pM in 1.25%
DMSO. The reaction was performed at room temperature, the reaction was stopped with
20  the addition of TFA. Two hundred pl of the reaction was injected onto a Mono Q 5/5
column. The chromatography conditions included: A) 20 mM Tris-Cl, pH 8.3; B) 20
mM Tris-Cl, pH 8.3, 1 M NaCl. Hold 10% B for 5 minutes, linear gradient from 10% B
to 50%B in 10 minutes, back to 10% B in 1 minute, hold for 14 minutes to re-equilibrate.
The reaction substrate (14C- malonyl CoA) eluted at 9.9 minutes, the reaction product

25 (**C-malonyl ACP) eluted at 14.3 minutes.
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conput er - ai ded threadi ng anal ysis reveal ed that the N-term nal domain of
the protein EGA, which both binds and hydrol yzes GIP, was both
structuravoyrgd7en | ar and sufficiently simlar in sequencPCTOS@AS6®2 t 0
suggest that CFE 52 had a simlar function. 20 The NVMR data of CFE 103
suggests Wﬂat. tE‘iﬁfS} (Eol_ypepti de is unfolded. Crcular dichroism spectra, as
a functi ol “BY'SCEHHE Wture, also indicated that CFE103 was unfol ded. The
CFEs 2, 42, 43, 68 and 88 pol ypeptides were tested for their ability to

bi nd potential ,_25;i.nhibitor_ ol S screenj ng..not h.the ti-m.crobial
deck and t hé" Al q@%@@&ﬁlfﬂg, act pﬁlg)f?e#ah%o%ﬁ§glggﬁe%qup §V3“1‘§k}a’§ @ggﬁsgﬁnéor its
ability to bindrgetwabiiil oflackiriabeell 4hal (@Fhdses 1dayt S6TREVIFRAE fih&ions of a
anti-mnicrobial deck. 108 WO 01/49721 PCT/ US00/ 35604 Characteri zi ng

Snal | Mol ecul PBIGEENIEE KiRse a3 ddoliidae dHndipnwhranels anigraioge Brotaie. Bi singlag

agai nst both t | 5! el .macqph .t he_anti-m_crobial
deck. Bi ndi ng %gflg&?r (Pm heggldgl(,gr e@ﬂ)g&ﬁg gll I gﬁ\/\(/gsgﬂgéﬂs&%ogg%é&rﬁ g]f%?afsﬁ’e al
propensity of aetyttednsfenast parbiridylglvahdferand, aandlesyl JdeaziheWiAGCP tatseylass al so
used to identify gi tes 3—;’%&16 protein ich are capapl e of binding small

nmol ecul es. Theé? bi AERECK wadyhasg udbd tho | HERPAF AL moisdpsiasenacdphor es

anong the co gllmﬁn Lich: hi g HR R : SGr j . 0 cess
wher eby knomr@%t - mé(lzﬂr?%gl gﬁidg%mgoundqu{lﬁ%e’ (r\?i gfﬂ(?bing?(ﬁ?%?%‘gﬁe}néfgmﬁ?gh is
unkndin, are shindiepedtiy, ar géamimimidardledarbexgase. bi ndi ng as assessed by
NVR, to find a physical interaction with polypeptide targets previously

determ ned to be essential to the bacteria (i.e., the CFEs). The reverse

screeni ng t . 10, ! [.C . ides bind to

wni on conpotndat o SR Ful Bl S AER HrraR iy BB S8R  net o
included the figl khywmndn SHE@ IDONQOVNAS Fidude alpraihﬂr'ivﬂérairnyth@qj%?éﬁddéjﬁbck wer e
screened for Mninal Inhibitory Concentration (e.g., MC).. The conpounds
exhi bi ting antRaHsheBiediingsét i vity were designated active conpounds. The
CFE pBI ypepti des were screened to determ ne which pol ypeptide bind

3. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule
is shown in SEQ ID NO:35, Figure 60, SEQ ID NO:19, or Figure 44,and wherein

the polypeptide is a Holliday Junction branch migration protein.

20 4. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule
is shown in SEQ ID NO:8 or Figure 33 and wherein the polypeptide is a single
stranded DNA binding protein.

5. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule
25 is shown in SEQ ID NO:3 or Figure 28 and wherein the polypeptide is a

phosphoglucosamine mutase.

6. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule
is shown in SEQ ID NO:82 or Figure 103 and wherein the polypeptide is a

30 acetyltransferase.

