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WD 2004/ 035605 PCT/ US2003/ 032870 GLYCOPROTEI N
SYNTHESI S CROSS- REFERENCE TO RELATED APPLI CATI ONS 5

W 2®303560hi s application clainms priority to aneChesmb3/032870
of United States provisional patent application
Serial No. 60/419, 265, filed Cctober 16, 2002, United
States provisional patent application Serial No.
60/ 420,990, filed Cctober 23, 2002, and United States

provi si onal pat em}Lg@@P@' i 5_7;1\ G 60/ 441, 450,
filed January 16, 2003, t eTEEIF\)E% I ca |<£)Ir§s of which

are incor ] ' h 1 NS
BT e A g

pafbii spplicxieci Sl Was60rRuE26Y, file DOMBHABNOGY RRREH SHdiSrovisional
Grants, GwWM4154 Gwe2159 and Gwb6494, all awarded by

pateRanicaiénTaberiah Do 6Q/¢#20:9%), filgshPetnber23¢200% end Bnited States
. . - d t
P FIE o A UL 06 FRO 615

speaifieationoof whicklaf2 i@Forpblated MeENT ifMeir @2GBty. The i nventi on
isin the field of glycopeptides, glycoproteins, and
related mnetics, and nethods for synthesis of
ST ATEMENTAES TRYGHTOTO INVERTIONS! MATSE UNBERFEDERALLY
BACftGr?%J;D %NS?HM%MQE@R@@I Aﬂg?ﬂh\fﬁ_LQ)PMENT

[00023 1l inQER ongi]?ag a{d%%l'tlp%bx}% ?%q?é%?ta\%%ier Grants GM44154,

gl ycosyl ation can ect protein
GM 62159 andyGMeo4R4, gll tverded by itlesNatianat Institugesalf Heabh eindsinder Grant

heir, interactions w.fh ot

DESFEORRE RS 2 aardeq by the Qepagimensof %&@53?5@6% @Psgyment has
cerdaifl frzh@Qn thd¥abattdh. 9l ycoproteins are often present as

a popul ation of many different glycoforns, which

makes anal ysis of glycan structure and the study of

gl ycosyl at i ?n_ ef f eﬁELybfrmilw\?ﬁ(:gct ure and

ction - b :

[O@ﬁt hesi sﬁl gfuwr?g%l? Igllﬂ-anﬁ Ighﬁglly g&a aﬁ% g’é%ﬁeljéﬁegfsyand related
migleticy aypd atetbdp fatsenthssinokglpegdpiddspglytdigoes] sdatiatd mimetics.

understanding of glycan function, and for the

devel opnent of inproved gl ycoprotein therapeutics.

[0005] One prevBACKGROUND CITHEINVENTION ng
[00e4Pt ei NS T posterafkefionSno Y AR PrbteiRs ngl}%matmlaffect

use of glycosidases to convert a heterogen€ous natural
progein doldngmngd stablity anedif) thp lintrintereefenty s peaseiss, andtmpodulate their

. i€ C ' hen be f.t d tial
5 AR 5506309 B2, 991 SRR TG .1
Natlral, gl{cddpPotping areSfien Gassmt a88apopulkfi8n Sl ddny difrenf glycoforms, which

limtation of this approach is that the prinmary )
mages, isfi edyraa stracfuigraad s stedbueidpesslation effects on protein

tricede drd QRR4; iBult. t G of b af
T S e,
unnatural homogeneously glycosylated proteins are needed for the systematic understanding

of glycan function, and for the development of improved glycoprotein therapeutics.

[0005] One previously known approach for making proteins having desired
glycosylation patterns makes use of glycosidases to convert a heterogeneous natural
glycoprotein to a simple homogenous core, onto which saccharides can then be grafted

sequentially with glycosyltransferases. See, e.g., Witte, K., et al., (1997) J. Am. Chem. Soc.

119:2114-2118. A limitation of this approach is that the primary glycosylation sites are
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gl ycopeptide containing the desired glycan structure

can be synthesized by solid phase peptide synthesis.
wabiog/osfeyT opept i de can be coupl ed to ot her pepkPCTES2003/032870

reconbi nant protein fragnmehts to afford a | arger

gl ycoprotein by native chem cal ligation, (see, e.g.,

5 Shin, Y., et al., (1999) J. Am Chem Soc. .
Pf@ﬁ?%ébf&%%@fhwa ﬁé@%@&e Brjeigiihernrepsed gHtermatiyely, a

1R ofeptidd @bR&@[ring the ddsiredMy MR RBuctlire dah be LARAdsizbd tiBoli
elsoBlepiid SoRalring the gdsireANyoM Buctie cih e SResizg b Rolid phase
pepiidst yaghesis. Bae glyeopeptidangant ke, codpleded othler peptitl®O&) redombimmant

S 120: 1979- 1989. Both ' hem cal .
o e i T Lt S omrofei pY GEveGHeRR figgion. Gee, ez,

Shid, fYecdtial e(1909)7. AsiatHend S0 €112281,1 68409 14;@;{;%&5&55%&%%111 ligation,
e

cysteine residue at the NNterm nus o

(segl g opelpertdE. J. and Weas, G-Pr G08AkE Am. Chaml Soa. 1323324-5428), or
BRSO FAEIE sl 15, WSRO LI RARYTIARECHLACER, oo,

198 uBbihngtiye ehedsical Hpatiorardl expWsbddprottin ligitioalare modPRLtive with
J. Am Chem Soc. 120:1979-1989. A third approach is
small prRigingAnd meeespifaie drySeiatesidle ruibs N-iermiws p§th95alwg>peptlde-
. » h an. he.. .
WEBETDE R R0 L AL S5 e AR SR8 B vy
frooothp Ightos Ylatidresitetfoogoogrooupliny yielist Sedpe.g., (Wi, Ke.egal., (1998) J.

Agégzbtl e%ggceﬂl?g)gi]%?g@%9a§yh}r Cgpﬁogcf}hll% :to gylo%gfé%)rcggltng %v?t%dsrzlgc%aﬁdes
dir%&%ngq}ﬁn]li@aﬁ hefﬂﬁoh@.@(??]c}a;s%@ctiyﬂ?ﬂa l%,'t a%hﬁ%@%h%[b etamide

econme problematic wit roteins t ve nore than
sacsharideydetrivntiessy whictlage cdupRd6d thaabiot dionglof cysteinedske, e.g., Davis, N.

8, e L B BB e S5 GFRANG, BYSRRLSLELTS o,

(2dogh Okt stt uhiss7 ﬂﬂﬂop?ﬂgﬁﬁis RESESI cDe¥bht p%leﬁ&ic%@iﬂ?ﬁl%%ins that

upon review of the f ow ng di scl osure. SUMVA
haveHBOTeNENTIECNS{edBOPdid®he i nvention provi des met hods

for synthesis of glycoproteins. These nethods
[0006Y 0l ve, Acnomslorgty, @mised exrets fer, inippoed mostatdsifgr making &lycoproteins

rotein an.unnatural am .25 aci hat .conprj ses :
nafing & Bl 08 gherp i d e sealion Uil GRS Topdinas wil be
apparSRGPHR FvikSy HPih@thld\ﬂﬁ% dfseRRIESes a second reactive

group, wherein the first reactive group reacts with

the second reactive group to attach the saccharide
noi ety to the unnatural amno acid. d ycoproteins

produced by t hesgymifoe (?ﬁfﬁt TQVERFHiIgd [ n the
inyentio .1 rst . reachlve.qro .S, . L0 _Sone.
(0 rons VNG Bovisht Aol elstexigor 40eiBing These
mettide inmol v in3édnd dstvditeert®)iigdotpor @fo 4 Ptdih KR hin@diGral amino
the second reactive group is_a nucleophilic noiety. In
acid dhab campeeaspeitsiicaqtive groups nd eqnéadtings the prafsin with a saccharide

5080 e TR B0 DRSO GO K g s v
theakeclefiyrdactiveigedup, toattalkhothe tdvehiri deapoietyHo theewanmirsl, andifio acid.
is tached_t&@t?ge sacchar.i de

el ectroophilic i et a > i
Clyropraigin B@%W@W@%@ﬁb@mﬂw dfhg3peepgon 3 The first
reaa(':i dﬁ%gﬁ e, iPs iR &ﬁB’od‘iIﬁelﬁE,taﬂ%ﬁb%ﬁof)BliE BRiIMY (L Uh &EtodHDEE), an

e saccharide noiety ca
aldehyde moiety, and/or the like) and the second reactive group is a nucleophilic moiety. In

some embodiments, the first reactive group is a nucleophilic moiety and the second reactive
group is an electrophilic moiety (e.g., a keto moiety, an aldehyde moiety, and/or the like).

For example, an electrophilic moiety is attached to the saccharide moiety and the
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i nclude a single carbohydrate noiety, or the
saccharide noiety can include two or nore

W@ 2008058605 at e noi eties. [0008] In some enbodi NBCL/BES20031€32870
nmet hods further involve condacting the saccharide 5
noiety with a glycosyltransferase, a sugar donor
noi ety, and other reactants required for

nugeqpbdicmeietinis faipehed te theiuppatyral aming agid. fibeisa¢phatidampoighican

. r. i adj ti I . . I, r
n S PR R RIS et RIS EL a0 o
carpolodivate nafietidsi s reaction can, if desired, be
contacted by at |east a second gl ycosyltransferase,
[0008pet her édrhe éiBodiMBRE ARE htiddS Abeier SHOB/e dFRiaelivg theQaccharide
[0009] In certain enbodi nents, the nmethod further _
mogahy i th s yeasiikt rapsierage. s garglopeapictic and peyreartants gemired for
-4 ) i tr . "
o IRl A A5 FRSATL AL PBSHE 398 PR g wonser
a s@dar ffoucthe wligaraloabemaiRey toahd htehadidla ndsiét9SYhd pradadt@f 88 €reaction
a.sialyltransferase, and/or the_ like, to forma

cany iffleeistth & youacted by ahleati AarsPndigl yosdiandetagre together with the
apprﬁr%]iﬁrggt{%/gﬁd%r d&éor[rﬂ(%tg/]. I n one enbodi ment, the sacchari de

nprises a“term nal GlcNAc, the sugar donor
tety is UDP-Gal, apd th | veosyd transfer.ase i
0B * . Bl Ryp @it iR G Bt b pg e
sacBRfdR3hbieE WiRh B4/ 0rGABMRIOf 8 3 -AN-hedtligNRbsantsh GiVAGsfetab€ an
sugar donor noiety is UDP-d cNAc and the
ol gfugosdirhnsfanst an ab@ fuespltiddsfdmise, an al,4fucosyltransferase, a $1-

cet | ucosam nyl transf eras tionally, the nethod
sedfiitosufinsfie: < BEh AR RERr A don S pbuialibe e ERety ot
tridhAGSNIFo e eRA e EfANST erase reaction with a

0l1l- 4manncosyl transferase and GDP-nmannose to forma

[Ooinghar e oL iII‘uE‘x‘:ﬁE %hggﬁhhﬁ%}n%% rigtEt6 NRGhlal GIcNAc, the

cNAc-. trona e net er- conpri ses
sugap dérag hdigtyliH TDRGABIdARE giNAexyBlansféedse MACP-1nBi ety wit h
an al - 3mannosyl transferase and GDP-nmannose to forma
galagievarnstrsaserdn engemhedimepfnficisaecharide moiety comprises a terminal
l3 - . < C- . i.Qr .
o802 N Bl SRR PR LR s apr
aceMa Bl osalvR] Bhin Fésa SINOpti 3dal B Ghe MethodRirgkd cothprikef Bontacting the

al - 6mannosyl transf erase and GDP-mannose to form a
progletcti sl Neacaylglugpsaminylieanaisrase espction with a B1-4mannosyltransferase

and B smatiope & fhnieiroteing FOIY thiL PP S ST ARENAGh-
46%4\!.2@{%%1%?@52%%% i & §Q§&tﬁ§¥e af}@Mang‘i’M@léfNAcm-

1 cosam nyl trans se an
4GlIDACEmdidty with froe hBmasmsghansidmsepndGPPrnatnode to form a saccharide

r ses

mofgay et eqreaiendfangd AnG -4 ACB1-45taN Ance (Qatiopelynag method

B A TR D

o1 BRabhhiSz 03328 40d GO daaiNAe Go fordd ebéitaridepndtty thitcbm@rises
0 1-2N-acetyl gl ucosam nyl transferase and UDP- GLcNAc

Man 66¥ anel-SNderbh faNsPatAS eNAe- copmialisathe method furher

con%r?s'é@%tgr?’t%étgn'\éatﬂg Ma%gngS&ﬁ%)_ManB1-4GlcNAc[31—4GlcNAc- moiety with a

B1-2N-acetylglucosaminyltransferase and UDP-GlcNAc to form a saccharide moiety that
comprises Mana1-6(GlcNAcpf1-2Mana.1-3)Manf1-4GlcNAcf1-4GlcNAc-. Optionally, the
method further comprises contacting the Mana1-6(GlcNAcf1-2Mana1-3)Manf1-
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2Man( x1- 3) Man(31-4G1lcNAc(31-4GLcNAc-. [0011] The step
of incorporating into a protein an unnatural am no
wa@edodiosdses 5 conprises a first reactive group, PCTIUSIINE032870
enbodi nents, conprises using an orthogona
t RNA/ ort hogonal ani noacyl -t RNA synt het ase
(OtRNA/YORS) pair, where the OtRNA recognizes a
4Gl Aaftlot Glcdidon ety Wb ar [blozlataestyigimqammwlmasfem and UDP-

Gl%g Otélg}dit A %Iefionﬁé}l’ IBLE Ons%éﬂ}?Aﬁ % anocf 6?d:xlcNAc[31-
21\4%{1&{‘9%}{}1@ 2@1&#}9 ef: 11@1 with the unnatural am no
: . : .

or exa S corrprl ses an anm no acid 10

1005 f1'S 11650 Bk o 15 R B e Pepudtomm v gl o i et

corhptiRs ﬁﬂﬁ@c@biﬁ&% %rou{phﬁl s@ﬁﬁaﬁ’rﬂfoﬂim@{ﬁ REmPEkES Uskh g an ortho onal
i ncorporated into h pol ypeptide in vivo. 012

tRINAdpsitrogeral amwapyldw\%syngw%sg PSRN AO-RExpain cwhsrq QartRNA
recé%glg%?.{ néé:g %to%o&ér%and%ﬁg pI?. § éllpeﬁ nnggl??lﬁlgﬂnc% \S/Cel?] ?}{tg ri%he }%rﬁteln in
resﬁ&lss a¢ teakliet®r bBdcRl ¥nd @h@tamaﬁ@ OcR$ préférentalyypenbacyatdtythe O-
reacti on product of a nucleophilic _reaction between
tRb&Af"YlFlkfthe uapral amiglongisl. Hor geamaplet e SRS srEPHSes angmipg acid
squgﬁc% Rhfprfl? 3135) ohf 8&81?@']35%@ 1dg ,pRd g&uﬁﬁflﬁﬂ ﬂlerqgﬁf\ﬁAV@Ompnses

roup attac acchar’i de noi cer
a rRRBINTITENTS sorhd) @mﬁd)dlﬁl%ntrs €6 h¥Au@l HHMol adidAiB incorporated into the
electrophlllc noiety (e.g., keto noiety, aldehyde
polypépridy in &vd/ or the like) and the second reactive group
is a nucleophilic noiety. 20 [0013] In certain

[00aapodi Nemhs invehigor4lsd Bopfict bI§combRINS tRit chhrikdy SatchAe moiety
I ncludes, but is not |limted to, hydrazide,

aﬂ%%'ﬁfPldR%ﬂtdm hecertadhesbodimeafa én th@zﬁhﬁf—‘@limm& PH@C invention, the
sacéﬁ'a{r{ eop‘#%gﬁ)&q%: %n%cﬁg oatﬂgI ngér‘ﬁ L}% déenaluat r%écrtg))ﬁ%g&u% an%i P%CAGOPhIhC

reatt@on Iet@een a HiFt rd‘db’&ve( gﬂzidp atzacﬁed to anNIRhbF DaRENEELd present in the
(sem car bazi ne), - E‘NRZNHZ (thi osem car bazi de),
@

polyz’@&@MNﬁecO@éﬁ%wgwa 3Ghgd yo the sasofprigesmgetyyHp certain
em%&ﬂ AR fﬂ%?%‘%tgézfﬁ @% kfi)%i) I{ﬁﬁ’f\é%%lﬁ%w ((e & rl%ato m 1e)ty, aldehyde

mmdkﬁilaﬁsl%(r fh‘eS)HdRﬁﬁﬂ-ﬂle(sbd'UndchCh&z grbap is a Gadibdphilic moiety.
(hydroxyl ami ne), and the |ike, where each Rl1, R2, and
[00R3] i s i ntegendeahbodifentdthéhtdléo fphhﬁ:\/rhﬁﬁtyloﬁh@ﬁfvbﬁltﬁtﬁ} includes,
In certain enbodi nents of the invention

butEl&&@&ﬂI@ﬁ@CbﬁOoh%@Zléﬁf hydoxylayning, serpicatboziderasrhobydrazidey . |
sulﬁﬁgﬁfﬁrgf%m(?aﬁhm ﬂﬁe %“OE X;Egn‘?ﬁgﬂﬁclg@%&ﬁg Hﬁﬁgwg ¥1{jdi@cfeoﬂl§t' are not

f azon

limsted )yl glydmenNHz thyseidey rﬁbami (@=ONR>NH, (senncarba21de) —_
th| osem.,carbazone, ag)nd the 1ike. MWD 2004/ 0356

D34 Bpsemic a[;@@?tsﬂ‘@fﬂ@ﬂ%%e opylhy mde), —(C=%)
leﬁ%lg gtiaidéﬂrb'oﬂﬁgg&ﬁzlﬂét hodg), ok 'nerY. ﬁ%ﬁa}zﬁde _

rotein |ncorporat|ng |n
NRAGFQNRINH(cabazidd) hatNR! cbﬂﬁ(@s&ﬁ\m NH, (thiocarbazide), —O—NH,

(hydroxylamine), and the like, where each R, R?, and R® is independently H, or alkyl

having 1-6 carbons.

[0014] In certain embodiments of the invention, a reaction product of the invention
comprises, €.g., an oxime, an amide, a hydrazone, a reduced hydrazone, a carbohydrazone, a
thiocarbohydrazone, a sufonylhydrazone, a semicarbazone, a thiosemicarbazone, and the
like.
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saccharide noiety. A glycoprotein produced by the
method is also a feature of the invention. In certain
wepdvetssent s, the incorporating step conpri sSesPUFUSIPOHOB2870
ort hogonal 5 t RNA/orthogona$ am noacyl -t RNA synt het ase
(OtRNA/YORS) pair, wherein the OtRNA recognizes a
sel ector codon and incorporates the unnatural am no
[0Sl d t hatOtherraspeosesf the inyemtidnantlude msthedy fqreynthesigof a
gl}{cfi?r_gg% gglﬁ:cyﬁogﬁﬁgg‘go(a%rg) C;Il-e%lﬁllg t ’{drélf?hgng NAG R rc:bﬂq%riseas a

sad@h&iddNAGiely. AhgI9eoprotein f@odiced bl fiee mbthed id écda fdakure of the
protein in response to the sel ector codon, and

invgREPR| I qeHaingrodypets tinr HPPIAtia &isD SeTAPH ses S1singeanprthg gonal
(RIRtsbiin ORIy RRUAE PEIRNAJRE B WHRLITEA 0.

recegaizpd #selédi@r OdRSambinpoipsesesahe aimangalaamnito aeidukratecemprises a
any §ne of SEQIDNO: 4, 5 o0or 6, or is

sacg,a%%;tggiggr &S BL Sl AR G- Bsedpensrtrisicaiyl-§-GlcNAc-serine, a tri-O-
| ' f SEQ | . .
BRI e YT —

resporlseas ehdBRldaasl SodaH) ahdivh&ein the PR S Hrérerhagly afinbh&lates the O-
saccharide 15 noiety wth a glycosyltransferase, a

Ry Agwith therienatyeil emjno agid Iorane cmbedispentttBe meguporasigfstap is
Lt ransf i . R . N
P AT SRS YRS e 5 G0 i
any bge SISEQ IDNOX: 41D be6,\or iPericbee SR L palyhat@eoridie @bshprising a
%’O\E\%{S] In certain enbodi nents th_e nmet hod further
polygRyetidesegunca et inpenetnd SEQHUNO-: $9, ppkd. Optionally, the O-tRNA

Lycosyl t fyerase reacti.on wth at least a_ secpnd .
cofpYERRbIETA e ABsLRRTSEBthiRe D U o GRS Saccharie
ol ko 9o R BRI, Aol o, BEE Apl el Rhotsroaied for
gly oA s Itaseae dvitnfor glsyffiosank tifrmaat anaaexﬁpﬁ)pﬁﬁ% cgnéil’b}ons to transfer

acetyl gl ucosam nyl transferase. | n another enbodi nent,
a sYE TR A ETAIORN BOIPLCIOrRF paceharide MIEtH nal G cNAc,

t he sugar donor npiety is UDP-Gal and the _
[00J6y cosy| I eartainembediments, the methagfebereepiprisemesméacsing the product
e :
o Q1 S0k PR30 500 1, 0801 B ORALL BB s
sugandbustaseietyutln ohs embdditrent, tiethatcharifle thoiet@comprises a terminal
al actosyl transferase, a fucosyltransferase, a '
Gl%}l HedBg piganAeramaiety igHDP-GlcNAc and the glycosyltransferase is a f1-4N-
1 Ryl n a : : :
ac%lgfélgﬁy%ln%%@r%ésggﬁgg% lri%{ raéér;]tg?%érrglgogi?l%gnt, fhe saccharide moiety comprises a

ter@liniC G1ENXE Hh@ s H&R mdlet§y i AUDIPL GANGt eheasi§ecosFltransferase is a f1-4-
mannosyl t ransferase, a glucuronic acid ransferase, a

galgetpadtranstripse. seddifianabsitghesrcan de added.
ol i gosaccharyl transferase, and the like. 30 [0018]

[00KAE i nveln tataimémbodiments dreglybmyitranedetase pfthg invention includes, but

is R P ted ok » EsteY ariranshea REpnireralorse, @ PiygBufiinsterase, an
N—é‘c%tﬂ%ala@ég%ﬁﬁyﬁrﬂl%férh%?ln NFJ&@Ey_lr%ﬁ&sHﬁﬁfy‘l&anfsfé&ase, a

synthesi zi ng a gl ycoprotein. ese host cells contain:
glugyroailtiansfatage. al siayiandenes 8 eeBnpyrauskoos/ 9 ggr@nicmcid

waf\Fort Anaficliflc FRRupEE357 3 BEEQREERAMRS Rt e B

[003§] g{ ;22 g ?Aveg&nnﬁgg yov}éls\lﬁosfcf%&tlsh ngz.i,Sn? Oaﬁa%? cetlfg,a }tleast cells,

bacterial cells, plant cells, fungal cells, archaebacterial cells, insect cells, and/or the like)

that are useful for synthesizing a glycoprotein. These host cells contain: a) an unnatural



10

15

20

25

30

attachnment of the unnatural amno acid to the
orthogonal tRNA;, d) a polynucleotide that encodes a
w@hkopan33sh3 r ansf erase; and e) a pol ynucl eoti de BETJUS290E032870
that encodes a pol ypeptide 65 and conprises at | east
one sel ector codon. [0019] Also provided by the
ns that include a translation

