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WD 2004/ 078936 PCT/ US2004/ 006507 Met hods for
Preventing 3 uconoyl ation of Proteins FIELD OF THE

wo DOEENTI9EIN This invention is in the field of PCT/US2004/006507

bi ochem cal engineering. Mire 5 particularly, this
invention relates tq fernentation processes _fof .

pr oduci ng“l[eﬁbpﬁ’ﬁéﬁf %J%‘?“@MZ@R@NBV 'qrf—IE? Pl(ﬁ’iﬁiﬁfd\l
Escherichia coli ("E. coil') is a comonly used host
for expression of 10 proteins for research,
BIEd O TEE MNAENDPEXNI c, and i ndustrial purposes.

hi g AN Eeroron Jhe Dot oo AL e R ES s HS
%ﬁibﬁ%‘i’ly, ig) er/@znl’ciBn %I%&Cﬁr\‘@hﬁ%tajtighéiécéééﬁs%?B}dducing

wever, the quality of the expressed protein is often
pslypepiidesant or nore inportant than quantity.
Proteins expressed in E. coli may be forned as 15
i nsol ubl e aggregates, or they may have m si ncor por at ed

BAOKGROUND OBIMSIRVENTIORN - . Journal of Biol ogical .
em str : or retain the

Nt er Esqéericﬂﬁé ¢ob it eofiBtia adimmonkt uggd hostdar aspregsion of

Mol ecul Bi ol . 285:.1179-1194. N

bRt ERE SO reRpRdR tind b irePei i A Mitusyi mumasges odem
ERnredson dybRHAY ardaapabietat achlevilg highrievels of Bxpidesairiety of

& Purification 16:47-52 20, (1,999)% . I'n additiaon,
predeissr(Banpwst CyiranisCRiiE Bisiraimolagy Bhd 1 A2 168338

BBl o AT 47 Bapdoptiptlom 15807 o8 gpiaRFb e
Bhpdreaitiibhn gyaRtigy rReteiid e2Rs468 it F998)i)may baidintd as
phosphogl uconoyl ati on (Geoghegan, et al., Anal. .
msobiharogeaaien-ordhey (eydtyve RisieRrParated aEpigo acids
S 00T i R RSP Lo 090600 ot
BieoNHpsn @l nRekieaireh(Crerdinuri eaall.,ofcwr_aalzofﬂw_aleslu@r Biology
99) ", L Yan, -

Bha e o FladBl veisheNatiinansiyas oBsb, Sn3Ey Sipgbpology

HB-6F ($999)! YamashtBeeLaoldi EXppBSsiOMS RNRIABhY 6:47-52

63
effect activity, stability, structure, or
(taag)p gkmadditign afindasired postrepdlatipoakmedifigatiens pnay occur such

8 %(M%pgg%g%étgg; Yo BleiFExBRssion & PurflicAhSh 1191-118 (1997);
Ropkagpar NBiBInPSIIYYI deraRy 8081200 (19989 6H o-N-6-

reconbi nant proteinS fused to hexahistidine affini tg
phgspliddiesendiilatiana@@godhegabe ehakbiedial Béarhap. 267:169-184

TSGR o T EBA R ien STEOGR o Shafonrnhy
$yues62 €2001); Yan, et al. Biochemical & Biophysical Research
Communications 262:793-800 (1999) "Yan et al. I;" Yan, et al., Biochemical &
Biophysical Research Communications 259:271-282 (1999) "Yan et al. iI").
These modifications may adversely effect activity, stability, structure, or
immunogenicity of the expressed protein, greatly reducing the utility of E. coli
as a host for polypeptide expression.

Alpha(o)-N-6-phosphogluconoylation of several recombinant proteins

fused to hexahistidine affinity tags ("hexa His-tag") has been described



10

15

20

25

30

gl uconi c acid derivative was found to attach to the

end term nus of the reconbinant protein. Al of these
WEe@io78936 wer e expressed in B strains of E. coPCT/USB0H6507

pPET- based vectors (Novagen). Were reported, LB nmedi um

Egs%éhsed 5 T?ﬁKﬁﬂdut%i’ys det ec 1acrj1 %Séi/al ext g%rrleslfs a
% E adi &Béﬁ Wid Wes ‘i‘&%cﬁﬂﬂéﬁé&ﬁ&be@and termlnus of the
osp 8 Da,

ogl ucono actone 6- PGQ.) representing
tevonmprieamiryretain. Adl Qfdbﬂ&ﬂ prsiteine wererexpressesl iphd sprabitseof E. coli

KEa R aresd St e DVaUER i SEbFe reRrPOnCHipAdium ies used.
FRE %GU@Wa§ db@bc?@ as@h éﬂ?eﬁﬁ%@'a%%@ci@fed tthRRat }Qéi?pepttde of
phosphat e shunt. The +178 Da adduct was proposed

githarbs Belions gDas hzrgenmaeatlagttme/adgltlaomf@g on the +258

et S orohasi iR 1S R0 BER7 B FeplERE MY R Blsphe of

leagRbiEetore Witttoltthe phogphated) RiKeSphogfudon® I’Jtl%nt\ﬁ& resumed
%ol ypepti de sequences oprXXHHHH V\,hgre XXyI S p

mpcar apthe D\leﬁe@rnlrfaltoh@rmnmgrqupdheough reaction with er'xdogenous 6-

B i e R BAL 0 B MeRRmtPDE RSN Ml + P DB cuct
@bk p&@e@ﬁm theeﬁes@ht c)f en&’?ﬁ'ﬂaﬁb %ﬁm%r@ctﬂ{g 8h igs +28B K

groups el sewhere on ein were not Tdetected in
gdduride remove the ph@Sl@&@i@r irasaadionipdthe edduel was Isbowndo be

R g b8bengr AP Bls Fadesti o gre His-tag,

PBlybeptide seysémdds alGXMXMHIHPWAbAE XX i6ISSN SAL A8l o) AA, were
but relatively little else is known about its effect

e 1pest rionefta(\-GRhosphegiuregoylation. wheregs rﬁhtHHMth tvas less

by B TS Angi SR PE ™ s BRsR oS o 30 1oeBonagan,

éR@lk)l tModgifieatibriogestde e amindh /i celEewh@@ @ralthe protein were not
Interactions 113; 205-216 25 (1998)). ycation of

pelectachy ez opely Wiraerpedmentsiga Heed §Igéhl§>oﬁl& gsldgg

di sease states related to
@iuggg{)lgém@%n‘g? Fggﬁg%én}g é?%ggynes and Monnier, The
,'\A/Iai I NFtérrﬁemphosphmglﬁgazwlatmmW bsen shd\lvaLtbnghlbnn
an R Lis 19 S added
8‘%@'2&1"96&2&@@!% i &t agbiwt TPy Bt @aé/@% is known about its
fg ;
%f(gé! Sdtah 1 %Pélﬂht A ﬁgpabe %ﬁc@u ypéd?e& Beat 6

vascular conp At ony
BGL, belrigw patetiiekateophile amagds: ingovad in @mﬁpm reactions in vivo

A5 AR BaaBbd i bt A LAt SRR Al

gl{:t ). tqslyls&ﬁé’ﬁ%f PRt el Nas B RISl StuefRhid i€known to play a
major role in aging and disease states related to diabetic complications
(Baynes and Monnier, The Maillard Reaction in Aging, Diabetes, and Nutrition.
Alan R. Liss, New York (1989)). Exogenously added delta-gluconolactone has
been shown 1o cause glycation of hemoglobin, which may be a factor in the
vascular complications of diabetes (Lindsay, et al., Clinica Chimica Acta

263:239-247 (1997)). Furthermore, glycation of alanine aminotransferase at
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(Beranek, et al., Mlecular & Cellular Biochemstry
218:35-39 (2001)). 6-Phosphogl uconol actonase ("pgl")

wha®4besse shown to be an essential enzyne of PEEUS2004/006507

pent ose- phosphat e pat hway, specifically in the

i eraibh- e Sroup gl Csaha maodbTeaueinaalisiagivty
ﬁ.‘f@aﬁéﬂ eezeévc %/aaufah I&scsmzmﬂslcfmnb 1 8ieBtid gzubv)ﬁ
uman et al., FEBS Letters 459: 223-

( 1999§3th@@gmmnalacémaﬁ9 (n@glé) fiadalgeen skownao be an essential

J I B 82..3934- 3941

B0 ot e PRSPt Bl S T8 e Mg of
PGLalo 6- heépwg&brnglacqumbu &, Lmiel. Brem. 296:34840-34846
observed in E. coli (Kupor and Fraenkel, Journal of

20019} iThlecggnel encodiog this snzyMedes beaisentified imbumapdCollard,

80 A8 519855952l A NS Lofyaipsa (Heger, e

bk syanaabbfBisteric dBBIBQWS%%QUBO ahd rsdonya byucei
has been identifi egp Cor dwel | WAr ch%@:robl ol .

1o Flaggmodiym f@é@gwm (Migleis ebabn Althayob Ral ackiity has long been

e T S

psev em&g)dKupwl"eand)Iﬁupér EndPBlacnikd|, e Bibkigical Chemistry

reactlo I]“ i ntracel | ular nucl eophi | es
S%z”?% f- 1990 697?- F'sN%8808 saaveIRS teponsible for encodmg
I t
EASAURG RTURY SOal oBEE R CHON EL01 05, bl

1 i2:268:2v8a(/! 9@6&1) nbas pepnaugigestedithat inIMcbtldmam efalbleen
RRARIRI S BB ite PRasp i s eBeRE el bbbl e con
ftd &dtmn@ation o 6P AL %In%llcdrI%% hehﬁalajeg%@ﬁgwa&&ﬁ% with

ost for expression of proteins for rese

itragatier Ouclehplﬂliﬁge@ﬂlpket eiral.). iRepested cisepiatinnseef
Rl BaudonilePRrirotedie a1 e Nedninl® supBhts ind Bipgtnesis

Bial Hes 6IPGEL pesaMER] inttha PatIBNSP ci§ Yodilyl [HBteO AR ThER has
| evel s of reconbinant protein by means of coupling

@ BePRArtedrvidenne halspatviatiog pobactiviey cen t the levels of
I nd the use of a plasmd based T7 RNA
@%Idy@@e pronoter on the reconbi nant protein of

i nt er Eatthernierep Edchgtishia sofistralBLIT(DRS) ip el soramasly used
an extrenely sel ective and active 30 RNA pol ynerase,
*E'?%Irf%?mf@ﬁ%'ﬁ“cﬁf preleinsios fesena. repestic, heraReIHe nch

e 430, BAEL ) B
PEI()is$2 GOIG(DUBI&@‘Stralﬂnfsocctmmr@aw aIthIamhsdz batcaudd R hchieves very
Ifngﬁﬂxprreess?gr? FeveYsechy relc bn¥ant porlgtte?cl)y means of coupling expression
of a chromosomal copy of the T7 RNA polymerase and the use of a plasmid
based T7 RNA polymerase promoter on the recombinant protein of interest.
Accordingly, since the T7 RNA polymerase is an exiremely selective and active
RNA polymerase, transcription of the recombinant protein accumulate to very

high levels, often even to the extent that host cell transcripts are diminished.
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i nfectious | anbda phage particles on the order of
10-20 plaque formng units /m (PFU), Stewart Shuman,

woe@a/079936 | . Acad. Sci. USA 1989; 89: 3489- 3493PCT/US2004/006507

Apparently, the T7 RNA pol ymer ase gene was i ntroduced

i nt L21 h sonme by transduc

with URbortiarael: e siaiB i 21 RaES) teieases Vowiign: Ko detociable,
ﬁ%twsldﬁﬁ{b@%ep}%?éepérﬂél%tdmhb%raeg EF%?%?%‘H“%@@@? units

St udi er . ffatt
/r8iPE)1 Btewan Shmean, r¥ea! NatigAdad eSeii USATIRS) 8P:B489-3493.

ARPRRY Tt 7 BV Re L Bierksd e wse Biretediiodhe Bhajdhost
&4l éhrbﬁ%@drﬁérbpttratn@aucﬂ&] whe th@ raie'fé@ﬁ/b%n%atdm e DE3
prop hagmﬁ_ﬂ or to pac agl ng and rel ease of inf eCtI ous

eagag i70RNA rolymeEastgrieiinseried inortbedgmhda int gene

S AR U AT G IR R

teuitir]) dsfectVenpro gteloalna@t Feplieasedomh Alyddiee todthe int gene
abnormal , int 1 ndependent random Ero phage exci sion

I@ﬁrﬁﬂ@low@h@mwm@h exgison pf thaD §hage ish® seqyicgent for.

BESPLASIOEEF 050 e AP SRR b BBt ST B b

phn@é bartwla:m@tsa@é@ndant ba Honeplbgoudegtitional fecombination that
rra uf ac§ Erl ng plant settjng both because of

Y itim Bradict ghihecint 9eae e AP dessiibpd harrie weléw oy evels:
gl“ %@a\;ﬂéaﬁaﬁi%*é% R drabuk4b éﬁncfégﬁﬁ Ak Eﬁégg?déﬁﬂ random

acturing processes
erophagsiexgision eventexWiiledhageleaby of idw tsels of mfectlous phage

PAHGF R 8Y 5 SRPEhIS N TBRIPARIbHARGIRLGPS, any release of
fﬁﬁédiﬁ%%Ha‘é‘é ik QOQW ?hhé‘c?ﬁgﬁqn thé b ﬁgﬂ’iatrﬂn% uticdl at i on

of a total phage” free wou be
mmaghchtumg plaahj\lt eettmgrbqﬂrn @enausé at considefatiohe fcanwtem safety

ST RRERIEEoIBESY R Blortins Hoents Qahut #13 otheh E: colibased

mlaﬂufe(&lsngebmmsé@r preventl ng gl uconoyl ati on of
pol ypepti des expressed by mcroorganlsms by grow ng

t he nf\dnethogdar sxpreasingi atovensxpressing diolitneptidesiir a

BRGEER I B0 B EOuRifY 68 ety o
mmg@mmtbhaiurin@dbﬂﬁ@ntatlbhn@@k@aﬂwe(eﬁe@ |n addition,

transformn infecting_or transfectin

odi
cgeghg@oi@d@?qﬂyg:g@geﬁ@ﬁ B2 Bdwrsizell V\)/ould be hlghly de%wable
for the manufacture of therapeutic recombinant proteins in the E. coli format.

SUMMARY OF THE INVENTION
The present invention provides methods for preventing gluconoylation of

polypeptides expressed by microorganisms by growing the microorganism in
rich culture medium.

The present invention also provides methods for preventing
gluconoylation of polypeptides expressed by microorganisms that include
introducing (e.g., transforming, infecting or transfecting) DNA encoding a

4
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pol ypeptide that denonstrates pgl activity into the
m croorgansim This pol ypeptide nay be a

w@b@sregé uconol act onase enzyme. | n anot her asper/USmD4/006507

the invention, the phosphogl uconol act onase enzyne nay

' id . havi t | t 90% .
T I R L AR S S
PORNEBIEE PTRIESE aPhddppivgRiBoRBRctd R sh 2YndUIn Afother aspect of
[imted to, P. aeruginosa. The present i'nvention also
theinveatons the phagarhPgiwsopalsatsinasefenzymsyeayihaye an amino acid

N RbeLNS. one.. inment, a
SeHFSR haihg e Ra 0877 sBaueidh BRBUERIRE bol ypept i de
phasplisgiocsridlatienasg lenagine\iroducd @by seideafitas, including but to
Invention al so provides an isolated pol ynucl eoti de

fipdiedriasP. aerugéRaa- 90% i dentity to the pol ynucl eoti de

set f ' . I nvent i

et | 3R T0cEL R bebier
prévatttingusudandyiitionhefgeroteiing. e s bi98 emifo di#RERE a microorganism
DESCRI PTJngahC]: THE . FI GURES Fi igure 1 shows a .

At Forie RghP ROTYRAREES thatemensgiries pob activity.

Fi gur : Iy

pECD 1S STESHR AVARIH HER ERpYHEe BARERRE polliniaEble that has

akast 80%oidentizytodhemohofucientidersep EIra8 SEDllf BREP5.

20 Figure 4 shaws g. pol ynucl eqti de sequence, for vector

SET28PBIAIGSHRLYRITION 2o preyies a4pICFPRGRBSEN Biveval dgtectable
Ju&ti igMect or

ggér%tgdrﬁlbﬂbg? a's p§+pg%.egéllgﬁ'gur e 6 shows a

pol ynucl eoti de sequence for vector

B R C R TN roe ERAURES e ) i o o 7 i g

i s SEQID NO 7. Figure

BigtheIsstowenh YOSHEL61¢ ch2PMe RS oﬁ&&tbppﬁ@@rp&m@@

"Host cell(s)" is a cell, including but not Iimted to

Rigtie Peshars a dolyrsiclendide sezpiepee domiasntenpgant-3mgl-extd. (SEQ

pﬁ\ﬂcp.?zn i ntroduced (e.g., transfornmed, infected or
ranstected) or is capable of introduction (e.qg.,

Figuns Boshoais @nestriofiee haymemayh bansétee bETRBPRYILABCasp5.
[.sol at ed pol ynucl eoti de sequence. 5 WD 2004/ 078936

SHIS PN 0B POl/NUctentidhsTesiiraae forsvagheuipE T A8 ill tBCasp5.
'(QEQT]Q |qbr-p§)t ed nodification of an

Figure 5 shows a restriction enzyme map of vector pET28prolL18casp5+pgl..