111



to which active conmpounds. The CFE pol ypepti des which bound to the active
20 conmpound(s) were confirnmed, where possible, i.e., in cases where an
in-vitrove@suydas possible to construct, as bei ng i nhi bPCBRASINBSHHIC 1
function as a pol ypeptide by the active conpound(s) by exam nation of the

;32: ?: E)Ingr Rr Oi’ﬂé RofedliiR1e5O ﬁ ??Hb sl fmﬂ'cgﬁlz% W eg%«?n?ﬁjmxggﬁt&gﬁgule For

I rmation, oun m croor gani sm
har bori ng t he 1§:FI§hmhypeSEQ dp N@sSZ*mmFugmedOBeang whevhial ﬁleq&iljrpeﬁﬁwysﬁl 25
The structure of il?’q tive conpound was used as a basis to generate
cheni cal | y-r el Hi® tr%‘%? B%¥nds by iterative synthesis. The
chem cally-rel ated conpounds were tested in a screening assay for binding
wi th CFE pol ypeptides. The active conmpounds and the chemcally-rel ated

conpoynds 08. iTﬁeel@elatedWﬁfceldﬁtedﬁmmwmlm thwiestbinlthé adcleio acidngbleasie i n
binding affinity for a CEE_pal %p gﬁ_l de_and/ or exhi bited dru? i ke
properties. 39 showinen o3 Q dib NQsédondieyrsstp and whergia she tohweptideeis aver se

screening are 7 fromthe proprietary conpound deck
exhi bi ted antllﬁ?rll% odél a y%%‘%l‘%/(?lfy g?[[q%ef t hese active conpounds were

sel ect ed based upon both | ack of cytotoxicity and | ack of excessive
hydrophobicity. These 94 conpounds were soluble to 16 nMin deuterated
DVBQO,  t hese9cofhsogeldtsdsuglsiceacid swletulemdclain hevisanéinitos emltly asidl mbleeule n

aquequs buffer, f bot h enin hi.s subset
of 9 l(5corrpound§ éib ﬁﬁgﬁgﬁ(ﬁﬁg%gﬁ%‘ﬂy&f “?]8%&{1% 1\%\-‘5? a’3-

conpound bi nds)xtogc}mm«msﬁﬁﬁsgqm ypeptide. The CFE 42 pol ypeptide bound tvvo
10 different conpounds with Kd's in the range of 0.2 to 1 mM the CFE 43

pol ypepti de bound one corrpound with Kd - 30-50 M the CFE 34 pol ypeptide
bound 13 ¢ e ch.in ed fhe pal ypeptide function with
"G50 < 10 MOTIHE oo 4 SaipRl st bnBS iR Puitf eedanlemile
suggest ed CFE @%ﬁd%ﬁ@%gm M@swotrm C%he FEORROWALS ﬂﬁ;ﬁ%ﬁﬁ'@lg 9'3L OWI | -

10 M 14C- | abel ed nal on 30 pM CFE 34; Tris
- 15 mvi DTT;oxoacitlHeC r@isleﬁaszfe of absence of

11. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule
is shown in SEQ ID NO:36 or Figure 61 and wherein the polypeptide is a’
phosphomethylpyrimidine (HMP-P) kinase.
20 |
12. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule -
is shown in SEQ ID NO:37, Figure 62, SEQ ID NO:48, or Figure 73, and
wherein the polypeptide is a GTP binding protein.

25 13. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid molecule

is shown in SEQ ID NO:42 or Figure 67 and wherein the polypeptide is a ATP

binding protein.
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50 M of a conpound solubilized at 40 mMMin 100% DVSO and dilute 100-fold
into 10% DVSO and further diluted 8-fold for a final concentration of 50 M
in 1. 25%wWONBO72TThe reacti on was perfornmed at room t enper BETUSY0/35hE

reacti on was stopped with 20 the addition of TFA. Two hundred | of the

reaction was, injected onto a Mpno Q 5/ col umm. The chr omat ogr aphy

condi tions f‘lhgjljhﬁd%)é?‘te‘i\}l“‘éelcrﬂ%l@?@ggée,O?ﬁﬁnﬁ. I3 -whgyein the pygleps P@g@(ﬂeﬁéﬂl? 8.3, 1
M NaCl . Hold 10% ' 'E%gf ' 4 0.509B in 10
m nut es, backgt)oﬂl%q% ﬁ@fﬁﬁﬁﬁ“e{”’ I cf %ﬂ?‘%ﬁ%ﬁ%&f@g @Z@}E@héﬁﬁ?&fﬁ ate.
The reacti on sulisdsimidazoleloatboxyimbonyl CoA) eluted at 9.9 minutes, the

reaction product 25 (14C nmalonyl ACP) eluted at 14.3 mnutes. 110 WD
01/ 49721 PCT/ US00/ 35604 What is clainmed is: 1. An isolated nucleic acid

nol ecul e en b n | ypept.i i.ch i.s:(1), essent i,al or the viahility
of a bacter fsgl 83?‘1%"%28&?%‘)8 aﬁlglgm%cﬁl 3 tCla;IHQ’ e fudidinasifigndegie s 5
pant ot henat e ki nasem ia SHE) I aY:49 wh ¢ligae 7BraadGihdiig i pePpdpiet & B.GEP Singl e
stranded DNA bi ndi ng P(ot ei n, a phosphogl ucosam ne nmutase, an