. nvention are, conposjti ] )
A i 2 & PR RS Qe P ETRREON A ROV RGESRaERizes a
t ] \
LSO, P oL BN AR e

attaphimentief/tha tesatodabarfinotaRidXowhe drtlangonal WBNUY; &) a polynoclactidt that

en oA EDEBRUF R i D abiyiee o5l tadick dfy FacodsS a poypeptide
and EdmEHRE &t Mhst Gad Mectér ddabgoni ne, an (x-
GalNAc-L-threonine, and/or the like) and the O tRNA

ogni z act | i -
019501208 28y B SHE0crin L LR i
systaanpFhiestranglatiem yystemes influSEqn bithdgonal RN/ (ORRBIA)andias orthogonal

enco a I otide., c rising a . .
amFRe RN st RS0 i GBS s eteerinlly wpinoagylates the O-
. i -t i
A B8 PR s 50 PR o ASGIDELRRY B o p
GleMA cHL adelriyie cecigidaoet yi-g) GRotN A spine O 8i-Orat ety @l ayNA el e thiré e, an o
Gaﬁ{l&:al so features of the invention. For exanple, an

i dreoninserihenihe lke)ond the@-tRAN ereeo@Hzas ¢ lagsleane selector

g. . - ti A ' . ' i .
e e R e o BB PR Vel fimorsing
anyoneod fSIERTID NO .t hal oc@npis aesdalbyaanpsigniaddadid? Gompeisiap ae

encqded by a pol ynucl eot.i eguence as._shown in any
oSt cabsnfoelies Mineor SERD 50T Gpaptd debiansily; G O-RNA
I £ i tWdmunor eacti ve with an anti body specific
Coéﬁg&ga]%oI§%%€?Tde of (a), or (b); and, (d) an am no
aci d sequence conprising a conservative variation of
[0029) | (b) AréHcipldy.g., Apan-ads. @ad apicnagirally eecaring) pokpeptides and

I {.i ' I ti. M th an artifici . .
P BRI B TP SP B et Lo D, bt ot o
thedhtdnftiog iddlud®s, | @hdpbBPEptite thit dohrisekvdndnhiad acid sequence as
i ncl udes, e a) a pogénucleoti e conprising a

shqyyeingy ioge of gEQdiDr%@-rés& 1 2 pelypeptida that gomREsesranELne prid
. _10- i t i . .
socfiehec diopla ty pdhy RRIGKRHE Sxpiehdchsi i i an PAIRUBTR IGNO.: 8-10;
(¢) agpplypepudeythaicik epdcifitally émomdbregetivepoikty reqitibddy speific for a
i ' i d uence as set farth in any .
polghetse of oy (Bhaad, (O s amind skidkiglees sompEsE arcappfptive
vaddiRhe®{a), f]ﬁ) ordc PO WNANEiEOLHAdB i R Ehat Q&%gi@oaifit@ﬂlgfﬂ]munoreactive

artificial "polypeptide; (e) a nucleic a
withyapraittifii i@ pol ypeptigrodfythe riventiande also pegvidedo)An gutificiabr

poly i o i) Ry R & g 2P e ia somprisinegn nucteotide
sequbncedasRed HRHGH 89f briteoftIRY I WAL 81102%N 2 PBHmuEBHEdLlbt it O

a pol ynucl eotide of (a), (b), (c), (d), or WO _
coppleTEIIEEYT Het cuSzes 3 polyRBdiectide seeyencanki();((r) a polynucleotide

L | i v Liation of
enc?%n’é%ﬂ%l?ﬁe%%?g th%ﬁ«?ﬁ?ﬁé%%e? %?rn?r?)%%ﬁ{ Q{a%héncg a¥ 8t fgltdl ! an%/ one of
SEQ ID NO.: 1-6, or a conservative variation thereof; (d) a polynucleotide that encodes an
artificial polypeptide; (e) a nucleic acid that hybridizes to a polynucleotide of (a), (b), (c), or
(d) under highly stringent conditions over substantially the entire length of the nucleic acid;

(f) a polynucleotide that is at least 98% identical to a polynucleotide of (a), (b), (c), (d), or
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DEFI NI TIONS [0021] Before describing the invention in
detail, it is to be understood that this 5 invention
WO 20000856D3 mited to particul ar devices or biol opCT/EE2003/032870
systens, which can, of cour%e, vary. It is also to be
understood that the term nol ogy used herein is for the
pur pose of describing particular enbodi nents only,
<e>aﬁuf () apalynuslestide sompripieg # FoRservative Yaiation et (a1, ¢pi©), (@), (&), or
(ﬂspecification and the appended cl ai ns, the singular

forms "a", "an" and "the" include plural referents
unl ess the content clearly dictates otherw se. Thus,
for exanple, reference tQuy " includes a

0f2350; or i B3R arcHBkipd Ry Puter ineiplicy & 1% tifrotagd that s
inveh#én is[HPBRAlteXd RGONA devides USIEE]d3RaBsRtents) &/hichr dih USRBurse,

herein, the term"orthogonal" refers to a nol ecul e

vanye Itjis ’alsgﬁo 8¢ pml;g@jﬁgql tha tgroingngy) used dersin isdfor the purpose of
ae BRI ATLANG Y B R, AR B Lo i

spatificaciuh end thatapperded dgas) dhissihgul@ fodbs G| Tan® an@t'ther include plural

transl ation system Othogonal refers to the inability
refggents dgifse thespntens depsly dlét_a%_s othegwise.t hhys. 57 eygmple, reference to "a

cel?'fi&&lﬁﬂ@snacé’omﬂiﬁzﬁﬁ)ntd? Mo bP n%ieg}glffs Clefdibnte tJ) eﬁ%térﬁa '?nc@uc%’s mixtures
efficiency, or ITess than 1% etficiency, of an
of bactdragembthefliRBIA t 0o function with an endogenous t RNA
synt hetase, or of an orthogonal RS to function with an
[002230genodathbRMALT Astub&] hidréif sthatdriit orthy8éRiN Rfers to a molecule (e.g.,
interest. For example, an orthogonal tRNA in a

t
an ngtb?&qnak RAVA £9<RBY) endfon ez peBegang] amingagyh BRI sypthgtaps (O-RS))

I ' f.]
oS ERUTATEE B SO5, D TSR s
celt Ordahérrtmelﬁtiaﬁ bysreno.f Oﬁﬁogﬁﬁbmﬁ usthe E&Milh%’ ok i‘f&lur:ed efficiency,
endogenoys RS, .1 n apot her exanpl e, an orthogonal RS
©-Bart glé?@ﬁoa?’&gﬁ‘éﬁiﬁyelﬁa%@éﬂégg’? chinfgRcylesitean  dnfigtens, or less
thaé%’l?% effcRncl,¥reh %?ﬁlo%ﬂgg HIGAYS fithcAbn l@/Ytﬁ%ﬂ%ﬁﬁ?getnﬁlés tRNA

I Clency, as conp to am noacyl ation o
syrehetasgeonefsintoriiagimal RS tefdmgien ovith &RndBgeno0P AV A in the translation

Preferentially am noacyl ates: term"preferentiall .
sySi RERbus o extiinns a5ty o San A HE A Bon GhSoreiyglam &f interest i
am@RabY1atEd bYoaRY bhddg@RGs R PBPM ransPatibh &Ltk ] o it¥restB RN teduced or

85% ef fiCiency, about 90% efficiency, about 95 %

evesf 4ere eidigtopcy,ovhen cgmpargddo amdgye Yatiernefean enidbgeriogn tRINAdty the

i ch RS am noacyl ates,an O t,RNA .wi t h, an
endibefols X TariraBeh ERRle A ShrBRo Al RS dntitcdjefiy any endogenous
tRINAGH fthid tRehslalROR s @ters bRinkdrBd Witk 1efical ok 8ch Zefo BERGMBY Eas

the O-tRNA. 30 The unnatural anmino acid is then

compared foratmerrylation o thp enfoaenoys IRANAR anendpggneusRSh
high fidelity, e.g., at greater than about 75%
[00281 i ci enPyef¢rontidlyginvinoacyidtese The tecmd'preferantiajlyemminpacytedes” refers

abaut. 80% efficie or.a given tor. codo
to P aHibisReY Bk 2. abBR Bkt ity t ot 4GRSt d s
effie{ehc BRRB3I09B 2ficienc P, MoUeIs FedraciAdy, 698N abait 99vEad @bre
t han about 95% efficiency for a given selector codon,

eifigiengy, at gihéch 2y ORinsmingacitlatonyn Or withfahjuahetrea) amgro agid
corgbéég@ tosa?hzﬁﬁfaﬂgf ogaﬂﬁﬁg tRNA or starting material used to generate the O-tRNA.

The unnatural amino acid is then incorporated into a growing polypeptide chain with high

fidelity, e.g., at greater than about 75% efficiency for a given selector codon, at greater than

about 80% efficiency for a given selector codon, at greater than about 90% efficiency for a
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[ 0024] Sel ector codon: The term "sel ector codon”
refers to codons recognized by an OtRNA in the
W e@a®Bsmd3 on process and not typically recogni e€dUR2002082870
endogenous tRNA. 5 The O t®NA anti codon | oop
recogni zes the sel ector codon on the nmRNA and
i ncorporates its amno acid ., an unnatural am no

gl Retlar Cadonsataareaten than shoub 314 sHlisiensa Ol%gléfétl solectprrasion, or at
grééé?eg tlﬁe{ﬁCJbHQta)W? 09 or@&ﬁéﬁﬂéﬁfog%%%% sFﬁ Stop

ons, . r opa ons four or

[Om gt Bfg"éege&%? 83don Olql%qs der etcﬁ I cPtiﬁcr(n re%%#t%acoa?g/serﬁcogmzed by

an S)fle‘éMn thesinslation pﬁ)@ék@ Ang ﬁﬂt §helly febideedbieardéndoBenous tRNA.
natural 10 three base codons, wherein the endogenous
The (At aBeodeBloapsicasiers ithe selegior cRAEonhs anRNAcsd, incorporates
[ n
s fpfho ackt, S0 Tl iS40, s HETHA AR A0 S8 8or codons
camaiclude) e.g.hn@seixasedomdsuchias sa)prcad@nscego ambef) @2k, and opal

essor t RNA: suppressor tRNA is a {RNA t hat .
Coﬁfﬂ e’f"&r POt ﬁ?inOSF °§ Re & Pnﬁm&u‘(ifrwa%al&ase pairs
an@bV @B 1ikE aps/ @él'v&'i‘ sy%Ye?ﬁ eargeleét ldQ@(fneéﬁod'iso {iRME Gﬁﬂg natural

15 through, e g., a stop codon, a four base codon,
threcbase codims, wherdinghe t:mbgenm SyftemZE)]:S fiotarse kaitlinatural three base

o P G e RS RN e i B S codon o

a sP6H WHeRdn &¥ MaQur@Cthfbe bSO R0A LM RIcRPhY PEpt | de chai n
(protein). Conponents of a translation system can

| ude, 0 S .
(002881 e Sipfessof 1RO Suppt SNIRN ¥ HRRUEREPali A M reading of a
meagtiget RBAgRNA) imrvsgiatn wmskyioh epsternn A/éuppressoritRN\Ai ¢anaead
ransl ati on system can be a cel |
gl By Getop COU o fOUL kg c0 i reracpdowe%érheaéqel
manmal i_an Iant

[Oqezﬁi ect M@o%w tegn éﬁaa%lmonaﬁwm “efees toAbe components
neéé§é9d§j¥1ﬂﬁ5€6 oratd¥n ﬁraﬁ}rj F ﬁ%ﬁﬁlnoa:mcﬂgtc@g hlg)/wmé gé?ﬁe}ude chain

o aci d, m no acl
(pratim. é](b&ip«)gems bﬁatramsi;atmmtsyﬂamoaﬁ incRidef &1g., Zibosuahes) BN A,
occurri m no, agj ds_or seleno c ei ne or
Sy ERNA r@db%@# s%%%%ﬁoalsnﬁ%e?(@wm%wag%b%%ﬂﬁo a
trahd?Ricn &y SmS RCHYE bt H6yifFD] QttYansfaﬁf)ﬁ Etdn? car{‘ﬁé 4 Eéﬂ efthd prokaryotic,
unnatufal sugar noieties (i.e., a non-naturally
e.go@u ¥t p@lg0@hg°acha¢zbc@1 gic. et gikaryatic sugan yeast, enaminhlin, pknt, insect
I glfl ed, e. g at one or nore hydroxyl or am no
C“'B% 'tions, e.g., dehydroxyl ated, deam nated,

erifi , 2- deox I S an“exanple of an_,
0 hat ur a&@—@i@@—oﬂ% useghéetne Hi termy r i pLpnno acid
refél@%o Bﬁ}ﬁarﬂﬁﬁ%ﬂl nlfoﬁffﬁﬂlaﬁuﬁ&lig@ gﬂuﬁ@ééjl&'gﬁaﬁ d%uc at 1é Aot one of
["mted to, e.g., rmnosacc ar| sacc
thecﬂol s alty dbeniriegsanind acids by semhgstethesr pyrrolysine.
A i gosacchari des are chains conposed of saccharide
[0028] t s, wHacwhaddeemyiry? 0Q 12 961, FEeTlehibZ 043 AdRAMGietyd refers to
known as sugars. Saccharide units can be

alterpatively
natawﬁ awg@alarwlaﬁqﬁardpa@ve%ﬁaa £ REN-IRTUERLYRCCBRRGBIAT FRRPLY; C-8., &
sug%?ﬁﬁ)lihfw tABisURbdified 3. Oft SHE of Mo Wy dPdx yRBP AR PUsfloks, e,

ferent ways
dehydroxylated deammated esterified, etc., e.g., 2-deoxyGal is an example of an unnatural

sugar moiety). The term "carbohydrate" has the general formula (CH,0),, and includes, but
is not limited to, e.g., monosaccharides, disaccharides, oligosaccharides and

polysaccharides. Oligosaccharides are chains composed of saccharide units, which are
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[0029] The foll ow ng abbr evi ations are used herein:

Ara = arabinosyl; 5 Fru = fructosyl; Fuc = fucosyl;
w@004/035303 act osyl ; GalNAc = N acetyl gal act osanPCiy/iUS2003/032870

A c = glucosyl; 10 GLcNAc =9N-acetyl gl ucosam nyl; Man

= mannosyl; and NeuAc = sialyl (typically

N-ace neuramnyl). [0030] A i gosacchar| des are
alteInAye 1‘%”1% & Weds- Sarcharids Pjtseisn b AEraBesdan ank aurst aggd the
linRAWS, be’ﬁWk%tn R&b s8c gﬁﬁ&e iflg Sa %&ﬁ? i %Ey g&)@%{lﬁﬁgi’ﬂe{} 918kt ways.

Is in fact a reduclng sugar ance "‘w
ept ed osaccharides are depicted
[(%giel n Tﬂg?@%‘é%n%%berew béérlgnareu g%eren% ‘he left and the
reduci ng end on the right. AI | oligosaccharides
described hepean are desesbil®g;wi th the name or
abbreviation for the non-reducing saccharide (e.g.
Gl), foll owegnby t he cadfuctsvhti on of the gl ycosi di ¢
bond ((x or Oy, the rlngfggn the ring position of
t he reducing saccharlde I"NVO Ved in the bond, and then
the name or algareviati oe gdfickylt he reduci ng saccharl de
(e.g., GIcNAc). The |inkage betvveen two sugars may be
expressed, foﬁa&%@ml e, —é@aqetﬂgalactsannayls or (2,3).
Nat ur al and uppatural |in es (e.g., 1- 2, 1-3, 1-4,
1-6, 2-3, 2- 4&r11 etc. lﬁbc%ﬂ?\leen two sugars are
i ncluded in tch}qyentl ng_age@ lucgﬁﬁﬁﬂ ride is a
pyranose. [0031] The term "si a i C aci d "(abbrevi at ed
"Sia") refersMan any nerimeannofylaaridami |y 25 of

ni ne- carbon c xyl at ed he_ nbst. compn
menber of theﬁrg\lgfl c acl "%g% aﬁ¥% -acetylneuraminyl).

[0030h cet yI Oligpsagehagides @r@,cgnmdered to have a reducing end and a non-reducing
e AT O R R B PLE e e B R AEHE S B G Cisbing svegp 10

accasdahieswih acd‘d@tbﬁmonmhcmw\)oh gésacél@@ﬁﬁﬂ fedeerélﬂ &ith the non-
fam | gl ycol yl -neuram ni c_aci d

fedR@Héégd O Ficfi ahd thetreduqingeendyan the sahy- e”liﬂ Rbgm’ecqhgndes described
herBh oAbk Ab&with it Han® ot aBhieFiaRGh gcg ﬁ%ﬁ/ égﬁgg;g saéc%?nde (e.g.,

2-keto-3 30 deoxy-nonul osoni ¢ aci

Gab) foll()\iz%By thd. coBﬁghratlﬁh‘l efithe Z6LosiditTond 1d 25 B), thédn A‘?B&{d the ring
et al. (1990) J. Biol. Chem 265 21811-21819.
posiien fefd’é?jreéld@ng Sigehauda igyeied is tb‘F b@nCh@n@l thegishnagse er abbreviation

o B B BT, BB BASASfmer

exph@s&i%or f&aﬂl@wgys 2,31 2-ux3i, 2-3NBHIR/S). @mﬂural and unnatural linkages (e.g., 1-
o 9-deoxy-NeuS5Ac. For review of the sialic aci

2, lf'%n]l‘fj' 0c%d, 2-8, %—6 elVéleﬁwe(ﬂlM?u&@FWQMCdﬂd@gyn the ipgentign. Each
sacéﬂa?i!d% ‘fs £pidRoseChem stry,

[0031] The term “sialic acid” (abbreviated “Sia”) refers to any member of a family

C)

of nine-carbon carboxylated sugars. The most common member of the sialic acid family is
N-acetyl-neuraminic acid (2-keto-5-acetamindo-3,5-dideoxy-D-glycero-D-
galactononulopyranos-1-onic acid) (often abbreviated as NeuSAc, NeuAc, or NAN A). A
second member of the family is N-glycolyl-neuraminic acid (Neu5Gc or NeuGc), in which
the N-acetyl group of NeuAc is hydroxylated. A third sialic acid family member is 2-keto-3-
deoxy-nonulosonic acid (KDN) (Nadano et al. (1986) J. Biol. Chem. 261: 11550-11557;
Kanamori et al. (1990) J. Biol. Chem. 265: 21811-21819. Also included are 9-substituted
sialic acids such as a 9-O-C;-Cg acyl-Neu5Ac like 9-O-lactyl-Neu5Ac or 9-O-acetyl-



10

15

20

25

30

Met abol i sm and Function, R Schauer, Ed.

(Springer-Verlag, New York (1992). The synthesis and
wWQIe®4/085683 al i c aci d conmpounds in a sialylati onPCT/US2003/032870

procedure is described in, Wor 5 exanple,

i nternational application WO 92/16640, published

ober 1, 1992. [0032] Danor substrates for
Neg%wsWﬁ%@fl@@a&@éAacraélda?cw%?@som%lre\éw dBorggygyf the sialic

d
ac1§g§rgggl%tﬁ% égé phos ?&g&@ dtg¥r C%C 9850S &0k F%léfdsf CH&nﬁﬂg,

Medgholigmt anddsinctiort, Re Ss]u@ar Edi (Sptdmgeﬂquﬂil@, iNewt ¥orki (d992) The

b o6 hlis A3 PERPSIRYT  Hipliton e dautiipedgbed n, for
exzﬁﬂpggtlhféﬁ’ﬁatl%ﬁﬁ PH@JUOEGNO\@VR?MO Liﬁibﬁ%ddc@ct%@&lr $992.

Unl ess of herwi se defined herein or below in the
[00321 R ndeﬁ)oﬂgr §d?)§trat§§’§ﬁ: ey’cSQIIﬂr fer@éekI afeea%ﬂ%tgé‘huﬂg&de Sugars.
scientific terns use ave t sane neani
Sudomm’aﬂesi sugrie geteodly dopsishafaridafe atmdcguamwnesdqpﬂldsphite tdnd cytidine

art to h the i ventlon be . BRI EF CRI PTI ON
B RS e 5T SRS BT G0icE The el eplopghate o
dnb R QMG
" r ogt ebandge;\rv%é%\r/ggreg\éﬁg rogg?Be%)%f or a%@g%rﬁﬁgggg%y%ms can
someftntrarse dthemattitajed mickeotidd sygepst i de t hat - i ncl udes an

unnatural am no acid. [0035] Figure 2 illustrates HPLC
[00334] ysi s Unlest bthepwisplétingdheseii ooselde ineeremaimidaosdtlye

quc%{c%pgr;:agl}?é%ﬂal ngﬁur e lﬁée%r}g@rsrg I?er}temzhagg ggl sgm%rngéag{n% as
Ié/tlﬂdefstdga Mth&deaftioR@n g ﬁllhﬁ%éar@ﬁ)dwl%@h UL Sention belongs.
Flgure IllTustrate I gh-resol ution
MALDI -FTI CR MS spectra of nmutant Z domain protein |
(of Figure 1?]{% HRRERIPT m@ptr];ﬁﬁ ﬂIkAVﬁN gand 1V
[00(39 Cflr gum | shovmeqn%(f&g#fl &Qfﬁ Eé)? Rﬂﬁ e(;f tFJP 5? mes (a sequential
rowamdeaseorﬂerg@ﬁt fobee) @ryadtachify Wioaﬁindﬂ&ﬁ@bqhb@ ;{oiylp%pﬁde that
@rﬁl)F Proteins were purified by NNt+-affinity
inc %%F@&\“&Bh‘i}%ﬁd‘cﬂesol ved by SDS-PAGE. The gel was

silver-stained. [0038] ure 5 illustrates MALDI - TOF
[003AhI ysi s thﬂl'ﬁ ﬁellmaée@ lH%IFCC arslysi ofghe couplinglgestior between

o R L bR o gyt T Eoncge % fampiiRv ety G Piblee Tigpmtaining

p- aﬂmgqumemylamﬂmalanv Meud afl g6 @swkat ed ami no acid. Panel
A illustrates binding of a GILcNAc- specific lectin,

[00Bgnder i r geare B difatds ¢ Ogj}ﬁrebdluﬁm DI-PTHIR Q18 %@tra of mutant Z
rryogl obi n and WD 2004/ 035605 PCT/ US2003/ 032870

dorgalyomtpmgﬂ (@bFigurePb glyceproteinmmimetios JI,dRL, ahd IV (of Flgure 1). The 2*
lctr nsfe ase l.abeling glyconyoglobin wth
ISO%BB \S—é? Ogleg (RS mrﬁé%g}ow(lf illustrates quantitative
| ysi s _of al act os f eaction, e
od3E' Lo - Fleeh A Rbiion Siihe Ger 5 Aimoians anioglobin (15.5
kD). Proteins were purified by Ni**-affinity chromatography and resolved by SDS-PAGE.

CO

H

The gel was silver-stained.

[0038] Figure 5 illustrates MALDI-TOF analysis of the molecular weight of the
Gly4— A mutant myoglobin.

[0039] Figure 6, Panel A, B and C illustrate characterization of the purified mutant
myoglobin containing a glycosylated amino acid. Panel A illustrates binding of a GIcNAc-

specific lectin, Banderiraea simplicifolia I1 (BSII), to wild-type myoglobin and
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gal act ose was nornalized such that 1.0 corresponds to
100% transfer. 5 DETAI LED DESCRI PTI ON [ 0040]
w@omunsmns| at i onal nodifications of proteins reguUsi0e3/032870
many bi ol ogi cal processes,11i ncl udi ng net abol i sm
signal transduction, and gene expression. The
synthetic chal|enges associated with generating
lsemygelabivu PanebBliBestntes oabe@@a@@tqsylénaysfm@ﬁ fabeling glycomyoglobin

il 0 e der ed i es of
Wil Ob B 12 (B PPandl & B ST RRAERLE M b tBh -
galattosyd tradisEeragirehdtivhl Whith wellcagddat B, sollltioaosd the !rﬂiiblh‘t&eled
one of the npbst conmpn post- translationa

galagiape Wannorerndizest sysh dhas |1r9§0|ni¢81wllé&ﬁq/b(i% tgpdetaf f ect s a
wi de range of protein functions fromfolding and
secretion to bionolecular reco n| zatl on and serum hal f
life. See, e.g., RDERAIDKEXD Oem Rev.