Figure 6 shows a polynucleotide sequence for vector pET28prolL18casp5+pgl
(SEQ ID NO:14).

Figure 7 shows a polynucleotide sequence, SEQ ID NO:7.

Figure 8 shows a polypeptide sequence, SEQ ID NO:8.

Glossary
"Host cell(s)" is a cell, including but not limited to a bacterial celi or cell

of a microorganism, that has been introduced (e.g., transformed, infected or
transfected) or is capable of introduction (e.g., transformation, infection or

transfection) by an isolated polynucleotide sequence.

5
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organi sms genone or episone via the introduction of
external DNA or RNA, or to any other stable

WO paoromes¢ | on of external DNA or RNA. " Transf ePCBUS2004006507

knovvn in the art, is the introduction of external DNA

or ?}lgggfghﬁea" %;&W'tﬁg‘ m&l h’\%’ 99 Oy Hm%tdlflcatlon of an

limte reconbi n denlty
kerganisimis tdeaome or emsamneehatth@nﬂmd&uchem ‘o erternal IDNA or RNA, or

T et BERle BEtEtaL SPaxRina ubior TG be. as
det er mT'?ﬁHstb,‘te@i@'éBq{ddﬂ\g"n H‘ﬁ]esa(‘jg Ug Qﬁ&ﬁ?trddhcthaﬁ &'dxternal DNA or

"identity" also 10 neans
riBNA¢ m@smlwpwsrpouw@qjmgdwtonot hmltgnuol mmbnﬂﬂnant DNA or
ences, as the case may be, as detern1ned by the
ﬂﬁ@ betmeen strings of such sequences. "ldentity"

c
can be'|dei),! usCRhGMh ah aFle bat, léng%lﬁ%hgﬁﬁpbefﬁéén“ﬂhg%r more

but not limted to those described in tati onal
mlmmﬂdﬁ FIWBEOSS OF dWR, or/smmre petynuctactide cseqnemeeslaeythe case

T B Bneieiiined BY Goptba Ml Betuighbons Jndhfan, STdentiy” also

Fl’nealss e é(@gﬂee 18l’93secﬁ@ﬁéét Selahedhesy Sb%e‘é‘?ﬂ“ﬁ@lgéeptlde or
Dat a, Part Giffin, AM, and Giffin, HG

@t@%seqmancyér as\the 1ca3e. My @ res: deteraiinsd dyi the match

NG A e S B TR R o
Bevosrenmnethals, uaﬂadlng I‘idu‘Btrm Iﬁh@l@d&@ tRb@é slesbiebed i KComputat/onal
and Lip D., SIAMJ. pl
&}Z?'#CU%E%'%% qujgs‘) M.nedlh cQPstfd) Ltné\teéﬂhy Feess eNeWt\york 1988;
BiBcHPPLIAGINFSIHNES M Ge'n%%%e nt? V580 L Academic
ke i
este

sequences reover, ‘eTm He

|Ftreas| NewaY erke d@0B; tﬂbmpulpn Mnatysys @Wﬁelqgfbhee OamyPert |, Griffin,
eterm ne

’tfj“[[‘r@ @Eﬁ\engﬂbt vxﬁ%e%ﬂ@ﬁ@ggt r;%%%ni\{qmelerw ¥ n§equence

I 0,
ﬂﬁglyﬁﬁluiélgo?&g{:ﬁ?% earch%? ng}é?{ fg@g)?ﬂess elt987 and
Eleyence plamEsis %rmeFAS’Mskc(VAIM.sarrndllDe\@réux el., &ds,, M. Stockton

WL NPt oo O AR S . Sl

(VMPhiASTHEYROWRI(1984Y. tiMethdds 1S-d t@ﬁm ﬁb d bé\'H&/b hEl th
gethgsda VD Donda; A e o et gmiAS iderlifPardbilsithBd to give the

rgest matchsdetween ( 1@0§eqmeﬁe|testedomiv&reomr methods to
BT Fh S8, o el PP ARAESE b BoEL SR programs
Emmmatberpﬁro@mm rabihoeie! ioleleseming CilleABP BENVPESh ithe) HQ&JenceS
lnc?ucse but are %ot limited to, the GCG program package (Devereux, J., et al.,
Nucleic Acids Research 12(1): 387 (1984)), BLASTP, BLASTN, and FASTA
(Altschul, S.F. et al., J. Molec. Biol. 215; 403-410 (1990). The BLAST X
program is publicly available from NCBI and other sources (BLAST Manual,
Altschul, S., et al., NCBI NLM NIH Bethesda, MD 20894: Altschul, S., et al,, J.
Mol. Biol. 215: 403-410 (1990). The well known Smith Waterman algorithm
may also be used to determine identity.
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Al gorithm Needl eman and Winsch, J. Mdl Biol. 48:
443- 453 (1970) Conparison matrix: BLOSSUMG2 from

woleonioks9Béd and Henti koff, Proc. Natl. Acad. SeCT/URESA4/006507

89:10915- 10919 (1992) 5 Gap Penalty: 12 Gap Length

P lty: 4 A f.ul th th . ' .
o el e G PR sl ISR A ftowing:
gD He: N ediiem abgh s Wundth, Jhielof Bl 4 43453l (1970)
paraneters are the def aultzpar ameters

f d
(5omaRIsomsnatiKon BLAS SUNS2 Torpatentikpfis ahd dhRntiagis Proc. Nal
P ' [ include th
R IS B Ao IR P82E B Wansch. 3. hol

Rhab Pehdlty4#3- 453 (1970) Conparison matrix: matches =

+10, mismatch = 0 Gap Penalty: 50 15 Gap Length
KapRILepatisPapaliy: 4bl e as: The "gap" program from
Eobfiim P! SR, pipaharls K publichPayatdbic s the "gap
pretem edome@enetics GoniputentGroyp, Medipant WilicTdet afdesmentioned

BB 8 eradE b TS (el B BEHE lhd wit no
f ' i sol ated pol | eot i d i si |
ﬁ%%rfopﬁﬁapiqgsﬁn i sol ated pol ynucl eotide conprising

nucl eo € sequence having at |east a 70, 80,
85, 9(Ra@meters ofor 1 podynudtattidey ¢camparisaref imckugee the following:

Jig6eMes NesdbRancutn Wansehiyd: e pER SRR A8E L FEME®
aBorabRrisEh NatixOmateed BGl1e thidiatéh @ ccertain i nteger

nunber of 25 nucl eotide alterations as conpared to the
rGapRenadlys8Quence, wherein said alterations are

ﬁﬁ%g%ﬁgdﬁgg@ﬁg% group consisting of at |east one

t1 on, substitution, including

tAwIRIbld 88: Fne "HapNprRYramiRomaGeh8®y Computé@roup, Madison WI.
wherein said alterations may occur at the 5 or 3

t Ergfienale hegdefadhpammetres forstusiaip asidcrmpaisans.

sequen e . | :

30 neaR e R Mash Rl REA 3PP pRBLERHES Sk BiiFpeptices
racireotastenayibel bee pefvidexhive(1) sedu@hbelow. i n one or

nore conti ggous roups within the reference sequence, .,

and whdyei nPSNNHCIROHYRr IMPAGENIYS d I'%F“ferlﬁf‘li‘ Rs P isolated

%{?ﬁ&@i(g%%g%@gbélh@é/ bBENuéleBiad ¥eHBAEE Blving at least a 70, 80,

85, 90, 95, 97 or 100% identity to the reference sequence of SEQ ID NO:7,
wherein said polynucleotide sequence may be identical to the reference
sequence of SEQ ID NO:7 or may include up to a certain integer number of
nucleotide alterations as compared to the reference sequence, wherein said
alterations are selected from the group consisting of at least one nucleotide
deletion, substitution, including transition and transversion, or insertion, and
wherein said alterations may occur at the 5’ or 3’ terminal positions of the
reference nucleotide sequence or anywhere between those terminal positions,
interspersed either individually among the nucleotides in the reference
sequence or in one or more contiguous groups within the reference sequence,

and wherein said number of nucleotide alterations is determined by multiplying

7
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the total nunber of nucleotides in SEQ ID NO 7 by the

i nteger defining the percent identity divided by 100
wa@e@4hsese subt racting that product from said tBCEHUS2004/006507

nunber of nucleotides in SEQID NO 7, or: 5 nn <_ Xxn -

XN, V) [ g . |t i i
gl g HOEF B Ml i SECRD S804, 18] ner defining the
hDigdaXiY, dividies Y. 980 bind tR&subtradtirfgothad pledict frod said total
for 100% and |seé€8 ol for the nultiplication
apabat of Nuelaetidaein dix % A® integer product of xn
and y is rounded down to the nearest integer prior to
subtracting it fromxn. Alterations of a

ﬁﬂlsych[)qptiygi,e sequence encoding a polypeptide may
create nonsense, mssense or franeshift nutations in
this coding sequence and thereby alter the

gfﬁgéﬁgfr{r;?gthgﬁﬁ%%%s%5u%t@%%é{@$rc 58812514 Sht S8 umber o
Bﬁ&tﬁﬂﬁ‘{!ﬁ% %éﬁgﬁ@@%? 9*’3%@?95290%9%%&@5@9?@8?5 gf.;‘l % for 100%,

8hd 1Q0%6 théigwao\r fbP tife RALNIPREAtIOHE opEFf-26E &I SeTBISICany non-
erein sald pol ypeptide sequence nmay be identical to .
irhegereprrdaict ©f sggasdoe iwrousded domndte e neakest deteggr prior to
i nteger nunmber of amno acid alterations as conpared .
subiracting:ft ram o2 Altssatiene 6f anhelvarplestife Sﬁwgﬁﬁ?i%d'ng a
are selected fromthe gprosggg consi sti ng, of ab. Iea%s{, in thi
BAPERTIFR R FraaieeNPBFENSSUBISSEOE? oI, ITRMESH Fytations in this
har V NGHo FéH;ﬁe ' PNl Bhcoded by the
:&ir%g@ ti%grﬂuggﬁg \%nn@r glhﬁ S idéna/\ teﬂrﬁgti ons ér%gbog:hur at y
pbynavicotide dollaveing exgh tadteraticais. posi ti ons of the

T e B SR PRI OB opepi
icBAH \H'sﬁ\gala' yolgﬁQMé Ravig BO |l 4 700 dohess, ed®r @mice7 or 100%

sequence or ih one or nore contiguous groups W thin .
fidmntitef tor enqeolgpeplisiec geferaticansequenasai Whergifb8pIcfPolypeptide

: o . . . o
SRaUERES e SR To e, P Be] SeuRnc bl bty VihBRide up to
defbi MEeddinunrbsest amienatityaldryiicledadyonfpareddo théesference

subtracting that product fromsaid total nunber of . .
Seadenceiwikerety _salgoaliﬁgatl_m@@re_sqlggedﬁqm gheygroup consisting of at

004/ 978 ' 0 i RbINaR benddiSative and non-
e e e R e S G R
nioveervatiVe sabtlitotian] dsinsertidrg ssebwaemn spid altéra®ibng anay occur
95% 0.97 for 97%. or 1.00 for 1Q0% .
at the amino- or carboxy-terminal positions of the reference polypeptide
sequence or anywhere between those terminal positions, interspersed either
individually among the amino acids in the reference sequence or in one or
more contiguous groups within the reference sequence, and wherein said
number of amino acid alterations is determined by multiplying the total number
of amino acids by the integer defining the percent identity divided by 100 and

then subtracting that product from said total number of amino acids, or:

Ng <Xg-(Xge*Y),
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and is the synbol for the nultiplication operator,
and wherein any non-integer 5 product of xa and y is

WO cmndesd3elown to the nearest integer prior to PCT/US2004/006507

subtracting it from Xa. "lIsol ated” neans altered "by
the hand of man" fromits natural state, i.e., if it
occurs in nature, it has been changed or renoved from

Wq%ré’ih' l%’%akhdegﬂﬁh{b%?rﬁ@mmo écdg%tﬂ%{at 9’{s|, S3ERhE totaal number of

nuc or a pol ypept e na @yresent
aauhb Wes lﬁrtlgélgbéﬂéhée \Pis 0. 95%@@@% 0. é’iufor@'?%’ %amsoo for 100%,

pol ynucl eoti de or pol ypeptid separfated fromt
aodm is tthe gymibbefarahs nmltlpltczatlnataumatostrmdavwhereln any non-integer

d" cl.udi n t not |limted to when su
Wa? Saianhy it TRt wag0 tae Mepres IeHCLRERT iorgptracting

eII "Pol ynucl eoti de(s)"” generally refers to any
gé ®@onucl eoti de or 15 polydeoxyrlbonucleotlde

that Ir%g‘ )lfllér%]‘dgc eotléh%ggﬁwﬂ% hgﬁ@ quﬁg r}glt\lﬁal Shte, ie., if

ﬁld@gb@- inaraturdpli blas -beehrahacgdd DNAemiéd froad |t$ eriginal enwronment
m xt H’ée of single- and doubl e-stranded regi ons or

or Rgife- Fon Gxample o donusiestide rafmy eeinegt! @aﬂgam@péesent in a
e %Qh%g?té%we%o@féd ” d@'@aﬁféahglyrﬁu%ﬁg el olypeptlde

S|n l e¥ an e-stranded regions,
86paratgut framnihe [Adaxistidg RiNKetialatofisyndiara istegé és Ssolatede dmcludmg

r re typically, double- stranded, or. . . i
Bit notdrgiad Ruiien SushRahmeriegids Of BrupShtias isgeodugsd back into
deigh! e-stranded regions. |In addition,

"pol ynucl eoti de" as used herein refers to

tri pl ePelynacieditie(s)e gi ganeralynprafeisngtcRNanyr p:alMitmnubbbtide or
PR 98aRBaeeaies. A Pew th PriapeirbaNace BA Srmodied RNA

bEADNAS Z"ﬁorwc:eagaé(@y Mdiuf, @Rgo@r nmaﬁorpf sihBR- and double-
nol ecul es, but nore typlcally invol ve only a region

~ gandaek DA, tDNA#bREisLA Sixtuce &f singlereanth Hedleeirastied regions or

tsfng@ ’ne?gﬂﬁlbcgbﬁeﬁg le-s a.n(gq ﬁelgﬁne gﬁ'fgéé%‘ggﬂg Cc,ozlg) -gt?andl'\sd RNA, -

and IRM@ﬂﬁeﬁ)wmmmé%Nn 8- dﬁﬁ dbubl@cttﬂm@éd réfiohs CEWHPKJII rablecules
one or, nmore nod ases. DNAs or RNAs W t
perRHsIRE PV @m. '%NAftmt ey el wglezﬁtraf\é?d ot H@prestyplcally, double-

ifip I e
ié nt endé éﬁ t;[e r Ig%ﬁlla)‘\%g er%@ﬁghg, %I\ésm&@rré &ﬁkgﬁ@% %‘?‘? g PH%Ie-stranded
tegicnal b aaxktnors Upblyasclientideas wsednhdiein edicbsise driple-stranded

BoAEons, S9mBEF U 80BN Gr PBHNA ac@NBooifie Asgags in such
A SRS ARRIDREORTy i AR oo
mayintude @ll RNane limaererafdhemmylecides, Lbutmmrpdyplsalk;nmwnlve only a
Fe%iérp 8F Sor%te osfl%lelmolecules. One of the molecules of a triple-helical region
often is an oligonucleotide. As used herein, the term "polynucleotideks)" also
includes DNAs or RNAs as described above that comprise one or more modified
bases. Thus, DNAs or RNAs with backbones modified for stability or for other
reasons are "polynucleotide(s)" as that term is intended herein. Moreover, DNAs
or RNAs comprising unusual bases, such as inosine, or modified bases, such as

tritylated bases, to name just iwo examples, are polynucleotides as the term is
9
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in the art. The term "polynucl eotide(s)" as it is
enpl oyed herein enbraces such chemcally,

wenmyneoBeal |y or nmetabolically nodi fied formsPOf/US2004/006507

pol ynucl eotides, as 5 well as the chem cal forms of
racterlstl of viruses and

DNA and .
N B B RS o eSSBS s lfions have been
rr%?iéﬂ@@Nﬂ%hcﬂﬁl\ﬁ& thalsefve ﬁ% lzﬂﬁ’ﬁéses known to those of skill

pol ynucl eoti des often referre

i1 thgoartic lThet teda (“pplynucleptiga(s) i mte(tss empécﬁ)@dsherelraembraces such

BBy ikl 67 BhE Bt effied B Tr Al pPUAIGSdes, as

%ﬂtdsdmebéﬁéﬂﬁlcal foPms F(‘ﬂ' Wmﬁpéﬁcﬂﬁﬁ\ﬁﬂl chér%ﬁ:%r%tlé Q)f Rittibes and cells,

short chains, commonly referred to as peptid
iclustipg pfardexample, osimpigreans mmple»( |asfiger "E’bb{nusleotlde(s)" also