acetyl transf ebEXENE BIAtaiR. | dylyltransferase, a mal onyl CoenzyneA: ACP

transcyl ase, a 3-oxoacyl-ACP synthase Il, a ' 3-oxoacyl-ACP reductase, a
phosphonet hyi pyri m di ne (HW-P) ki nase, a GIP binding protein, a ATP 10

bi ndi ng pr ofeeiah isBlatdd Aickt BoTheiRak enCREROK PoBDeotide wilf i BReAlATORUC] € C
acid nolecule of claim1l, wherein the nucleic a nol ecule 1s shown in
SEQ I®D NO 97 the ¥Haljlityeofld bactewhl wiely tiemucleée pod ypeetuldeompridng pasquehbenat e

ki nase. 15 3. The |sol ated =Y Cj | ecule of claim1, wherein the
nucl ei ¢ aci d ﬁ%‘?‘@%lﬂ@yqn&‘%sm&p%ﬂg?l NO 35, Figure 60, SEQ ID NO 19,
or Figure 44,and wherein the polypeptide is a Holliday Junction branch

m gration protein. 20 4. The isolated nucleic acid nolecule of claima1,
wher ei n t hel ual Bblatedondlgi®beid whdlecule encoding a polypeptide which is essential for

the viability of a bacterial cell, the nucleic acid molecule comprising a sequence

15 shown in any one of Figures 26-130.

18. An isolated nucleic acid molecule encoding any one of a polypeptide designated

CFE 1-117 having the amino acid sequence shown in SEQ ID NO:114-226.

20 19. An isolated nucleic acid molecule comprising a nucleotide sequence which is

complementary to the nucleotide sequence of claim 1, 16, 17 or 18.

20. The isolated nucleic acid molecule of claim 1, 16, 17 or 18 which is DNA or

RNA.
25
21. The isolated nucleic acid molecule of claim 20, which is labeled with a detectable
marker.
22. The isolated nucleic acid molecule of claim 21, wherein the detectable marker is
30 selected from the group consisting of a radioisotope, a fluorescent compound, a
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is showmn in SEQID NO 8 or Figure 33 and wherein the polypeptide is a
single stranded DNA binding protein. 5. The isolated nucleic acid nolecule
of cl ai mwWO owksseein the nucleic acid nolecule 25 is showaCTRS®ERWD NO. 3
or Figure 28 and wherein the polypeptide is a phosphogl ucosam ne mut ase.

6. The isol at 2] el [ 0f ¢l al el lei¢ acid
nol ecule 1is s %@nﬂﬁ #ﬁsk%ﬁ%‘%}%o@,gﬁH%e‘r?mﬁ.{\%lglﬁ%laﬁo%m%ﬁ ahéa ?%elttﬁh%th Eléf’or B

pol ypepti de i sanenz@fleacet yl transferase. 111 WO 01/49721 PCT/ US00/ 35604 7.
The isolated nucleic acid nolecule of claim1, wherein the nucleic acid
nmol ecule is shown in SEQ ID NO 82 or Figure 103 and wherein the

pol ypeptide,is,a .uridylyltransferase. 5 8 The isol nugleic acid -
ol seule of 261 ATgetdt bopteite, ARk R elodiee 4 B 2L 5% €18 0own 1 SEQ 1D
NG 3050r Figure 55 and wherein the polypeptide is a malonyl CoenzymeA: ACP
transcylase. 9. The isolated nucleic acid nolecule of claim1, wherein the
nucl ei ¢ aci @4.nbhesttestor kPstérn cempuising theSEQtor Bf Naind@3,an afsugairle hdf tekhnd
wherein the polypeptide is a 3- oxoacyl -ACP synthase I1. 10. The isol ated
nucleic acid nolecule of claim1l1l, wherein the nucleic acid nolecule is

shown in SEEI I . 0 : i - 15
oxoacyl - ACP%'e%c asgi’?&ﬁﬁs}s%&i CZP% at é nﬁ%‘?g{% cShggtl)lgmr%F:g@H e?%#e%ct?oargm 1,
wher ei n t he nucgreup cassiginglf @ yudse cell, s ddmwell,iand SE@nintal NEN.36 or Fi gure 61

and wherein the polypeptide is a- phosphonet hyl pyri m di ne (HVWP-P) ki nase.
20 140 The isolated nucleic acid nolecule of claim1, wherein the nucleic

z;gi d aggl ec u&g Tﬂeshossp%\g%ori s@st%r%%fl c%ir[}ll%ég’ Z)Vhellr:eiixg queesuﬁa%ble E(I)Es? clefPistgle%%d ffom Figure

a group consisting of an Escherichia cell, a Bacillus cell, a Pseudomonas cell, a

Streptococcus cell, and a Streptomyces cell.

15 27. An isolated polypeptide which is essential for the viability of a bacterial cell
comprising the amino acid sequence as shown in any one of SEQ. ID NOS: 114-

226.