[00547 683. Rositrenslateonel madifichims of pgmlhs mgnlateamma)nblek)glqah

el A g B gPigr et Bendirdar pd e abrGrgt; Toe Shthedc
chdlRh@ds RESIALHS wli’cﬁtg‘éﬁﬁﬁtlﬁélﬁirﬁo g%hé&fétpébﬁﬁté&'&doffs@fééﬂi%@ﬁ fhodified

are just beginning to be understood

g,
Prging, gpwieyerghave hindexgdedasailedgiudicsag the eftdotsf dhese matkfications on

e B 9 USR5 B gmpon o

tranetlatdjnfaf modificafiénsi EPkcitias ndulfasofs e bifedts a fwi@diangé of plotein
rces. A variety of nmethods have been devel oped to
fuwﬁ@%@%mzfeldm& msl%rﬁrlmyt%i@pmﬁ@eulgx 1pEREmEaton apd serym half life. See,

S c
e. g' 2y O?)ﬁ&%’ ?f?)@ hE@f RE{/ ’ éf%: g@fo o 1% I?rgerregiauce bedl %ghiffc}{nt advances
in eurgmdeﬂ?tandi‘ﬁga!f she &ffeCts dfl glybbmjﬂatm(nZ EHeIgpe&fit esieeof oligosaccharide
ch%gslg%%qulghﬁon\é%@@ %t\%}é‘% elrﬁgygt%ngg 'an %[glecrt]lggqjar% 3_1185t ggglgmn g to be
r
o Sghe T R GRL f beR e g PR gpp 2oy The
pnmaoy clmﬂcwgaﬁe shay lglpcoproteies ans typivelly pyaimpedasd mixtineatfighgoforms,

s f.or nthes f 2 | ycopr ot ei ns ,havi n
mfy s T g 1o Sy R EPIgNe placeBrms IoRAAIGR) RyFies: & Fisichpef methods
ha BEeR REALISHd to Ty MREdiLSstRktdR dofved glyeafoﬁﬂy &udhll ifhpdse severe
in produci'ng hohmogeneous gl ycof orns of therapeutic

resyiofionp oo thei sies, gwaitity, ahdlor qualiay phidre ghysoptotain produeed: hige, e.g., P.

SR LY B S A SR 0 B

298790 B3 G. Wavey (10025 CEEMIRE. M 0DBT9#IANH. Cl Hakg!& €i R. Bertozzi,
enbodi nents, these nethods invol ve i ncor or ati ngbl nt o

(20082 Age.dshemm Res. GAra7 uhe nyentien sedyeg this g as. and

A R

glyt@proedest havin gydesirgd glyadsylasion phiderhe dTheoglgcaaeteinamnd glycoprotein
a coval ent bond and. aftaching

h
Hﬂ%‘é‘é&%&t}%@%@gngs Wllgydntpﬁ‘éi“ﬁ%twge{lwﬂf jycalagmg ef therapeutic
glyéglsﬂogeal?/l éhfd/o?lf?]&ﬁﬁ iffg e RAldids®nIhOMPR e Sadt RN of BRZEsylated

proteins.

GLYCOSYLATION

[0041] The invention provides methods for synthesizing glycoproteins. In certain

embodiments, these methods involve incorporating into the protein an unnatural amino acid

that comprises a first reactive group; and reacting the first reactive group with a second



10

15

20

25

30

art. Such suitable reactive groups can include, for
exanpl e, am no, hydroxyl, carboxyl, 5 carboxyl ate,
w@a00bos8shy  al kenyl , al kynyl, al dehyde, ester, BCTE82003/032870
(e.g. thio-ether), am de, 1@mne, nitrile, vinyl,
sul fide, sulfonyl, phosphoryl, or simlarly chenmcally
e bdF i Bt e LS b B S5 ond
attOHI R SatSchbiiddinBRty S'hd Probéifty dr oxysucci ni ni de,
nitrilotriacetic acid, activated hydroxyl, hal oacetyl
00419., br : i - | QI 1] 3
O 0 31 o WRRca o BRAE Ralt e sl ME KRy E R G800kl n the
artt Su€h suatabieetehotiveigaaips icai imeludpyfior eydnipls,tHnfind,ehyddxat, \darboxyl,
L m dazol e i m . dazol ecarb te, vinylsulfone, .
carbE e AT OB LI B S8y dge oSt et (¢ de hio-ether), amide,
anfHR ARARE LAY E suliRBZRBE) OPfosphat Vi, Bt SEHANG Bemi i
isocyanéte?’Fﬁidobsteﬁﬁ’ Iggrogénzene, gig?Pﬁau%ﬁﬁwuvegmm@&
Additiagiahsuifable4&ictive geupeinehito dhutard mt lioiteddd, hileimide, N

eactive. grou I.§.,an electrophili.c.nmoiety, .15 and
R BiEieR Ry eSGeS e ek, rofudRefrkacith Aefpied hyaroxyl,
halGhdeb@r(e N ®rottedce8RNbddatetyD] KiivatRll calbbRyICh REEAZIARBpbLE aziridine,
moi ety can be attached to the side chain of the
sulfyy e, iiuesoraethpidiagiistineg pyri&d giswlfide,gN-geu pmidgzalben

. t.J haride. miety. Suitabl. .
i A6l A SRR SRR Ehbon g iR B caprdtivee
diazvacetaie etizvpheidhe piscthicay fiate, ROBFhnafeirkido¥der! BudoB&Red, biotin
skill in the art. Such electrophilic noieties include,
angypfidify e not limited to, e.g., carbonyl 20 group, a
sul fonyl group, an al dehyde group, a ketone group, a
[0043hder ed Iesaree cgbediments, onetnf dlessteacti igrasoyps inams elattiephilic moiety,

ey r,Qup... an_epaoxi de .gr an azi.r.idi.ne oup.,. .
(e, SRR B AR B A AT mosety o
thevdlédirophidie tnisigtyichi Ge BMAcBEY tcAthe s#1B @WAin of tHe @B aflthd hcid; the

in the art. Such nucl eophiles include, for exanple

corgsppping erayp inthenattached in the sacchaiide meaiety. Suitable electrophilic

el . . : i
P b AP L SRR s o
skillse thecat. Barch dectropNRd (ot NRRNIR, khithios® tingieddaazd. gledarbonyl

- (C%:}ﬁ) NR%NHZ (car bonél hydr azi de), -(C=S) NRLNH2
BroupHR %gny SRy Ay dshydg group, akesgngrarrp a hindered ester group, a

. f | ' - G e i de) .=
R L L i i
nulénpliiloapbitienehpt caanedoo withtetectropleilic mwiiety aredamivnRd thds2 of skill in

and i s independently H, or ap alkyl noiety havin
the 3 SESh BHEOPIIE B BRG U, FHPBHHE 05 afRRAicogmipafe i as
eth?;léﬁ&ﬁﬁrhﬁféz T Bhef 6BodiMiEnE! BY pealcﬁv@gﬁaﬁg iAZINIENH, (hydrazide), —

d m ne, sem carbazi de, carbQhydrazide, a

r oxyl
mgéq*@m 1 (aethigerbagide), helNR| (Ke=S)MB 180l h836605rbazide), —

P 03/032870. 13 [00 WR-oduct of th :
PRI Geia S omdtat oS NE N e Pepgice =
(SODNREVHS, gRifemyThydr160r PARING? (CLe)RRENEL, Rattgizide), |-y

present in . the nucleophilic noiety. Typical |inkages
NRoYRAGreINEy NEb idiqcapatide), at-@ehdbshwsirotodanines anfl/ionthedike,

higa ief i ' i on. ct
W PRt S Bt S Ben ey 868 AP AR AR BN o 2Hus,
preferably H. In one aspect of the invention, the reactive group is a hydrazide,

hydroxylamine, semicarbazide, carbohydrazide, a sulfonylhydrazide, or the like.
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5 hydrazone, a carbohydrazone, a thiocarbohydrazone, a
suf onyl hydrazone, a sem carbazone, a

w0 hioessssT ar bazone, or simlar functionality, PEpEso3QE2870
on the nucl eophilic noiety 3sed and the electrophilic
noi ety (e.g., aldehyde, ketone, and/or the like) that

0480 S5 T8 et PP TR o B Bt
? bl agE HpsraRs th%satdﬂﬁﬁéﬁgﬁﬁﬁ'ﬂ}ﬁp@%n@ﬁl thb hﬂ&a&ﬁﬁhéﬂmbtbty

fonic acids are typical referred to as
TYBIGﬂHIH!k?EW@mdj@Sfe@WHﬁ-tb@I R ek yuk@msmmré@ nuglaephilic

subsequent | y. st abili zed
mofGRARR R ORHohAR B s SR iR Rl drhRE, uoed
hydrhyaeps ealeomydr@zoay,m thRghdbeRydiizdnB CO§UTEH BhydREz0RB, a semicarbazone,
unnatural amno acid, to which is attached a

a thiggeapea pareonpo sitpilarifimcsionalify apepdingen tmucleékblﬂsmmety used
o B TLUGRIE S (L BB, Y BRI i i e
nudeaphiiar mdfetdeLmkgges wiith cartgxglic agdpat ypeeiliydefecbaidad n

ect or COdOﬂ See, sectl on

o GERBRTGAF BI SEARr5, ERt So B Bty et
e s I

subsequently stabilizech by blaamiida red@@tiomi ety or an unnat ur al

amino acid that includes a saccharide noiety is
[00HE] t her @l yriyémbatimedibate gycymoayl RisyMicsiel1sy idt&porating an
1pr eferably carried out enzymatically using, for

unifurgl graino acidg o whigl i 4tt3 speeharidp ynaiely daloes PIypeptider For

exa%%é’ 85 dﬂh%g@naﬁ ®- fl@@&ﬁ) R Sk lut1h£'e(f {8 iR drporafes R atural amino
odi ment a plurality of enzynmatic sterBs are

acid awithi thel smobaride moisiyrigioe grewirtg pmlypelpndet ciragn inh@bponse to a selector

ont_ai ns nore dif ent syl transferas
codefi Bt o GhbeTEin prbtid Srawteeor et SPvins g mpgurel
Amfnsiagldet ating step sinul taneously by including both
sialyltransferase and gal actosyltransferase in the
reaction mxture. [0047] For enzymatic saccharide
GLIHSeEER ANYHER Ay ve gl ycosyl transferase reactions,
the reconbinant celTs of the invention optionally
[0046ht ai n &he invastionoprevides mediodgjinushicly em emirvercidlivkafiemceharide

I f
moffy G R BB Poig SRR SAS R ch AR m 6B TuthE ycosytarea
Theése GlycosylRgon/ YW %féfﬁbl%@r@l@d ofd stz9mytitAIRNEIR AFeRample, a
(avai |l abl e onthe rid de Wb at

glyaaanltiasisfegase ugdyaasidagg, og athgeenvyrme. knownyie dwpe of sall irethgset. In

oI5 S EBE h BD RUCL BB AT S SR,

mixghieabaydohtadisivercasese Hifferentalyehsyltisfrasas. B6d ekample, one can
se uen es c% be deduced are also found in_ various

@Pt%ﬁy ting3nd 2 gislayingeste simultansons]y by insdpging both
s1al§¥l‘§/a§§fsegefst9 ?ag%%@& OSQ%J %%%ggﬁheb%&g%ﬁgn&t&ﬁel n the cells
[00@‘7 the i ﬁ%ﬁféhtzk%?nc éa%glllalilfé@ Il?tﬂ&i tisac | g} er\Jg Sge%coggltransferase

ga act osy er ases ran
reactions, the recombinant cells of the invention optionally contain at least one heterologous

gene that encodes a glycosyltransferase. Many glycosyltransferases are known, as are their
polynucleotide sequences. See, e.g., “The WWW Guide To Cloned Glycosyltransferases,”
(available on the World Wide Web at www.vei.co.uk/TGN/gt_guide.htm).

Glycosyltransferase amino acid sequences and nucleotide sequences encoding
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5 gl ucosyl transferases,
N- acet yl gal act osam nyl transferases, N
wa@eaupbghiicosam nyl transf er ases, PCT/US2003/032870
gl ucuronyl transf erases, sialyltransferases,
nannosyltransferases gl ucuroni c acid transferases,
cturonic aC| d transferases,

leB? ke o a@@go agifigequercas; R be degycgf e also found in
vm&lu\é ﬁﬂélg a@ﬁlisafbfermsésn @ffaa%nk%@s Pesl. EL@T, and others.

ryot as wel ron1 rokaryot es 100497
[ooggffﬁém fﬁyﬁcos#lpf? &éﬁ&ggﬂ%&%&éﬁﬁg@%m%% Eelﬁ fﬁ%eggl%o tion

include, bm\aﬁmﬁmcmmteauo t @i cersgtaafe s, fuonqﬂuai@ferﬁm
exanple gal.act osyl acceptors such as
gluepsyitzensiceasesli-acetyigploctosageipyliapsieragescNo- N- t et r aose-

T

maanesyfitansferdseg \gtuCUmnidmtrmisf&kselsJ galavtirbeic acid t{ameferases,

.e.g., P uIs n et al
oligseshar i ioraser it ip Mien Stisd e Bory Rrisp ipg i Bite ghose
obifRe8 Mdhl AfkaPRit&! ¥ wlhal RohRbkdryotéd t ached to the

gl ycoprotein. [0050] Enzyne anounts or concentrations

expr .

[0030F  hart aniccro S BE i eiyole fintdforatt wall e préen TR B coprotein
to Imamadifizé by ttiembihndsaof the 1rwbnﬁonrcﬂu1tabfe apcqxﬂmrs,tmdade for example,

mnute at a en tenperature (t I 37C d pH
gale%tpilié agqepHITe: g}q\lllws a@?" Gébllf’*m Léalﬁﬂé%%w & Bf Oaﬁ q%ﬁﬁ%ﬁﬁe

B e T N W LR

(ladtbs¥t ©tledr adcdpRIFPRAGWMIcthode &%ﬁlaﬁdh@art gdek g, URauddon’er al. (1978)
The enzynes can be utilized free in solution or can be

J. Bigly femn 25304 5opR4). sTiwpically, thepspspiess forpnpart abz sacgharide moiety
chag}l Habf 8 atﬂaéhed{lg The> L%ﬁéo&a?&%fna' |y homogeneous at the
Innin one preC|p|tate can forn1dur|ng

cosylatio

[00t5ﬂ£| Lg:cbpﬁyrgea arin{)\][lrgg ontcﬂg[raglﬁé F(gxie&sea ih §& 1V1{y0(5]n1ts whichis a

meSdurS BEME iRiRARhLERS FL8tafRM. Qﬁfé%h@l’ty Uait cﬁt%I}Jzé!@ih@ dormation of 1 wmol
nucl eoti de sugar that” acts as a sugar donor for the

of ploglecipet tmims fier gisen teTiperatwa (typisally a%ﬁC)ailnd @H wdmm(mplcally 7.5).
I |n redlents that facilitate cos @Lera

Thg PG Vo ERRMIGS ALaIAbRIC SRt bR polsof
sul%ﬁ' {eQlfe &(ﬁrvgrted M;Ibzu b1 ofﬁgi‘&?t)ct 111”&&%513&% Q%&ﬁ%&%)’e §07°C and a

regenerati on, ate 1 ons or gani

- pHsalueeoft7ss. Bie &h@memmﬂm utdized fise or scﬁmtmmjrs:ambe bhend to a support

varlo eactants used in the process end u
e RSy gﬁharrgacrlﬁe P EREs Mascubsantey apmgswogg ehgs
r nd anpount
beéoﬁﬁmg Ce?e}pHﬁgh gdglg% ﬂ’ék Pgétls' Qan A &dﬁ% tERLS O

es to be g ycosyl ated. The

[OJfg?Ct | on il n‘grl 0 e})’l‘ﬁ}éqn %%94 {2 901?1 aﬁ&ﬂo%ﬁ%%%%/pi}ﬁ%ﬁl

al so co 'zl ng ent
glyoosyHit)sfeaad and gacepeorsai aoanmd Sudbotah supmttharaots asm sugar donor for

et hano] , if necessary, [0052] osacchari des i
therl prensyldamsferasgy Ticeitions e Bho TRlle ag ieh tiesraicain b acilitate

glﬁﬂ@l%&rﬁ?ﬂ@é B dfhets{gI ﬁ{gr&ﬁ&té‘%‘qﬁclﬁ% b BR2RnPEatRIi ks, Mg™ or

e art. For "exanpl e
Mn*?), materials necessary for ATP regeneratwn phosphate ions, and organic solvents.

The concentrations or amounts of the various reactants used in the processes depend upon
numerous factors including reaction conditions such as temperature and pH value, and the

choice and amount of acceptor saccharides to be glycosylated. The reaction medium may
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5 carbohydrate units can be released fromthe
carbohydrate noieties by alkaline f3- elimnation, for
wex@apssps and separated fromthe pol ypepti de bRCTEE2003/032870
filtration. The resulting 18ligosaccharides are then
separated from each other using a one or nore standard
als1t) g&ggh%nsfoiyue H;Es%léglj g%%gglflté%@ o5 fg“lﬁltcgé%trﬁjl }@on@ng F())lr_gcz:mmt shollgents such as

nmgﬁ&gnﬁgﬂg&gp@yec conmbi nation thereof, and can be
'y anal'yZe CD [ete structural 10 analysis of the

a1 St G L8 LS IS e

anilyn’embyaﬂﬂfld)@uhﬁtalr@mc(\ﬁl rthbge, of 3RiINA theCart. | Pdcagempie, eHe
g3) the positions of the |inkages between the sugars
carholaydrae tpits e hereleaserfrozm metqaﬂwhydme mplégca bsoaik@hnediry
t
elllg#gﬁgfé Ifgle%}{aa.n%rbg %ﬁé 8 atgdc' %@ il) ﬁgp?dif%% Eﬁ §e rﬁgm&f The resulting

ohgda;acajlhﬁdetssard tmnlsemag@&obﬁaaw thet iingTR DAS BERBAS JtalRBrd
The 15 anoneric configuration of the sugar resi dues

techB{Augse S‘%ﬁl}(ﬁs &8 geldiltrationy HEL.(y thin {ayenmio physanshipn exchange
chrgﬁﬁtog? I X rngﬂ Cﬂatgﬁttﬂagéf Ehnl ialin] 192{1 ‘Egﬁ%lgt'é Structural

stru ate aha ySI's are
anaj;ﬁmmfahé pumﬂmcﬁﬂtgoegqchdlmimnﬂtb mqmrEe dierdetﬁnﬁjmaltmn of the

Bi ochenmi stry and Mol ecul ar Bi ol ogy, eds. Burdon and
mopptaschamde ugits: thelpimg formapenfignention (Pow ) aﬂ%%émlkage (ovor B),

the fgg%lsﬁé ¥ fihRadRE B&t%g%a&sug’ﬁfﬁ *ag iRl 2@5 e W ddifS %hthe

posPeorf off amyrsabstitiept gnbuﬁh amrmtabgﬂﬁﬂh Melndatfeapdnal yaisycan be used to

El ect rophoresi s evier Science Ltd, Vol. 58 (1994)
detprpigafhegeaitiondakihe g@&ﬁﬁﬂﬁd@ﬁ(&%ﬁ‘é betrvaey o mpheEr ot e

(
IR ol ooht 8233100408 ol ELARE BB o poa
spegtipssopy. e dheanyditiohy antahabodsisyd tepafodifa (omydéte atructural
et 5?1333?5?%%%%%%‘3)% %@;ét&éﬁga fye@ﬁ}ﬁ é@ L) 81%! ' Ih}éiques in
Bl&ﬁ&’ﬁismﬁﬂ MolecurrBIBIoSS, k. Bita¥h EMKﬁlptp@ﬁlﬁ?g %%lé}r Bmsterdam
used to Tull charactérize the structure

(1986), é@a@hé@ MQafwéws B@M@LmdM&ﬁLMﬂé_BmhIWa E 3998, and El Rassi,
Qlé Rice Tidlli i mt64hv4 1n4&8aﬁllland

Elearbﬂformst, Ewéslet B@IleméeLtﬂovM 58@199451 fast atom
bonbar dnent nmass spectroscopy (FAB-MS) and net hyl ati on

[0088R! ySi SAthtlgﬁﬁ t@&m%msﬂﬁuﬂg %ﬁﬁla&'teﬁieet% @ﬁghxé M&llg’@&%haﬂde

spect roscopy ( (seé | cat

incBOIg FREYID(fast mmb@nb@ﬂm@@nmﬁpe@mwmm (hlgﬁ pEfRenion
exc S B GPAPRPI P O R R TR GG SR OoDs.

parflXlfep L NMRV@A! &T-NVIRD TRe! teshnidiRs hikalo Srya Examples of
pol ypepti de of interest. The pol ynucl eotide al so

how #hese treBnigies a5 usedrte Tully erasterize thersirugure h@arp@gopmh@nde can

a e
v B 68 A ASHISHL iy B2FEASY L 95,ECHRLELY 0, g Sy
et diod98%)dl Bidl halien MBEBUTER4anOther methods include positive ion fast atom
bombardment mass spectroscopy (FAB-MS) and methylation analysis by gas

chromatography-electron impact mass spectroscopy (GC/EI-MS) (see EPO Application
No. 89305153.2).
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unnatural amno acid, e.g., an unnatural am no acid
conprising a noiety where a saccharide npiety can be
w@raioaosesoy such as an al dehyde- or ket o-deri vap@wmes2003/032870
amino acid, or an wunnaturale am no acid that includes
a saccharl de i ety; an orthogonal tRNA that
el ect or codon; and an orthogonal
----- HHSQEROTEINGS) t hat catal yzes 10
[00s4y achnrers, ﬁth&sﬁf‘eé‘ 8sptbRin AVING oRE Lh infolille
ort hogonal S? hgl@’OﬂFﬁS a?tlt aé eg t he ' ur?nat lJlPte(l)aneXpreSSlon
VeGP O muqbbqtlde ﬂh?é equhbg poﬂapentﬂamf mMrBsihThdnpmiynucleonde also
o duces the nat no. acid .. e nascent
inc et B 5 Refsaiecieh 2ig e b et & Vb SyasBimeR Bt Sconaride
moliéty is@ksired) ahd @REreS¥i6h PctdiRs MitroRRed ! BRst S8Bthhfiatludes an
encode gl ycosyltransferases. Such host cells can
unpafura) ymidotapid. agdian vanaturpbamnosgisl Qﬂmpmrne asmgmtsswhgretarsacchande

t tta hed, t.0 unnat ur.al
A7 AP AR Sl b4y 8L PRGN RS ke o
unnatirbathinb agidtthatdedludiscl @tc&haﬁﬂdz ﬁﬁndtﬁtaﬂ orichagélen uaNAqabtl Bcognizes
are avail able, any of which can be used in th

the; PR PP IHLAEORHREOBHEEINgass] BN A FYRiheiasecOl S Hhat catalyzes
attzféﬁMeﬁt I thDuARELEN drflino Q&‘&ttl&’ Ime a@{hz)ﬁ&?f ttli‘N ' 'T‘ﬂe gi"ﬁs Nakhes the

el ectroporation, project

unnaﬁrebatnnun aviidtth thel ortloguead tRNZ,, which. thaﬁmtredu@b tieehdnatgdimino
g ed to 20 angllfy t he nunber of plasmds

acl HH? erﬂaﬁbeanW mstructs of this invention. The
bacteria_ are grown to | og phase and the plasm ds