SR e e gV hicereistioneR Rl ito SolBRECERARATY

an nO"B@Iyﬁéptlde?@)'“ YeRPS it6lehy)pegtiae! é’rdﬁroté]ﬁ%%n{m@ﬁg ﬁW’o or more

ei t her b nat ur al Processes, such processi n

BfiRg apisst jonesnts) gwbﬁhher rRydpeptisk b@ms op iodifie pebtldﬁ/ bonds.
PGS PE) B SEORMAE SR o B pepices

dhgcmdpedeﬁoamgr(ﬂ@bmerasmmltb Rbigen chaitd Weneelly referred to as
resear ch I|terature and t hey are wel | known to those

proteipsy | Folyrepddas tmay tComplise, @ming paids atber than thec20 gene
éﬁ&?‘dé@b’ it H?ag' RS gﬂdé'(g?‘ |Hﬁluaéetﬁ§§% rfbc?B\}ﬁegr%Femeby natural

varying egree at’'s

pmcyepeepn |$ie:h Absm‘pcasgng'eimdootnqnqnstdmngmmnal nmmm’ciaﬁ@ns but
ns_.can occur

Rl T B B Rl e
Pepksienextst BRd an M@r@@'e%ul%%oﬁﬁﬂt‘dﬂ)ﬁs 38dyelf %% RS "bluminous

or carboxyl termni ficatio I ncl ude,
weeapthelitetatatey laaditbay are wydlldtrionn 10Mh©se|dﬁ@kull |atthera,rt it will be
avin, cov ‘

Pratirehind e sahe Nas 6 [Foticatiph o de SRAERE Moihegsame or

varglrecdédgleeait s@Uél*aq?Qﬁééjﬁl Q@Néwpd%épﬂ%le ettty &@?ven polypeptide
attachmant of a lipid or |ipid derivative, cova

By Lomiiae many @rwmfdn@@wmt@@@ tM@dlf!Qﬁt@@§-qahmacng ;anywhere in

YR el LRBpRRCRONTR, M eS8 e, and

thesamiinee or foartioyl tsrminil  Rvdifgatibasiicudd, domekakiphd), acetylatlon
arrrra car boxyl ation, GPI_anchor formation,
|%PPd¥boqy@apﬂa@m¢ﬁtl%tquam @ftachment of flavin, covalent

5%%%@%?&' cﬁté ﬂBmeoPﬁ' 'c,‘H\‘/ale% %HSBIH%EhP??g rﬁfc%%‘?aé'or}%ucleotlde

ation, |ation, racem za
démaiivg) advalent dittaluhdqerﬂtdf mlrpmmr lipklibédvation, covalent attachment

& phatifdifodhel resss fBuGr sovedatcre gisolie: iogma formation,
SShROARs, L9TRRHr BYueiE RS TARY RERRER o usone et
ofr qyedgistantaleh fasnyatipmy baminearcadoootylation, GP! anchor formation,
hydroxylation, iodination, methylation, myristoylation, oxidation, proteolytic
processing, phosphorylation, prenylation, racemization, glycosylation, lipid
attachment, sulfation, gamma-carboxylation of glutamic acid residues,

hydroxylation and ADP-ribosylation, selenoylation, sulfation, transfer-RNA

10



ubi quitination. See, for instance, PROTEINS -

STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed., T. E.
w@e@ugoen, W H. Freeman and Conpany, New YoP&T/($998)06507

and Wl d, F. Posttransl ational Protein Mdifications:

SRR e B TR el 0 pgpenion, s

Eblqﬁltméﬂbﬁs@fée ES)L ms.téﬁ@es?I PROTRINSS STRUCTYURE ANDRRILECULAR
Seifter et al EnzynDI 182: 626- 646 (1990) and

RHORERIIES, 2nd B oz @@mm@@,.w Hhok taaraas iRBe Gampany, New

Yéﬂéy%ﬁﬁ V@ﬁyﬁgpl? at| a;( Pbrﬁféézrg% dd?ﬁdatloﬁézsPerspectwes

whtih Progpddigut phe branczhl My Bﬂ&'[THANS&AGTI@NA&nd COVALENT
branched circul ar a]ﬁl/ﬁ ides may result from
2\

BRDIRICAION Obr2R gr HRIE08s Edn d"‘ﬁ’ﬁ'ﬁ"ﬁ% Piieife New York
z Lidsdar éyt%téh?\éréffb. rE;F%gPW'S 1 82628‘@4% n i%{mi PR et al,

SS|on Sys t 0 expressi stens or
Wbtelm) I&/mﬁwlgoﬁ’osttrapsllayml Motiifidaionsf andl e4gmg,eAnnoN Y. Acad.
rmed into 15 a h

'&3 6 Odugég@f Eb?t'é%?h}cgmﬁmg?? 5% eh@%@tdyﬁfé} cliy @%Qr without
%Eeﬂ'u i y@geﬁd HanGied &% bRHRAEY Q:‘ﬂ’culargb ty@@bﬁéés n&§ result from

used herein, I's a polynuc
nmbiytnamlatxmal hmtumlfpmcessfesoand mefyebenmade by entirely synthetic
é cl eoti de or pol ypeptide respectively, but
PAS aYehntial properties. A typical variant of a

20 pol'padshpidriCexrbéS6 éy@téiﬁ@*')'e‘?éﬂe?@ téeéktﬂ’éﬁﬁgﬁféy‘@tems or

anot her, reference  polynucleotide. Changes in
rmdimthdaeqﬁ ot pelyvecieptidercofitheiinvantionyintseduasy orimnsformed into

iy B, oA B AP Beo R B R VENERERLRos anc

%Wp’egﬁaéé of thedRV&gionci d substitutions, additions,
del’etions, fusion proteins and truncations in the

pol ypéNeriaet(elic egedhesian tise Usedenenels, s@q@en@%’)’“‘d@eo’“de or
%o?ﬁ)%ﬁ)iﬁ ﬁ%ﬁo%lffés Rirfiah \fgfér?rq éolg?ﬂa%ﬁ@@ Pbt dﬁolgpeptlde

no aCI sequence referen

n@ép’m%lydebuﬁel’aaﬁisl yes%nﬂélermnpemeare IA ntypm;hlsaarlant of a
that the sequences of ference

ted/npgialide aflifes olfel @uciwﬁ S r SGRHENTE %ﬁr&pt ?ngrny reference
. ﬁ%ml‘?& r’(‘;h&@éﬁ R t\ﬁ@rdlﬂgot%dsétﬁfe%@r&@he variant may or may

er in amno aci sequence by
qroe adter rine an&nbsaoidi lseqoelsce atidi polwmlldﬁememdmt by nhangference

?p%%rb@'}ietc'n%@' oNGlsSHs: Chanod o el e Gl estitutions,
mbo&};‘ g;%g:@%gﬁd_ﬁ Sglgﬁct)%%g ggibscﬂmdé@lblﬂlgﬁﬁthé‘ébwﬁéptldelencoded
by the reference sequence, as discussed below. A typical variant of a
polypeptide differs in amino acid sequence from another, reference
polypeptide. Generally, differences are limited so that the sequences of the
reference polypeptide and the variant are closely similar overall and, in many
regions, identical. A variant and reference polypeptide may differ in amino acid
sequence by one or more substitutions, additions, deletions in any
combination. A substituted or inserted amino acid residue may or may not be

one encoded by the genetic code. The present invention also includes include

11
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vari ants of each of the pol ypeptides of the invention,
that is polypeptides that vary fromthe referents by

W@emgerseas i ve ami no acid substitutions, wher ebpCHUS2004/006507

residue is substituted by another with |ike
St of eadbhf BiepalTRebtses g5 heskvampnriial FRghpepiies fhat vary
ﬁf@hﬁt‘h@ reRvbste a5y eﬁﬁ%e?va?mg drhiHo rﬁ@é\%sﬁﬁﬂloﬁﬁdwﬁ;efbbgad‘ tbsidue is

anong the basi¢ residues Lys a ; or aromati
pakstiuied Bhanainer With lilkexchatasteristigs. pr'émal aludar substltutlons are
varlan

Afond A% V. LPL S ¥Rl setdnamhi aropnalhesatin redyes Asp

aRatGInabhhg Asi &INdaGIn; dncRaR@hyHE! i @ssi@lies Lys and Arg; or
pol ypepti de may be a naturally occurring such as an

araraaticc regiglyesnPheoand t Tyray Reeticularyr praferred agrei yariants 1i0 which

sg\?él’?’glh%% 4 CIC% gaﬁ g @l ]tl Xégér[}g '&g &t%é?s{y%é%@feé}é rJe@%d,b%r added in

anyzlecdmunaucﬁgen/asvanamcbhIaqpagmubhéoﬁuée@t p@yﬁuﬁtﬂél fnay be a
and bﬁ/nm her. reconbi nant net hods known to sk

ARturalbheccuring r%l@hg%mag rllelic vadanis ok iy mﬁYrﬁ%F@a\r‘G}Xtﬁné that is not
RoU oMb R Gl W Etal e g G ertd B ¥BRcioties

éhdypelypepmﬂe&nmawmmna@él byn meagesressia, techniques, by direct

hil u Acti nonycetes, Streptonycetes, Nocardia,
EATEPOBARILPY OTGSRRDDIRAIH EPeBPHE KNG arskiles arisans.

I\/br a (1) Iy :
Lo S BENSRIG) 35 )L O il RGP, o
wn}barat obacthe i uggnusr uoﬁtrda;a‘ocm;sj | uStapByfeebeceus, umBordetella,

R e ST e—
ShepidrhpidtesaNPYdR8RCt EnteroBh&R) | ayelshih g;ﬁéﬂzé}sella Pasturella,

Pseudorionas, Aerononas, Rickettsia, Chl ” .
Baraxaliaa aﬁ@lﬂﬁi@@ﬁﬂf@’sna Erysigelathrixy t hSranhames, ng,Adfimobacillus,

%?'%Bt?bg]ﬁb@? thrath, %%"?ﬁ{?&sm%ﬂ eC’gfL{yg@ o tizetlis o Glogtricium,

Frapopienic) C EsshefEap Saimdhefdt Jaepskda, CVIDH@ @Proteus, Erwinia,
Streptococcus, Strept ococcuslémeum)m ae,

Bofrelia. oc depirsnivo ge dlugy ¢ e @Q%CTG@aI 39@‘1@%(@, Legionella,
E%r epc%r%ﬁ&c uﬁe@‘?&rﬂé SRickettdis pb‘l’)g%‘?@?&f ,h@gt%ll%gﬁnd Mycgplasma,

ococcus fans’ Nel esari & orr
ama funthiar Iirdlll;ﬁdlng‘;tmﬂhwt timdted s, anfemnisar ddtiae BpEcies ©f group, Group
gpldern1d|s ng$ terlun1d|p herlae Gar dnerel | a
aérrﬁ/atqceccqayc% Stieptansers NFlERIiaeacssufiroup D

SRhRoobioDagslS UMKl CQ%S)BcoMQOban‘rgét‘pUB&&%"r Ireumonias,

onyctes i'sr steria nonoCyt ogenes
Btrepwbebd'ws pBogeses,, $m,cdad:cnian apgalaatize,t SHiepfococcus faecalls,

St B B b edon s UG DePseBhganidse, Reisser
ﬁ%ﬂ;ﬁ‘@lt‘ldfﬁ% Hepapbdodeuar ahiyeli8enZaaphyidéoccus  epidermidis,
Corynebacterium diptheriae, Gardnerella vaginalis, Mycobacterium tuberculosis,
Mycobacterium bovis, Mycobacterium ulcerans, Mpycobacterium leprae,
Actinomyctes israelii, Listeria monocytogenes, Bordetella pertusis, Bordatella
parapertusis, Bordetella bronchiseptica, Escherichia coli, Shigella dysenteriae,

Haemophilus influenzae, Haemophilus aegyptius, Haemophilus parainfluenzae,

12
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WD 2004/ 078936 PCT/ US2004/ 006507 Haenophil us ducreyi,
Bordetella, Salnonella typhi, Ctrobacter freundii,

wW@e@OIs936 m rabilis, Proteus vulgaris, Yersini BCPES1008006507

Kl ei bsi el l a pneunoni ae, Serratia marcessens, Serratia
L j quefaci en I. bl I ' i .
RS el b P SnaTAEB b HapRLEF Hounii Protus
PR, SRhdtéud WuRj=ei8s | Yersiiialgsadtie, allelbbiefia pbelaoniabysSerratia
anthracis, Bacil|lus cereus, Costridiu er;rlpn ens,.. .
@assessemsuRaratianiquelagions. r Virianchalerd i'g{{;m%/ ar Kg%m@ﬂ'a Shigella
U ; i ; tei I ) .
PPsorn EpQETEBhsS ForlbibSs FrandiblEl KIAERISR, Brucella aborts,
]lﬁalﬁfilﬁjg daritbradis; Emiﬂamt eer_,eusjlﬁ d;‘é._(m'ridl)gnfa pen‘rfhlggm_, uClostrigium tetani,
oG bowinitn daesoneie-ARIoLen, Hiakogun feketiSh and ' Chlemydia
?%%gf?ﬁt%mﬁea?r arg H461,9 Iﬁﬁﬁgrl&h HA MHitd8. 1o A@haBbacter, and (iii) a

he species Sacchdronmyces cerivi seae,
Khitetulampe dilarhertbus eukaryotegnidelddingl titamtdimited to, a protozoan, a

Bﬁ%ﬁzfg%lrﬁéméy mgnge%rbssn%é;é‘zal r ! }%qaé b rgli'nr}]/gtlaslidc;rn@andida, and

%gﬁfé% OGCH spb@BhY: Mﬁ%ﬁyo&o bémisdded. Kluveromyces lactis, or
rynebacteriunm Mycobacteri um Neisseri a,

iGedigehalbicensAct | nonycetes, 15 Streptonycetes,

" Nocar

la, E ter, Yersini cisell -
Nast cbaral SoRaeehs L30-thueRr bRl pen e o, o
Brianbaie!l b2, thet | eRas | lieptocobsRt OB WIsaccus,  Bordetella,
Li steria, Cal ymmatobacterium Brucella, Bacillus,

Caygnebatitenym, TMpehaaieriuras c Nefdseria.a, Ha&amaphiys, a Actinomycetes,

eibsiella, Vibrio, Pr W Ria.. . Bor i
S eaBe o Mobe Rl B et Yefsinia o FpftlsBla,  Pasturella,
lipariaBms,| a, AdReBpatIen MO NBA/sipifsthrgnasBrahakediasi aActinobacillus,

Chl anydia, Borrelia and Mycopl asma, and furthe -
iFteaniebanyiusy distage, Iqﬁwmwf@&‘ﬁ%[”%n@#’cﬂla’t %C’&%%c Gstridiurm,
. A St CUS X _ o

rBiiln, LR SERORIRC KRN, T, Proteus, Envina
Boregiiap c oL eptwspit, ou pSEifimept Gaopylobactetrr epSbigeda,us Legionella,
pneunoni ae, Streptococgys ogegnes, Streptococcys
depauslomoses, darepPegdc Hirkertglee gq?’?’g, yg8, Srelieogb cMycoplasime,
{@%Hﬁbr MEURL BAEAYSIERSS a MEMBRELE thelitRlidd §@group, Group

I'sserra menngitidis, Staphylococcus aureus,
R Rirgptocamess GroupldB nSiiggipco@isy (orpt €r Sinepiococcus, Group D

RAGHA T, BB o B s SRR BRI, preumonie,
i‘%tf?et?l&%cu%/%/ ??9@@’96%’,' SFehRI208EuSs é’%léét&'é}’ cE@8ptococcus faecalis,

eria nonocytogenes, Bordetella pertusis, | )
Rireltoeddons Joepim firapieteccusaiiians | Neisseiéh ganeaheas aleisseria

Escherichia cgll higella d eri i lug,; ;g
TPTaaRe. FaRDEReP I eyt rls.  +epERRRES | “Gpidermids,
RE63hBbhsIBAGREdiptHapas D Blirdnireft vaginhlis, Bryestitérium tuberculosis,
Sal monel | a typhi, G trobacter freundii, Proteus )
Mycobacterium™ bovis, Mycobacterium ulcerans, Mycobacterium leprae,
Actinomyctes israelii, Listeria monocytogenes, Bordetella pertusis, Bordatella
parapertusis, Bordetella bronchiseptica, Escherichia coli, Shigella dysenteriae,
Haemophilus influenzae, Haemophilus aegyptius, Haemophilus parainfluenzae,

Haemophilus ducreyi, Bordetella, Salmonella typhi, Citrobacter freundii, Proteus
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13 WO 2004/ 078936 PCT/ US2004/ 006507 mrabilis,
Proteus vulgaris, Yersinia pestis, Kleibsiella

Woo@dotssee, Serratia marcessens, Serratia  PCT/US2004/006507

I i quefaciens, Vibrio choI era, Shigella dysenterii,

ST ot s R R WISbPRLS. onsyroniag, Somat
ARl bERehS, Stk Iidﬁle%”émi v;@h@scsﬁd/é}lau rs/ﬁg‘é/far HPEENSHI, Shigella

Clostrldlumtetanl, Clostrldlumboumum
)éwlneﬁaewm@mﬁnaaww@a,s Faansazseélat #ilarenais, Brucella abortis,