28. An isolated polypeptide which is essential for the viability of a bacterial cell
20 encoded by the isolated nucleic acid molecule of claim 1, 16, 17, or 18.

w

29. The isolated polypeptide of claim 27 or 28 which is a fusion polypeptide.

30. A method for producing a polypeptide having the amino acid sequence of any one
25 of SEQ ID NOS: 114-226 or a polypeptide encoded by the polynucleotide
sequence as shown in any one bf Figures 26-130, comprising:
a) culturing the host-vector system of claim 24 under suitable conditions so as to
produce the polypeptide; and
b) recovering the polypeptide so produced.
30 '
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wherein the pol ypeptide is a GIP binding protein. 25 13. The isol ated
nucleic acid nolecule of claim1l, wherein the nucleic acid nolecule is
shown i n vBEQ/¥M2NC. 42 or Figure 67 and wherein the pol ypepCT/aisowssos ATP
bi nding protein. 112 WO 01/49721 PCT/ USO0/ 35604 14. The isol ated nucleic

acid nol ecu j i I id nolecule is shown in SEQ
| D NO. 84 or bE%P@'&’%@e;pﬁ%a%{é?ﬁh&?ﬁgggﬁ@%@b I'de is a 4- am noi m dazol e
carboxyl ase. 5 15. The isolated nucleic acid nolecule of claim1, wherein
the nucleic acid nmolecule is shown in SEQ ID NO 48 or Figure 73 and

wher ei n t he3poA yigayst whishibinds tigmpolyprptide afclpino2@ion28.16. An i sol ated nucleic
acid nol ecul e encodi ng a pol ypeptide which is essential for 10 the
viability of a bacterial cell, the nucleic acid nolecule conprising a
sequence S J :Of LB o 7 i 3 deic
acid ED| ecngwlg}lécg%%% Ogrl%%ﬁlygggﬁ 135 1% C %n‘[?&iﬂ%l sasreﬁltl ﬁ%nﬁl@%ﬁ%ﬂg%@ggi lity
of a bact eri alfragsdnt thehewfnucl ei ¢ aci d nol ecul e conprising a sequence

shown in any one of Figures 26-130. 18. An isolated nucleic acid nolecule
encodi ng any one of a polypeptide designated CFE 1-117 having the am no-
aci d sequen I . : . i nucleic acid
nol ecul e co?rg'r?{séﬂ%ng%gﬁc eg?’l ‘g%%réléa%%%%ggm\ﬁgf%’%mf)é&lé:%gphﬁébﬁeh ary to the
nucl eoti de sequence of claim1l1, 16, 17 or 18. 20. The isolated nucleic acid
mol ecule of claim1, 16, 17 or 18 which is DNA or RNA 25 21. The isolated
nucl 0c aci d5nBiedigahad oblaimh 3P whidh is witliazhlactonp.abel ed with a detectabl e

mar ker. 22. The isolated nucleic acid nolecule of claim21l, wherein the
detectabl e marker is

36. The ligand of claim 35, wherein the diazalactone comprises the structure:

N NO,-
N
CF3
NO,-

37. The ligand of claim 32 which is a N-protected amino acid.

15
38. The ligand of claim 37, wherein the N-protected amino acid comprises the
structure:
o (¥
o=\
NH
Ow
O-
39. The ligand of claim 32 which is an azabicyclodiene.
20
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30 selected fromthe group consisting of a radi oi sotope, a fluorescent
conpound, a 113 WO 01/49721 PCT/ US00/ 35604 bi ol um nescent conpound, a
chem | umwesv#&T12l conpound, a netal chelator and an enzynBCT/RS00/3A60Mect or
conprising the nucl eoti de sequence of claim1l1, 16, 17, or 18. 5 24. A
host -vect or system conprising the vector of claim23, in a suitable host

cell. 25. The host-vector systemof claim24, wherein the suitable host
cell is sel @01 Eigk liganthof alaiih Apwhaamithé ardigtlodicyie sempiek the ruptddit cel |,
and an animal cell. 10 26. The host-vector system of claim 24, wherein the
suitable host cell is selected from a group consisting of an Escherichia
cell, a Bacillus cell, a Pseudonona 1, a. Streptococcus cell, and a

Streptonyces cell. 15 27. An isol @» L i de which is essential for
the viability of a bacterial cell\ con the am no aci d sequence as
shown in any one of SEQ ID NOS: 114- 226. 28. An‘isol-ated pol ypeptide
which is essential for the viability bacterial cell 20 encoded by the
i sol ated nucleic acid nol ecul e of cl P 17, or 18. 29. The isol ated
pol ypeptide of claim27 or 28 which isla flsion polypeptide. 30. A nmethod
for producing a pol ypeptide having the®Ham no aci d sequence of any one 25
of SEQ ID NOS: 114-226 or a pol ypepti de encoded by the pol ynucl eoti de
sequence as shown in any one of Figures 26-130, conprising: a) culturing

t he host-vector systemof claim24 under suitable conditions so as to

r1)r1 Zdutse t he4potnengRhll decla@nd2 Whidteie Q¥ lkaRid.t he pol ypeptide so produced. 30