[003P1 hi n t Fesomecarahadimentp, tbeh«P% e¢lhfusthenipchidosipnaceymere -
pol?]?l%{'éa%?lﬁ %< Eo?elz gﬁ/@o a}nélfeﬁoare% Sg h hgﬁﬁtcgﬁl cea’n c%ﬁaﬁgpze%?e addition

of ammrenwme alhgays tovhe Isz&bh:mcfeonoibﬂy&haliﬁ httdched toolﬂe @hnatural amino acid.
plasm ds from bacteria, (see, e.g., EasyPrepTM
[00656EXi Pr epddral | ltkrfovaimEihad&GhRodiciisaatet nucleic acids into
Stratad eanTM from Strat agene; 25 and, Q AprepTM from
bacggriad eslls arerpnilabls) anyeaf varieh eamberused llpﬂhame@i‘golar hesh drclude:
m
fus{og c{f I?kgé;]rse? gPe?k 9&1@2&{3}?&0&6@&9%& a%S? Innatngmg grr aﬁgé’ eISectroporatlon,
projeetitedvosntaadrheér cgid infegieri w1t virhlOkRi0ks, Ee But@irABegIREan be used to
E 3 cells can_be cultured in conventional nutrient

ithe nyrpbsriof alpsmidsoptaipng PNA censtrueis Bt Bt inyeartians The bacteria
are fg%wr?féaiﬁ? #)ﬁasesdﬁﬁ BRNLIAGNE m%lﬁg Bbéf@l‘H 0% s ALRAR k%rv%nety of

or selecting transfor mant ese cells can optionall
methodcknavur indhé art ¢seer fan sgente Sambgauki, ifer). WORTE, @Iiﬂi&ﬁ)dira of kits

PCT/ USZ 3/0 7 her useful refer ences
are 8°’@‘mﬁr%? cae‘1 2‘?‘& g‘Prat%? Bﬁnfg%ﬂloeoﬁplaﬁe@ér@l bagiggia, (see, e.g.,
Eas?PﬁgﬁqLﬁéﬁleélp\m Sofh ﬁfﬁinq’Haﬁﬁéﬁé BﬁﬂéchL §&5t'déf‘ea§f 2 FRINE ¥tratagene;

4) Cul tufe of Ani nal Manua Basi ¢
andy @éhmeq%fromr@nagexéd iThie m,latw dlrelypuﬂfledsplasmds are thenarher
fer e there
PSR BBt B o 1ol oByrcotangited g related

vecWr&QMn&chr@@ﬂ§ms.| nc. New York, NY; Garrborg and
Phillips (eds) (1995) PIant Cel |, Tissue and Organ

[00@!!]' tur e; TiUHIAERRidHosVRATE @ﬂ?‘be‘iﬁfliu&gﬁﬁ cbtenMdiMalutrient media
Spri nger - Verla? (Berlin Heidel berg
modified as appropriate for such activities as, for example, screening steps, activating

promoters or selecting transformants. These cells can optionally be cultured into transgenic

organisms.
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New York) and Atlas and Parks (eds) The Handbook of

M crobi ol ogi cal Media (1993) CRC Press, Boca Raton,
WO-2004f08880] Ceneral texts which descri be nol ecPCHIS2003/032870

bi ol ogi cal techni ques include Berger 10 and Ki mrel,

@Qui de to Mol ecul ar d oning Techni ques, Methods in

ynol o voI u 152 Acadenm c_Press, Inc San
lo‘ggig @*‘nf 8} yeferepgen, < Horgellipolatiqpand quitare ©1gorfPhg

subséquelg?{i’wlggr%gtﬁé%i&%b %ﬁg&r]??%sg)w){_g@gél) da %g @A&_Elﬁa‘f%g,

Mantty wKlechmigde, Goird ealltlolPrWﬂeyc dJ.lss New\VBbrcmdahe references cited
Bi.ol ]
theﬁ?%’t%? g alg/&lj98 o, Systems; fphn Wiley &

Sofd IS SRG PERSN Y, Wamb¥R an]cPPlﬁ }%l(&ié%éﬁgg'ﬁlan{ Q€11 Tissue and Organ
sup | ement ed through 003) Ausu These texts

Pdamentad @’éﬂrﬁhisi8§prm5@ Lpé»éw@liuaix eS@mgsr—thﬂ@@eelaneldelberg
her . 0
Ne%ﬂﬁ% o RUeind Sk R

Pregs, BUsaRatoh, .. proteins that incl ude unnat ural am no
acids, ort hogonal t RNAs, orthogonal synthetases, and
0039] ' S t heweR@hl teR VIR ARATD Mo fE IEHS?EE R3] teeivhi lude B
OO A NO AGi D[ 00601 Feat ures of the plibfestheiude Berger
and Kohmgk Guidetodle gt kechisiqedsaMethueds iiEnzymology volume

15} B ﬁ?lﬂ%@%ﬂm&@ﬁ et ek oo BEuifn Gloning - A

Lamrat@ﬁshmnuﬂr@@rmp nw_ﬂu 1.3, Com m@qt{ﬁb@mdbdrﬁéﬂyu @8Rl Spring

sacchari de noi ety. certain embodi ment S,

Harboy.dtew derl. 2081 ¢ esral‘fﬁ]f@(ﬂ{]’é peCatrent dsetaeels m;MWlar Blologv FM.

e n ds t
Al R, BAE Al PR IR RO RS Rl
Asmwaésemc hanmbhweiley &Bunedny, {sipfleSeated thro8&C L0059 (“Ausubel”))
oup. I n _sonme enbodi ments, the unnatural am no acids
Th%%ﬁ?iifti% descee BUESERSh e use RbYestqrs, progotersandangpeothesirelevant
rivaji O
topfr R L. B8 on R AR h e A FIEATME 1P Brogucton of
prot@ns that mclhdaummtm’ahz[mnhe anids adrthobondl HRNAG) ofiebhaaymhetases, and
te| The unnatural am no acid 30 containing
ng%tg?f@f’ are synthesized by cells in which the protein
blosynthetic machi nery has been altered to

ccommbpdat e addl ti onal enet| cal | encoded am no aci ds
ﬁg&m -....11'. \-_- J] I M : .L h l 9 CID

[0066} t RNA/ 2:38)< BRinE Srnvehﬂoﬂﬁ{ddde E&fucm"g%y&?kétémh ﬁfalt Hflfude an
an WO 2004/ 035605 PCT/ US2003/ 0 2870 t hogonal

untaRal mo afidcognar esnaue biminb acidoodgmising. agmpiett where a saccharide

d , d .t l. i : d .
mofY RSt icled RO SRR SR erid i el 28 BPespion. n
cerfiiih &hBedindRrs, 16 inveation BRbivEapiodtsin@8lyeepdith thet 1hhade one or
ort hogonal t RNA. [0061] In certain enbodi nents,
morEurgAning a¢idets whish ats atigchydysoiphlorasictive gloaps thst can form a
ds t
colell 5 9560 BB IRA el S5 s, o

unieCirgh 0inbd acids BEMPiet @i dlsct@pRilis Yidiewsé.g ¢ ldelydee bt Betbderivatized

whi ch the Eroteln bi osynt heti c
amino acids, and the aldehyde- or kéto- moieties are reacted with a nucleophilic moiety to

attach a saccharide moiety to the polypeptide or protein. The unnatural amino acid-
containing proteins are synthesized by cells in which the protein biosynthetic machinery has
been altered to accommodate additional genetically encoded amino acids using orthogonal

tRNA/aminoacyl tRNA synthetase (O-tRNA/O-RS) pairs. In particular, the cells include an
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machi nery has been altered to accommobdate additiona
genetically encoded am no acids wusing orthogonal

wao Rdabsssdfoacyl t RNA synt hetase (Ot RNAI O RS) p@i/ps2003/682870
particular, the cells incli8de an orthogonal tRNA that
recogni zes a selector codon (e.g., stop codons, 10
four base codons, and the like), and an orthogonal

ortmﬁqnelatBWA tlfalxmggmmeet selostarisadonciere., séam eaglons, feur base codons, and

thel’m{éﬁtaﬁcrl ﬁlglo aﬁ%‘%@ﬂﬁ}h ?%NR lyé@]ﬁ%s?{haggaglnaﬁ%agﬁ Xlil hﬁeﬁ}b - or

ketﬁldeﬁvﬁ%ﬁlaﬁhﬁ‘o hdi¢ @ PeloahbgohabfRNAE unnatural ani no
acids directly into proteins in vivo. Inportantly, the

[00gmNat ur afy @HaiPerdbodmests AHE B ehiort ﬂ%lvgﬁﬁ%ﬁhéin% glycoproteins that
repertoire, rather than substituting for one of the

inc & o QozTiIITG el ateino Trids et ipchides msasahartrievaoiotye The unnatural

multiple (the sane or ere nat |..am na ids, ..

a0 et it s i P ok 3E i o Prln B

maeﬁhbﬂ Has BB Atdsed t@lacelehmvadté dddigoril &Iﬁdtlﬁﬁlly &t des i acids
NA/ORS&alrs all ows one to nma Frotelns ‘havi ng

usm& OGhmmalrtBlN ﬁrmmpaa}éh tBNaﬁ sysiteyase Ke-tROYA/OHRS) paiest ilp particular,
the.acftallmcﬁ}de n%?ﬁl{)% Qec% Dedf gelféc%%lj dddén ?f{ gt &%)g todons,
ifdesire er an er| r'zin at’ partyeular

foursageacodony] aad thedike),land ah oftho gtnal/\hnmbacyﬂ tRINAWyathetas@that can
protein. 20 [0063]. To nake a gl ycoprotein, one can_use
attaghdhe watural-grping pgidridhine spcgh OJQH’atﬁtﬂé%loﬂ%‘?gOPh]éRM
vivo incorporation of the unnatural amno acid via
[00621 hogonahistieginolegy aaws the sipospecifit insorpoatipard thecinatpral amino

aci &ﬁgcﬁtg (ﬂ@gtegxs inh wvone gér;ﬂ?a%?ll'}lét%\r/ ggﬁﬂﬂl%??w? 0 a01d is added to the

rans ors

gertdfie répeitoganter thahldubstingingfoha@afahe ¢diNAos 20 hhﬁﬁcamds. The
and a vector that encodes the protein to be

profein cymbavesne opmultiple (the sarpe ondifgrenh) enpyral apinpacids atggarticular
posiGIPinthE P&Eeln.%nlgécdgﬂfe? Mo @orade%%g@%iﬁ% ﬁlthY‘?ﬁ% e ud¥? O-

conponents can be on one vector an
tRNA@Mrs@ﬂoWs sec ondakemb@ins hihimg\waamoatued aney adidat only one

of &pﬁl@ngtlo%s flﬁgg\ltgg? %fg%ﬁn\{}g{ @gjtnglgg%ggguré?n gg%t%la{% gl]asued rather than
derﬁ’xpa.ln%fﬁg%zﬁ%tahﬁﬁlar bRRRMCid Rt%a@l?fﬂcﬁ@otf ﬁ%ﬁ&% 1tfo@5ur5 i€a protein.

onal he orthogonal 30 synt het ase,

[0033f the REOLELN & %2 oi&?ot ‘ﬁ%ﬁ’eaéah%%jh S%ef‘lﬁsoz%r Lé{uérhﬂﬁﬁfjare

0 gene Expressi enen
addpteticfor tiedh vivo ihb@pokaton efithb ashateel hnnnﬁyamcbah ovthogmralstRNA/RS

contain ranscrlptlon and translat erm
paify JRe PFIIATS RETEHAY SedTeaToddf & MRpHaET t@aﬁﬂ‘éwﬁ getransfected)
wiifie B F é %c%org\@la% Qgé‘é&gtﬁé %@%&%&9@ %ﬁ@%@l&%@naﬂtﬂNA

use or regulation of the ression o
syrglatasecarldar Vetcdmghztt encmxlee the protieth, to'ﬁaeiemeﬁtz@ds Each of these

optional | rlse eric si on cassettes
coinedbenge 28 hesidte Bl iap I on § BPATSIGIor two componens
carPBAMEREEvecER AHE Rt Rir@ 8bMbbidn08n h 8Rlon@atéeR Phe ¥ddfor can be, for
cassette in eukaryotes, or prokaryotes, or both

exqreplg, in thhformof a\piastrd. o) bagiedume b sbus, grnaked Relysudlentidsoern

5 eukaryotic systems. Vectors are
Cogug%%&gl?ude%}l pI ication and/or integration in

OB} e A S 15 e Sun ey rRT Yng B g imva

synthetase, and the protein to be derivatized are operably linked to gene expression control

elements that are functional in the desired host cell. Typical vectors contain transcription

and translation terminators, transcription and translation initiation sequences, and promoters
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Nat ure, 328:731 (1987); Schneider, B., et al., Protein
Expr. Purif. 6435:10 (1995); Berger and Ki nmrel,

wa@apra3se@anbr ook, supra, and Ausubel, supra. APCT/US2003/032870
cat al ogue of Bacteria and 1Bacteriophages useful for
cloning is provided, e.g., by the ATCC, e.g. The ATCC
10 Cat al o%ue of Bacteria and Bacteri ophage ( 199

useipldphEegelatian of thegspreptien pishe aagulanerechnedeic Agih I%‘.fﬁctors
ooR8L R HECU R e RARIELBcorl 8 W fenien
terthm*rESEqmbe GoqEndes Rt matisg Ephcz&io&@fﬁlmnwsetm in\ablsoyotes, or

DroRsel<Sa st M pRes o) Aad S By beR P aLh grokaryoti and
eulla!i‘ifcﬁfc Stemd > \ie%@srﬂre E@EabfXRIRIpB catiBal :ﬂl@ﬂﬁ nfl@graﬁ&? gusoReyotes,

gycoprotelns I nclude growing, in an appropriate
eulrpsyfitesypr pieéeraldly bothwhiee &iilimnen &e$hitl.dognei &8k (1978 Robets, ef al.,

Neffe AR CATDLAGSEI0R, 75l mRLEHESEPURE S5PH10 (BB Bereer

an®KémmeRBuprdnS@hbiosk, sapid) an@ausuteDFRpisi A Gatalo@ﬁé 61 Bacteria and
where a saccharide noiety can be attached, or

Bagigrienhages ussfil for cleniag isnipviders lewieay the MG 8- M_

CallPib by B BEPRRALALIAR {361ONARNEAl ROATTHAATY e

ATG@NAHditibedl bafic pheetures firge@eheing Widding bied athed Bpsdts of@olecular
sel ector codon, thereby producing the protein. The

bialegy andnderdying &lﬁﬁfﬁtwé@nﬁaﬁa%wwé@ alsa o W etsarig). (1992)
Retz%ﬂ% bt TN A R ohd ELBEN @@ ehtﬂﬁrpﬂn{eﬁ QrgﬁbglgsSNt‘ﬂlqur&mls and
ogona am noacyl -
Polypapttdetaﬁmteé@tRS) that preferentially am noacyl ates
the OGtRNA with the unnatural am no acid, e.g., an
[0063Dat ur aFopsRangpleGhethal feoppauEhd glyaopfeteﬁtsmnwa@er growing, in an

sacchari de noj ety can be attached, or an unnatural
apprApwYS Medam.itheecll, nhetrdbe cell coreRifsas p ACIFiSi asid thatmpgnprises at least

on Weo BN e R CHRRAE or e R i g iR acid. g an

unmtmleammmdld @mpmnrg"mbmt}ewlhdsre mehdchbyide mbmtyecmebe eﬁtached or an

exa R air is introduced
A GOR RO R IPGHTE & BOHHEAE ﬁmwtwnrlﬁam%ﬁ%% (o dgpatural
amH R th%rgb&‘?ﬁ@&g& \A}]cﬁr i the 18 &H}%aﬁ'éﬂsﬁahoﬁ%f e Iﬁlﬁleﬁ: acid
conprising a noi et ere a sacc ar i noi ety can be
witht the atHleast om: saia:ctonmdam uhextbyaprodeciag the protain. i Tielcgt derther

BB o SRS B SECAEIONE Y, BB e
sele@besddeh; R8N orthd¥dnaNAhinYacyl-ENAGORBERES (OURS) Bat bRferentially

i nventi on Can be in an in vitro transl ati on system or
amiinpagylaien thei Q- ¢RNA wih f1e08H605! POTMAUSIOE- 0BPETRtUrggmino acid

com@ﬁlggn—éﬁio&tylw e?clhg garc%}g (f Sxfécﬁe g:,cg p{&é 8t(§r% u%ggth}al ?u%no acid

thadPirlel & sacchhdi @ImOet bEte plﬁhcazmﬁawoamoarmyzsimﬁeéd “IN VIVO
nunber 54- 00017OPCT which is incorporated b

INCORFQRAEION @%Q}WAI‘ERN&WNQ AGTRR despribasalis geasepandis
in g[}drétgé' hér? nlsly c%e Fof eyfﬁﬁrﬂ)(iéj Ghhen a8!0). ?IQIQ‘%&% §9'5ait § introduced

e use quan Ities. rHe aspect
into aﬂ‘p@lsthé pain leags toahaliﬂ yivo intlotpbestion of unnatural amino acid, e.g., an

unnatural amino acid comprising a moiety where a saccharide moiety can be attached, or an
unnatural amino acid that includes a saccharide moiety, which can be exogenously added to
the growth medium, into a protein, in response to a selector codon. Optionally, the

compositions of the invention can be in an in vitro translation system, or in an in vivo
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e.g., at least 10 mcrograns, at |east 50 m crograns,
at least 75 mcrograns, at |least 100 m crograns, at
WO e@g033809 ni crograns, at | east 250 m cr ogr ansPCHUS2003/032870
| east 500 micrograns, at I2ast 1 mlligram at | east
10 milligrams or nore of the glycoprotein, or an
that can be_ achieved wth Vi VO pr.otei
sy Bt SFo R REHEROT G AR ICa e aleg 1 SRe s cemgration of Keto

Aniih6 Qeds 18 BORiRUTfilkd RtIbEN1 21B0P ra@t\éfrfé?QiobEJt Slifhber 341
anot her aspect, fhe protein I's optionally present In

OOQW@PéE‘np/dmhtlsmomoraiettbﬁméﬂbnm| on of, e.g., at |east
10 micrograns of protein per liter, at |east 50

[0066¢ r ogr amscedf offih@ineemiqneprovidésthe abiﬂity wahthéSize or produce
m crograng o rofein r liter, at |east 100
glyﬁp}&rp@gqsalﬁargp ugqfkl,][ @aﬂtltgeé In p{l%aspe%& the cqmpositjon optionally includes,
e.gMaf A8 @A Rices r&h@ta?leﬁst%rrrqcf&g%ms al lelaét%%nggc%Qams at least 100
ter east

m crograms of protein per
nnmoglraugr airtsaso 20 mitregmanpcat 1¢ast 250, matroghdme, %iﬁasﬂSOO micrograms, at

teaff; i e, 2B D i of s oghe Blypaiofin, oF an gmoun that can
be Qﬁléveﬁ)(ﬁn@ﬁ B vito protdif brodactRitAhome&Uldefans 09 &'écfoﬁfbmaﬂf rotein

other liquid suspension (e.g., in a volune of

Progugtigresns Furidieniroye pnovmledtlmrqamb Jn anoter gspecthibe protém is optionally
i nt jti eat er t
BB SR 308 R 5 G B8 G o s

litey, it lest 30" MGG hine OF ptbf[elﬁlp&flﬁéﬂ? bflehdd 7§ nﬁ@fdgrdn‘ﬂs%flﬁbﬂéﬁl per liter,
at | east one unnatural am no acid, ., an

at lgagh A0Q) pagrogrsms ot pEotein psrter.oi k@stQOQGn@tggr&m%ef@ratem per liter, at
lea§ta$@t}ﬁl%fo%‘?dmﬂﬁbleﬁr¥te k??eraﬁttlga%Pﬁéb mgcgro ar e;éFBI%Eeli'n %er liter, at

am no acli ES a sacec

leastelamilligranf oft greteinee titdrpar. at 126010 milhigraid @ pRssiatpePhitePbr more, in,
an u at ura m no.aci d, lg@ka an unnatural am no acid
e8¢ ar?ﬁ étpi}alm?é%lca feErtqtiers lighidetigpeagionie 8., in 2

Volﬁfﬂe%?rhe algrwlﬁ?e H%%%Uﬁtﬁll nlgg]aﬂ&tng 9). tfﬂ@%)rddlﬂ%&p&ﬁa&e

sacchar de noi ety, can
quanlmang@@g j gregeothet matstypma:‘ltwpcessm& witll bﬂuer foethots, @rg., m vixro
e size, aci nuc h|I|C|t hydro
wapRRGE PRyaR JphoH toringE keSS iy 8. an
undadirgedmisb el cohﬁfri@ g 2ARGBESwhLRe 8 smcﬁﬁx?denmgfét}%aﬁ be@lttGched, or an

Proteins that include an unnatural am no acid, e.g.,
unngiirairaveing aeid thatiindudesiadsacaharidé iotegy & a fieatuet of thbrirvention.
sacchari de noiety can be attached, or an unnatural
[0087 no acThe irfcatporatiohwdes unsats@ktarhaoi adil, em@i,@h yinnataral amino acid

have enhanced, or ev ntirely new, catalytic or . .
CoRRRANEA MO et taperidegoiy b o itaeRed o6 an Buayel amino acid
thaPeRAES 4 @a%cﬁ‘irﬁieq{%&bgn &lnl Bé dRditd, 188 Bior dﬁﬁh%ﬁ if? Brd?élg ftucture

unnatural am no aci an ‘unnat ur al no- acl
andé@mfgnétiing g, ga torohangy snm(acehta, stwieﬁparhcug, hydw@n;boudmgbe
hycﬁé%}hqﬁgcﬁt%d %cc ala §r c?r}arﬂr%tege t?ﬁg%t[sgleﬁ %arggrza%gftfsts )gcp g Ipro('geln m01ety, etc.
Proisithed ihtdé bR Dnnalrali&hiabatidPe oD ah uh@furaP AR RRLARhFising a

properties, chem cal WO 2004/0 5605 PCT/ US2003/ 0328 0
mogefy ‘é(h@r,e@rsaﬁﬂ@né@ FoiatE si0 By dfpehaed, esan venasipk dreinglapidithat includes
a se%l@ftl% r&&eﬂyec ecu %ﬁfféﬂc@@lo? elé@veg?tfrel?%' ! ée)(altypc or I?hyswal

propeieqVBbresxtyle, dredollwingipkepertidiare }]ﬁm@By tiodifed by inclusion of an
[ ncI udi ng gr oteins that jnclude at east one unnat ural
unnaral Amipp goidee.g., an ypnatiAlARine 4FidLoMpSISHE; AAneishpWhae Agaccharide

mo%ﬁﬁ@dn%&at%ﬁé}f o?a§ﬁﬁﬁhﬁ51' AEnREi8 tat GRS a3hdBGEHEE MRy into a

protein: toxicity, biodistribution, structural properties, spectroscopic properties, chemical
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5 unnatural am no acid that includes a saccharide
noi ety are useful for, e.g., novel therapeutics,
walr@gnsesvs cs, catal ytic enzynes, industrial enegmEs2003/032870
bi nding proteins (e.g., arlibodies), and e.g., the
study of protein structure and function. See, e.g.,
% ert 2000) . Unnatural Am no Acids as Probes of
an tw sw p@pém&ﬁcfatﬂbﬁ@tabéﬁy, talfrlifere-g., eprop fpkf-life), ability to
S t
real P Gt ool o & oy or dchooRiPil, sy RUTIASREE
compmsutmns insdudihg @totémsaﬁlat inolede et lgast oad uﬂn&aﬁhl Ao adid, e.g., an
f t | t fi t | t
g ] apbinojsEi PR, eaue A gibanda mpieean feritached, or an
umPJturﬁlt mhﬁa%ldttﬁa lﬁau&earaesawwaaayfrﬂetwenﬁeﬁff&se € n&vel
unnatural am no acid conprising a noiet ére a
the@@%‘h&r didgnostics cytatytin chaynast adhedal owzymes, bmdmag protdins (e.g.,

o D S50 58 REEE B 5B Se So B rr
(ZOOOPB'Fsztﬁiﬂal ﬂ%zﬂ@A@% 9§ P%@s gﬁPﬁdﬂﬁn %‘?f’%tu% afil F &&&z‘%ﬁtCurrent
g., there can 7, 8, 9, or IO