B S, e ol BeFARSOR, Glotgiom et

Otostidium’ befuginaho mmn@nbaf pamwuﬁﬁ (R:bketrseé %ﬁem &nd Ch/amyd/a
{;ol ypeptide not naturally synt hesi zed

efiamigenand (iden arehacon; mi bghmtdmltﬂd tpn‘@r@h@@bacter

and i r " A
g R A S S T
haisitallyl Syrvlossiaed bgna‘ tc*amgfb»en@d PbOEB&EIPOr micrbﬁltg%hisﬁhlblf fhterest
whi ch does not occur in non-transfornmed E. coli

24 Eﬁm%@dgntodbpmwaegmwyorwwéayp@c?ﬁémwé%m- For
ERBhoRAEE AFfHL ﬁt:étéygﬂggﬁm Bbiddrf fol PR t@ébmﬁ*%f

éréein
iaterimnikint, avhioh tdmea nbﬁonuhrentﬂw-uhmformgdg&' \GE)/IS delerologous
m)l ecule a sel. ectlve ffinity for anather SEBSt ance
QRYRoPidas wayioriuria cokmeRTted hAthayRRPaTHEORRpoe faciliate
,gglafn@ﬁl litate purification of a nolecule by providing
he nolecule with a selective affinity for a colum's
pack| Ag useddrdrain. "affinityriag' mfelrsrtg» anyampiety absaciated with a

t t iS. hi.s-t ag. h
olesils st o vk sHT ey Q3 AP HYRA B or Aripth i tbubstance
@ﬂ)‘:olé@‘éﬂlé’dFoPH&ﬁn@hﬁ%fﬁtﬁtﬁt%g@ﬂﬁ?%%%ééﬂi@ fécilitate purification
polypept|de t hrough engi neering echni ques.

afyp meleeyle by piovidingythednolgichle with |ae%f§ectma<af(mihsefm g column’s

SHREHBERGEE IF nin- Mg Ban@b fF o SRruly Vg ¥ bFIY'S

faci | Asaisedisrein taisiiag” affeftetons pdmgn ot hmlblme@hirﬁﬁécnds and
over N -colums. As used herein, "m niml nedi unf

may dpajude oglagn argmfamd%amﬁﬁcbm arpsiyrsniigledheughaengineering

%@fwbl@@@s gﬂfgh Ilgn%%géé %y&%ﬂ}ﬁ%a %lX é"hs'%éﬁq'néﬁdme repeats

aredy isclecatadsnddrathe N-texhinusrotileqsolgiee ptideo dHisAlagh lcaniiteused to
ngangese sul m ner al sucg as iron, zinc,

& wﬁe uriiggtipn © ﬁﬁteﬁeipgmee eRtiges pyar NbEelkENsuch

o0 O HETSETorhy Sirhe] ARy, UL AORRISHU AP risinas
0§O(nm|smr§ chérhiSaity mfmeld\inmmmerﬁaszwmgdbm wotdionitdd to, buffers
suc hgso lpﬁggphgte b(u%f%?sgalté(ss%ch as r)nagnesmm sulfate, calcium chloride,
sodium chloride, or manganese sulfate, minerals such as iron, zinc, copper,
cobalt, or molybendum, a carbon source such as glucose or glycerol, and a
nitrogen source such as ammonium sulfate or nitrate. An example is M9 media
(Kim, YS, JH Seo and HY Cha, Enzyme and Microbial Technology 33
(2003):460-465.)
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14 WO 2004/ 078936 PCT/ US2004/ 006507 As used herein,
"rich mediunt refers to cell growth nmedi um conpri sing

warefrsyee i ngredi ents and including, but not PCHUSEA4/006507

to, additional conponents such as buffers (for

exa hosphat e ,huf alts (for exa

oo AR BB, antlh Hdhm? fibt: el Soaith mediverGamprising
BhaSP &.§H1sf£{@mcnm %u‘f%Pﬁr%tégﬁ@“é&ﬁtl&‘iﬁl%n{ﬁﬁhents

be gl ucosé& or glycerol, for exa trogen
smh ae buffays der emmppl%;dab&phase buﬂene); salts/dobxesaple vagmhesium
sate

ATE gty rc%ﬁ?é'dﬁ, BT ilomid ShrBangan S sultpee). 2pd.a carbon

soUe_RHiehinedy BaRARIGRer ghdor, fbrékaifble. gl"i%’\ﬁlﬂo?én Bource
rati o of conpl ex nitrogen source(ln rans iter)

mayrie comprised lof aemgtetny hydnmly(aatej sucls )ascMeaist extmct,lmeat
o e T iy 5

dbiederiiRiond bl VB sl keli E@)vﬁ% at &Fgﬁ&émpleﬁﬁﬁ%gen
Raton FL, pp. 281, 5 , Teriffic Broth

susR{IrepEERs BAE Ber) tosaammmm gell n@nsmjm Qi rupdspefot A or

AP AR YRR PR, By s pWPBhegl Yoo

Gﬁlaﬁmﬂ Wr&jbmok cﬂ'l\ﬂicmthkaaDMesd%f ks QGB@ CRC Press:
at t achnment_ of 81ucon| c derjvative

FPe@ &faon Gly PBn3Y1 o13% &%%9}1 claytiéc Breth (AgohaoBlosmences

PATIRAGE D L MO R R SRORLAE ainé B Mitfre,
UGAonongxpeanthc(Athema Erhzwma ISVSHEmQ, Blaltlmoae,l Maxusa).

As used her iter yield" ferst
concefifrused "an’tngFB gtiqne. r& ers t‘?@"%@ﬁ%‘?*&ﬂ‘@@h‘ﬁfs@ gluconic

s&erﬁ%ﬂv@% é&ﬁ@?étﬁeblud‘bn%gl frohgﬁ?g% ude, tidlh6t Ii 1t<§/d to, 6-

broth or cel ysSi s m xtur It usua

pkospygidcenolagione ¢6- Pgau,) adguct frmedion, anety(atloe\r forimyllation,
ute or _relative.increase.in the

detorklafion, SneonoBRerdGnoer SRalhiedid AREVAT Aot | med

set OfsGRRd HdrBIYS "titp yiéﬁ?deh#&% fhe cOSterffdtion! M product (e.g.,

refers to any act|V|ty of

hﬁ@g@lﬁ@guay@z@rwe@m%oe(m@gb i) solgt1@n (agt.isuliuye hegih or cell-

ygﬁs dﬂﬂ@f%yﬁf l?ufgesr gB it |gs(l:1taF \?e§é%s@$8r%srﬁgﬂ?h}]§fﬂg'sﬁn increase in
tited iyidloY By egér 1o éryabéolafe dreretdiive. idciddsBiintige cécentration of a
herein used, the terns strlngent conditions" and a

pquqchemuceﬁmdedutwatdeaﬁe@!@ﬁ pt coptditiongan

hybr i I f r l.east 70%

30 anggpr € er a rJ a@%hsfm%%/g t%ta?‘f’ea?é'g@ 6e

Bheépeh@lhgomdlabteaake QW“D dEnth tatibiey W@jnnt:lhlde hydrolysis of 6-
uence exa e trlngent hybri di zat i on

ég;id“iot@' ags@gogluco ic acn lgmflc nt pgl activity may be defined as

hydrolysis activity of at least 0.2 IU/mm/g.

As herein used, the terms "stringent conditions" and a "stringent
hybridization conditions" mean hybridization will occur only if there is at least 70%
and preferably at least 80%, but especially preferably at least 95% identity
between the sequences. An example of stringent hybridization conditions is

overnight incubation at 42°C in a solution comprising: 50% formamide, 5xSSC
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overni ght incubation at 42C in a solution conprising:
50% f or mam de, 5xSSC 15 WO 2004/ 078936

w04/ 006507 (150mM Nadll, 15nM tri sodi uPE€T/US2004/006507

citrat e): 50 nmM sodi um phosphate (pH7.6), 5x
e il SR S S BR i SRR B 1. 5
Ué'nh@Ytﬂ@ Syt Ripsg dbk%ﬁaﬁ 'shtfﬁfes gha ) %r%rﬁé/nﬂ%%tured

bri di zati on and wash conditi ons are wel
ahelar phispe DY Astationsskby etshing, thmflltewlra@ 1x SSC at about

65 GRS e Wl Baations ate Wl &riopncais SeppHied in
BARsTHOK, éﬂlﬁ et QaH Chorithg: A(‘hL'aBBr%tép)ﬁéﬁBéﬂ Segond Edition, Cold

incorporated’in its entire
SEEI@QIHaTbOJ\,I NOY. KHESQWGWMGh@ptérLﬂI fatheseinetheedisclosure of

arising fromgrow ni nal  nmedi hi gh cel |
BEI Bhets S riomr L it waltenoRoLBteTYy pept | de
expreSS|on anmong other stresses, may contribute to

t he gI uconoxél ation of heterol ogous pol ypepti de.
TA S PAIONIOE THE INVENTdONessor s nay

L er ef gL} 8Ebod B Ol LI ABHIA L QBT map et

tBiisifies Qiﬁoﬁﬁbhtlbﬁelmewo@l% ;smy,@éptweeé)@pr@ésuan d&ﬁ\bhg%ther
pol ypepti de. Sonme strains E. coin

i gh
pgeses, mayp@qntabuﬁe\ﬁpttyetgwr@wmm c{fahettﬁr@@mtsmolmlde

ARBRANR B8 oMol binBE SbLdorE3ay HerBRER AFflEN e/ ibid of
$ltzoR6Aafid? of prutbimesxpressediinubennict@drganised, which in turn may
e T 5o s S ot € o
hféé/?gé\}eorﬂgt éPI\é\/Q%Sof;H’gtp %Hﬁt 95tﬁ¥ 'Itﬂgtdgh the gene

noyl ation o de expresse
mscpoonenb@afurskms antinily has m\@t geemld@tm&ddn Hricafio @cgdweﬂ,mﬁ. J.

1800, Attsithoraiel T72:3H0 ot BihGRof B rongmatig e
Ebh}ﬁbbild‘ég‘ﬁwa§ aqré%egg%lwm afd &?@&ﬁra@%e@éﬁﬁlﬁé%éfn zgm%se

grown in mninmal nmedium The m croorgani sm may
peolypeptidgs. E. coli. In another aspect of the
i nven

s pect N PreshtARien frdvief etBHP fo BrefBRlg luconoyiation of
é@@Wﬁe@ﬁ@e@xﬁﬁéﬁb‘e@ﬁn@ icr88fyantedn §ép ﬁSIhgﬁ:oﬁm d $Hi

medium i s capabl e of maintaining cell gro ratio
gricroprganisin it ek exitkea mediun. dvapoiher aispeeiyeliitheduveantion, the

h‘ng%r%‘ré dsan?sfrﬂy ptteé d?‘ a%gﬁ'fﬁlsg?étég glrc_{r\ )f cg@? %&ﬁo%%b@ﬁlﬁ%olactonase

actbiifyarherngreant |rpffn|rhhﬁll m"eomnml Othe Microbiganisrenhybe iaSstrain of
Super. broth. Superbroth nediu
E. coli. In another aspect of the mventlon an E. coliis a B strain. In another

aspect of the invention, a rich culture medium comprises a complex nitrogen
source. A rich culture medium is capable of maintaining cell growth at ratio of
1:1 for concentration of complex nitrogen source to cell density. A complex
nitrogen source may comprise tryptone, peptone, or yeast extract. In another
aspect of the invention, a culture medium is Superbroth. Superbroth medium

may be doubly concentrated. In another aspect of the invention, a
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may be doubly concentrated. In another aspect of the
invention, a 16 WD 2004/ 078936 PCT/ US2004/ 006507

woR@omIgani smis transfected with a recomnbi naPCT/DB04/006507

nol ecul e encoding a heterol ogous pol ypeptide. In

SO gt o B B e
L@qumjgmﬁged in E. coli conprising 5
fermsntln a Kstrain variety of E. coli for the

expr edR .aaﬁthﬁr em@q;meghb@bthedréresent iaventien, raett@@ls ase provrded

(OGRS BPsootsd o AURASE ftallod . o
gt s e ol ok S A bt

thetiaspertoidhednverion, adk siraly demppsiraiestat deast imbout 100-fold

@Egg'\:}%g h nB“gQ‘E‘EQﬁ%'a b?g%saoi\{/gy ?&%ép?é?dgwﬂfmgstrraelg grqwn under
aubsiantialiytre same condiionsi hy ahotHerdispieditoNA ihvertionha K strain

m gr{)é;rgani sm wherein the DNA encodes a polypeptide
$hat'denpnst rat es 6- phosphogl uconol act onase acti vi ty.

I'n anﬁhh@fhe@%ﬁ%dnﬂfeﬁ BEtHS WY %@Emveﬁtldﬂ %89\'69@'1% Brovided

is E onpri ses
Bsrmfeyph’m@g gkuonnbyalahmm atpolypeptides éxpmssedjhm aampa:tdrgarhlsm
nven

BOERSSIb Bir688t08 FUA 1aaNE D roraagism. whatsin theglA encodes
&(Bg\%ﬁé%degtﬂ% dEnUhsPls @Phé Ggﬁﬁé’éﬁéﬁohgﬁ‘bbﬁ\myt n

encodi ng 6-phosphogl uconol™act onase f
raethesdspast ofiihe dnvendipnbe rmcroqgauglrmtss& cd>ln Arﬁlﬂﬁwompnses

DK Shelinbaraplesihe@leafuBhonEas Milhel R sperzspect of the
&ﬁ/&wtlaﬁ% m%encBJMg &06- p]c%%églqggnggctdplﬁgbuén\éyh@ ISRt least

anot her _aspect of i nvention

@%’h@@gﬁo@’i"{veaﬂ% 8600 sé eh390% Iraticanc ddenitly ke RdDNA
BB ok 8 o 0 b be P

aeaginosy. aIn(iarid’lloerpelmim;lc:tlz@)@ﬂﬁ%c mteﬁﬁm&a E)INZN @ﬁcc&ﬁn a 6-
C r s s t he sequence set forth in
IS GEESS BRAMSASH PRt 7TE R0V BRH. AHOTcE5%,

9‘7%0 1%@9%‘?@%%'09%% CSI?QW?"WOS‘?” In éﬁ‘otﬂ@?%@ﬁéct of the

enbodi ment resent inven a nicroorgani
lrweptlom a éephdsphoghiconphictan ase mzwcmhaslgn amino amd sequence

apB e ekt Bash™s sk e PuaODFageduence dentiy to
eewmw@tsesc\ DR EnB8AAG 0 oHEIHRbAGEGAEIORESS Urizfme?

m croor gani sm conpri ses

comprises the sequence set forth in SEQ ID NO:7. DNA may be recombinant
DNA, and/or it may be transformed into a genomic DNA of a microorganism.

In another embodiment of the present invention, a microorganism is
provided that is capable of preventing gluconoylation of polypeptides. A
microorganism comprises DNA that encodes a polypeptide that demonstrates
6-phosphogluconolactonase activity. A microorganism comprises DNA that
encodes 6-phosphogluconolactonase. In another aspect of the invention, a

DNA that encodes 6-phosphogluconolactonase has at least 70%, 80%, 85%,
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encodes 6-phosphogl uconol act onase. | n another aspect
of the invention, a DNA that encodes

WG2pho3Pbogl uconol act onase has at | east 70% SPOF/USHNG/006507
17 WO 2004/ 078936 PCT/ US2004/ 006507 90% 95% 97% or

% ' ' DINA di = 5
e B ot A0 rctuleBed ok S I EBodng 8 ane
WHESSH Y1 idBhol 86t6PaSS BARARNBId ROPsElsesrdonasasd wherein the
anot’her” aspect of the invention, a DNA thaft encod

.S
BiposgaNRMUS Beb Pset8aaosass In ppaiher ageeaiyPibe énvqrﬁ'on’ a DNA

ther & : . on. . ST
P85 B RTEpy Rl e folaliiee G i P. Hfass. X arfother
hBNEstidfaRe iventiohpangerdcsganisimeiss staain of fE. Eolic bh anatir aspect
the wherein a DNA that encodes, ) .

of fhieolYRDIPICORETRBIIRAMINB i 8 StiadbPhEr §0EaNH i WhREein 2 DNA
ﬂﬁ%oeﬁggéﬁ t§-|§?ﬁ%§£ﬂ%rgﬂfbroﬂgmc%ﬂ éenisjﬂ%rﬁgfﬁt@mg ith&kbnBine of

on, an 1sol ate ynucl eot i"de
tise ATierobegthismnpri si ng a pol ynucl eoti de havi ng at
| east a 70% 80% .85% % 95% . 97%..0r 100Y%
| dent i pnotherEbedimant PEE Rressat Nvenion.an 1seletsd p
yay?mcl t1BBAL BRSidSREGinpRbine pbERIcoRRe HAVingsaigkéich 70%,
ol’'ynucleoti d conprises a polynucleotide having at _
8081859479086, 96%, T34, 0r9tA% Identity 1ei4the pelynodestide set forth in

identity, t | ] eotj.d ' .
%fﬁ% E@ﬁ@éf@é@ﬁ%&% Oﬁfh“qﬁw%éehgi as{gf?g%b&gpgwggglteoude
0 0 0 e . % o %, 97%.
R
ionv1€0% sequenceDidantitydodegolynyeleotide eneodingtar pelypeptide

6- phosphogl uconol act onase actjyid yqndN ord, r pget
GO, GRiiS SR S L Q0L BB G S8 LEE %, or
HBo¥Osdquehdt RIRALITAL SEBQADINOES ! litahswentispect of thlkvention, a
sequence is honol ogous to a DNA 20 encodi ng

ONohenehdgs aountsia ceainstraiing @rphospliaglicandlactenase activity. In
SR DT S eDPy R, 30N Sudhfosl S REE[CE in SEQ ID NO7.

tiR ainotEragpechohimesinventiosy, heDiKAnsekudnceris hamcdogous to a DNA
t hereof. I n another enbodi man(%,r of# he pr.esent
ianpedinefrPhespheglscenaagopasadiem forerfgiRawA-nl another aspect

| i . P : _
APy Bl BTG B BBt
ahdesndarlgseal homagl inteolealkinat Boar vérianttibergofypept i de. 1n

are. priDyaeer SEposfianh O HF BERh rBERLRh SREy R Provided
PGSOV ﬁélyee@y%%?%l Hinidlion cdthSI<ING 8/PIesBing hid

one aspect, a’ po I de denonstrates an increased
tpdlgweptide by a method of the invention in order to reduce glyconoylation of

the polypeptide.