42. The ligand of claim 41, wherein the alkaloid comprises the structure:

N~ N

10

43. The ligand of claim 41, wherein the alkaloid comprises the structure:
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WO 01/ 49721 PCT/ US00/ 35604 31. A pol ypeptide produced by the method of
claim30. 32. A ligand which binds the pol ypeptide of claim?27 or 28. 5 33.
The | i gavdoof/4okai m 32 which is an anti body or an i munol pOT/T&W3s6@EcCt | ve
fragment thereof. 34. The ligand of claim 33, wherein the antibody is a
nmonocl onal anti body. 10 35. The ligand of claim32 which is a

di azal actone. 36. The |igand of claim 35, wherein the diazal actone

conpri ses t hé Hierligahdoéclai) 4N WakteinhhCHBaINPeondtisedthe stru@and of cl ai m 32
which is a NNprotected amino acid. 15 38. The ligand of claim 37, wherein
the N-protected ami no acid. conprises the structure: OnW O= NH 0 39. The
| i gand of claim'32 which is an azabicycl odiene. 20 115 WO 01/49721

PCT/ US00/ 35604 40. The |igand ofNQ\ it 39, wherein the azabi cycl odi ene
conprises the structure: OH OH O fa* ‘ '

| N\f"‘

Cl N

Cl

5 45. The ligand of claim 41, wherein the alkaloid comprises the structure:
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.5 41. The ligand of claim32 which is an al kaloid. 42. The ligand of claim
41, wherein the al kal oid conprises the structure: N9 10 43. The ligand
of cl ai mwap1/ydter ein the al kal oid conprises the structurePCT/BS#/IN604N. N

116 WO 01/49721 PCT/ US00/ 35604 44. The ligand of claim4l, wherein the

al kal oi d conprises the structure: NN N/N C / NC 5 45. The |ligand of
claim4l, wherein the al kaloid conprises the structure: NI \ N 117 WO

01/ 49721 Pqi/6Uﬁ?eo{éa?lg%’:cla%?'4I-g@ﬁerjeiggtﬁlg%%Nflc%ﬁ@s%%ﬂﬁ\’\s@rﬁ&e' n the al kal oid

conprises t

. Cl
© 2
™
N /N\N -
|
/\/N N7 NN
5 47. A method for detecting the presence of the polypeptide of claim 27 or 28 in a

sample, comprising contacting the sample with a ligand which binds the
polypeptide and detecting the binding of the polypeptide with the ligand in the

sample.
10 48. The method of claim 47, wherein the detecting comprises:
a) contacting the sample with the ligand; and

b) determining whether a polypeptide-ligand complex is so formed.

49. The method of claim 47, wherein the sample is a cell, a tissue, or a biological
15 fluid.

50. The method of claim 47, wherein the sample is blood, serum, a swab from nose, a

swab from ear, or a swab from throat.

20 51. The method of claim 47, Whérein the ligand is a diazalactone.
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N5 47. A nethod for detecting the presence of the pol ypeptide of claim?27
or 28 in a sanple, conprising contacting' the sanple with a |Iigand which
bi nds t havopuokypepti de and detecting the binding of the ppCYps@iisde wth
the ligand in the sanple. 10 48. The nethod of claim47, wherein the
detecting conprises: a) contacting the sanple with the |igand; and b)
determ ni ng whether a pol ypeptide-Iigand conplex is so formed. 49. The

met hod of c i.n e ell. . a.tissue ablologlcal
IS fiui g, S0 I“Pﬁ et hSiSum LHRAB R dielefe et fodisse. cerim
swab from nose, swab fromear, or a swab fromthroat. 20 51. The met hod
of claim 47, V\/nerel n the |igand i(§ a di azal actone. 118 WO 01/49721

PCT/ US00/ 35604 52. The net claim51, wherein the diazal act one
conprises the structure: O NO2 MN@- 53. The nethod of claim47,
wherein the ligand is a N ed as{no acid. 5 54. The nethod of claim
53, wherein the N-protected 3;n corrprises the structure: O- O _S
la_ NH

NO,-

53. The method of claim 47, wherein the ligand is a N-protected amino acid.

5
54. The method of claim 53, wherein the N-protected amino acid comprises the
structure:
oI5
" MH
OW@
O-
55. The method of claim 47, wherein the ligand is an azabicyclodiene.
10 K
56. The method of claim 55, wherein the azabicyclodiene comprises the structure:
B
g
©.\"(OH
ow ©
57. The ligand of claim 47 which is an alkaloid.
15 |
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O\ 0 55. The nethod of claim47, wherein the ligand is an

azabi cycl odi ene. 10 56. The nethod of claimb55, wherein the

azabi cycivaoesg2conpri ses the structure: all OH OH O 57. pTh@séu/ganid of
claim47 which is anal kaloid. 15 119 WD 01/49721 PCT/ US00/ 35604 58. The
l'igand of claimb57, wherein the al kal oid conprises the structure: N 5 59.
The.ligand 88 Tiedigang vf claive péi whareia the diksleidompnised hestrudtarest ructure:  F N
N N N 60. The ligand of claim57, wherein the al kal oid conprises the
structure: 10 NN N N C / NC 120 W 01/49721 PCT/ US00/ 35604 61. The
ligand of claimb57, wherein the al kal oi d.conprises the structure: ‘