_Bmm&mmm&QMXs‘}ﬁ‘é%ﬁ% t he prote| n that conprl se
1, 2, 3, 4, 5, 6, 7, 8 9, or 10 or nore different
[0068hat ur aln e erspecaof te inventiant dwnpoaﬂmﬁanqludbs at least one protein

t t i t
with QR - FLie Do A fRert fiearat o ERear P s eas s, a
leaitfééveﬁhr it 18hd eﬁg%b%t iehsttntt, W AthedsDRnWR ARIrY bA%at@dl ARindGHs, e.g., an

g., an unnatural 20 amino acid conprising a noiety
umwn@alearmng acidrraniptisingmireigtyceerbe sa:tchamegdmet}rcaarbe attached, or an

unn%?ur}g]t Phi %& 8?1 'leg 11\1/02}1]&% rags?%%ﬁn%c Jlfnﬁg %1 ﬁﬁgaude another

unnannaltaumb adidl Mhe aGh4leral ARMOHINRCHA Bé th’%JHaﬁ@ o Cliffiertadlg., there
be identical or different (e. the protein can

can; becl, 33 4. i 6 of S @ 1§idrmegre dtfgqrwégesan thenprateinr giat eemprdse 1, 2,
3, 42%} g,)S? 825 rocr‘;l@ dr\?xgc;r{g gﬁf %é%? u%at@%?aﬁﬂfseatcwg 1% gﬁo%eraaspec
compusitionriatludss moteﬁﬁwﬂb latligastohe, buih Reaiedt tigdn AbN Fﬂ@lbdl%r amino

an be the same, different, or a conbination o
acidrepen i the pipigin subptitgied %théé? ganaggral 4Bing i, k8@ HpRAural
oy RS L e TSGR A0 062h
amlnmalcu’dhst 1aciudﬂfsrea‘tam:1mhda mofsty. Bod algiven groteiawithnmadeuhal one
uml[z?B,}r oay%ﬁlg gm $iit %%t&%égélﬁﬁ%e@ﬂ%ggfé&? %tjelge%t (e.g., the
proteg @arﬁiﬁ&l‘uﬁégwg §1dm@f9 AfeRfl § esod'f lﬁ'iﬂaﬂdfbn %ﬁﬁ‘ﬁ@z‘m@s”bf‘&n include two
acid 30 that includes a saccharide noiety (and any
of the sm@pmmrabammduan@) nEmﬂ Ql@erapmtb,m mtg ‘morgfthaptwo unnatural amino

udes. one_or no tor c can b rodu
scidi g Rl Gt FRACHrE e v R somhifdn G e
unﬂaﬁlrﬂ%ﬁnb Qcildglenthie fsymé thdmtiﬂﬁ&ﬁé’a%t e differenpiimnahl zﬁ'ﬁlﬁ%cid.
proteins, any of which can be nodified to include one

0§91 nor e ' -
009 7% RSBSOSl i

amdn;ecax gnomnatrdl gdsne acifl neinpdging aenaiety whees apjoriygpideanaety is

TR P AU A i
that ii€ludétea §aBIRIH¢ mdibBland AP LorashdndmgNeBing feRRY acid, e.g., which

repositories can easily be identified by searchlng the
includes one or more selector codons) can be produced using the compositions and methods

herein. No attempt is made to identify the hundreds of thousands of known proteins, any of

which can be modified to include one or more unnatural amino acid, e.g., by tailoring any
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internet. 5 [0070] Typically, the proteins are, e.g.,

at least 60% at |least 70% at |east 75% at | east
W@00K#/033603 east 90% at | east 95% or at | east POPWUL2003/032870

nore identical to any available protein (e. g a

therapeutic protein, a diagnostic protein,

i, gstrlal or. portion thereof, andth ‘Q‘*Ike
a"aéﬁ lﬂ%t?tl‘é‘b%ﬁi ge OdH%‘ug‘? ORGP RRPIAPH R SFIEROT Sedag 1n 2 relevant
trafei@ R S Ste R CJIHI%B&‘E’&]'&%& reﬁdsﬂgﬁé’ssfok knov Brddifi€include GenBank

proteins that can be nodiflied to conprise one or nore
EMIBL.UPABT andithed¥CRb Qibedrepesitpries aan easiipbeidehtified bpseihing the
intS ntpr|3| ng a noiety where a saccharide noiety is
4oy ached, or an unnatural am no acid that incl udes a
f ound, not limt

ogfcn! 'ndagégﬁgt HemSms A 6y ot 4aReOHg o loget T0%, at least 75%, at
1ea§m@9 Re ;&dgtgm% di; RARABYE Or 2AREk Q0 5ES: ﬂ&&ﬁ&én@ié?lttg %ﬁ;( GMilable
be nodi to conprlse one or nore unnatura ani no
progedi de. g hatherapeptic peteinn diagnosti@piotkin,winénduséria asayas, iod portion
and/ or .an 15 unnatural ,am.no

thefqotyant he Hika e o oSG on Br B s pg addy dExsggples of

thekdp@iii€ dideRostR, Qnd othé¥ grbRink tRddch bY BRkdiTiedAD gblﬁﬁﬁ?et & or more
Ant i henol ytic factor, antibodies (further details on

unptyrabadineacisl e.gf, @n ﬁunaj@nabw;unompm Gopapistigel moiety where a saccharide

Atrial tri.uret.i,c fac tr
mofBF R SfaEhet of bl Ulanitiihgif Tt B Rfen a ShlchiBigeamotety, can be
fouRd M kiohBmite@ td) thosd GOWED2000%85923 o SExantgl&s oF, therapeutlc
) Gro-_b, G o-c, IP-10, GCP-2, NAP-4, DF- 1, F4, MG,
dlag:@sPSélm amiq qiher@mteing sk Parcle modified g0 comprissye €r more unnatural
| (0] . [ &g t
o ERSPRPRALAANE B Bh ek, kPR SR IR 8 andor an

unﬂdumbmolanfdl thaoindlode apacdhatide moddtp haludyphoeyd sot limited to, e.g.,
i.nf] ammat ory protel n- 1 beta, RANTES, 1309, R83915,
Alphg1 bapgitrypeing Angiogiglin, Amitheipbytic freian gpibodzgs(firthe defails on

o s o G000 AR UGB AR, v
natGoreplk obipeptidec Apdd peftides y€-0kCrdwmokimes) (¢.g. 2753 %1051 NAIP-2|ENA-78,
Grigagto-mrr & TOCCHR, Nibeto§ DF g A HI) GARIOR G gemoines

(e.4. Elqzo}locﬁé ¥ ORPAcint BroteiFTMonbORE 8RGRG ittt protein-2, Monocyte
preferred target for” nodi fication by the incofporation

chegfioatirastant praseia-3u viaoayta hnﬂmmm@ioacprdyem 1 elphe) Manoaeyte

inflaih oSt BN ks, RO FHc, bz, patoss.

T642d2) QP40 1iBandCCASFLigtM, Cofflagéd, ColsiS sBhtdfindFacor REBF),
Gonadotropl n, 8rowth factors Isehog proteins (e.g
Comphemeent faséinra, Complerment inhibitey Csmhmiemeniaerepios 1t @y@ﬂ@eﬁ,lﬁe g

b rudig,  H
opi TR iRl Aok Bl ety O RGeS p RS M-, M-
18,IN10p( 1), Efitlerdodh GrbWYPactdrTEEE) %Eﬂhﬁi)oﬁ&mQ{“EPbL r@prehéﬂ”ti%g a
I'L-3, fC-4, 1L-5, IL-6, I'L-7,1L-8, IL-9, IL-"10;
prefarretittarget fot Modgfiaatipn biKégredan¢carporptien &F onet dy e unnatural amino acid),

= 30415505 STALS OGRS P A5 P Pt crove

Fad\QUIHGH)] anh@g&mr Pdfdrectin, TROSE OMV-ASES GRicotdbbrbsidase,
oncostatin Gst eolgenl C protein, Par at hyr oi d hor none,
Gopwlatosin, growth factors, Hedgehog proteins (e. g., Sonic, Indian, Desert), Hemoglobm,

Hepatocyte Growth Factor (HGF), Hirudin, Human serum albumin, Insulin, Insulin-like
Growth Factor (IGF), interferons (e.g., IFN-o, IFN-f3, IFN-y), interleukins (e.g., IL-1, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, etc.), Keratinocyte Growth
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PDG-, peptide hornones (e.g., Human G owt h Hor none),
Pleiotropin, Protein A, Protein G Pyrogenic

weetosdns A, B, and C, Relaxin, Renin, SCF, SedTiobm03/032870
conpl ement receptor 1, 5 Suble 1-CAM 1, Sol ubl e
interleukin receptors (IL-1, 2, 3, 4, 5, 6, 7, 9, 10,

m%ﬁof%?géwsﬁh ?tlg%hé’glgg;]g\gf }agé Neurturin, Neutrophil

t
SEEPLAL T80 RGN Qfeiniy S AU g Po-ucse

PDSi) peptided®roibsesi(e &s éIL(IMI;owa Hocmeiw) cRlemynoging RmtmmA Protein

G, BYRgt ko Ry thand GEN@ating ReiopGeh: OHPS BpRpment receplor

SollBEALCANL PESHIRNE ftéRGKET reEQRGRIAL-1 (2T|§FB,)5 619m0, 11, 12, 13, 14,
necrosis factor-al pha ( TNF "al pha), Vascul ar

1SEﬁabltblﬁeTNEHe@wmﬂon@é@n@fhn(mamuﬁommemﬁﬁelvtahmase

soffiflgen e Sk ErGnloldplilohe Spbr Shaf Jiycf SBK sep,

SEENSuppkilel c@nnuqﬁseqsoum MBS ME ShocR ¥y Ao tekin €TSS T-13Mhymosin
unnat ural am no aci d qprl sing a noiety where a
8

alpha d c higsuedqdasminegep a@%mat@re TIOK BERFEISIS fﬂctoaheﬁar{ﬁalﬁheaa) Tumor

neEEhoRE shepr TR AR R B AESHHE TR, Bhkp. Vascutar
Endosthelial @rotthoFactdré VEGEF) FXrukitlage biicdumagy btheisonal
nodul ators include genes and transcriptional
[00T2Y Ul at ODnRIcRisebMSrotehttthirRdh bahfde abihg eVdnthositions and methods
differentiation, regulation, or the IIKke.
fortp HOReISPOTEREAN OhBinats Smine adid gl Mmuebialamine geid
cor}ﬂgﬁﬁﬁgﬁ mo‘ri‘&g c\:xtﬁlgigeaa{ R El?a?rde o%ty% ﬁ]ﬁ a{teﬂ:ﬂgﬁ 'or B.l’l %ﬂﬁ?ftmal amino acid

thapfn@ltuddS llao’ehmdé&nmatyq&s@ibea(hefdﬁﬁﬁﬁcﬂ@dﬂsItﬁnﬁcﬂtfp@@h@l méddulators or a
will be ap reci ated that expressiaon an

poitiog agreofy ihxgpple ta@ﬁ%toaalsmoqllé@tersap@wl«? ganss angytrapsgripgjonal

mo f&Yor'B?&JQi?lQ 'thcaqﬁlodﬁlaﬁi cell oxp{ nﬁf ﬂ:gerfugu{)r? RN Moy, or the . 11ke
stinmulfat ng na uction cascade, ref al at

Trmm;ﬁﬁmahnodxﬂamrms ﬁmnptm prokhtmtesr arusbs radd agkargotes, 1nclud1ng

ronoters and enhancers, _bi. n tei ns that hind
f““tpgb P&WF%% SeeS i ALY inc Efﬂaﬁ qerAO"l%‘ﬁgu Ay g range of
thePipRn et KA O priteintad nﬁfs%sxﬁ?%lﬁﬁ%iﬁ?%ﬁ”‘é\ﬂg&?m’fs
regpla(tﬁt Egmsnpmctmbpmeny)medmsmsun ga by baldimgtorreceptirs, stinadating a

sigfal oAt R GG R oA sF AR o ot PR e bl t
prondtas GH@ ehRCED) Bhdihg tdErotses tﬁ%tﬂﬁl@&ﬁ)‘ piamo@:@; éﬂdaén‘hﬁﬁcers
such as_cyt oki nes, |an ammat ory nol ecul es, égrowt

unwa@uleNAt, ARlioing preepRYAs pokyadenyinios FaWe. apdsleareding RNA.
g., interleukins (e.g., IL-1, IL-2, IL-8, etc.),
[ou7a1 er f er Oms clasEst proGimsiof 10inkGRidnl (¢.gF GRateiRDGAh oiker more

KGF,  SCF/ CDAOL/
g TARAFERD o AR EPTRRS, SRS G R e Rgrery s lnked

and/bPABEHGRIr ARG 8GH KIS ifddies G@ﬁdcﬁﬁ@&ﬂﬂbi&%r) Qﬁh‘l@cﬂaeé)@rcssmn
products, e.g., Ms, Ras, Raf, Met ;

activiatis s;trqhms |cawmnes,anﬂmm®r:$n@mub&mwwﬁxsfgctgrs thegy. receptors, and

on P ubicsbdos HETPUR et b Al 2 % fopblpterd RBECIor

IGFIMFSH, PDGES N aIGE-8) POE, FHCHKGE, Wé‘ﬂ{@f Ome01L./CD40, VLA-
al dost er one, the LDL
4/VCAM-1, ICAM- 1/LFA-1, and hyalurin/CD44; signal transduction molecules and

corresponding oncogene products, e.g., Mos, Ras, Raf, and Met; and transcriptional

activators and suppressors, e.g., p53, Tat, Fos, Myc, Jun, Myb, Rel, and steroid hormone
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receptor ligand and corticosterone. [0073] Enzynes

(e.g., industrial enzynes) or portions thereof with at
wo emgp3wee unnatural amino acid, e.g., an unnBCTDS2003/032870

am no acid conprising a noidty where a saccharide 5

noi ety is attached, or an unnatural am no acid that

i ncl udes a _saccharide noiety, are al so provi ded by the
recEROER IR A5 (hESE Ap CUEoSs R RBIRSEnS. Fsfasifiorepgidosipronpihe LDL
receptdt lieshd £id Briftosterddfl dases, ami no acid racenases,

acyl ases, dehal ogenases, di oxygenases, di aryl propane

oxi da L. ger; . i . .
00 o as o oymER B AR RRAHIAT o A L AREBf with ateast one
ungdtyrabsnasexl, egl, yo asydtutal amifoercabasprisalgapabty dhe@s, saccharide
i L T N T ——

JiRl inveRRSTP TALARES: Lol ihihds ' 2
e P e S
amirdseést amihceavibradémages,aicylaeesi dehatvigenases deoxygemases, diaaylpyopane

avadi | abl e gsee, e.g(gd, tsdltgel Si gma Bi oSci ences 2002
PerO AR Sy TSRS PRI Boglaserigptersshiy NG a¥HdiiRRSHY slucose
isoRiefised, 12660886 25y RBH (ERBRPased) Halop¥kid@bdsYmoiBE}K genases (e.g.,

vari ants thereof, are 15 well-known (see, e.g.
pAT8shidiakes. liguiy peroxidasan witiile byduatides; nisulakss, pieteasess phospbatases,
Subqﬁis&g:atr&rs [ﬁgm%eealg{@ﬂ@glgg al amino acid that conprises an

am no’ aci d, e

fe" & sacchari de noiety is |inked, or
t i ncludes an natural ami.ng acid that includes a
00748 or M e B0 BRE 6 OB afDnding Bothe gfentio are

cotheRlidIRf aviall$b10 [0k, & 8), e Idloh £BRZElent & 008 cAfaldBRE Gnd Price list), and
t herapeutic, diagnostic or enzymatic properties o

thejaerrespogeingpretainl sequantes dnsk gepevande tipioplly ahewayariants thereof, are

well kBRI Gl ATl i tery S 6RERY fpegion o one o

mod€tinatdryl antiad acitlailt lcbinprisds@nGumin®dcill Nehdrd @ lshseh@iidédioiety is

. reporter groups (e.g., labels or |abel binding sites) .

linkeql, pribaginplades an unnatrdl Gnyee agd tha énslydes p s§cchpdpmpiebhaccording

. r. ot i . S il : . .

o 85 o LA Br Bl S opAPLblg o O lantif, dagrosi

or @vgidatibptdpeities obintérbe. Exk@pleExathptapsutivhally edlewmnproperties include
di osti(il %rop,erties,in_cl ude shelf half-life, . .

Sergm}%ﬁrlif?y% elfinaliridststabiliy imymynpeerisitpheppqutic petivity, detectability

LY : el .
PSPt A1eBouk el . YBIBB PRI e
amgtoadsidsi specifickpeedddtiontof LDsnaryether sodeaatfectsi 4bility to enter the body
tior bility, he like. [00Q75 variety :
eoe§iehibi it G - biahbulabie® peAiE kb oo Re P atatiognostic
propertid® iR ludéRAAE Hﬂﬁhif@maBﬁitﬁQii&%P&ic AcGity, MeRREdARy, dpekificity, or

e_xag&lrxe, the i nvention can inc .ud_e substituti ng" one
thedike mifxemples of relevani engymetic propartion incbrdeshelé halddifs, stability,

ins with an. | amino 30 acid th
spelliRAF1 Rl i R R PR B o o ety i s

Lpked, qr by incorporatin n unnaturgl am no acid
007D 7 o Rt Rt s Caofien Y macitied to feliig g qgmore
uniab @8 A8 GEid9 BB the fikt@tion EF&r oxaPRE il ihveiSion CaN fHcllRe substituting

speci es; bacteria, particularly E. coli, which serves
oneonpelEna 2001¢ 8386050 1ROT MIE2 AJIBIREEZMs WAt gropnnatural amino

aci@ g}%:a{t] g(?rlggﬁsgea gﬁ %tglgﬂgdé%ﬁ%e\é\%% l(s:%c?ﬁztréra%g%@gtlyl i¥ liinﬁg)d? E)% ﬁ‘{,‘ }ncorporatin g

an unnatural amino acid that includes a saccharide moiety, e.g., in proteins from infectious

fungi, e.g., Aspergillus, Candida species; bacteria, particularly E. coli, which serves a model
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aureus), or Streptococci (e.g., pneunioniae); protozoa
such as sporozoa (e.g., Plasnodia), rhizopods (e.qg.,
wenicanseshn) and fl agel |l ates (Trypanosoma, Lei SPEEDBEN3/032870
Trichononas, Gardia, etc.2f; viruses such as (+ ) RNA
viruses (exanples include Poxviruses e.g., 5 vaccinia;

naviruses, e. oljo: To aV|r ses , ,
formgRReP® bista s Fisdiae ediegity LRgRyan Hirterie ish st Sraptdegocei .g.,
aw(eu}) %réﬁt&éb%@ﬁ(e(ge pﬁeumBnan 62‘65 @%oh K5 orozé/a?‘bé g Plasmodia),

Paranyxovi nses, €. t homyxovi nses,
rhigqifods éng. aEnzBmylaxbl amdﬁagt;llaaﬂc(mwnawm éezskmamstﬂﬁchomonas

Reovi rus S, r exa
GG 3 ViR EP ST e BARER g Rhmpl i e i yroses -
vadeRtib,i8orBNAnisEs, B@“\f)wzé lﬂlﬁ)%ﬁvﬁk’s@@ eas, MpaIad; Hdvevikhsed @.g., HCV; and
[0076] Agriculturally related proteins such as insect

Copqnayishsgk €- pROVEYiRaset &2-8, Rh@hd@vmﬂgps 8- oV@Vn??IaHWQV@mSCS e.g.,
t {0
RSS)gg)r{rI]for 3}1 %éé% é 1Hﬂ? X@&W E a%ﬂgafgom frill esh ci(s A viruses
(Repvirtisdsnfor eparapie), @NMMtdﬂDNH yifgsss, (1% Qetroﬂrﬁs&gﬁ ., Bﬂ‘@ -and HTLV,
CF hos hat e Car boxyl ase/ Ox genase " RUBI SCO') ,
an ??ﬁ; ﬁh@@i Nousessygh apHgR#sdhol pyruvat e ( PEP)
carboxylase are also suitable targets for nodification
[0059] 15 i nésripeimeilyvrelaied proteinssugh animsens resistance aneigios (e.g., the Cry

pro?%jgsghﬁgﬂcfé?g(?ﬂsﬁq ér%@% 1§£ ﬁhz{}' egb]?l [;lgrgs otf))lurr]lﬁ,f tgirgitél rF31stance

pro(ccﬁﬁs DOydotaxin détbeifiesion proteitdepiant gmim @nges (e.g., Ribulose 1,5-
onpositions of the invention is encoded by a nucl ei c

Bl%bpwhateﬁaéb@aﬂqsy/ xyBenasec IRARISEE " Linonpeanses(L41X), endt

PhG¥ph
ag§E¥ ree sgﬁgﬁ%ggggggons agpgwgggfﬁ%éﬁﬁﬁﬁgﬁ) <mu8ﬁby
incorpabgation ofl tinhataimt athinoecilaadion sac2Rarttizdddisionabf in@é@ttorﬁl X
sel ector codons, at | east seven sel ector codons, at