In another embodiment of the present invention, methods are provided
for improving growth efficiency and expression of a polypeptide in a
microorganism. In one aspect, a polypeptide demonstrates an increased titer
yield at fermentation stage compared with gluconoylated polypeptide.

In another embodiment of the present invention, methods are provided

for producing a human interleukin comprising co-expressing said human
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30 yield at fernmentation stage conpared with
gl uconoyl at ed pol ypeptide. I n another enbodi nent of

WO b@4prs3ent i nvention, nethods are provided POF/US2004/006507
producing a human interleukin conprising co-expressing
sai d human 18 WO 2004/ 078936 PCT/ Uﬁ}2004iﬁ06507
mwlspk'@um%wq{oargﬂn&raa\" M SRV Rzy e havi ng

| lir é(iié elct, \a hl!lrﬂanmﬁerleukm is

osol gﬁ%@%ﬁb%ﬁﬁc@ ges&ctivith9 In bn

uman i nter eukln IS 8 proteln
aralLi- a&prwtam eofvariant beeeefs feone %enacbreowgaﬁ&aﬂsm 'ﬁEE coli.

col | ect

erpaatesbinaed faensad Bpeohrf SREe g & angfomed or
t‘remé?ef%tﬁa ifto tRBI .. cd/:ﬂmcmdi.r@ blthotphitéd 10 beidgttianséorned into
transforned 1 nto he genorre or ep| some. | n anot her

thetgmtonmesnor epispe. pr esent i nventi on, nethods are

provi ded rodu [ c

D o SRS SMBAB IFE el ARG 88 provicea

ﬁr'&@bcin@ HhaMan |ﬁte&Iefukﬁhcc§mbtlslhg expeassing the Imureaasrpiedeukln in
himan interleukin is 1L-18 protein, qQr a varia

anuc@@rrgamﬁmdhat lesgeun, ingghdch GHIEYTE PEIINER- D icheEasPes |a

I n_one a I t [ :
g BB TaePBREh i R Mt ol S LR Saspogt the
FRTBOIE@SINas EO cykaht om(tasped:t a rich cuiioré mechunammwmes
of the present invention, H] i{oor ansimfree. g b ? ast
ﬂl@ﬁebe@@p@nqﬁfmn%%m%n%aﬁ N4y &3?&6 sCPHFPrfS?S actoye
g)td% ded In one aspect, |anbda phage capsid

c

tural protein, gpE, is deleted or disrupted.
Wi t hi m anothier entoogiimesinof tbelpeesent inventlosy, apnlcmpr@analm free of

ﬁé&?é@'?% BeN MR haghas Beoien R STOYRY | L g BBect
encoaae Eﬁé%e EEHQH%M(’EM @rdt’@ﬁr @IQEQ@rUéi@l‘ed/brg:ﬁmmed within a

protein can 0 génetically nodified by
eucuborgzmldsmm[t)ele’gom ot ﬁmrmtw Qlsa pm’[ﬁtn ¢an be ashieyed in several

REAIPRARY ays- PoayRentadfie T viotindh A KEs s PRAENE

B6mipiEtelyi rRfovRdif ST Riicro8tianidmN A g@m@ene&qﬁngsesprotem can be
can be disrupted or deleted to elimnate or .redu

geneticallypmedisipd by Sshunerslimithedeshpigses @StRé}%‘éPH%ﬁiiPe or
?ﬁ%qbrﬁ Ot %’f’ﬂﬁn %ep}o?elﬁfr{lﬁf be TRVl rﬂoafleaHth‘éFrﬁcé]fy or

aspec a mcroorganlsmls an

‘éﬂhga ah@ally&@cmbmpt #s poutiure o furtxioga smmotqm weg@atuag gene
NA pol'ynmerase gene.  The foll f}?& exanau
iexprassian eary heidisrypiesheidaleisd fg.e RRf FYFHCe 9% e

%ﬁﬁﬁ%sl i dg?ﬂ%rd dgﬁbltnﬁhg%r?&%%réiﬁré 8415 bk PG Nat&to effect

I'ne
protein structure or functlon In one aspect, a microorganism is an E. coli. In

another aspect a microorganism comprises a T7 RNA polymerase gene.

The following examples illustrate various aspects of this invention.

These examples do not limit the scope of this invention which is defined by the

appended claims.

19



30 appended clains. 19 WD 2004/ 078936
PCT/ US2004/ 006507 EXAMPLES Exanple 1 An inproved
wa@eeoaiomsosd E. coli BL21 (DE3) strain was creatBdI/Ubzan4/006507
is free of detectable infectious |anbda phage
expr, [ by knocking out a major 5 | anbda phage
uctural protein gpE. This strain was used in
theEme@hes presented herein. A 413 base pair
internal fragnent of the gpE coding region was PCR
anpl i Andinpieyedystrae ¢frf.neall Bl H(DER) strain was created that is free of

e ' (SEQ 1D NQ . 5 .
R RO g o PR DRI Sing it maor
(dohBda phageespsidl stidsfuras pictsinl gHEe. THidestraas Wds ied in the

fragment: 15 AGCTGGCCAT TGCTCAGGIC GAAGAGATGC
- AAGGGCAAAT  ACACCATGAC

ACGCCCAGCGEG TGTGGTGAAT ATCATCGIGI  TCGATCCGAA
AGCCTGEECG CTGITCCGIT CCTTCAAAGC CGICAAGGAG AAGCTGGATA

20 GCGGT 4
20, AR AN ST ST Msza o o 1

GATGITGGCCA TCGTCGTGTA TTCCGGACAG TAC (SEQ 1D NG 3) PCR

anpl i £jgati TA cl o and sequenge

veri 1 pe TG A ARG ACERMTATE ext . 48EQ D NO2)
functional copy of a chl oranpheni col resistance gene
was i ntroduced into the EcoRV site centrally |ocated

and BUZIGEBH thikeindsomahiaNAl astetinglpte. s Bogi essrdtingrfragment:
chi oranpheni col interrupted gpE fragnent construct ’
WeETCREMT USEYAESTA IAPRRATCAOMSICOGTIRS TEXSABETARPEFECAAAT
koochkread cowrrioce floreiteegemetnizerdanockrasstc@l abhenceaca

hadded @cﬁcEE@iGu@EEG@ eReAFRSE L%(&Gbﬂm%gc?%c%\‘%ggc@ Q8&rareace -
S oo R R e e O s B ety
RFFATCFCIR. ABRITSCERRD ARETHEFE yCORBRMEICC PFITAACREG PAGCTGGATA
PeEICeBE CUIARZ000 ;cASTTEGR40 - GE4EGTERC BHCCrE @B A@IGETET
desehhbed cheiRirBed@arcttifdn Fdratide gRfeckROK—RutS |
‘(‘@PEQ?IB%%;%W narily identified by the ability to grow
inthe presence of 6 pg/nm chioranphenicol, and were
subsequent |y

PCR amplification product was TA cloned and sequence verified using

standard techniques. Next, a functional copy of a chloramphenicol resistance
gene was introduced into the EcoRYV site centrally located and shown bolded in
the cloned gpE sequence. The chloramphenicol interrupted gpE fragment
construct was then used as a linear homologous recombination knock-out
vector for the genetic knock-out of the lambda (DE3) gpE gene residing in E.
coli host strain BL21(DE3). This knock-out vector was introduced into the host
cell exactly as described by Kirill A. Datsenko and Barry Wanner, Proc. Natl.
Acad. Sci USA 2000; 97:6640-6645, except the vector described herein was
used. Putative gpE knock-outs were preliminarily identified by the ability to

grow in the presence of 6 pg/ml chloramphenicol, and were subsequently
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20 WD 2004/ 078936 PCT/ US2004/ 006507 confirmed by PCR
anal ysis. One such gpE knock-out of BL21(DE3) was

whankemand gi ven the GSK desi gnati on ECC- 023. PECCSDHAB006507

was test ed for the presence of infectious phage

BRflirac By Hpr 30avERL QR Gheh obl hncthemu ol PEa) was

gahﬁéaraﬁetgwrﬂweeesmgg@naforpge@?omen not induced to

0 SO appr oxi mat el ut nearly three orders
of rraéﬁ@@aé was '@Sm%fﬂntha @d:@sendwoftlhf@cm pbage padides in the

enetic.da Lrr tion, e E knock
HEnr D2 s Hoht ASaToltln Tas 1o fe BAgRa Bl21 DES)
expresse hately ricsdthblearhbasie. of phRe Wﬁ‘@ﬂnbﬁ mahgéd t&do so,
i nduce the S response. The data™shows that the

BRRIOXMERY 4@ mfw,mutmm@@mom ohagpitade m;orarwhen induced
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B S TonidrBab YiprC Ry Traifafiit], NRCHRE Rpti-ou
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particles fromE., coll PFU/ m Not | nduced SOS
enmmnstﬂem insucedhe@OSrespose. oTie data shamphat the
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BREF (R STULA A0S OB U HEL R Ebiay Qb Rectioue
phagé @ggmbspamﬂ ecosrdagyly psuiRdblecthost BelirstrainZor medi um

@P%'Ol [ BL21%E§% transfornmed with plasmd
E 8HRBOHIC fa@HEBges the gene for
Hexa- hi s- FabZ, was grown in MCIK (m nimal nedium or
MCIKLB (rich nmedium) at 37C until an OD600 of 1.0 was
Tehlshtd. MPdoductionmgfdpfedtious phasé/palticles fkEXhKEBcalie ‘
desef bed +A—TFapte—2—25 T““'/el 2—Medimconposi ti ons
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Example 2

This example shows that culturing cells in a rich medium can prevent
formation of a 6-PGL adduct of His-tagged proteins as compared to minimal
medium.

E. coliBL21(DES3) transformed with plasmid pET28FabZSa, which
encodes the gene for Hexa-his-FabZ, was grown in MCJK (minimal medium) or
MCJKLB (rich medium) at 37°C until an ODggp of 1.0 was reached. Mediumi
compositions for MCJK and MCJKLB are described in Table 2.

Table 2: Medium compositions for production of Hexahis-FabZ

Component MCJK MCJKLB
MgSO, 5 mM 5 mM
CaCl, 1 mM 1 mM
Trace metals* 1 mL/L 1 mlU/L
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MSH4 5 MM 5 mM CaCl2 1 mMM1 mm Trace netals* 1
nmJL 1 nL 21 WD 2004/ 078936 PCT/ US2004/ 006507

wW@ws0%3d0 /L 10 g/L Yeast extract none 5 /L PCT/US2004/006507

Bacto-tryptone none 10 /L *Trace netals: 161 mM FeC 2,

2.7 oM Na2MNbO4i 4y 2580k — 2B MhEH P8 2TV
Qlyepse 3 4 oy 095" a1 gl =~

O T O T 3‘89%

YeasheWaal - bet al Dt h.nomg! act opyranbsi-de—{ .
Bapie-tryptane f i nal cod¥ fﬂﬁ tration of
*\Riea@pérnﬁtam aphed! E?C’e.’?{ﬂw N%'M'P%oh? ?ieig ?Prh %%\E%E% ;C'Z’

gr:

for 10 mn 5 and Iysed by gentle agltatlon |n10 nv

Tr| > |§§ ggg%a(-wg%y%%o ﬁeﬁ“%@"?%ﬁd@%ﬂt@é final

&?r{Hern‘trfa‘HGﬁtdf Mt ad@ i) Belts @ef@malrﬂame@itdtey °®Wfd>rfdur hours
reconmbi nant protein was urified fromthe sol uble

mxtilr’rmWesM lG’B"NI WGNE/CQH@Qt bycentritugationctd@sQ0Q K gfor 40 min

0 biven by Gogtle agtatohaR IR iy B e il NEEQTA o0 no/mL
@Qéfﬁﬁg?gﬁéf WrﬁLcﬁeﬂi%agbl{S@h%)aCG@W Bebf®diakireaioved by

ysis. MSSSH4 Hi s-tag heterol ogous
oahmflﬂg}atlodeatlm @ﬂ)QJK @‘f@‘]ﬂ Atreiutas anqi theerecombigagh ptein was

ta@éffaqg{;g ﬁﬁ% ? tI r%ﬁtmtﬁ@f%%g ggﬁ %rﬁ\gc\,ﬂmﬁiorqe.ﬁcg%dlng to
§1e M%ﬁnféc'ﬂ%ews%wmh%mmehgq@mg@ﬁ lae., Valeruie, (EA):h
h yeast extract and tryptone, gl ucono Iat ed prot

I—Iete'rotogowlletmot@mﬁ werepsalyzaeier the prawréc%o thﬁuﬂucq 28one
us f.a AN can prevent fornation of the
qﬁdﬁ%&&&é’ Mg‘aga‘wg%ffect of miniml vs. rich
medi upESSH, Hishay hatdrolgolisaotjpeptitiedg glliconoyleied at a level of
expressed in E. coli Vector N-Ter nus |

B0 o1 (otplomeRBbINAIPIAOWAER the CHEHSdR pETaE P mpinimal

Ey@béﬁéﬁ@@yh\éﬁ%\gw Eeggen L%Wﬁéétﬁhﬁ‘egeﬂﬁﬁs?nmented or

deirctieblvith y@Ast extract and tryptone, gluconoylated protein is not

detectable, also shown in Table 3. Thus, the use of a richer medium can

prevent formation of the 6-PGL adduct.

Table 3: Effect of minimal vs. rich medium on gluconoylation of a His-
tagged protein expressed in E. coli

Vector N-Terminus | Insert | Modified % | Host Medium | Comments
pET28FabZSa | MGSSHs FabZ | 34% BL21(DE3) | MCJK minimal medium
pET28FabZSa | MGSSHs FabZ | Not BL21(DE3) | MCJKLB | rich medium
detectable
Example 3

This example demonstrates that an internal lysine residue of a
recombinant CXC chemokine (otherwise known as Gro-beta-T) can become
gluconoylated when expressed in E. coli. The cDNA and amino acid

sequences of human Gro-beta-T are provided in International Patent

22




10

15

20

25

30

- expre ed in the

Exanpl e 3 This exanpl e denonstrates that an internal
| ysine residue of a reconbinant CXC chenoki ne

W@ eaohersmee known as G o-beta-T) can become  PCT/US2004/006507

gl uconoyl ated when expressed in E. coli. The cDNA and

ABseafin hoiBRHER SOR0ER? o 4rdla0es whkrssU.S. Patent

mr/a,weeﬂ QPRP0B. Paphi Nt é Q,Hs ﬂ@bl .h@@qtpo%temerm by
92/ 00327, (Jan. 9, 1992) as wel | . S. Pat ent

selgrencein the anlitetypat ent No. 6, 413 510 i ncor por at ed

h { t .1 Q

B L LN RS e

chemukirree(Gie- betbeT)ewaé ra@thd;phidm@ked 08RG oG @shtiativeg hgh
uantjtative, through reversed phase assay.

%’P{Pé’géaﬂfaﬁeé(?ﬁﬁd ﬁ@%s 'El‘él spParatignHvaminterfaced with a high-

{
ReroRhERES %&%é@é?@f'%%%&f!@? CESLICE psS Shelbyerer to

poovide e mgahs bﬁﬁdutml)omomtodng tforhfdtﬁnﬁﬁ p/radu@tnte&te&\haﬂants
ost, two uniq

pr odud¥ e exprassed in fd'lﬁ]lg fev 5'—8& b'@PSttfé’Y,Q)HO'GNmRr@ﬁUCt
Pﬁodlﬂ?at%%%mél’féet%ie?}/t 4 o?‘é&%éﬁ& ofjﬁm%zlﬁngrsgg%étrgihaaactenzed

exhi biting nmass
th,e varants @sppdiliting atass, shizs bh+1PBDd ard €259 Dad:ofrmpured to -

fe was passed through a purification
\?éﬂm(é‘n?ﬂ%eé‘%g@?s saﬁpl es were characterized using
a h' gProééctrc%?r%Htﬂ&ﬁ IREMITRGNRARTE P8S é(séé}fﬂwbt?%r\ a

capabl e of resolving m nor product vari a
pHfitieatiasyp rasagurea skn- wpees:s eamtgs (\Iéte@l'ﬁ!r)aCMabsﬂwmg a high

[T b A SR BRRE ARl B FasBlving ber b
ks L g A SR GG

s%f\vrnﬁ%tnat fee RewHyedyelvariants exkibiied @mse@”s@@l ofvi-2H8Da (ret.