N~

5
59. The ligand of claim 57, wherein the alkaloid comprises the structure:
F< : :F
N
~ "N
l
NS
N )\ N
60. The ligand of claim 57, wherein the alkaloid comprises the structure: -
10

N% N
N /N
T

Cl

Cl
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NI ~ 5 62. The ligand of claim57, wherein the al kal oid conprises the
structure: C ONN-NN N NN NN 10 63. A nethod for detecting the
pr esence Voo or447ar get nucl ei ¢ acid nol ecul e as shown in aPgT/OR@/IBH04SEQ | D
NOS: 1-113 in a sanple, conprising contacting the sanple wth the

conpl enmentary nucleic acid nolecule of claim19 and detecting the 15

bi ndi ng of the target nucleic acid nolecule with the conplenentary nucl eic
acid nol ecye 00/35 04 64. The

met hod of C:gél %h%%éﬂﬁhoz;%% the %remgtgjar%cﬁ%&}mﬁgéeyﬁl tacting the
sanple with the conplenentary nucl ei c aC|d nDIecuIe and b) determ ni ng
whet her a conpl ex conprising the target nucleic acid nolecule 5 and the’
conpl ementary nucleic acid nolecule is so forned. 65. The nethod of claim
63, wherein the sanple is a cell, a tisstwg, or a biological fluid. 10 66.
The met hod of claim 63, wherein the sa is blood, serum a swab from
nose, a swab fromear, or a swab from gat. 67: A pharnmaceuti cal
conposition conprising the nucleic acidYblecule of claiml1, 16,17, or18.

L0

62. The ligand of claim 57, wherein the alkaloid comprises the structure:

Cl

10

63. A method for detecting the presence of a target nucleic acid molecule as shown in
any one of SEQ ID NOS:1-113 in a sample, comprising contacting the sample
with the complementary nucleic acid molecule of claim 19 and detecting the

15 binding of the target nucleic acid molecule with the complementary nucleic acid

molecule in the sample.
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15 68. A pharnaceutical conposition conprising the pol ypeptide of claim?27
or 28. 69. A pharmaceutical conposition conprising the |igand of claim 32.
20 70. Awebvhed2f or det erm ni ng whet her a genom ¢ nucl eot PAdRUS@pIerIcCe of
interest is essential for viability of a bacterial cell, conprising a.

i ntegrating an exogenous nucl eoti de sequence into the genom c nucl eoti de
sequence of interest, wherein the exogenous nucl eoti de sequence conprises

a portion °f64§§hf@%85%?gfm-6§=r‘@§rﬁg@ffhé H%ﬁ%&%%{g}n%ﬁig&gl eotide 25 sequence

of interest, etermning her Ving the genom c

nucl eoti de seg)enregacting theb@hsls twititht Bo@PleA{catry Sudldi@Rbi8 moldeuldtRgg met hod of
claim 70, wherein the portion of the open reading frame conprises 30 about

200 to 500 babg paiermining péageha corpleadaiprisdig2the RPETLUSNNEI8 B6i4molE2ule The
met hod of claim? wher eiin the exogenous nucl.eoti de sequence further
corrpriqsses a nucl@g?lth&eco é%%ﬁ@@gﬁ?gr%}%ofécglsﬂﬁqﬁgp ‘phenotype to the
cell having the genone so integrated. 5 73. The nethod of claim 70,
wherein determ ning conprises selecting the cell having the genone so

i ntegrated 6h Theemsthodeofcdainf 63, whéreunt thersamphnis. a Zell, aTisuapthodidégicdlai m
73, wherein ”r:'f .ael ection agent is chloranmphenicol. 10 75. A nucleotide
sequence of i Bfest which is essential for viabili ty of a bacterial cell
i sol ated by the nethod of claim70. 76. A bacterial cell ‘conprising an
exogenous nucl eotide sequence integrated into the 15 genom c nucl eoti de

sequdfice of 66 iflermsthod g€ nlaim bR dwhateintthe phlod Bbod;|saium, @0waB Fronino®s hod f or

det erm ni ng whet her a genom c .nucl eoti de sequence of i nterest
\ 9 swatg) f{om e%, or a swab Hom throat. a

67. A pharmaceutical composition comprising the nucleic acid molecule of claim 1,
16, 17, or 18.
15 )

68. A pharmaceutical composition comprising the polypeptide of claim 27 or 28.
69. A pharmaceutical composition comprising the ligahd\of claim 32.