[007gRst ei phiersgd aﬁbcszﬁmeﬁt@otﬁa§rotah ot pas}%e pHide &f ﬁﬁé@ﬁt(@f portion
codons, ten or nore sel ector codons fini

n
theprgf) i dhe medednynd/orremmnosisions of thy i1VG07S] 183@@@c8¢siémwclelc acid.
Y e
Ty%#:é(lﬁp\%@ 1%%?5?(% iéc‘g?ﬁ dﬁel{)%lgeé% glte %gé‘[%ﬁ% sé'i@ct&f (%dog tqea\éta{vélo §e¥ect0r
codomsait lgasd theewisslectat cetlonbait leastnfout mt@cmoamw @t le% flae sélector
ere_a sacc arlde noi ety can be ]inked
CO%Q\M (528l S5 56 ?ﬁsorwdan% Rbleast seyeggelsctar g%fi,%lﬁaqi |1‘?fét Fehieselpetor
coddis tei? FeaSAffe Yed?srAobiS te?lyd}tnlitﬁ'é é@&oﬂ de%{]? translation
systens herein, or, e.d., in e case of the novel
synthetases novel sequences of standard am no acids),
the gl ybe Depiiede yadigvitiew st ruct ur al
[00f7 8ht ur esBmushtIE@hydmpolypeplgias D’éﬂhﬁ: itvegtion provide a variety of new
ﬁplo i cal assag .The eneratLon of antisera,
PO]\XB?IE eéi@@qués £1- OWPHENE AR UBRANY3LFRINg §1ddhat pomgises an amino
acﬂi TWIRRE b QBbchAde¥RbletyASintHRQinkEA P &R h?ﬁlzﬁﬁr AV fifd e@i@thgaﬂeﬂdes a
by such antisera, are a feature e I nvention.
sactiaride magietybin the, casaef pretednstsynbiesized inchedas]atioutsystems herem or,

d d stanti al d b
e.2p gt IR RO oS RN B B ATRetd e e, the
glya&ﬂﬂﬁ&'éﬁﬁ&%lmﬂag QEW/ s8R featifed WRRHRAL Be Eé&@gﬁ@éd e.g.,in

speC|f|caIIy bi nd and recogni ze an anal g
immgpelpgiedl)assayk a ke generation of antisera, which specifically bind the polypeptides

of the invention, as well as the polypeptides which are bound by such antisera, are a feature
of the invention. The term “antibody,” as used herein, includes, but is not limited to a

polypeptide substantially encoded by an immunoglobulin gene or immunoglobulin genes, or
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i ncl ude pol yclonal, nonoclonal, chineric, and single
chai n anti bodies, and the like. Fragnents of
w0 powssghobul i ns, including Fab fragments and PCEHUS®NG/E32870
produced by an expression 2i brary, including phage
di splay, are also included in the term"anti body" as
used 5 herein. See,. e.g., .Paul, Fundanent al .
fragmgts Sresenf Winehhspegifically bigd angrragnips @i analyieanfigeR). Examples
inchRfe r@%lcﬁﬁﬁ, ¥nGioblbhhl ERinRRE, 4l SHIMOLRGY antlRAE] anlaQhe like.
exanple, tHRe invention I ncludes synthetase proteins
Fragneentssfeminfunoglobylites, mstluding Fabrirdgneentscand fsqgawints mratiiogd by an

i munatr.eactjve with, an, anti body or  anti.sera geperated,
eX By abra. e iaeS dishlbyi 2% Ao Aol ReR BiedeBnmnipods” as used
heRfil. §e& QU NGE FRBHARLRA Ifrﬁﬂiﬁo?jk?, h FID1999f RARNIIEIENER York,

t he various sequences herern. To elimnate
foramtibedyr $mcturey bad/temninelagyher honol ogues, the anti body

or antisera is subtracted with avail abl e synt het ases,
[0059th as Fheexample, tpmvedtiinliaclodscynthEampoading thétMpecifically bind

o o T R Pt el RS b B5ly ot R aginst an
imARASE A3 R%Bisin¥Nes AtHehSe Wnlfd iR gdnck 3018&8€ Rlotn one or more of

tyrosyl synthetase (TyrRS), or previous sequence,
thoge i s yereolss sequencemladreine Taclithinge ¢osprdagipetst with other homologues,

ded by . the. | ei id . ti | | t
BT er HubHE il i PtsBtiEd Biuuar b tises. sHODE B Slig-tpe
MREBOIcchB AR NG Fhnnla@srim tyrody Syt heTNRQASERY), BS£Enown artificial

pol ycl onal antiserumrai sed agai nst one or nore

syrglgtessepichde asp aphioss mgWeh003(083B2% Whereribe sijldttipe Ak gannaschii

L ti e
PRt TR of BeuPuS kBN RY i Miss SRS P ARERig sich
poBpéepiRieeacalRdpyak¢ Aadgic adides sgtionafly peieedated and used for

pol Pe pt i de i nmunogens derived fromthese sequences
antghasly/agHsqra sytipetion Pepesesed to bel ow as "t he

| mrunogeni ¢ pol ypeptides." The resulting antiserais
[00861 i onal Iyorstyprsrkidrmat, Hevimnupaassay uses pobisiangl anfiserum raised

agai nst _the contral. synthetase honol ogues ]l .d. type .
e 3008 s Db YRR ETHES s DR PR Bl gl stfffces nerein,
or & bEtAkiRSRbER@ETdethérkof @.c., BEIRY 86out80% of thy full len%th sequence -

I mmunoabsorbtion, with one or nore of the contro :
prosidndheThes et oE pefential dgliesptiderimppunogensgieriyed fipen these sequences are

: tq dnsthe i . . [0 ] . . .
coR RPN IO B ABE U0 b EHAASSBacL kel e
optimeallgselstted toliavieiew cromsueaegeity aganost yieajohtrdbsyntisetase homologues

produced and purifjed as descréﬁzzed her ei n.

For ol
(wid B TR s. BEORBYHBSHRSH b AVQAR 93 pardemayeich frogs-reactivity is
n .
T B o & e L ey B hegtd
hotoldghes, piint tealse gé thetpotyclabahtrtisyrunf intthe iBGundasedy. | s
i mmuni zed with the i mMmunogenic protein(s) in
[008airbi nat 6rdet topradsdeaindedral forads ivanimmenoabsagsone or more of the

. Freund's adjuvant, and a_standard nouse_inmunj zation
impyugegsai pqlysptides ig produced sl puatiigd ag describoglren. For example,

e PO bR Bl RSB Yoo Bt DAL e LRI O Mo e
in thiw dssayf acawsestsultd arcadmdesepriogtdible doé tatheivindahy genetic identity of the

.generatiaon, i noassa . P o .
mlges 18 1rmmumzed with the 1mmu1¥ogenlc protein(s) in combination with a standard

adjuvant, such as Freund's adjuvant, and a standard mouse immunization protocol (see, e.g.,

Harlow and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor
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formats and conditions that can be used to determ ne

specific imunoreactivity. Additional references and
waele@e3wmddn of anti bodies is also found herei NnPERUSVA31032870

be applied here to definirg polypeptides by

I munor eact ivity). Alternatively, one or nore

g nthetic or 5 reconbi nant pol ypepti de derived from

Pu tl@'&q erky farg rndar W@Ml@@f @B%?Q?@#@@F afign,gmmunoassay

forﬁﬁfsrdnﬁ coRGiBbEY hafOM HASRE gasd rfggaﬂ)@&ﬁg Bmnfdd] eta&t‘?ﬂ? Additional
details on proteins, anti |es ntisera,

referendes and dlsnuéAIOnZEf&ﬁtlﬂr&ﬁﬁsZB alse [ﬁcpmmlhe[‘@ﬁ) azd czﬁ’obeyqipdm@here to

era are coJlected and tjtere t t he i nmunogenij c
de%f&?%@ew%@e? R mun?ﬁﬁﬁ%{ggiﬁh?rg?ﬂ KPP 8T TRIEHYnikptic or
recBRBERNE PAIYHDHAS %Mantﬁ"orﬁﬂ?e s@ﬁuéﬂéésedlsélgseﬁfhe}éfﬁ is con .}utgated to a

|rmunogen| C prot eins imobilized on a solid sSuppo
Carpet proteamand esetlias en ammundgea. tAiddgional det@i® wr prgtegrast antibades,

ted d wwth the control
ant Serr?l’ eot(é ‘sﬂje% %‘Z@(@S%falﬂ%‘e subtracted pool ed
er ed | onal anti 0083] The subtracted
W"Mﬂ ed tPPJéy &a]p%F%FG ‘%ﬁ“hé‘é?fa agangt g lgymyngeenic
polybéiitle ih %@ﬁiﬂn\ﬂh&éﬁsa}? ?dr"é?(ﬁm hia€a SR 155}956 NoARASY 1'tl{‘or‘?e or more
cormpar at I ve | nmunoassay h this 15 conparati vé assa
of t:lilﬁ smmunpgml@pl@tdanwmm@olhmdd)ma wiid sapport eRayetoms dnﬁma with a

bt ted ' d | vel I whi ch
it BEAT 1R e e seli B 0 P Atse & bR Fordfoy Retese
polgpéires foxirb@udedubRidist pb1f itk pbiycRinafadRbyc! onal
antisera to the i munogeni c synthetase as conpared to
di
O 1 e g G AR RO Iep o e
reattiratysagdinst e coftroldwmmbegries inca coompeesti iednsnsioassans In this

corfeatiNie gt FBRATALRS SIS onSiioa B QeHMIaRdOr g drected

t1teEBd'pBlWor§a@ Bftidel DRBicRr&ul$E & 1645t abhR %%Uﬁﬁfol@ﬁ@]ﬁﬁss@rpdﬁ to noise
determ ni ng whet her a test pol ypeptid ypeptid

ratigdpiijndia ﬂ@ctlt@@dtphbfcmﬁim@g@ﬁ |t@t1pomyrpapg¢rdesymhmasecas

cor ST DA LRTRY SR RSB ST ey o

binfigtredbalis adj@séd Bihy Raditioll s ndhbslifivdmmtitdre afch a8 albumin or
2-5x hi her Si 8nal to noise ratio than the 25 control

nons{ak yodins§ng srfeqongitions.itpmpererss apflefhedike. These
blnﬁﬁ%@oh&hgigﬁso arf [&gecgln slugst%ﬁﬁenq Q?slé& Rr d%{e%b’%ﬂ“%ﬁh?th% a(t%§tsp%lypept1de
(a pz:ﬂlﬁ)’epﬁdtsbléiﬁg adrhpatd tsthe uﬁhﬂmageni:‘d polysptitys addV br the@ontrol
%enl c poI pepti de as congar ed tg known )
Polgmlﬂeft dsepscificy }ﬂbP‘énd H8r epelpd sibissteg pebiciansl #ttisee In
ro ARy 0086 050 AL D TSRl v
contiol eithedasedionmlegrss updsr disepmircéory Bordiexemditans amd at least about a

., hoted, cro reactln antipodies are rem fromt
/e S Bl Ge FECP R © by TGRS b HPB ) P Dstantial

str&ﬂﬂﬁlrﬁlmlaxﬁ)@'vﬁﬁﬁ% 'n%ﬁﬁlnogé?ﬁc f)dT%la‘f)ﬁQ@ B SoRPArYPRPE hthetases
are then i mmbilized to a solid support 2004/03
andrgTthessfrye 3 pobpemixe afghenmiverttions exposed to t he
subtracted pool ed antisera. Test proteins are added to
[008# assaln dnother example, immunoassays in the competitive binding format are

used for detection of a test polypeptide. For example, as noted, cross-reacting antibodies
are removed from the pooled antisera mixture by immunoabsorbtion with the control

polypeptides. The immunogenic polypeptide(s) are then immobilized to a solid support
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conpete for binding to the pool ed subtracted anti sera.

The ability of the test protein(s) to conpete for
wheowdiossyoi o t he pool ed subtracted anti sera as PORPS20031032870

to the inmobilized protei®8s) is conpared to the

ability of the inmunogeni c pol ypeptide(s) added to the

assay 5 to conpete faor bjnding (the imunogeni
wh 1@%’&&8?@&&8 SPB&C?%@P%@@PU%I%/ fﬁf RrCiFEs aiF At Pithpgsay to
cotpaty f&gﬁﬁﬂiﬁ%ﬁpﬂﬂ ReBlel d@strab R Biifgh MPnd %ifi?%f@ﬁ’@!e%rotein(s) to
antisera). The pércent cross-reactivity Tor the test
corppaie &rrdnding trathe poeled dybtiasied gntiseam eagainprad ol the inmebilized

980 by B0t b B s e
to oot @ﬁqd@r%{]@tﬁ@mnﬁ@g@ﬂb ipBPEptided @bRDBA REMctBfely with the
. conpared to the ability of the 10 inmunogenic
lm@@@@@btmmw@entccp%mp@deé forhinging ¢ thg nooledratisara). shegercent

i Do s I 0SS- i Vi. t.h trol
b8t O BR800 SR TSR Wbl eSB!
03] gt 58 RerpSies gAY FEE eSREary/aa o trubogs for bindine
to e PBEEE dubittactdaBnifith [sUptiBRAIKPRRIhH#RM ARGnParedhS IR 4Rty of the
. binding of the test polypeptides is approximately in
1mmn@ogegwqplmept1ﬁ@sbqommpgtedﬁr bihding ierthecyeisdre. Again, the percent

R 7 oMo b LOBRDBER A o Smions

WHeROEH6 [petcangg o @hetivityes aTeasnsabs as bipdl fanthe RAOHE peptides as
antisera can be used in a_ conpetitive binding

compareth tbe gontsal pebpeptidss anther wherettle bining o thetpstipelipeptides is

. i t ' iC [ .Qr
opBSHYASAL 15 ol R AP oAb Al RO o
poliypentideg aeisaid tb epdcifically bhml the pogled yypicdaatisi® each
assayed at a wi de range of 20 concentrations and the
[0086punt ofn gaetal a8t RLRhdMEorbedbd FsbléParitidbrialRhh b&W8edah a
the binding of the subtracted antisera to, e.g., an
corppaiibiye bindiee EyRuRasssaytag descoibeq heraiidg epinpagsrasy é¢sh pplypeptide to

' [ ni I - . Of
el LR g 0o RSN o bR e
im@ongehict tegeamisayol gollEpadéshan cdch seayed at amidenhngd oft he
i mmunogeni ¢ = pol ypeptide that is required, then the =
concgrifatiofs R B Ao unk olseachy pelypeniicie ireq ety inkibikSQ% of thending of
e STRCRA BE0RBLER ki ERRRARE e & g pycin i
detasnihed udilgestendurd Gchpiqhgsp dpthe deouhOGBH¢ teBspappeptide required for

. addi.tional determ nation of specificity, the pooled .
bindit R SpmpeCS oA G A e GO i R i
pollyPAPHAR UL i Cre ROk BRbi (HeeSpolyRPAE islshANo kh&ifiGRR iR to an

pol'ypeptides) until little or no binding of the
antrbedy lgenargfed ot dopeninoggnad proteint, ipdeviddl thalbmoaut ie dt leasslabolt 5-10x

antisera to the i.mmunogeni ¢ pol ypeptide(s) used in the
as lriuﬁfﬁ,ﬂ%gogglgebgqn&rrq?p?lgp%pé@gct able. This fully i munosor bed

is t sted for re th the test,

W"ng ;SEL? padn afdtprdl e Pfgéfvtei?iﬁliis{t@ﬂ”% BOQJp &htiperp s

tidnaBy ful ORI sbitRA with thdBnSlsdRhictdIRbES ther than th
optidnally SNRpiimibs el vt 0328701%%91Cr@t%bobégﬁ\r/aederf o ¢

cortfioh gblygepsfdes hanti littleyorinerhinbsgeiibd ranttingemmunogertie polypeptide
subtAlied %ggl@h Sntisera to the immunogenic polypeptide(s) used in the immunosorbtion

is detectable. This fully immunosorbed antisera is then tested for reactivity with the test

polypeptide. If little or no reactivity is observed (i.e., no more than 2x the signal to noise
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pol ypeptide), then the test polypeptide is
specifically bound by the antisera elicited by the

WO pavysossgeni ¢ protei n. ORTHOGONAL t RNA AND ORTHEXADNE1003/032870
AM NOACYL-t RNA SYNTHETASE 28 PAI RS [0088] Transl ation
systenms that are suitable for making proteins that

| ude_gne or re natural am. no. acids are
rat@éﬁ)é?fvs% 1 binding gfﬁhatfﬁﬁgvrfmmw%w@d aperaetthepamygegenic

s e SRR

imBvhgdRkAREteRAl RS" and WO 10 2002/ 085923, supra. Each
of these applications is incorporated herein by
reference inits entirety. Such translation systens
ORJHBGON AL RINArAND GRTHOGOMNA LI AMINGOA GYIT.-0RNACSONTHETASE
PATRBIA (O tRNA), an orthogonal am noacyl tRNA

thetase (O RS), and_an unnatural am no acid
W@éﬂm e, LEans|aHARsYsteRs thas a7e Swtable 105 making m@tealsﬁ%atéwude one or
mo%@ﬁlﬁtlg'a ﬁ&%gaéﬁfdgﬁr &{aéd%@gueﬂéuéﬁai gﬁdagpﬁya%néﬁv@n
al dehyde- or keto-derivatized am no aci d, an
2002408600 6 aéntiglietl (IMEMBHQDS AND £1OMROSTIEIN FORATHERR QPUCTION OF

OR TSGR SRR R AT PR R S P At R A S <
2002008 3923! HRY-@t BadntT the3BapplicatioTs RRorparAted h&tef B reference in its

grow ng pol ypeptide chain. [0089] An orthogonal® pair
entirgtye dngioisanslagion spstens Jaralky. cgmprige sellsphadsdnde #NAthagonal tRNA

ORI oA B85, g St i

(fof:aqum gfunge@ediafinPacset @EHrHinE D I\%%eféeasﬁﬁt}tb@ﬂe moiety can
above. The O RS recognizes the OtR g., h an

be aliachadistcinat idddydeodketaderiyeHiesdamainpiagid, gr an unnatural amino
aciHa ﬁ?c‘flydegta%ﬁ%ctflgﬁﬁiec%n{)% wﬁérg t}?enO lﬁ@%}{] %ylgtgé {1]18 (51 ?RIQA with
€. g., an unnatural am

thewhastera afrdnchnad. Tee cadi BEythe aﬁnipenéﬂti @Qhﬁﬁpoﬁfe taél unnatural amino
unnatural , amno acid_ that includes a saccharide
acigte @\2rovring RYEXPSP %‘Eﬂfﬂ\%{n of nultiple orthogonal 25
t RNA/ synt het ase pairs can allow the simultaneous

[0088L or por Amj asthogenakphir isompeaerheianD-tRYW, 8. @ciugpressor HRNA, a

e f ex t R
rff A8, SORRhe, BRI e D AU e Beencs
syitiglasee andiswapably oDdeudihy AGelettof asdaga@stNRd dd¥ve. The O-RS
mut.ati on of a naturally occurring tRNA and/or RS from

recgerjzgs; the (P-HNdr @ Withen exisndad antisodaadoep sadipseerenidbr
t .
amfHE e e B RhSwich By YUy BIBREITED, Sy uhilulat o0 acia
compridifies neidip dvlmmwzt sactieei dOnidRMA chis bel eﬂtachedi o o mmaatural amino acid
|1 t at.ed t
thaf B2 a0 g e Sy g G e B PEEh s
RICATEMRZAO3H AR%E4 Quo&é%éi@mhﬁa&%ﬁ@ ih%gﬁ Eé%ﬁhr&ﬁ‘iﬁ{ﬂ@énla 1k ¥innatural

occlUrring or mutated naturally occurring RS
amgwaoidy using different codons. See Example 5 for exemplary O-tRNA and O-RS

sequences.

[0090] The O-tRNA and the O-RS can be naturally occurring or can be derived by
mutation of a naturally occurring tRNA and/or RS from a variety of organisms, which are
described under sources and hosts. In various embodiments, the O-tRNA and O-RS are
derived from at least one organism. In another embodiment, the O-tRNA is derived from a

naturally occurring or mutated naturally occurring tRNA from a first organism and the O-
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organi sm [0091] Specifically, these nethods include:

(a) generating a library of tRNAs derived from at
woe@s3wne tRNA froma first organism (b) negedT/usiog3/032870

selecting the library for 3 tRNAs that are

am noacyl ated by an am noacyl -t RNA synt het ase (RS)

froma second organismin the absence of a RS fromthe
RSis detivesh fgemmatwral e wising o swtaipd gatarally ccwring RiSNrem a second
ordafisns el ecting the pool of tRNAs for nenbers that are

am noacyl ated by an introduced orthogonal RS (O RS),

reby pr.ovi.di one reconbi nant t RNA,
0" 0% omBr I B Bl e Rl Bk SERBREP Bl s o o
detiieedrfodm @f feastions CRNALeRg AifE&brishisks;, (bigedBBvély @Bleéthty the library for
second organismand is preferentially am noacylated b

tRNAS that prs, anpipgacyiptehprandminopqtitRNdssynthgiase €aSr fiem ﬁ@e@ynd

ot oA KOS ARAL FR AT Pl P oy
tRNA}; Epbcdedtingghd ol bf tRMNAYf@indsBserd tint arsamimyasylatediby an
. preferentiall ' cylate the recaombinant OG-t RNA in
nt 94_80# | RS @-ﬁ%ﬁﬁﬁgm BIOVEHRS® lepst eneaivommbingRtfp ARNA.

_ V . - .
e 4068 RRYepta e Bolaplndl PPN R i o
the[&s frotrethe peaehd oeganisal dnd is piafierantydlytaminbe yhited eatht O-BSe The

e B PR S B st n

amiFoabPARS RSy iiRdthse (RBPFrBm!A18ir8 RESAntsnE ((}9 Je R EOHRIitR &Y Tof RSs for
conprises at | east one reconbinant RS that is

megihses thatoprefsrentindy amiveneylate thereeembioant, O-#RYA indlre presence of an

| . j ol v wh .
o803 4673 01 10,0 AR SR 43, By B Se AA0 Cpve R anc
(f) asgatioeBGeRetitle thagiool o€ hetl@R Sy thaGEEfontl gy RhRbYcyl A ¢he at least

the reconbinant O-t RNA. [0092] One strategy for o
ongyeremBinapgO R Ney inribyahsancenithe nmadirgleanige aeiflatherelyy providing the

L/Braél ' . I or | ect
oD N R R RS (A ATMEHLL0, A6 SRR Aoy Eck st one
recgmbaraat OFRS dnat Brspbafiofulthd AL YINinfiad asid, @A, in unnatural amino

Jdnvolves inparting a hetero] ogous t RNA/ synt het ase )
acig) gpmpriging a meiEy gticraysagchaide MIgcan e aHabrdror 48 ynatural amino
acid B ERIRIE ARL& bl ﬁoﬁgs @t r&gﬁopmm P-freRert ! € of

t he het erol ogous synthetase candi date include, e.g.,

t it [ host [ 1R and th
002 Eber 1 ERERRR KRRl o 88yl palro Ve Wopetfp ot
librrigs fromhaliich to scsechGihd/@e ydladtad OXREMAWr RSt cel |

synthetase. In addition, the heterol ogous t RNA derived

0008pm t he AhRE&H D or $BbAIhS aR bHAGEHARIRN i
[ ce]I)I synt het asest,:. O H(Izg\g\la_l AM %CYL t%@thetg%mr

invelvRT HETEES 2 hiokeriyeque RN/ santhetaRspaf, ethanpevting 4 pair from
ferent| i noa t es Ot RNA .wi th, a.an
st £ Mk A B RS R pepbot A pglqgous
syntlgsgaeicandigata inabide! §.g\Wiiek & ddesSast Chadst day Wt 2010 NA5bthe
PCT/ US2003/ 032870 31 noiety can be attached, or an
proeigt af e haterelasateitiNGrendidaiel inelude. & ssdbatibis ngeacylated by any

hodTBéIBLYhthdtdke. n addition, the heterologous tRNA derived from the heterologous -
tRNA is orthogonal to all host cell synthetases.