GIS}%I f t ition of 6-PGL or
cono?a{h?@%gdto béK&teﬁlﬁn@nJ:%ez%gi due. The CXC

chem)l?lubhs}ﬁéﬁ titebstliee NdicsAsd kit thEss €258 DAIahAF1Z8IX Phass -
s. Furthernore, the nol ecul e does not exhibit
thfxsma%t Prgviusty been e'awwg in peotetsrexpiessast with exa His-tags

pe[)db‘ﬂ | (e R

I SO at eorlégﬁl:}@ez R&f ngtl' Gr gﬁ%féﬁgﬂ seqtﬁ@ﬁ\l fterminal
&amimﬂhg Q)(fafchermﬂﬂrm @m—bﬂae‘ﬂ)lmas ns%m@@eeamémg a hexa
El?ssyag%d I£ ernm%rlé] Ctha molsécufa‘ does ngt eXSthI'[ any histidine rich regions.

To confirm that the species were product related, each variant was isolated and
subjected to N-terminal sequencing. Sequencing confirmed proper product
sequence and ensured that no hexa His-tag was present.

Variants were subjected to trypsin digestion and peptide mapping.
Comparison with peptide maps generated using product standard revealed two
new peaks in the tryptic map with the first peak eluting at 45.8 min (m/z 1094)
and the second peak eluting at 46.5 min (m/z 1174). The new peptides were
isolated and subjected to N-terminal sequencing which indicated that both had
the same sequence (NIQSVKVK (SEQ ID NO:4)). The sequence homology
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Variants were subjected to trypsin digestion and
peptide mapping. Conparison with peptide maps

w@emaz9eel usi ng product standard reveal ed twoPCTEB2004/006507

peaks in the tryptic map with the first peak el uting

bl & 2 1050 Ky Fugisaid it Shibi e
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i ndi cat that both had the sane sequence (N QSVKVK
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5B IEG 8, W5 e et e
i I ~d N
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iindicatsichipay Be modificatioantasyén khsing (nesa3 imtheegsfuedice) with
Da. I—Iovvetv the y2 ion did not show nass
i%ﬁ%‘f’segg:ée%sfe %5%5%9.3' This data indicated that the -
difi . > _ .
W th oo e PSR s epe wap ARG
rbéranQyiationn i birer readtions weteedevelpped titat employed reactive L-

i in vitro. ] | oped t hat
ey et o sbbRid 01 FaEValk Wk BRS ioRn it tnese
apediesRuend cupabi® okindReing uditidd 8t gruBSﬁ@(l s?%gré_s% tpg exa His-

capabl e of inducing addition of glucono eci es
tae [(GeQhegary-etad [ Geohegan, et al.]. 15 Purified CXC

i ne: - T). d_int .
R A e i TR o e
daiffac abpH®B.aciLldghveoro-adbletttne ar gaRRESIE Bald WarLaddaPio a

mM and sanpl wer e i ncubated at roomtenperature for
F&Bﬁ?@ﬁf%%ﬁﬁi@ BEY RnoRanppies Weradeeubated ag sonm tamperaure for

CRoMYIBRhSR. Bpit S orsS G e ST K0 i ation of the
X G sheataking blesegyivad auoinhaxpeassidn imEecoval | ysi ne
resi dues of a reconbinant human interl eukin (human
I L-18) expressed in E. coli. H gh resolution reversed
phaggaﬂﬂlﬂ;@@oupl ed with ESI-TOF mass 25 spectronetry
was enployed to screen an interleukin product for
6- PGL
This example illustrates the gluconoylation of internal lysine residues of

a recombinant human interleukin (human IL-18) expressed in E. coli.

High resolution reversed phase HPLC coupled with ESI-TOF mass
spectrometry was employed to screen an interleukin product for 6-PGL
adducts. Analysis of B-strain expressed interleukin yielded a product related
species exhibiting a mass difference of +178 Da. Since the protein was
expressed without a hexa His-tag, the modification was likely occurring at an
internal lysine residue as had been observed with the CXC chemokine (see
Example 3).

High resolution reverse phase HPLC analysis of the interleukin molecule

enabled identification of multiple product species exhibiting +178 Da mass
24
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yi el ded a product related species exhibiting a nass

waledokerssee of +178 Da. Since the protein was PCT/US2004/006507

expressed w thout a hexa His-tag, the nodification was

| i kel rki ot e L. lysi ' .
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mul t i g &itse asiicadionqf dae Kitarlgikin vps.alse epalumiad with Lyglucono-
0 nU 7 ' 1.0, :

200 RGP LR BB ekl gL g roacton

exfaibyieldegl the s:the D@ 89ba Modifichtiond .dbserved when therinterleukin

vitro nodifi cabi on , of #ﬁe )’,nterl euki n was al so

Mg esreased imBistRinebkofoh 5.1 actone at pH 8.0, as

described in the previous exanple. This reaction 5

again yielded the same +178 Da nodi ficati ons observed

wheExaimple erl eukin  was expressed in B strain of E.

coll. Exanple 5 This exanple shows that culturing

g T e
IRGESHIYR N & PEE! ddubhiemahief-dIFhedl iR tadidess of a
processes were conpared in this study.” The difference

becombinant proteimre hinees fed-haiel fatmentatiorprasessae weigrcompared

R s S8 RS Siplie HEE ALl b REBPBAER YRR the baton
fraeamnt ahd eed vbinpbesitidAs seedtliriagdht ProductionistideesA rich
(Processes Il and I'll) were performed with a m

i i ni mal i
rreedlium waglupedripthedisoerasd faameriadonewhiletha sepeickard third
?Jéqcﬁé (a%bégség H%ﬂaqllm@réJQSHornHé'd Rﬁtﬂ%ﬁﬁniwél mddifim. -

er ment at 1 on process to produceé a reconbi nan ~

i Giyeetob weisruden &s femal inediunain Pesadsed amat 1, white glucose was used
fed-batch node in a 15-liter fernenter. The

flaFreeRe lon 20 was started as a batch process. The

i nocul i Al i i D .y
i of 0 MR ERH Bioceks B BRIdERI teddh BN hidiuRiriin E. col
neals canried qut i afed-Hdtels kodesinshboslite rrfemaenier4 Thgdbtmentation

IA'VH@:% St%%@rglfeegslr ﬂu@mﬁgc‘g}n@%ﬂe{sgﬁg}éﬁéﬁg 7 %ﬁn\&%ﬁ r[])ré)r];ar'ea%%/uallsuerﬁ]’ticalIy
transferring 0.5 mL of a glycerol stock culture info 1000 ml of PYE medium in a
2.8-L flask, as shown in Table 4.

Table 4. Seed medium composition for expansion of inoculum into
fermenters.

ltem Batch Medium
concentration
Yeast Extract 5g/L
Phytone peptone 10 g/L
Sodium chloride 10 g/L
Dextrose 10 g/L
Kanamycin suliate 50 mg/L
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concentration Yeast Extract 5 /L Ph tone peptone 10

/L Sodiumchloride 10 /L Dextrose 10 /L Kananycin
waofarse3®c0 ng/ L 25 WO 2004/ 078936 PCT/ US2004POD6SDB4/006507

The culture was grown overnight at 27.5C on a ][ot ar)é

shaker-, The. shake flask cultyre was then transferre

into alTePYERe é’YaSc%"‘é{? HYW@@“@" ef -5 S%\‘P'.&ﬁ‘ RERYY Uﬁ%@k%e—rhe

UreeGlalsRIBURBRY Web 4988 ishSidHfedild & fefmer BGhEMIngBY. of

kananmycin sul fate. Additionally, the rich mediumi

dgigh srastitred Wae: progiugtions madicmrtonsiste o salts, yeeaisb acids, and

Webietli Bt B Sl o P mecBifh i FupglAmetod with high
CRMRBNIraRehbf Ydaeh exfract m@bg? n&?ép%ﬂepﬁée@,{)ﬁ ¥able 5.

Concentration |tem Process] ocess ||
Yeast Extract 5.8 /L 5.8 /L Ph tone peptone 1.6 g/L

ks, PRBVESEH JRG8 i B i, Byl i v
SN A

15.3 /L 6 g/L6/L KH2ZPO4 1.7 /L 3 /L

3 /L Trace netal sf 1 mll 1 Bhlehmé&dim cOhe&Atratigd oV
9mém CaCl 2 1 mM 1 nMPyoB&&s KananyCppcedkTiPt €] 30 Brltdss i
J0veémmt Extpittm /L 7 Tr ag@g Vet al s [sol Uty ggn FeCL26Heh o
PRV IF20 o g/ 9T L7 |Z1S0% g Hf0 O Uty 61
NH), 8070, 0.0 0L, bV STl U0 gyl S0 2 Ohgdy)
Na@ll I, FiSBUS, U.12 Hphe LU TMETPH 0L FRA M MERTUm¥as
é}&@bge(] ~dlt appr UXBHH& Cry 7o Dllldﬁé 33.5 g/L
Glycerol 26 g/L 26 g/L none
K;HPO, 15.3 g/L 6 g/L 6 g/L
Trace metals* 1 mlL/L 1 mL/L 1 mL/L
MgSO, ' 5mM 5mM B 5 mM
CaCl, 1mM 1 nM 1 nM
Kanamycin sulfate 30 mg/L 30 mg/L 30 mg/L
* Trace Metals solution: FeClp.6H20, 37.8 g/L; NanMoO4.H50, 0.7 g/L;
ZnS04.7H20, 0.4 g/L; MnClp.4H20, 0.5 g/L; CuSO4.5H50, 0.8 g/L; CoCl.6Ho0,
0.8 g/L; H3BO3, 0.2 g/L.

The pH of each medium was maintained at approximately 7.3 using
ammonium hydroxide. Temperature was controlled at about 27.5°C. Feed
medium, glycerol or dextrose was sterilized separately and aseptically
connected to a fermenter using silicone rubber tubing.

Supply of feed medium was initiated when the initial batch amount in
culture was depleted. A polarographic oxygen electrode monitored dissolved
oxygen tension in the fermenter. Carbon feed rate was controlled in a cascade
mode to keep constant dissolved oxygen tension above 20%. Aeration was
maintained at 10 slpm and pressure at 7.0 psig over pressure. Agitation speed
of 800 rpm was used from beginning to the end of the fermentation run. At an
ODs550 of approximately 40 units, 100 mL of 1 mM IPTG was injected into

culture to induce recombinant gene expression.
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amoni um hydr oxi de. Tenperature was control |l ed at
about 27.5C. Feed nedium glycerol or dextrose was

wat@niorsozed separately and aseptical |y connectBdI/Us2084/006507

fermenter usi ng silicone rubber tubing. Supply of feed

medi u wasm the initial batch amunt in

15 cul q)/reésw %ﬁi@gnawswféhegﬁaafm%cemw 24 hours post

ﬂb?etédﬂmomldé?é@?e ioRliM e 16806y afgnuESHéraefbde”.ntths product.
fermenter. Carbon e rate was con [l ed

dhexrrencaud 6-P GLkasishict imBtanessdi ambits@desmqp@en Process |l and
nsi.on, a 20% tion,was at 10 s

U RRR RS e, A i and Bl 6FCRGH catoashscurs, was

sesshsisé (SORiniPEIYRSf w@ﬁee%eaeﬂ rrmms GtQJrﬁHﬁarEEg the

of the fernentation run. At an

sppfieoithe @nglys. units, 100 ni of 1 m\/l | PTG was

injected into culture to induce reconbi nant gene

expression. 26 WO 2004/ 078936 PCT/ US2004/ 006507

Rabie 6cApahsasis idPihodprogiueoAblddiens FddRY ik th’é@féi‘mentatlon
665565 R prodiidéadeebhBiRahf ihtedenttid.eduction in the

vel of gluconolactone in the product The absence
of 6-PGL adduct in Pr oc ¢ phosphegiiconalagioneeastsitict an human
prBreeessiNo.and | 1], i ndinigrivekinl-18)he use of rich
Rrepess And not gl ycer o| Abseton source. was 5
reSmaessbl e for elininafiPogseof the 6- PG adduct. Table
6 Benessilkes the resul t $Podsenhe anal ysis. Table 6.
Anal ysi s of phosphogl uconol act one adduct in three
fer ntﬁégn processes to produce a reconbi nant
i nt phosphogl uconol act one adduct on human
Process No. interluekin (1L-18) Process | Absent
Proce L ;
Thi s Srano o R AREKIA SPERAT: cofes RIPIh igher
pobactivy dnan Ghedrainpgl activity than B strain.

6- Pho C I onase act.iv was _neasured . in
oxt 1 aBTe P ERB Bl Y Mas B P D 219t of two
asfetr@m fedigsivith BINe(DESFA83ha pdr&iab&te, ECE005 tand ECOGSO
ot her strains origi nat ed froma K-12 genotype, ECO7

and twectersstrains originated from a K-12 genotype, ECO706 and AT63995
To culture the strains, 2-L shake flasks containing 1 L of PYE medium +

1% glucose and 50 pg/ml kanamycin were inoculated with 0.4 mL of cell

suspension from frozen vials. Incubation was at 30°C, with an agitation of

220 rpm for 6 or 7.5 hours. Samples were taken at the indicated time points to

measure the optical density at 550 nm and collect pellets to measure the pgl

activity. Details of in vitro assay to measure the pgl activity is presented below.
The pgl activity was assayed fluorimetrically, at 340 nm and 25°C, in

cell-free extracts. The cell-free extracts were prepared as previously described

(Maitra and Lobo, Journal of Biological Chemistry 246: 475-488(1971)); with

essentially the same resuspension buffers, 50 mM-HEPES pH 7.3 containing

5 mM-EDTA and 5 mM--mercaptoethanol, but cells were broken by sonication

(5 cycles of 20 sec.).
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To culture the strains, 2-L shake flasks containing 1

L of PYE nedium+ 1 % glucose and 50 g/m kananycin
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frozen vials. Incubation was at 30C, with an agitation

f 2Q_220 h
2t thEs el Vas asseyarlsife i BeVisushiRURlERABE Ak TS ha and
wlsﬁr% Surdhl éﬁ@eﬁgﬁa?Mcr%lrdléﬁ}V 1R)2; aBs: 18651 898) withiseme

act|V|ty In VItI‘O assay 1o neasure
mbdnflpguomt The 1a;zsays cpws@m ofch peg- tmubah@n BT ralemiUrS

&]%@I%?@%S&é gﬁ{gpgn%ral sal lq\fé,f(?één@[\l?‘?@fdam@rsgunlt%f glucose-

diing 25
R e G0a koo o7y

wiui- Kcnmelmo ml\ﬂng@léZ Qinee mmaeureacrm ﬂ@rpdate@@ it was

S B 2B UGB gycronaso

%%!i}} @g ihslo(Binedalsasn He 8Qs§ﬁ—’ﬁnbe Rié M@’\é@@éh&?\&%é
2004/ 006507 The d%cﬁ was assayed usi

pydrolysisstithp o PG Hietmed tdhsimg(tee rma-na%bmntsgap J B thmypddition

St B b g St o
dEb‘h%!derlhdiénéséThctml Zt lAIEpglmt/aleslwgeEéstlmated in the
gI ucose-6- phosphat e, nmvi NADP+,

mQ&rdaegs Oéihm@bmfbﬁécﬂmwga%@l@wg 20den iaeikfroe
ut qr pH 6.5, containing 25 nmWKC and 10 nv MgCl 2.
B he reaction reached the pl ateau, it was

f ol | owRg deigyirfecactivity Wwasnestfimtedriyt subifactlng the rate of
6- phosphogluconate

de rogenase resulti

OPOREREEUS AYHIRD SESLR I AEe | BT A LR Walk SxPie88ed in

' Flivsu 1S bR 'hhefotal rotein was
M&Iﬁ&%@b érn ste 18- apg-pe{rﬁéﬂg)gdﬁ [ %n e10 of ce‘l)l free
extermbied bptiye Bl@mﬁomraoamdw(cﬁ@ﬁ)sﬁrotem Asray (Pierce, lllinois,
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2004/ 078936 PCT/ US2004/ 006507 Table 7:

Phosphogl uconol act onase activity neasured in K-12 and

B strains of E. coli "K' STRAINS Cultivation Activity

ﬁblerPﬁb&?ﬂh‘b/glﬁémracﬁbﬁﬁté BbthWWheMHdmrKﬂ@ and B

%5%{6% mn/ g protein) ATCC 10798 5.5 1.061
16'5 . 899 0.0012 7.5 2 5384 0 0012 |(-1')

"KXPTRAISNg a 7.5 3.539 0.0011 hunman interleukin g
18) " B' STRAI NSCakivatipwati on AcfetyitYy Sp  Hydr oBR,Shydrolysis

SBhinai n_Ti me_( h)| (Timelh)NADM oHNADIYmnfes Reptain) |~ (mmolmin/mg protein)

ATCODI0796 n/ ng prlot eis®  ATCC 47092083, 5 0. 028 Q. 0019-0011

BL21(DE3) exprejssimp a §.5 0. 032.8890012 hurman 0.0012

interleukin (TL] 18)7.%.50.019 0.%#l 7.5 d.032 096012

5 Exanple 7 This exanpl e shows that expressing a

eI 8pRls869HS pol yperd i dg, a CXC s.gd%enoki ne |(ot her @i08#!
HeR@MnteBuiE OL-bel a- T), in E. coli BL21 straijn results

figp 6- PG adduct, wheredas expressing the same

pol ypeptide in a K-12 strain prevents gl uconoyl ati on

"8f STRANShal |ysines. 10 Ten fernmentation runs were
carried out usi ngufiivationdi f f er enctiMity ai ns of E__ SRAlydrolysis

Stanstruct ed to [ ecioetihnaiming! NAQiYeinéngprotein) |- KBMSKTIARENY protein)

Afocsazesanpl e denors%ratles the €-93ct of host 0.0012 .

ackground versus pronotier systemon the presence of

oFBEspEGnEEing af mats®n of the reeodehi nant pr ot ei n 0¥P12
Hirian Ghidrisokin (IL-

18)

6.5 0.019 0.0011

7.5 0.032 0.0012

Example 7 ,

This example shows that expressing a heterologous polypeptide, a CXC
chemokine (otherwise known as Gro-beta-T), in E. coli BL21 strain results in 6-
PGL adduct, whereas expressing the same polypeptide in a K-12 strain
prevents gluconoylation of internal lysines.