20 70. A method for determining whether a genomic nucleotide sequence of interest is
essential for viability of a bacterial cell, comprising
a. integrating an exogenous nucleotide sequence into the genomic nucleotide
sequence of interest, wherein the exogenous nucleotide sequence
comprises a portion of an open reading frame of the genomic nucledtide
25 séqueﬁce of interest, and
b. determining whether the cell having the genomic nucleotide sequence of

interest so integrated is viable.

71. The method of claim 70, wherein the portion of the open reading frame comprises
30 about 200 to 500 base pairs in length.
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resides within an operon, conprising a) integrating an exogenous nucl eoti de
sequence into the genom c nucl eotide 20 sequence of interest; and b)

det er m niwgowksseher the cell having the genom ¢ nucl eot i deCEPEqUEscE Oof
interest so integrated is viable, and wherein the exogenous nucl eoti de
sequence | acks an expression regul atory sequence. 25 78. The nethod of
claim 77, wherein the exogenous nucl eotide sequence further conprises a

nucl eot i de f r.pkng ect abl e phenot .Q the cell. having
the genone ig%ﬁ% &gt Q[%paﬁ [/aém @e‘%ﬁ%?lﬁo g?r!ﬂurquﬁ#;ieeo e e e (W i ng
conpri ses sel esdmpithet REnwsdddtidd aeiitGce %@nfeﬁ‘i’n 8nelBtable % %"géttGQhé Refthe
presence of a selection agent. 123 WD 01/49721 PCT/ US00/ 35604 80 he

net hod of cl ailaviag th pBenRENSSq Mtegidedct | on agent is chloranphenicol. 81. A
met hod for inhibiting a function of a CEG pol ypeptide which is essenti al
for viability of -a bacterial cell, theé nethod conprising contacting the

CEG pol ypeptys dene MethBd loplakrh AN kit @@éé i
t her eby i nhi bi tleng t he fUI’?CtI on OfltdleZérfﬁ%ﬁ%g ygfel%?%lléhfe th%% hg{]l?lﬁod of

clai m 81, whertht gendies saintagrated ivfthe irssa@RGopakslpdpniagenti s sel ected 10 from
a group consisting of a pantothenate kinase, a Holliday Junctl on branch
mgration protein, a single stranded DNA bi ndi ng protein,

Phosphog! ucogamidientibASiEm 79 VRELH e Aslieh gge%;\@m&%ﬁﬂérxé fyansterase, a

mal onyl CoenzyneA transcyl ase, a 3-0XO0 age

3- oxdécyl - ACP reductase, a phosphonet hyl pyr| m di ne (HWP-P) Ki nase a GIP
bi ndi ng prot e| n, a ATP 15 binding protein, or a 4-am noim dazol e

car boxy! ase/>-@8 nugigetideescrarnceof interesh vgiich isresseatinl fohwiabitity pbh haeerialdelli s

sel ected from C CFE 1-113 . 20 84. The nethod of claim
81, wherein thgd%%%gt eyrglg%?&égalglsﬁz E 34 shown in .

76. A bacterial cell comprising an exogenous nucleotide sequence integrated into the

15 genomic nucleotide sequence of interest, generated by the methbd of claim 70.

77. A method for determining whether a genomic nucleotide sequence of interest
resides within an operon, comprising
a) integrating an exogenous nuéleotide sequence into the genomic nucleotide
20 sequence of interest; and
b) determining whether the cell having the genomic nucleotide sequence of
interest so- integrated is viable, and wherein the exogenous. nucleotide

sequence lacks an expression regulatory sequence.

25 78. The method of claim 77, wherein the exogenous nucleotide sequence further
comprises a nucleotide sequence conferring a selectable phenotype to the cell

having the genome so integrated.

79. The method of claim 77, wherein determining comprises selecting the cell having

30 . the genome so integrated in the presence of a selection agent.
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Figure 55. 85. The nmethod of claim81l, wherein the CEG pol ypeptide is 2CFE
43 shown in Figure 64. 25 124 WD 01/49721 PCT/ US00/ 35604 86. The net hod
of cl ai mwaoy/49merei n the CEG pol ypeptide is 2CFE 34 shownCT/HSO0AES6Mr e 55
and the ligand is: NOH OH 0 5 87. The nethod of claim81l, wherein the CEG
pol ypeptide is 2CFE 43 shown in Figure 64 and the ligand is: O N NO2- N
CF3 LO NO2- 88. The nethod of cI ai m81 wherein the CEG pol ypeptide is

2CFE 43 sho i S;. .0.15 125 WD
01/ 49721 PC%] %@ﬁ%g%‘gﬁpa efSSI'e%?%?ﬁqn% ik §> %Ingyed’é‘??é in a sanmpl e
whi ch specifically binds a CEG poI ypept | de, the nethod conprising:
81. A method for inhibiting a function of a CEG polypeptide which is essential for
5 viability of a bacterial cell, the method comprising contacting the CEG polypeptide
with the ligand of claim 32 under suitable conditions thereby inhibiting the function

of the CEG polypeptide.