ORTHOGONAL AMINOACYL tRNA SYNTHETASES (O-RS)
[0094] An O-RS of the invention preferentially aminoacylates an O-tRNA with a an

unnatural amino acid, e.g., an unnatural amino acid comprising a moiety where a saccharide
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vitro or in vivo. An ORS of the invention can be
provided to the translation system e.g., a cell, or
W@roos336Dv0 transl ati on system by a pol ypept i deCT/081003/032870
i ncludes an O-RS and/or by 3 pol ynucl eoti de that
encodes an ORS or a portion thereof. For exanple, an
an am no aci d sequence as set faorth

ORS c g
IS4y SROT BB, oF 2 UG HORSGF R B ydks BrHIide moiety, in
V1tfd“i(§i’r i89%vo. ADOMRILNEE iSHATBL @an r9{7118§d tdthe @raﬁﬁﬁﬁdrf)@stem e.g., a

hereof, is encoded by a pol ynucl eoti de sequence
Celb o€ et Vian tmmlm@m@m@mpolypmdsmt ir[ahN@s an D-BS aﬂd/oaby a

o AR A RS MBS BN e BER: compres

an m@iwwd QbR a§ @@tlfSRH &h S’EQQD)N@” q-®for BEEhdeR MG vafation thereof.
or 10. See, g Tabl e and 10 'Exanple 5 herein
P2

In ‘#@th@@ﬁ@i@ﬁ]@e@ @fR BPOEop thFI‘RQf irodneoddddy, a ngmmlmde sequence

e g&ﬁ’ é%sgéer{ éa)m alrdlt ag}pnsmﬁlegﬁ@ﬁs ]\%Ogg]ag%b?m %t%‘gye

polgnmdwtidage@lbn& Reredf, @r koG ddarb e pelyaidiagide cﬁﬁ?hsﬁé a
mut ant .~ synt het ases fromthe franework of a

P01§9‘|‘Pc RttdgSequenpe|ok ey Pns of SERQ MYNOer8, fuent® dSeerss., Bal @ and
%ﬁel}é@e&eelﬁ @&Cs'e %&;%%%f;e%gg ﬁroyr 6“%‘; %‘Kot"i‘%cu?}eg: g yglgv? ?he section entitled
“Nedeicharid aed Bisiwpemlde SE@Imveaﬁmvmmtgdmmﬂ twenty am no
acids. To isolate such a synthetase, the selection

[0096] hods Bfethidi forproQicitNarBORS file)baSRIsi dnhéﬁ.tm?% poBEof mutant
activity of desired synthetases fromthe ini

synthstasgs fromnthe Eramsworknef & widhmsutyathetase, snd then selept)mg for mutated
t h |
R AR B SRR b ABTLRRH G Bl ol 53 SRR o

ketgengelor asacdhidle mbietpitldtive vs 8@ codimdh fwfe@iyeithino acids. To isolate
20 [0096] Methods_to generate

nnat no aci ds.
SHCEﬁI Saﬁl@ﬁ@@% ﬁbg A’ &@%Odﬁ rRRiRedpYrnten agse () prasiiiye, as the activity of
desfﬁi'& ARG adeB Frony e tﬁﬁhﬁl c%n be Mw %H@ tl”@%obl\,{ﬁ iSh Erﬁal r’tu)
he Synthet ase, |ng mechani's
“tusqmtt heinas & ,is agsirdble ﬁtevmtthessdlaeaobytrmgaﬂnymt dgffaﬂtﬂtfse]eamn rounds;

i ns _af synthet‘as r he |ike nd .appl.ying a
andg @“25?‘?66% %‘E‘é& gan ﬁlg‘?réjé{fe fegt ‘H‘%‘é@‘rﬁ\ﬂﬁl“&‘ha‘?l S-pased
t he corrbl nati on of a positive selection followed b
[Oogglnegat i Yiethods g gensrte %ommowswnwyhéﬂ%wé@tbﬁm include

mu&ﬁiﬁg sﬁ)nﬂﬁ AL dNe skl &I)%R’Q%lté:ﬁ)ldtﬁg ertz%guﬁqg &itifle mechanism
nonasse pos t1on(’s Ve har Ker  alT ows
sitede Ithessynthesase vt diffenerd eiteginsidnmbiging ellifé:srémtcmnmir&&ﬁ Wyethetages, or

esence of . both natural and unnatural am no

the;]Eaneglrd 8 W%?@ee{lﬁﬁ BTQCHMo b SIRESN A8 UsSrh PHhigheis based on the
confhl ARG a RRIveSEIBRARNTB IoREPRY §§1§ 1VE E@@bd’éﬂnt n B fR1E R

natural or unnatural am no acid n negatl \Y
selestibecuppression oftbe sdlssoredon ntttuelummmaumbssamnah position(s) of a

u e el ector 30 codon roduced a
posTRELERR {liboR 55l By ngl BSEuReIFLoRaysRBHer g aisence of
both Yiafuh8 A @finatial inind Bidd)| sudV AR takledcsRefetild Sirihdses charging
Survivors of the negative and positive sel ect’ion

the offbegrnab supprss BN A With etihdricwbyhlzarampatheal gejna 4eéd. In the
neeBi RABA BB ERR RN AN et st

codbhéstenduiyed dtei mmessentidl pbéidonBrofditigatiesatker feridvee ynthetases

with natural amino acid specificities. Survivors of the negative and positive selection

encode synthetases that aminoacylate (charge) the orthogonal suppressor tRNA with
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nmut agenesi s, e.g., DNA shuffling, other recursive
mut agenesi s net hods, and/or the like. [0097] The

wo pionas3isodf nutant RSs can be generated using REF/U82083/032870
mut agenesi s techni ques kndn in the art. For exanple,
the nutant RSs can be generated by site-specific 5
mut ati ons, rand m |nt nmut at i ons horml ogous

unpaliug aciss onbi THess eyrilisiases ¢ hemborubledied toifjgher
mufePelBdid, €.d. I?Nﬁrshﬁﬁhﬁ’é OFf? rétufsiH xﬁﬁtagé}&lsféqﬁ&hécgeﬁlﬂﬁort e like.

i nventi’o 0098] Thé p03|t|ve se tion can
[0(@7 2 gfrgﬁﬁ%ggarf Ef ﬁuﬁa?i gg% gz{n 15 Sf%% églrlﬁ%:né{j{paﬁo%'s Y%tage%eﬁls

techmiqaes laiowm inakomt. For dxhﬁlples &ie&ﬁlﬁtaﬁﬂRSWah% @ﬁﬁﬁtedﬂy%lte -specific
antibiotic or other selective agent can be applied as
MUIHONS,Fangdqny poinhmyEAtions. ihgmolneeys fncambinatiem ¢himests, cqnpguction or

the e CHi QB ERbHAE &ﬂ@s@ﬁe gﬁs%agdeh% bheAnPaioh! ve mar ker
5 nega i

tive mar escri hérel n, |n t

sence npa an no
e L R N W
posigVeaiaitios atholer IcSmpﬁadg fa@éle&tbﬁcod@ﬂ% b, ¥R aBBbedtbp S6HoANE the
a neg atlve sel ecti on marker, a toxic marker,

Selegiom THarker G526 rEeantifiote o othst fseéwmge agen garwbe apniedes the positive
t I

N R N

andeedatise dla_d{er,sas [psceibs ihereimfin thegetseatexndabeaite @f un@atural amino

essenti al si.tion_in the (3-] actanmnse gene,.
acif o RRPRAY: e P EoUFRPIET EFPersegimuisihas SelRtpr dodarbigaetd forthe
posi8lEsddcabn Hﬁd Rdeddi9e 'éél@&ﬂiﬁ%ﬁﬁé{e e% ri@fi@ n?a?kffrhﬁlch as a barnase
negative nmarker s used. In contr St act anase,
genghdoaiprisgngsat deast et ar miage Bﬁectplecrqdphasmlsed for the negative selection.
chl or anpheni col acetyltransferase (CAT) gene can al so
[0099] used, Thbpoditiveoseidctizesarn isd bebaxgd op sagitessiodr&avelector codon at
anpi ci | lin i s 20 bactericidal, while chloramheni col
a nprespetipbpositiandnithe Plertonise caee rensering pelisermapieitlinieaistant; and a
neéalﬁ% @«?EC&O utsﬁl tﬂé)ﬁf)ct)ﬂ ?ea?epg aes?%ls khe ol gat%\ﬁa IParker is ugsed. In contrast

SCr en|n hese 's ases “can
to B-NfarkBe SWRCE & s%dreteﬂ 1f11!d>r thé ﬁénﬂlhgna Gehesthi®phenféd] acetyltransferase
exanpl e, a nucleic acid that encodes the O RS can be
(CAIbB%neé?@n algodetusest, whithlacalizenin the sytoplasm; mareeder, ampicillin is

badw‘ﬁc%aﬁ dwﬁ%l«{ﬁxéor%ﬁnpgemcgp{s LRGN Ut agenes i s,

e- sbeC| agenest s, P8&onbi nation or any

|nat eof) can b ated .fro he nucl ei ¢
o875 "o 5% at%F%aﬁsmf}%le%E? LBE PERLE WSHAREALYS on of
selédiﬁ‘ﬁﬁ%cﬁ:%ﬁllﬁ sﬁﬁ@g)b €hds€ Qfxﬂhﬁgseﬁ Bhn thed b%ﬁlﬁé&gd {e f3Rher Iﬁutagenesm
obt ai ned t referen am noacyl ates the OtRl

Foygxamplh @ rmﬁlm agrchﬂhatanncn@esabfi: @-RS gamybe isglatedha aetinf @Iolynucleotldes
tha?rgl}c%? %‘Hté%ecg@ﬁ’ 3% E:8 (fé ar@én? %tztvg\%ﬁ rstcle% P%‘TS g}%ﬁﬂﬁ;&ng @g%nesw

ety can or an

recbiidination buaig&mtﬁmﬁnahaé@t) omi bd genefaﬁe@ﬂ@rnaﬁ@ﬁ@dlelefmd and,
the 30 invention, the steps are perfornmed nultip
theq ipdiyidual geps ofa GosahiRations T hase stepEpAn; kerfapgajed Wé amutaied ORS

s SRR RA IR 055 8P SRR 4T, HRhffrlEiino acia

e.gl, eu @hsatofal smimecicidoongeiseed mgiesy wherganagchatide alogady b be
used in the thods of the inventian, for producing
attiﬁ?‘?‘gﬂﬁl\,an @ﬁi’é‘}fgg?mﬂé?i Bt%df thadpelydes agrechazide &‘%‘11‘%% grr one aspect of the

invention, the steps are performed multiple times, e.g., at least two times. Optionally, the

concentration of the selection agent is varied.
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screening stringency can be varied on one or both
steps of the nmethod to produce an ORS. This could
WO pkssps e. g., varying the anount of PCT/US2003/032870
sel ection/ screeni ng agent t3at is used, etc. 5
Addi ti onal rounds of positive and/or negative

sel ections can al so be perfornmed. Selecting or )
[0M] eeni nd\ditipnal lsvele shgslgcsionisereening piinsensty can elsagais¢dhin the
' i 18 BV NE&, ¢ l.atio .
0 B8 AR bl g BT B bRy slcion o
scrégrfing strib¥enclylven beeaddd or@iecordoengepsi of thamethot p®produce an O-RS.
putatjon in one or, nore gene i n_an rcl))'zjganismin whi ch

Thigroulstinplydentas- YaRrias treamiph phislecsign/seeening agané ghat i used, ete.
e T s L R
or sdfredriveg canrdldvatoageise ane oomber ofexdhapgecia aofin®adEpenacabliity, a

found in WO 2002/ 086075, supra. ORT L t RNA,
ch?r@etupmg&%btm . 1e1m¥., B LRSS e,rﬁgpnsgﬁ%aw C. o¥ypigadly, the one or
mdr&¥eick %ég&fe'hﬁineasmhfbﬁeﬁ RP5RL 43R0 lgendih A& Rlin which an

amno acid, e.g., an unnatural amno acid conprising a
orthogasial/IRME1RNA sydthetase pair isdesedtn pioduasgnolein. at t ached,

such as an al dehyde- or keto-derivatized am no acid,
[0192] an urwiditional depaiisrfor poddcihg QRS Nfot altkermgahs adstrateisgecificity

iety, into a protein that is encoded b
of E% Syﬂ%\e‘ia%@vfa 8th%%&an5%~?§p<&ia%§§s 2% bg gwpé i B GAOVASEOTSssupre
recogni zed by the OGtRNA e.g., in vivo or in vitro.

[0104] AnrepaobONAf NARNARNASY he invention is SEQ
NO @ A I 3 . e .
0103, enced S PARESRIKENA (PRI b e B cfich e tncciflration of

an ahsagurat fmeineecid, e.g., entunhitech] tiNinol asidcohapriirggalmoiety where a

Pol ypepti de Sequence .and, Variants" herein. In th . .
saqeRgHIaBpISAeB O igrHero S PR ANeRyde 6 Kgtedotpaitzel apigo acid, or
an D8 thiaPARInoRM thaGAELERS: daBcHalBe nRAKE SinfAprdledP tHABis encoded by

present. The invention also includes” conservative _
a pphminglepiadesthatfco@primbira selgasor codemiliabis reangaized ayitheO-tRNA, e.g., in

.vari.ations of O-tRNA include those nol ecul es that
VIO AR VB 1 i ke 25 the O tRNA of SEQ ID NO.: 7 and

L2 A SRR B e g, e

and Bk SEHESS herefe for 3k R nE A EREMPIAR ORRKA MEOIRS hidfecules. See also
“Nuclei c aci ds and” Pol ypepti des "“Sequence and

thevigrtiemengitled [ Nadsic Add hodiBolypeptisie Se¢gudneg and Vedamts| herein. In the

r.t hogonal, .t RNA AR I S royided,in .|l nternati onal
R BB FHbERS 6 ivisbobe 37 bBnes (O apduosy SaRhfions o e
bade@ Care MIBEBE Bresdr. THO (réBti iNBs@inchABPE bl MtiR vartiatiBN of O-tRNA.
while preserving its affinity toward a desired RS,

For eranipde, isoaseryatiyp yadatipns of DY A dieluste thesganoloaulesifiat function like
e o . ; J
e OTRNAS SIS0 07 nd By AN SUPRLEER G EMh o ot hve

theZa 6/ O P0S (AT htd ISREAGBADRAL Tihe (RN AQIRURS S Y Béd@b@fR section
respectively. In the ne?at ive sel ection, a selector
hergiurititlsd “Nyclpistacis dad FolippptidesSegusnceapbVardangs.” o
t oxi ¢ gene, such as barnase, at a nonessenti al
[03054i t i onMepnss for producing a recombinant orthogonal tRNA (O-tRNA) is

provided in International patent application WO 2002/086075, supra.

[0106] For example, to improve the orthogonality of a tRNA while preserving its
affinity toward a desired RS, the methods include a combination of negative and positive

selections with a mutant suppressor tRNA library in the absence and presence of the
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e.
 cogialtsypisserotest

menber of the nutated tRNA library, e.g., derived from
Met hanococcus jannaschii, is am noacyl ated by
wepwegszweus host, e.g., Escherichia coli synthPCEES®03/032870
(i.e., it is not 5 orthogorsdl to the host, e.g.,
Escherichia coli synthetases), the selector codon,

anber ¢ IS suppressed and the toxic
Yfg%dlr! teaaggatuae e&pqtioged plectergqdgn(s) is introduced
in DATBRE LOG gf hagei %Ené I?Mrc'ascﬁ B-ok Hﬁﬁﬁés@&ﬁial & M&] When a
survi ve. vivors “are then subjected to a positive
mesrédee of the mututedvtRl.‘éA libray) gt deriveddom Metigmpcamuajdpeaschii, is

d k
iR st Py Bt gt Bt gt i £ ndBiner Bl por
ortE6&3dnsl tothe ROSBL £ OEk%leﬂclﬁB 6% By RRGARS), MRGEREtMebdbre.g,, an amber
cognate RS. These cells are grown in the presence’ of

codpns i) supptesned ané the, tosic gene progigiproduged teadm sHaleathe Cells

d
narBH TE bt AT o T LA R S

sutgedte forn pdsRBRGBIBetidointWHich & edletbiododeR AN, arf@hbé& codon, is placed
har bori ng non-functional tRNAs, or tRNAs that cannot

in ppositéveoyikergribye-ghe dsipresisteneseeeat, suph aBieetamase gene. These cells

als? %?ﬁc'tgm a\rllﬁegin%g%}glg tv?a tr \gfﬂ? 8 Ico%r},?&hggh g’ﬁgseﬁ:s §5 arteelr\éll\‘gswn En ﬁlle presence
of Eseq&woncaFeﬂ €8, kmpRyIth NER A Sie théd delectlfoPtheir ability to be
am noac ated by the synthetase of interest; and (iii)
amiroacy atﬁ by éhﬁacroemeﬁaedﬁ@g%atq: gimthesase @ng o peerhan amino acid in
a
BT B 0 0 Ak a ML A O roas

cargjpebe fecogrinsi Uyl the pithetasedf intdiesiard eI RIVE &6 bfﬁatanﬁblotlc Therefore,
sition(s), or at a conservative position, af a

tRIVAS i ek possSPPstersder endogenaus hestnag+ Srchstichigrarli Wnéhetases
n
58 SR 8 B o =T LRond B st
survoobeth €hectiens.c | i braries of tRNA are also i ncI uded
in the invention. It should be noted that |ibraries of

[0X0RNA synLiteises niutaet YRINA QS caisgadtbd "Mugati®ns can be introduced at a
m cr oor gani snms such as eubacteria or archaebacteria),

spesiftaposiion(spreag.i ¥ ROFSPNSEHIREYS BeSIRN(Yy ol at@iopasesyative position, at a

ol e bR B0 SO Yy

antido8on Rmp,e@) aNg.V 1dop/BHC4sh) boa Behikinhstish @ﬁloa[bs orlzl.11300ps Chimeric
Pat ent . 5,824,485 to Thonpson et al

libjages of5tR@{308 a@-,aisq igcladest i the 1ng(p1)1t10na rIgs}@‘g{d, l@pnwtp@,that hbranes of
R I B R
archabattenm)(ssrh aelirariesthatconmmise antse:l vlatersﬂg/ (oS kdgl, AN sPatent No.

o358 SISO USRS AR BebARARTAE a7 o o

5,789281 & Pt&9éPE LfUS. PE%% N&-59824 43 t@"I‘hb gg&ﬂet'a@QPs bhent No.
acceptor stem D armor |oop, variab op,

5,968,607 HtpShast ¢tet), aregiptinsaltyf conbtgudtddNmd smmlee@iufoe orthogcmal pairs.
conmbi nation thereof. Typically, nmutations in a t RNA
[0108E| ude midmbhaignuﬂamﬁMaﬁ%Mtﬁﬁﬁ%ﬂ%@ﬁé@ﬁé@@ﬁﬁ@ﬁ(ﬁﬁ%@ ata

35 anti codon Io(og of each rrenber of the library
nOREIPSERY2UVRRALPB(SHOF glf FASHYATYS Raition. & 2 wafay R Bosition(s), or a

166 iTon JHBUTEL I\ @R iER b gldi
ot onal tSequen%:e 8@%9%5;5%{){‘&1!@& A4 dhNghiRBdon loop, the

acceptor stem, D arm or loop, vanable loop, TYC arm or loop, other regions of the tRNA

molecule, or a combination thereof. Typically, mutations in a tRNA include mutating the



10

15

20

25

30

termnus of the OtRNA Typically, an O tRNA possesses

an i nprovenent of orthogonality for a desired
wo@e@anssns conpared to the starting material, ePQI/US100&032870

plurality of 5 tRNA sequend®s, while preserving its

affinity towards a desired RS. [0109] For exanple, in

ative selectio sel ect or nis
snfichapD HEa chei lalemé  Gribe Mlvary elamytang (R EHa8low recogntion of &
selBRERdId¥R. TRE Rt ATl TR incBudd- azddf‘hg a‘ﬁ%ﬁ nh@%ﬁ_ﬁ%né:e (%CnIA) to 3’

confers antibiotic resistance acta

terminug g thd@{tRN@‘nf’Eymc&lydat OctRANA poqscssdum l,mmogsmenl 8f
al ac hl or anpheni co etyltransferase

orfl g S0 f 2 86refl B SR ol e AR BERHAC ., theyplypality of
tRNmemeég a/hilB Pedsbiviil itLaffinity Bwdrds PIQAHHERTY a

functional barnase), etc. creeni ng/sel ection is
[0100] | onal k. ﬂﬁ)l@Xn e C}i@ggﬂtgve s@ﬁcﬁ@rp Y Bleb 0P cQlontS il HitdoBuced into

the presence o a seleCtive agen f e.g., an
polynudléntimkeiticat encmdes amegatmecse]lebmcm) maﬂker erge, aardnagingenit confers

t.he., concentrati g of the selection agent is varied.
antﬂ‘?i‘iti%‘]e“#@}lceeﬁ&-rﬂf clapssern SHFYENG fhat cpaiery pdgtegable product, e.g., B-

S

soBBRAES ol penca B RELL AN T RIPL ol oo
bamagg, at anmma&aquosmbn aiasrg.s biilf produtiag b dinsctionilrbachissexiete.

cI eot t encod egat i
SelggiBe/ReiBitionapREmaly Sghe B, sguAS Fiwopaanas phorllsdn the presence of
a sélBtAk- afggﬂr(e 8X %ﬁﬁhﬁbloﬁé’lsﬁﬂyﬁ SNikien)Y 34 bANERbodimn, tHY @

varian a selector codon at position a certaln
COIWQBﬁthiOBerﬂm@@@nstagmu&e‘mne@el |s, e.g., bacteria, are

transfornmed with these pol ynucl eoti des. In the case of
[014A] or t hoﬁoxrmdamPIRN!éo nﬁ@sunhﬂrel’acn‘ammﬂsubﬁreaﬂ‘ofr tRNAR] 4 selection

char endo coli synthetas antibiotic
SRCLAR: %t ls%é1 %‘e 4"? Pvﬁpr?%@mﬁé%e@m S99t @tp@onsense or
fraﬁﬁ@ﬁh'ft nﬁftatid?é %nt}&ﬁl@e& H# a f)&& R QAT Bt @n&%d@@ﬁfn %e{fﬁfg sele?tlon

o plasmd th NA I's not orthogona
maekeh,eﬁ; g mgmdusﬁégmammdbh) cBpatshmplf polyhadlgititly viahients, e.g., bla
t RNA' | pressed in the system.  a higher |evel of

Val}ﬂ%% Wll%tal € eC@rgo on g PYSIHPN picRitaip pesipyfeeconstryged. Cells, e.g.,

base ﬁﬁéqgans@%lsé with tBese gggﬁ{ﬁébt es %Qhé: §6Pad Eﬁ %%2191 tRNA,

unable to 25 grow on ar plates wth anti
whiphreammit babffmmt@hﬂwtgeddw&hdmgmnom E. scofzrsgnﬁlétaseme dntitsidtic resistance,

TN O T N T
no plasd. | 1F ¥heQRNROLs&HHE bﬁho%ﬁ'a\%%r 9 H?:f@rél@?&)él Fh@€tabY capable of

endogenous host, e.g., cherichia co Synt het ases
chaging the tRNA & qumssmgdhwyﬁem,tamgh@o $tvel ef aptibiotic, e. g o

R ILRSPhE sPURLRT LRGN 50y 8 R

grof &OLB egdad gads with adfbiotic d6@ehtratioRk |a50Lh%Eﬂ%lrtb Béls transformed with
ort ho%onal t RNAs or non-functional tRNAs survive.

ally, the WO 2004/ 035605 PCT/ US2003/ 032870 36
rlbonuclease bar nase gene can include two or nore
[013d4ber colohe casehd agoxio ipyadugt €, Irsbooaq:ieasb éaamls@cwbm a member of

the%&%&l&t]y%}f RH%HP ) tﬁg]c ar In%%?ﬂét%é bg en c?gep E lgyrcéenchza coli
synitict3egaRalit it Qoﬁotﬂﬁ%bﬁﬁdo the host, e.g., Escherichia coli synthetases), the
selector codon is suppressed and the toxic polynucleotide product produced leads to cell

death. Cells harboring orthogonal tRNAs or non-functional tRNAs survive. Optionally, the
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organi smare subjected to a positive selection in

which a selector codon is placed in a 5 positive
w@edoeosicoh marker, e.g., encoded by a drug resPGI/HSIHE3/032870

gene, such a P-lactanase ge¥e. The positive selection

is perforned on a cell conprising a polynucleotide
.. encodi ng or conprisin% a menber of the pool of tRNAs
ribpppig{eass Rargasergsye A inflyde Hgo elempre ambss codnns| dbe swariving cells can

be S6Q4H, @%.,aol)ﬁ%gﬂgte dn éé i 56t HiBR e [TAEAS Y as?&éfg a

pol ynucl®o ng cognate RS.°In certain

odi me n Wolg) cells conprises.
PP o St b AEeRy AR LR Bl SEbh Y o
orgagisecdre eiibjectb®taropasitive! seletiisieia vaich £X¥dle@65&sdoh s plaged in a

cell and the cell is grown in the presence of a
Posjigyeaselacinn mpeler, e.&, gncodedhpy & drugizasisterygenersach h@nlactamase gene.