Ten fermentation runs were carried out using four different strains of E.
coli constructed to recombinantly express a CXC chemokine. This example
demonstrates the effect of host background versus promoter system on the
presence of 6-PGL adduct formation of the recombinant protein by using two
expression systems with each host cell background. Table 8 describes the
strains that were used.

Table 8: Host background and promoter systems used to express a CXC
chemokine in E. coli.

Strain No. Host Background Promoter sysiem
1 BL21 (DE3) T7 polymerase

2 K-12 (DES) T7 polymerase

3 . BL21 (DE3) Lambda pL

4 K-12 Lambda pL
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expression systens with each host cell background.
Tabl e 8 describes the 15 strains that were used.

waaism7936 Host background and pronoter systensPCEE82000006507

express a CXC chenokine in E. coll. Strain No. Host
Background Pronoter system 1 BL21 (DE3) T7 pol ynerase

2 K-12 (DE3) T7 polynerase 3 BL21 (DE3) Lanbda pL 4

K- 12 Lﬁebd@ntahonwpML%Qﬁé@ﬁ@%eﬁﬂ(ﬂ@?@%b@&%fﬁ\ E. coliwas

Ferrregt ation to produce the CXC chenokine (Go-b
i FRATECd Qitin g ded-Raich Bpdedn a 16-iter dernmenten ﬁememhtlan was

rted
SShts A BLO e TRRMLA V. Bherd BLEFDEN ranstering
t0.Zhghleof larggyceﬁroDstéﬁk clitofe idtdh 9o exlobf svgcﬁﬁeamm i s 500 mL

|nt8$g of PYE nediumin a 500 nL baffled fl ask
affled daglss Cg#wm%rgrvwndgr £ heursat 82,086 an aasofanyshaker

Ig%ﬂ?e{gvllzas?{‘ | filte we a%s{ﬁegﬁjgﬁgp O:]lpgp gq]ﬁ:ﬁ%gmrtg,angi transferred

antu aifevnmant8r Bontairing 8tch dffb@ltdW%eBMPl‘ii UP‘rb(ﬂlﬁbﬂi‘Sﬁ%HH‘um
conS|st<§d of salts and either carbenicillin or

Rf salts and siibpepabeyiclin oo kenamycionuuliate dMadmdmg on
ftﬁé'ﬁ%ﬁfo‘t&”ﬁ\ﬂ&&i}%\m i g{ﬁéﬂ@? fof&éf%@@s Odhg éa? pr'e&@e herable 9,

., and nedi um Ion
crehwiediven iforntulation forgredugtianvoideXCi ¢chehabdkine 19 £, Talhbee

9: ation for seed expansion. Conponent
; @fﬂlé’é’ﬁgr'g]tﬁagi‘?wéeast Extract 5 g/L Phytone peptone 10

g/L Sodiumchloride 10 g/L Dextrose 10 g/L
Kananycin sulfate 50 ng/L 15 Table 10: Medi um
f'EﬁbfﬁI&aﬂ\ﬂeﬂhumeIpnutajtqntmsﬁempaﬂNmkl ne in E coil

Syl fate 5 /1

Conponent  Cg 'ﬂbﬁ“lb‘f)h&’lt' OR—ARTOHRTH ‘Céncentration
Yeast Extract 59/l
Phytone peptone 10 g/L
Sodium chloride 10 g/L.
Dexirose 10 g/L
Kanamycin sulfate 50 mg/L

Table 10: Medium formulation for production of CXC chemokine in E. coli

Component Concentration
Ammonium Sulfate 5¢g/L
Potassium phosphate, Dibasic 6 g/L
Potassium phosphate, Monobasic 3 g/L
Sodium chloride 1.3 g/L
Dextrose 18 g/L
Magnesium sulfate 4.8 g/L
Biotin 1 mg/L
Trace Metals * 10 mL/L
Kanamycin sulfate 50 mg/L

-Or-
Carbenicillin 25 mg/L
* Trace Metals solution: FeClo.6Ho0, 3.78 g/L; NaoMoO4.Ho0, 0.7 g/L;
ZnS04.7H20, 0.4 g/L; MnClo.4H50, 0.5 g/L; CuS0y4.5H20, 0.8 g/L;
CoClo.6Ho0, 0.8 g/L; H3BO3, 0.2 g/L.
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Pot assi um phosphate, Dibasic 6 g/L Potassium
phosphate, Monobasic 3 g/L Sodiumchloride 1.3 /L

wDeoours9es 18 /L Magnesium sul fate 4.8 /L  Bi oP€TUS$2004/006507

my/L Trace Metals * 10 mUL Kananycin sulfate 50 ng/L
0SB il b3 B S04

Y e

%g% Qiﬁag%tﬁﬂg&%%@ QPRRATUMRACdeRZR WBM statiNES

al ned at about 7.0 using amoni um hydr oxi de.
Feppaitely und agEpticaly connealedto alfermerd2r 0sipgagilicone rubber
i ngreased to about 37.5CC at induction. Feed nedi um
Ngext rose were sterilized separately and

asept BQ@?\WO%BB%&&GM ®ad jhig5iBRNkeEn e iz batdramount in the
r ubber tubi ng. Supply of feed nmediumwas initiated

whituretwas depleted. Bapalarogiaphic oxygemelectiodeuneniigred dissolved

St G, PO R PRBRIL AR o LB LT ITRRBE 4 cascace
heseb fotsa 8snStant Aigso196d ioRygers assisieabowslabbat 288p Aeration

const ant dissol ved oxygen tension above about_25%
Aasanaimtainedes ebeut H0 sinve @ngithatpsessure ad BpRPLAY RSig over

pressur e ,at ' [ 1

Bieaary Alatbsbed orRRbE: MEtpoRiE 34Tt B bebihilo and
'ir&ﬁé@@écfds @_éqlﬁiﬁ.fxu;\td m@iﬁt%g?g%dm ?5% dizsoivedSrydentohsied. At an
oxygen tension. At an ( of appr ox] 14 . .

55 ORopPITRISY, §4 MAITFPIRY ThksOl hPABMER T igScplgcted into the
culture, or the tenperature was increased to 37.50C to
icntiuss or duo teyh peraturesves insresgadiosd HRCNeirdye tggembinant
fermentation runs using a K-12 host background had
SEPEHRF'YPGL adduct formation on reconbi nant | y

expr ek oohpreahefRtionwiss aamgralks1 21hosidodgkerommidhad
%%?gc?;élevg—E%LTngac?[qg;rﬁéﬁc?rl (l)n ?()a(gc;rmoitngﬂtlyt/ gs(pressed polypeptide,
whereas runs using B strain in concert with T7 promoter all exhibited the
presence of detectable 6-PGL adduct formation on recombinantly expressed
polypeptide. The three runs using B strain and the pL promoter did not have
detectable adduct formation. These data demonstrate that expressing a
recombinant protein in a host strain having pgl activity, e.g. K-12, may prevent
6-PGL adduct formation in recombinant proteins that are susceptible to this
modification, see Example 3. The presence of 6-PGL adduct formation in CXC
chemokine expressed in E. coli B and K-12 strains is presented for each

fermentation in Table 11.
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presence of detectable 6-PGE adduct formation on

reconbi nantly expressed 20 pol ypepti de.
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Example 8.

This example shows that expressing a heterologous polypeptide, human

interleukin (human IL-18), in E. coli BL21 strain results in 6-PGL adduct

formation, whereas expressing the same polypeptide in a K-12 strain will

prevent 6-phosphogluconoylation of internal lysines.

E. coliBL21 (DES3) and K-12 strains were constructed to express a

human interleukin (IL-18). Cultures were grown in minimal medium as

described in Example . Monitoring for product modification with 6-PGL was

conducted at various time points throughout the culture, using methods

described in Example .

modified product. Higher numbers indicate a lesser proportion of gluconoylated

Results are expressed as peak area ratios of unmodified product to

product. It is evident that the extent of gluconoylation in BL21(DE3) strain is

significantly greater than in K-12 strain. Phosphogluconoylation of a human
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prevent 6-phosphogl uconoyl ati on of internal |ysines.
E. coli BL21 (DE3) and K-12 strains were constructed

w0 eooexp9ess a 10 human interleukin (1L-18). CedT/USES4/006507

were grown in mninmal nediumas described in Exanple

I RARt B e B 88EY e R & vulBn oh ol fosummarized i
qidisine, using nethods described in Exanple. Results

are expressed as peak area ratios of unnodified
product to 15 nodified product. Hi gher nunbers

i i q _
T S B o S SRRl axprsea n
5 gﬁ Ft{t"‘lrbﬁP '585211 (DE3) strainis significantly
greater| than in K;12 strain. Phosphagabefy@Yhabdifdy Of |
a hurmar B2ZoaR004T 2288 36ndRSTINUB2 00 $/dd06E *rhodified product
interl dukid (IL-18) ®xpressed in Bjand K-5BZ strains o
E. cog [rs summarizedgrnm —Tabte— 12— Tabte 2=
Phosphagluconoyl ation of a hunman interl euki'n expressed
in B § and K-12 strfins of E. coli AreaNMatio of
unnodi flied E Ccoi | Skrain Time post 1 nmduGgizom (1)
pr oduct—te—redifipd-product K-12 16 58 18 44 5 2
Nd 22 29.3 24 028 BL21 (DE3) 20 8.3 ®& 7.7 Nd
nodi fi gd product pot detectable Ei(d 9I Thi's exalrrp!
i1l ustrat hat—pvesexpression—ofhetero ous—pgh—t
E. coi ICBLEE(S?EEgeI s Teads to increased mefabolic
conversion of 6-PGL2#0 its product|{ 10 7.7 o
6- phos pogL Heamed stodlteR & a%eEERIEICT Ty _t e poot of —6-PG&
avai | able+for—adduct—formation A P aeruginosa pgl
gene was cloned and engineered into a plasmd based

| ndeeaRbfe §XPressi on vector systemthat is conpatible
with coOlEl origin of replication based plasm ds, such

t hat {This exdrhplechiystratas thatoverexpression of heterologous pgl in E.

coli host cells leads to increased metabolic conversion of 6-PGL to its product
6-phosphogluconate thereby reducing the pool of 6-PGL available for adduct

formation. A P. aeruginosa pgl gene was cloned and engineered into a

la¥aFaVYETal

>0 Il O

e
t.or
T

plasmid based inducible expression vector system that is compatible with
colE1 origin of replication based plasmids, such that two different plasmids
may be maintained in the same host cell. The inducible expression level of
P. aeruginosa pgl can be regulated at will, in a fashion independent of
endogenous E. coli metabolic pathways and independent of the inducible
expression of the recombinant protein of interest. Accordingly, recombinant
pgl expression can be regulated such that the pool of 6-PGL was diminished
below the level required for adduct formation, but not to the extent that host
cell resources were substantially affected. Therefore, the level of the desired
recombinant protein can be separately regulated to give very high expression
levels.
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may be maintained in the sane host cell. The inducible
expression | evel of 15 P. aerugi nosa pgl can be

wo egulozoeel at will, in a fashion i ndependent 0PCT/US2004/006507
endogenous E. coil netabolic pathways and i ndependent

of the inducible expression of the reconbi nant
WMccordl ngly, reconbinant pgl

eXPr 865 9 of fifd n?fgﬁg@%‘&t@ﬁ@&iagf&libvwal? hBRIgHeeda Whs obtained

6- PG was elow the |l evel required for
festdithe Aericen Bype ButtureoCotlecticne(Amedean Type Guisre Sgllection,

{201 Boatais ik RocRVIE M 20Bre! 770 b SorhOfas sBlbinosa,

f y7869UlsabRd 3 PCR wehpliaEAtidH hm@)@t/\@iié idesigned and
%Ed\iglpgtc%3 WO 2004/ 078936 PC'lp‘USZOO4/9006507 d onj nﬁ g the

synuﬁes.m tgydinestahe ICR amplilication rbtie erfireal denenkd

h
SRS oErul BT TR RLATS, AT B hEance
594 bRfiseABe amiiifBatidiaplihuie afs:i ve, Rockville MD
20852-1776): Pseudononas aeruginosa, 5 strain ATCC

27853. 5 and 3' PCR anplification priners were
de&@g%;*c?? *ré%féd@r@' Teglcdde PCR ~  (SEQID NO:4)
anplification o

the entire pg gene, including the
amlgdi on just upstreamof the initiation codon ATG The

sequeng L~ [ifi ' .

o o e A TR A ARG OTRERAATTR - (s 1D NO:S)

(SEQID NG 4) and 5 GCCCTCGAGTCCGCCACTCAGGGGTACCAAT

3 Q I D NO res t I | ded

resteot ey RSIde muen%%%dbé@@ée XRokS e aHaoRg ntq dhe gene to
| e te It was additionall

?ﬁ%ﬁ'g stl%%?aﬁ%ﬁ'tecgémﬁé no:a g:ne S v:ry GIC Ir| ch a%d

wi |l l’to/t/asPéiﬂdlthInyfyaunddhat ther Frederaisiosaigeaei isiyery GC-rich and

condi ti ons. f dth t f t

oot RSP armpliydraier PERnahamPIToP ST 1|8 fRupd that

mn I|'f|8_ ’%%ﬁpbﬁ%'ire%é ugh otfffimi% %h@éhflcéﬁ@ﬁ cbh@itibhy that are

ge Pol ynmer ase 20 (cat. 8419-1;
prmmmneﬁ@Irlohttemlpia?as,cﬁpﬁcuf(pallyﬁcdvggy@ge fﬁﬁ‘QCDNA Polymerase

i (GoP 8Bt pEPbiBRR AR G fch B ot B Rp o The

ODNIS SeG@dnce ER@NDIFOCH) Sresdingf the4olymeptide
ggﬂ'!segcgrr]%gsfp@ | owed @§68C@f or 1. z»nut esr@‘ 2qely

&ﬁﬂ) i NEuB iveas PGRsampliied tiam whale .‘Bya%(ugmpgfqaé:e‘ﬁs after 25 cycles
of gﬁpétféro 30 %tecc?ns S ffoﬂow%drgmc%sforq% riaties. The amplification
was then completed by a single incubation at 68°C for 3 minutes. The PCR
product was isolated by agarose gel elecirophoresis and column
chromatography over a QlAquick Gel Extraction Kit (cat. 28704, Qiagen:
Valencia, CA; USA). The amplified, gel purified pgl DNA was eluted in water
and immediately cloned into the cloning vector pCR2.1 using a TOPO TA
Cloning® kit (cat. K4550-40, Invitrogen: Carlsbad, CA; USA) and transformed
into One Shot® TOP10 Chemically Competent E. coli (cat. C4040-06,

Invitrogen: Carlsbad, CA; USA). Resulting amp' colonies were screened for

inserts by EcoRl digestion and electrophoresis of the products. Sequence
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and colum chronmat ography over a Q Aqui ck Cel

wEamargseon Kit (cat. 28704, Q' agen: Val enci aPCTIBS2004/006507
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s2oe M th\@wolf{a@ﬂ crieht&Biad b&oPCFRie@omgf pEM@ 1pl§lé)2 13\mms selected

2 1 | igation reaction was
fcnier&] %ﬁﬁy%ﬁt#&%‘%ﬁ ‘r) TOP 10 chemcally 10
CO”Deﬂ'ﬁ@tregultlﬁg/cbnﬁ?uétﬁs %&s@&%ﬁh@%@\)@ﬁ 82 plasmid backbone,
manuf act urer (cat. 6, Invitrogen: risba

apd copmrisesdhe mlbyvm@ gene’m &mé@nfabelemmtgr(é}spmﬁ/é quigwhich

MTCAn e Y -
tsrrﬁ%éc Egﬁé%WiEfr bcgriélgatrhé\% @gﬁgnﬁmcpl{eﬁ&%s%i?ﬁgblei

["asm one rises
mairkerw(&)ga mwyc:Mé inalcitibdan prorabtmmpserea(rﬂc)f pirhARige cloning

d I t t he sane
A il en@n P gl pth g with the
col ElThy @iﬁapéénﬁf'&FBdECO(‘?ﬁglélbL% Wﬁﬁh%@%eg as described

sel ectable nmark a tetracycl I ne |
phovminte Bl'.-l-[?ét D&éﬂhceﬂs axmﬂstsmg 2 hoihar m@erlwldretor(fdﬂh@u’rﬁudy

I 9“8%%0%‘3%@393‘?%—9 84Hpae ihisaniad as SEQ 1D
NEBg Hnbiafe radifikion M lc@eié &g éﬁt%‘él' iRFidure 1.

human _i nt er| euki n for further DNA sequénce
of pE@@itqre@gwgnezpq@rmﬂJ@ﬁd@smbqﬂ tE\sfémregl%% ArgysB for 6-PGL

Nt 5 dﬁ?ﬁoﬁ%ﬁ%ﬁ%@fbé@% lgxan%EFO4.l P?\%lsﬁﬁggluconcﬁactonase

pr esen
activity was measured as described in Example 6. Additional strains

expressing the human interleukin (IL-18) that were examined in the study
include BL21 (DE3) without pECO-1pglcl2-13 and K-12. The strains with the
pgl plasmid were examined with and without the addition of anhydrotetracycline
at 20 ng/mL. A summary of the presence of absence of 6-PGL adduct

formation in cells expressing pg! is summarized in Table 13 as shown below.