82. The method of claim 81, wherein the function of the CEG polypeptide is selected

10 from a group consisting of a pantothenate kinase, a Holliday Junction branch
migration protein, a single stranded DNA Binding protein, a phosphoglucosamine

mutase, an acetyltransferase, an uridylyltransferase, a malony! CoenzymeA:ACP

transcylase, a 3-oxoacyl-ACP synthase II, a 3-oxoacyl-ACP reductase, a
phosphomethylpyrimidine (HMP-P) kinase, a GTP binding protein, a ATP

15 binding protein, or a 4-aminoimidazole carboxylase.

83. The method of claim 81, wherein the CEG polypeptide is selected from a group
consisting of CFE1-113.

20 84. The method of claim 81, wherein the CEG polypeptide is 2CFE 34 shown in
Figure 55.

85. The method of claim 81, wherein the CEG polypeptide is 2CFE 43 shown in

4 Figure 64.
25
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a) contacting the CEG pol ypeptide with the sanple under suitable conditions
so that a conpl ex having the CEG pol ypeptide and the ligand is fornmed; 5 b)
recoveri mgovhe7eonpl ex so forned ; and c) separating the BEGUR@I/3sp@pt | de
fromthe ligand in the conplex and identifying the Iigand so separated.
90. The nethod of claim89, wherein the sanple is a tissue or biological

fluid. 10 82 Thenmethodnefgclaim c9|1athF@9n thth €& RolyReptide da REREs 34shown 1n
azabi cycl odi er}q rdds a};ﬁ%hé@:%mgiff claim91l, wherein the azabicycl odi ene

conprises the s ructure: 0 15 93. The nethod of claim89, wherein
the ligand is a diazal actone. 94. The nethod of claim93, wherein the

di azal actone conprises the structure: 02 CF3 NO2- 20 95. The nethod of
claim89, wherein the ligand is a N-prot ect ed amno acid. 126 WD 01/49721

PCT/ US00/ 35604 96. The met hod of er el n the N-protected am no
acid conprises the structure: OF 0 C

OH

oH O

5 87. The method of claim 81, wherein the CEG polypeptide is 2CFE 43 shown in
Figure 64 and the ligand is:
N NO,-
N
CF3

NO,-

88. The method of claim 81, wherein the CEG polypeptide is 2CFE 43 shown,in'

10 Figure 64 and the ligand is:
o
o=%
NH
Ow
O-
15
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5 97. The nethod of claim89, wherein the ligand is an al kol oid. 98. The
| i gand of claim 97, wherein the al kal oid conprises the structure: N 10
99. The IW@anwmf claim 97, wherein the al kal oi d conpri seBCT/N800gI5S504Ct Ur e:
FFNN NN 15 127 WO 01/ 49721 PCT/ US00/ 35604 100. The |l igand of claim
97, V\,herelnbhe altﬁﬁ)(g%)d cor; rlse the structure; NN N/N C NC 101.
The Iigand &9 &™¢ }n,g 3 fgang K‘aﬁéﬁ@P@oWbthS&Clﬁﬁ@lel?mdﬂ:@@Eﬁ 5 N

128 WO 01/ 497 1@%{&@%&5{%& 4 he l'igand of claim 97, wherein the
al kal oi d conprzlfos tlhe structurcce) Bésmgo N N'N N

a) contacting the CEG polypeptide with the sample under suitable conditions
so that a complex having the CEG polypeptide and the ligand is formed;

5 b) recovering the complex so formed ; and

c) separating the CEG polypeptide from the ligand in the complex and
identifying the ligand so separated.

90. The method of claim 89, wherein the sample is a tissue or biological fluid.
10

91. The method of claim 89, wherein the ligand is an azabicyclodiene.

92. The method of claim 91, wherein the azabicyclodiene comprises the structure:

)
N

OH

OH ©
15

93. The method of claim 89, wherein the ligand is a diazalactone.

94. The method of claim 93, wherein the diazalactone comprises the structure:

. CF3

NOQO2-
20

95. The method of claim 89, wherein the ligand is a N-protected amino acid.
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WO 01/49721 PCT/US00/35604

96. The method of claim 95, wherein the N-protected amino acid comprises the

structure:

97. The method of claim 89, wherein the ligand is an alkoloid.

98. The ligand of claim 97, wherein the alkaloid comprises the structure:

10

99. The ligand of claim 97, wherein the alkaloid corhprise‘s the structure:

15
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100. The ligand of claim 97, wherein the alkaloid comprises the structure:
Na N
e
NYN
N

Cl

Cl

101. The ligand of claim 97, wherein the alkaloid comprises the structure:

ST
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102. - The ligand of claim 97, wherein the alkaloid comprises the structure:
Cl
© =
>
N _N_
~ °N
I
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