35



10

15

20

Cultures were perforned as described in Exanple 3.
Anal ysis for 6-PGE. 25 adduct was perfornmed as

waleaanidyeel i n Exanpl e 4. Phosphogl uconol act onaB€&T/US2004/006507

activity was neasured as described in Exanple 6.

debla 18 fnmact &} B3Ls G HEREIon o peSsPhAgucaablaiféiEoB a human
imegleul§iim hout pECO- 1 pgl cl 2-13 and K-12. The strains

Wit the pgl pfasm d Were efamhhimdmidl Betivitg [V6-PGDadduct formation

t he _addition of anhydrotetragycline.30 20 |n .
§f‘fﬁWary of the presence of absen&"@mbr?gg-e}y& aﬂj@marﬁnter!eykm
formation in cells expressing pgl is summari zeé-18

: WO 20063095 8936 Present
@/I {% 304/ 006507 Table 13- |l mpact ot pgl_exbression

Bh2H tREBH PRGPUBHAGY RSN of 4 hum®B6 hir | eulhisent

are R OABLIEYHE &g adduct o g 0N [Shdsehtn
I U?1m{bnE/3?JBSD¢QN g%blhungg%ﬁﬁadrl aukin O'd(alijlp(?{ﬂm BL21 _( DE3)

\

-2 Present BL21 (DE3) pEQO 1 Meieci @143, npNisé?t

.‘Eo@\@ir}%éﬁve@iﬂﬁem BL2T(DE3) PECO-T pgrcl2-13, Tet
induced 0. 6 011 Absent K-12 0.96 0 14 Absent

DCW=dry cell weight This exanpl e has denonstrated that
co- expression of Pseudonobnas 5

phosp ?;i-ﬁ% Hﬁé?ﬁxgﬁﬁ%%éﬁ%n‘é{r%o‘ 'JPl%t BHIH%@rééHiQK ?ﬁgﬁig@%cavonas

(Ie-1 ~succe revents formation o
phoglocbhelaBiostasaiwitrothefhumah linteBzalip| (B--18) staeassfully

i nterleykin-18 -18) IS I, Myno ul. at cyt oki ne
imravents fomaatp daveitohet addus Tl BaimEpP B edl for

the treatnment of renal cell 10 carcinoma and nal i gnant

mel EQQH?CPQ@SCH ptions of human and nurine IL-18 are

pr esent inthe following U S. patents: U S. Pat. No.

6, 582, Hi@aanintsrledsin-18 (b-185 ivan imeBinameulgery cyiekine that is

it Bl e e o o
GabSRombbandAthligh&nt Matanoea. Desadgticrdof imar aadenurine IL-18

i ncorporated herein by reference in their entirety.

|are pgesentedsn Haa following - Sthatants dJih&atniNane 58¢&88mU.S. Pat.
DT85, LISSE0 Y spr i dSa'iof, Sahp g et o
5,914,253, U.S. Pat. No. 6,060,283, U.S. Pat. No. 6,087,116, and U.S. Pat. No.
6,214,584, which are incorporated herein by reference in their entirety. IL-18 is
believed to stimulate the immune system, promote Fas-induced tumor cell
death and cell mediated immunity. The polypeptide sequence of IL-18 (SEQ ID
NO:10) may be produced in E. coli BL21(DE3). It may be expressed from the
polynucleotide sequence for pro-IL18 (SEQ ID NO:11), which is further
processed to mature IL-18 by a processing enzyme, Caspase 5, co-expressed
in the same cell.

6-Phosphogluconolactonase from Gram-negative bacterium,
Pseudomonas aeruginosa, was cloned into a BL21(DE3) strain. Production of
IL-18 in this strain produces IL-18 with no detectable adduct formation resulting

in a direct increase in the yield of the desired product. Furthermore, the
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NO 10) may be produced in E. co/iBL21(DE3). It may be
expressed fromthe pol ynucl eotide sequence for

wWEe@4ish8 (SEQ | D NO 11), which is further prpCEES®A4/006507

to mature 1L-18 by a processing enzyne, Caspase 5,
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ts%lrhgt ected as a shoul der peak el uting apprOX| mat el y

ke BE3 (rgl @inys, theireain pealsareané ., lared 8f thespeak for IL-18

f t BL21
BRRERRPUeloR 8 bl PR AP Ry o B boyimarely
56% Whilel éxpt8ssibaandguriicdtdeef Lbi g IQBMQ(P 8) WF}MS) cells
18 was approxi mately 6%

ormation) for
%b‘:@se& e &eﬁk Areq OhePet 33% |8Lﬂd1$hQV§GCBDQ RddpeBformation
bagbd Rhubd mmghlﬁesoqggﬂulqu n- peak area of "about

88% and showed no a or mat on based on the Hi gh
Resol uti on HPLC assay." Exanple 12 20 Two vectors were
creEX:mipdmftﬁrl Si ng poI ynucl eoti des that encode
IL18 %e\? B% Caspase 5 (SEQ I D NO 12).
Bot T WQRYPELOSEY @&(%ﬁtgdm Rrising pelypuelpptides fas@neoraipro-IL-18

(BEQ |EﬁN®9q 12:3?8&6%-575 r()S EPCENO: %}g %&T\t\@éreﬁé%? vectors wherein

conprlse ynuc eoti de encod
Relypgptide arqd;@Doh m/mnmced hustnovalE7 pratuoted. l!i}né ectorsro

8&?\?)?%8 aaﬁc’ol%l?clclaé't qle encocf ng(;3 Btgl {rgmslgqggrqlcg%o%a (SEQ ID NO:7)
that was induced by the same promoter as pro-IL-18. The entire sequence of
the pET vector comprising pro-IL-18 and Caspase 5 is presented in SEQ ID
NO:13. A restriction map of this vector is presented in Figure 2. The entire
sequence of the pET vector comprising pro-IL-18, Caspase 5 and pgl is
presented in SEQ ID NO:14. A restriction map of this vector is presented in 3.
When IL-18 was expressed in E. coli BL21(DE3) cells using these vectors, the
amount of recoverable IL-18 was greatly improved when the polypeptide was

co-expressed with pgl compared with the expression of IL-18 without pgl. The
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sequence of the pET vector conprising pro-IL-18,
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in a mcroorganism conprising grow ng said

m croorganismin rich culture medium 5 2. The met hod
of claim1, wherein the m croorgani sm does not
denonstrate significant 6-phosphogl uconol act onase
activity when grown in mniml nedium
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3. The method of claim1, wherein the mcroorganismis
E. coll. 4. The nmethod of claim3, wherein the E

W@ o/07$938 strain. 10 5. The nmet hod of cl ai m 1PCTWESZ004/006507

the rich culture nedium conprises a conplex nitrogen
égurce. 6. The method of claim5, wherein the rich
re mediumis capable of mintaining cell growth
at ratio of 1:1 for concentration of conplex nitrogen
source to cell density. 15 7. The nethod of claimb5,
Wher eAanMQddorrpraawnhng ghga@noybmoo&f@om@ype@sie expressed in a
erein

QARG B SBt AR Dl SREooHBREN i ayure medium.

et hmih@Fn@chaur@f%lalwrvﬂﬁé"remﬁewmﬁgamsw 6668 nour ce
conprises 20 yeast extract. 10. The method of claim

demansiratersigmiéicant G- ph@spmghmnoé,acsgp@ssaa petivity whan gmen in

%ﬁﬂ'&\ ef '-ﬁj[;‘al m 10, wherein the Superbroth nediumis
%\/ 9(5 entrated. 12. The nethod of claim1l,

3her eThe hiwthot Of eRiiGan) ivitiBrem theaniresrigadism tshEacoIiZ5

recombi nant DNA nol ecul e encodi ng a heter ol ogous

‘ﬂ)lol ypERe method of ch@lrne’i rwjuare@rthgr Vaaitip Rystrain. |
Gompr ¥ iBth of cinb B 18 EHCAREE Mediun corfipiides a

émhpb‘ebtmlmgmessum of the polypeptide. 14. The nethod
of claim 13, wherein the K strain denonstrates
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t
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sduraemo cell deh&ity. 39 WO 2004/ 078936 PCT/ US2004/ 006507

o yQE tm,egg for P%é@int | ngm%‘econ lI g:ﬁ’;‘tg%erbwp?gpﬁ&ﬂses

fam[)ﬁg_um ng DNA into the mcroorganism wherein the
encodes a pol ypeptide that denonstrates

8- phokipd oigthod wh ckimdnwhereimthe complexeniirpgemiseurast ¢asdprises
of .claim 16, wherein the mcroorgansimis E. coli.

KePO”Ee et hod of claim 16, wherein the DNA conpri ses

®NA eTig@ edtBiod ofclaim 5, wherein the complex nitrogen source comprises
yeast extract.

10.  The method of claim 1, wherein the culture medium is Superbroth.

11.  The method of claim 10, wherein the Superbroth medium is doubly
concentrated.

12. The method of claim 1, wherein the microorganism is transfected with a
recombinant DNA molecule encoding a heterologous polypeptide.

13. A method for preventing gluconoylation of a polypeptide expressed in E.
coli comprising fermenting a K strain variety of E. coli for the expression of the
polypeptide.

14.  The method of claim 13, wherein the K strain demonstrates 100-fold
higher phosphogluconolactonase activity compared with B strain grown under
the same conditions.

15.  The method of claim 14, wherein the K strain is K-12.
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phosphogl uconol act onase enzyne. 19. The net hod of
claim 18, wherein the DNA encodi ng the 6-

w@b@sregé uconol act onase enzynme has at | east 7PO4/US2004/006507

sequence identity to DNA 10 encodi ng
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agicHgHrganism, cdnpriEiey IRidiReirRf DRIAGHTB d mdresRjahidm. 6XNhereln
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dbe RNA eNngo %éqtzgéymtid@ethat dgmobsigeies §-phogphogluretactonase
gg Wt hod of claim 18, wherein the DNA encodi ng the
osphogl uconol act onase enzynme has at | east 95%
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é@zyméf hesmethpdai ¢laind 6dwgetﬁjemnmpﬁ@mﬁes&a% epgosling a 6-
f]%gﬁﬂgﬁuligﬁ&%{%agg eﬂ%@ EQ ID NO:8. 24. The met hod

erern - phosphogl uconol act onase

di9z y ni Heamethodaot aslamdsdmemmmumwnao@h ltegst 95%
%ue ce identity to QID NO 8. 25. The method of
BPRRNaGUCARGRPEIchaER enEXRediRs 8 ISt Fitiesesionce dentty to DNA

R BB ay ol PREL BB ond. o' 16,
wler e |Tﬁnet mettoidlof dained 8 mvhe it tfm\IRseuaamoﬁbe isTet herightosa.
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oly
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R s

phlyr}nledgism anlins hoiiesu uesnse Havirkpst e4800GRBERNCACe identity to
S%ecg tI\YOtO DNA encodi ng

24.  The method of claim 18, wherein the 6-phosphogluconolactonase
enzyme has an amino acid sequence having at least 95% sequence identity to
SEQ ID NO:8.

25.  The method of claim 18, wherein the DNA encoding the 6-
phosphogluconolactonase enzyme comprises the sequence set forth in SEQ ID
NO:7.

26.  The method of claim 16, wherein the DNA is recombinant DNA.

27.  The method of claim 16, wherein the DNA is transformed into the
genomic DNA of the microorganism.

28. A microorganism capable of preventing gluconoylation of polypeptides.
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a 6- phosphogl uconol act onase enzyne from Pseudononas
and wherein the mcroorgansimis not Pseudononas. 10

W@ 200470893611 cr oor gani sm of cl aim 28, wherei n t heCDNB2004/006507

t hat encodes 6- phosphogl uconol act onase has at | east
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mcrog 8 nIS of claim.g31, wherein the DNA that
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pol ypeptide 2 npri Si ng am no aci ds havi at | east

wm@bqgm@@oia@mnasemaﬁt gast 35 WEeguense idaidity tpPAkfegncoding

PSP ABHL RGP Re SR Sy EoR Aaoiiforip s Ra8 Werdin the

afiicroorginsid?is ddtePsalom@shgol ynucl eoti de of clai m 36,
wherein the DNA sequence is_ set forth in SEQ ID NO 7.

8. 40. Th&]@@f@@rgﬁ%‘@mﬂﬁI%Wbd’t’h%r@'rbﬂ‘edp%lﬁih encodes 6-
Vi%%s?he H&Sn%to?%%ﬁé‘%% # aefll /hﬁfét 90% sequence
'ty enco - phos u

I ng conol act onase

f34om Frheamicrgorgesasm4t c%nm%hﬁi@%ﬁle microorganism is a strain of
chCT 52004/ 006507 41. The isol ated pol ynucl eoti de of
& further conprising a polynucleotide that

%Od%é‘g{@goké‘é‘rﬁéhﬁ i, \ﬁl?ereﬁf‘ Hesrﬂlc%&%amsm is a strain of

pol ynucl e conmprising a pol ynuc eot1 de favi ng at
| Eagnli and theowhelrein ilte/DNA imeepod:@em&pdsmspbeglswm@lactdmase is
rOV|ng

B perPadTo e deomst HEFdR LSy  pr essi ng
$9.d poh M:ﬂbU%lW&ld&cdrﬁpﬁgﬁg @bbl?ﬁu&%oﬁa@ihﬁ\/ﬂﬁg at least a

90% identity to the polynucleotide set forth in SEQ ID NO:7.

37. The isolated polynucleotide of claim 36, comprising a polynucleotide
having at least a 90% identity to a polynucleotide encoding a polypeptide
comprising amino acids having at least 90% séquence identity to SEQ ID NO:8.
38. The isolated polynucleotide of claim 36, wherein the DNA encodes a
protein demonstrating 6-phosphogluconolactonase activity.

39. The isolated polynucleotide of claim 36, wherein the DNA sequence is
set forth in SEQ ID NO:7.

40. The isolated polynucleotide of claim 36, wherein the DNA sequence has
at least 90% sequence identity to DNA encoding 6-phosphogluconolactonase

from P. aeruginosa.
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44. A nmethod of inproving polypeptide crystal

formation conprising expressing said polypeptide
wW@e@anmiosg to the nethod of claim 16. 45. The P€L/HSm0©0606507

claim1, further conpr|5|ng i mprovi ng grow h
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42 ot Anesﬁcﬁlatedemiwuomm @ogmrmrpgga ycigotide havmg at least a
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I nter I'n conprising co-expressing said human
expresmegleauj polypepiide aceerdingia thetmethe &fﬂﬁfﬁ‘ havi ng

WS T A
ékpr%@sm Ahid PBS) p@fgf d]@@lc@érdﬂig&tdmhéﬂnemwalolamh%

m 'cr oor anS| mis 20 50. The nethaqod of cl ai
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ﬁélre‘élahﬂw glmuﬁﬁbylamobpdalgpkpmde n a mi cr oor gam sm
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phage  expressi on. : e "m croorgani smof claim 56,
Whrfexsphngluanbdlacmmage (tmd)"s)lwtlylﬁy uctural protein, ng

b LB B ARR R pin s

waer eithd MtHBFHRMAIERAT SWhifeifrthe ﬁild:roorgiﬂmswiﬁ e E. CO/I

m ¢r oor gani sm of cl ai m 56 conprising a

BOL. y marhesmetfmtbof dam 49, wherein the pgl i encoded by a polynucieotide
that is transformed into genome of said E. coli.

51. A method of producing a human interleukin comprising expressing said
human interleukin in a microorganism that is grown in a rich culture medium.
52.  The method of claim 51, wherein the human interleukin is 1L-18.

53. The method of claim 51, wherein the microorgansim is E. coli.

54. The method of claim 51, wherein the rich culture medium comprises
phytone peptone.

55. The method of claim 51, wherein the rich culture medium comprises
bacto yeast extract.

56. A microorgansim completely free of infectious lambda phage expression.
57. The microorganism of claim 56, wherein lambda phage capsid structural

protein, gpE, is deleted or disrupted.
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58.  The microorganism of claim 56, wherein the microorganism is E. cofi.

59.  The microorganism of claim 56, comprising a T7 RNA polymerase gene.
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