>t ed, for e Wit Q be. .am noacyl.ated by t.he
g B8 E1ccfon i RdouBl i kel STy PRGOS pdigEor
corapiidng H mehBponse pool sRNAseh&ckOs:tieRdas. to Tdefah p¥lynucleotide
these cells show an enhancenent in suppression

encoding Rasitive selepligremarkst, @ad pyolyareleptidernaeding gagnatoRSy In certain
o . fici | . .

R LT T I T ——

negdativdsaleatignt Mihe pohmutleoides aradxpesssddihle ¢diledndahecélbis grown in the

efficiently, recogni zed by the synthetase of interest .
preggrge of é_ﬁ%lp%/q%ag%ﬁ, 1o AEIG B0 ERUAS Frciher flected faieir ability to be
B e L S b
respavisn t@athyd sl estbrivpdom eT gpicellyethasecedlf show e eplsinceraent in suppression

ettcieni e fared B ol Hirhorifa abSncRgR dp A onfEobS descapot
effRiclitly bk A& oRRZEd b%/ heSSh@elakOfs infebe%t.ﬁfﬂ@éélmrbo%ﬁ{gecﬁ% hem

or both the positive and negative selection, in the
fungtienad ot dN¥AS Bt ateeoh elfisient]y proogmized Yy theslyndemseoff ptenest are

t he selectj.on..stringenc For, ex | e, becayse. barnase
serbi%e R ZHHERGE TSRS frrsin” BlBe Bpr MRS BHES onn fEbenous
hodteg8! ExRefeNhio ebii ByntRiasée (iDah be hinfitbabylated by tRE GGt Gase of
. diftferent nunbers of selector codons into the barnase
intesesheangr @D sre Bipctienahin wansiasion siyévediath palestonsgr . | n

anot her exanple, the concentration of the selection or
[0148} eeni nghe stgogency of ther seledti¢re eg.., thappsitvd delastion, the negative

tj vos f the i [ h
G bR Byl ui BaBRRSEe T SR S i M
optRallpMcllidel ReryaRl thy sdledHdStrifgen S IRE Bk Adiple [hiéusel Rifase is an
stringent selection criteria are applied in early

extrogphy Xiproteit. dhe ripgange af themegatiiegelgeiéongnp! beegnirplled by

: I i | i odi

insgft e HONPER bS8 B bt codBnf i B BafaRe PRy bl ffine an

indubibleneg@abiey.elraidtipe skdmple, the t@rth@tioncdthdslectien ©fi@ekning
nulti,lg times. Multiple different negative selection

ag%w@gs, (B sTRPIFEIR epreepiraion) nhy MEraspecs Pt tsinveandigaathe e

striffho 08l drl BB RlsE Bld QLRI o RS HRGFE calld 68Ids "
enbodi nents, the positive and’ negative sel%eciton

screxpitige rThyanlefpesttigens salecti oW\ 20i At OZHpG6d in early rounds and more

PCT/ US2003/ 032870, 37 [0114 her types of selection
StipgEi SRR AEF SPLER N Ty STOS B FRCTigRn IF S o om Bomenig: the
negddttve §14JB0A, tha Pesifvé ENMiGh 52 bR the nbptve dhill pb&Bve Sl&tion, can be

an unnatural am no acid conprising
repeated multiple times. Multiple different negative selection markers, positive selection

markers, or both negative and positive selection markers can be used. In certain

embodiments, the positive and negative selection marker can be the same.
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a noi ety where a saccharide noiety can be attached,

such as an al dehyde- or keto- derivatized am no acid,
w@eooan3sphat ural ami no acid that includes a sarPChE§1008032870

noi ety. For 5 exanple, the 3jositive selection step,

the negative selection step or both the positive and

ative selectio st eps can i ncl ud?1 usi ng a_reporter,
[Oﬂ,ﬁgr ein ]éerrtggﬁg s¢legtiong gansbg usgd Wt e Invention for generating, e.g., O-
RS but@{l\?ﬁ ARG 'tﬁﬂ%/@@@@alfsQBét wRife, e '"% &Fﬁ@ur?l %ﬁﬁno acid comprising
exanpl €, a positive selection can be done irst wth
a na)lmswhem/e saehatdei ovietyrak be attachgd, suah ehamaldelpghienocksito-

t f CAT :
e EBEOoRL RE B bitabbabnite s B ind ik e moiety. For
exd.lﬂ[I)IE NBe HOsitivOsliBn sivPi BB néghhilveWEIEC Y step G IREH th8 positive and

se ectlon screen, that is based on the inability to

negatiyp selsesion sé@set@tl mchtcl@d@mg@)rep@teg wharei the reporter is detected by

flu&oegr_‘frﬁmattvgfe%s | cell.s 1 ‘g‘i{;}x@sghﬁ% x%*nfpl go?ﬁgﬁ E%?‘ftlﬁp%% be done

f1rsQf\Nlall’HJl§Jsmveg>eI¢etlolﬁngrker (g-R chlsrampRerdodledetiRAAhsfeidie (CAT) gene,
positive selection marker and the negative sel ection

Whﬁ@rtla% FATcganetsomPBigerR WHECtd €04Qihe- SpBtagiber étog codon, in the CAT

gerRel %Y@hdfollg%% ﬁ?% ngga R/fe sélgaldﬁesg?etehvtﬁaﬁ@'b k& hé’ ﬁx%bxéh to
expression o e Teporter, uorescen

suppresk @i sBle(:tGFE’()donT:i)Ee gl; twmgterncnye ooﬂomshat pcsﬁioae twithin anebative

screen cap i ed e intensity of the |ight
MAKEEF-§-o? LI/ dﬁ\ﬁé aserpaté, 5}% OIS BRPY Gl ot gere, o.g.
GF%U ?ﬁ 'agé eﬁ%&ﬁieﬂ? e p(%lt%%bl%bﬁ(ﬁl Iﬁ%{ iddOBe ‘ﬁ@%(il?f@ s&8 \Aﬂﬁ)nhmarker

reporter as a positive selection na
cari e oonéenelwe sayneRACHYr, .9| ploveid. Bxpeessioyaf thaelegamkeenaﬂ(cnﬁnves

screen,. that is based on, the inabil. r.ess
XN i he RS - reg Ut PoeiEDS aTh SurgmgRof the
sel¥dtioRi #Ad 3cRE984d weevama k@g tHR- 11Ekensn?/€tff@ﬁ’e3§ 1988 toTBPrescence the
al so, e.g., Exanple her ei n %ptlona ly, the
repoetpmatnéqe vagiedi bpara)ﬁm enodimeat, la positiva selectim canphalgee with a
dIS or i ke. .Cel | urface
rengghe s eoton Piaeie® ot BES LA A Buhup by R pesative
sel€otion@sReAth&tfis Based ohithd inakiliBlolsOpSressta @lectct cPAOA(EY klgUSwo or
C3 peptlde fused to an outer 25 nmenbrane porin A,
mosh af ARSIGQISHEIdEN 8megHive maarkesy ¢-8hbamass gengeSee althe.g., Example 4,
itope is displayed on the cell surface only when a
Seél ector codon in the protein nessage is suppressed

105331, o' s CRREOEl, A5 rthler S SRR Ut SR appage display or

theMKea WelltirRABEEX¥pY, RN, Y mxﬂ@%%a dell-sulfacd dibp1ay Yystedidelies on
the cell containing f he corresp ondlzg synt het ase gene

thecepreseion 9ba pertiguiar @mm@mq bo@ip@lSOVrH&lB cpeagé@ fused togm outer
me%h%%rbi)g%n‘:@ﬁégl sﬁH“S | dflifte BO al 3} ki3 ot t’&ﬁ‘ OTRELHIRpe is

bas SUF ace ay em was

d1s§ﬁyai ot o@ﬂduﬂ@del dﬂl)Zﬁfﬂerba/ sél‘a%@o@dn 341 tha|protam Iﬂ@ssage is
alternatlve to phage display. See Francisco, J.
%thnngliransmen s &he displayed peptide thgaicantains the %}H@etap@n

rec??ﬂzé/g%}zgl%%ﬂﬁé ﬁ%an?%@g\?ﬁ(%§wgﬁg&t?s§% Ctﬁe l1braﬁ¥ and the cell

orescence-activate sorti'ng o
cortaihingghp cassspondiag §ymicdtase igahe cant hebisalyted fwithgpmtibbdienraided against

pe;(etlftgg éé]natéumsnugrsfpg&%c urF;rrla(%gra{\Igr}dno a01add %ﬁe O%p%\-’%ase%%eﬁ ?fgéeSdisplay

system was developed and optimized by Georgiou et al. as an alternative to phage display.

See Francisco, J. A., Campbell, R., Iverson, B. L. & Georgoiu, G. Production and
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[0116] The selection steps can also be carried out in

vitro. The sel ected conponent, e.g., synthetase
W@ea408560RNA, can then be introduced into a cePCT/1/82003/032870

use in in vivo 5 incorporatdon of an unnatural am no

acid. [0117] Additional methods for producing a

reconbi nant oythogonal t can be found, e.g., i )
At eepres il fﬁ@ﬁ%ﬁfﬂ%ﬁ%ﬁ%@?«@%ﬁ% egﬁe?fﬁe?aln antibody
fraghblion B8 Sx@heP sifice ! Boc Matl Alad Scf BAR) 96?1 041428 T1999).

pepti dom netic synthetases by translating genetic

es desi : 10353 7, ,
[Olﬁgﬂg et Z‘Ih@ Q&%ﬁg@%@?@pgw %égﬂ%&atrlggggoﬁi i on k%&' 4 Cfglponent,
e.ga syiRhitasyarid/ie ttRBIA, byn thes badgltedacsdiatcecedl fohasgia,in PNAS
. 100%1,0): 5676- 568%. SOURCE AND HOST ORGANI SMS [ 0118]
incepporation,of |ap inpHural ARH9ATENt s t o produce gl ycopr ot ei ns
of the invention are typically derived from

[0143h- euk atdditionalgpgihpdssies Produging R Zegemebinant erthpganehGANA can be
oy ; . .

o U AR LA O Y L S0 oo o

al., 42008 dhagtaptmingpepidomimsti\NynltenseobCitanl@imyasabiic codes designed

Met hanobact er i um _t her noayt ot r ophi cu Hal obacterium
 de gerq P ABS A OREPAT-GOY - At caBal Hal GBRbewrhne A rezpsnition of

a t@y@@'s}nthéﬁ?é@ﬁ&’%g@%iﬁé‘&&li Al eWNﬁ‘éoﬁ)@@)f $4769564%

rococcus Hori koshi1, ~Aeuropyrum perni X,
Met hanococcus mari pal udi s, Met hanopyrus kandl eri,

so%é@%@ﬁjﬁgowg%#ﬁ? Pyr obacul um aer ophi | um

: | obus sol fataricus (Ss), 20
[0138] f ol obUibe traksdatiink] cohfpemamtp kapiwducecg] goypnottimmof the invention are

Ther | a vol canium. or the Iike, or_a
typisa SE RS P 0BT UR Y Bl wiapRih o Feigivampla) dhe qrthogonal O-tRNA can
be BEBATRIM b won-eBR&Y b MSroBhi SR O DESHRAAISof orSAnidid, e.g., an

| i ke, while the ofthogonal RS can be derived froma
archeabaetaiiamy sich@s df alrioseacis fansascbirdfiethanolyriayfum

or gani .. e.g... . an archaebacterium such a .
el Papnlechir SR RS e R R 8 Hatobacterium
speche q\mg,tmcvz@wgzmmlgm@ W&@@bwﬁumh%ﬁobmca& QbAKoshii,

vol canii and 25 Hal obacterium species NRC 1,
Aeyopyrasarfrsbublethangeabaes magpdeds.Methagnysssfgndleri, Methanosarcina

Ay c i iy I j .
SRR DA Py P BRI Sl slaricus 55
Sulfibhanokalati] ThermdpRisma Ayidoplatimh, TheArsplpdiid volvanium, or the like, or a

rococcus abyssi, Sul fol obus solfataricus

eu%ierlanb B asdieskrarania pdie Thﬂmwmeh%pﬁwiam stearothermphilus,
or thE ikEBRhESHR oﬁﬁb%&ﬁl 5?8 Eﬁn b diftivel lﬁ]%m 9 E]l_ Reukaryotic organism (or a
as Esc I,  Thernus

eubacteri um suc ericnia co
corhbiantiepdli drganisiBece.kl, as a®bBachhetariomhsrchpk Matkgnooocdul gannaschii,

R T R T LA T —

Hafbveledilim @E&@@NR@'CPW@M%O Z%%‘%%lfi&%?? I%CO&QAS‘MOQSMS, Pyrococcus
(e.g., WD 2004/ 035605 PCT/ US2003/ 032870 39 mamel's,

hotiikpsait Acuraptrimgpods,, Methaenicocars marepdlidie Mathanogyrus kaedleri,

ed as.sources, of, Ot RNAS gn RSs. [0119] T
e e e G e A
solfR&Hi MR ASHIfoPuls W6kodaii, Thermoplasma acidophilum, Thermoplasma volcanium, or
the like, or a eubacterium, such as Escherichia coli, Thermus thermophilus, Bacillus
stearothermphilus, or the like. In one embodiment, eukaryotic sources, e.g., plants (e.g.,

complex plants such as monocots, or dicots), algae, protists, fungi, yeasts, animals (e.g.,
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same organi smor different organisns. The orthogona
t RNA-RS pair can be used in a 5 variety of host
wWoe@anssns, e.g., a second organism |n one enPOOUN®NI/ 032870
the OGtRNAYORS pair is frdmthe sanme organi sm
Alternatively, the OtRNA and the O-RS of the O
t RNA/ O RS pair ar er ent or ani sns. SELECTOR
m N5 g@?fgc?ts fa%{%e 5 tlgeB ? ReFCs isoRrCesfdhdRNAs and
O-RBg genetic codon franemork of 10 protein
bi osynthetic machi nery for the incorporation of an
[0149fat ur akry,gy nﬁcﬁ&dﬁ&l'cg%ﬁ)gn&lts offdh OURRAYSIRY P%Fb!l}{)b@a&%rgfed from the
coipri sing a noi ere a saccharide no y can
sara¢ begahieoh, oralifferent argaragms. el heorthogorad itRNIARRS paitchn e asedl in a
cchari de nopi et For e | e, a_ sel ector codon
vl 5 oE Ak e, G ﬁpﬁ?a@ésnba@eone&m dirgerii e ShRAVA/O RS
pai® 8498 tBd!E A ganishO pAl@é}Qmelf Q{Hf’cﬁé oC}fQ§ QP the¥h-
an opal codon, an unnatural co east a r
{RINA4R-Ropiinare drama dliéfecsnd organibBisor the Ilke. A nunber of
sel ector codons can be introduced into a desired gene,
e.g., one or nore, two or nore, nore than three, etc.

SELACTOR THP@XNSgenet i ¢ codons code for 20 ami no aci ds
thre Q don .Because onl.y one sto odon is

085 e £ SPREPRRERE Ph g TERR RO PRt pon e o of
proEélf biddyntBelid@iatiferh) Sorth€ thebrhoPRANE ah ANRLRELhRARERIE e.g., an

am no aci ds, The anber stop codon, UAG 20 has been
unrptgabaging| acid qesuising 4 moigiit wberb a@ggchtm«éq lmolesW@tnelm agtached, or an

it dj I 8 the.in ora

umjllja{?n% nn%sagﬁlcﬁ%t 1§<§lucge% a'SACC ﬁi&d? H}énett}/] rg g;[a{%ﬁ 8 &Slﬁgtor codon
inclui¥es, i esg. | deni@asitee his€CodhOPnE&REAR dolok$akIeAs £EbR c6@n, e.g., an

Some Escherichja coli strains contain natural
amBefidan < anopleodon anamnalE) gadone aUat afeus hise gedoa, a rare codon,

al [

or B A RS0 htor BB e b i ST gene, e ome or
mopg, bve ion nroundt, agea dsinghret fetcert ai n 25 enbodi nents of the

i nvention, other stop codons are used in the
[012ny ent i oThe b keddticlcodeideoeetRdomRilhe adibeatBihiRdfop codons.

i nvol ve the use of a selector codon that is a stop

Begaygoanly sme siop codenispeedad; fontreslationalt termination, ths caberrdwo can in
[ r ] RNA e

pnﬁ&%\ééb\él%;%cg f?)t n@és ¢ I nﬁrotgg%é@nse. o ,no 62\18.9 gﬁ% intnggr stt&%odon, UAG,
hasdreen eaeybshitlbtudey imin @rRBlosmthEucﬁsydfeﬁi munmapw @cytes to direct

amno acgid._ This tRNA not recogni zed by t
the ingasporetign afpepEsla oREPRe R egyﬂ’i’&’r?éfl%seyAG is the least

use@%Wbﬁ ReksFHeligndl 'cBﬁ c S&‘ﬂe @Jél?egz%ﬁ%%oﬁ shidths kagntafﬁsrﬁl;fhrﬁp

i ntroduce the stop codon, the sit
supipriserrs BRINA sy whivd magtlmeﬂJ@@mad ifBes a naturg). a,mlﬁayeds In addition, these

o ST SUBHBFOE HOSAS B KRR U5l b 6bAyGalsag ot Muagenests, Tn cortain
emﬁ’gaﬂn@%%a{eqaa&mn el POudad Beluséemdhs BHERELN.
nmut agenesi s. Nucleic Acids Res, 791-802 (1988). Alen

[0128F O- R{ of2 én%%u?é}g b ﬁle@ﬂﬂdg%vog\%ntﬁe ﬁg@oﬁogwgﬂ?%oh& that is a

vivo, the unnatural am no aci i ncor porate
stop ee(hm*fge tlteonctdlrporbm cforhnatuta agiineaadsinotiwi. nEarerbmple, agO-tRNA

is gelﬂtaera%éﬁ ﬁ‘tt%c%gni%gé the stop codon, e.g., UAG, and is aminoacylated by an O-RS

with a desired unnatural amino acid. This O-tRNA is not recognized by the naturally
occurring aminoacyl-tRNA synthetases. Conventional site-directed mutagenesis can be
used to introduce the stop codon, e.g., TAG, at the site of interest in the protein gene. See,

e.g., Sayers, J.R., Schmidt, W. Eckstein, F. 5',3' Exonuclease in phosphorothioate-based
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acid at the specified position. 5 -[0123] The

i ncorporation of unnatural am no acids in vivo can be
wa@loove/0sticdhout  si gni ficant perturbation of thePdDES2003/032870

e.g., Escherichia coll. Fordexanple, in non-eukaryotic

cells, such as Escherichia coli, because the

SUDDdeSSI on efficiency for the UAG codon ends_up

oliggrucegifeseirestehMBEASRRASTH. Hﬂél_m&ﬁb&%@l 80% S5k B¥bien the O-
S
RS B8 om0 Ol Bl R S e tpdbe o i o
1ncbtm>ralt6d gresponge etht UdeG todom tb kygverd Ibmmna)ntmhimg the unnatural amino
.Su essi.gn effLC| ency can be nodul ated by, e.g.,
aﬂ@ﬁfﬁ@ép%ﬁ FERSIYRY- t he expression | evel of Ot RNA
t he suppressor tRNA, or using an RFl deficient

"[01&3? ain. [lbe meprorHionet AN Hiah ame agids ip Viyo, can he sope sithout

s1gﬁfﬂc§ﬁ’t ClufbhiGR BPHe oE‘tge %I?etr%hza%%rg: ﬁg%%?ﬁg,ﬁﬁ'ngﬁ—eukaryouc

noi ety can be attac ed, éuc as an al
cellsesuwwhds ﬂsvl&atrtch&ﬁcoﬁnbmuse]tﬁe awppicssion effiviedayrfat therdAG codon

acids that includes a sac ride noiety, can al so be
deFReS D e chpS o usia (ron %;ﬁpg e GRRGRT fuppressor (RNA, and
the@EEhé’é' fA&of P ’@Kﬁﬂt (%ﬁdh%ndsrlo S URG" %Jd%ﬁ Rl HifhtBs release of the

synthesis reaction is reduced e rare arginine
groyotg peptidiedonh de rihosuse), the sbppressﬁmma:fﬁntené)ocam hesmodilaind by, e.g.,

i ARy R B L b BRAARAPY, 5 P eGP lB g sing
RFh detibicst ¢@ge, the synthetic tRRNA conpetes with the
naturally occurring tRNAArg, 20 which exists as a
01724y 0" S PEh ] el € amEc
: not use t?%p et cgdog ﬁnzg&ﬁ%a55|gneggeﬁ%ﬁgﬁﬁgkmnay
where a\Aaca:fmudc ouesety uarebfsattmihem eech astanl aldehgdé-an ketosderiviatized amino
am no .aci.ds i.n [

scily o GBPRGELAGHRS PeifPa PEend Rsgharidsanpiety, gin alyegieqnooded with
rar@B&ion | P8F exandis whefhear giRBR- condiA8m i PR Mitro proteln synthesis

Conponent s of the invention can be generated to use
reagtigsis reduced.dheltms angining easlon 28GR0 habhross] edteatiiciontdnsinsertion of

RS S LR b Se £ B el 227009
(1999¥l OfShis r@@éegd@ syﬁ‘th@tlc tmmeomgébeﬁmhld?&?amﬁ@%c@ﬁﬁng FeNAArg,

| i ke, Exanples of five base codons include, e.
whigheAgsts asEonmIr sECEsi ) E&bAGAZua@ahC@om@Am@smﬁoﬂq s use all triplet

cod&lnF Rmsu?lﬁss&e%q.%%%& Sn ég&aﬁq\gt%rgcogﬁn%%tegs héyr—be gﬁs ggh%ms{nsemon of

amidotdeidarit iag ﬁdﬂt‘roltﬂﬁﬂmptﬁﬂ/tﬁngauon/mdtﬂacﬁtSeb eng. K8wiDard Oliver,

ant i codon Igﬁg the four or nopre base codon is read
Nugle Acidy Reg. 23A0FR(1987)d Camppasené of dieByantiencan be generated to use

ﬂmgpﬁﬁgaggﬁskpgpé can decode, e.g., at |east a four-base

codon east a five-base codon, or at |least a

01355235 SHBERL eSSBSl g o e

s1xmﬂﬁmsbambﬂ¢rml @xuﬂipwsl@f&burmmdaﬁs @sludae. REASTBA, CteIdAG
in the sane cel E the four or nore base codon.

UASHA, Q@@Hr%ﬁh%hkem EX | ddivedaserodenpinclndese. £ 4610 ARd
C?@ c?g@gn a A}@WAW W@@gCﬁAgrﬂl M. MR- exgmpl?e?’gl t%éf)resence

iery,
of mutated O- tRNAs e.g., a special frameshift suppressor tRNAs, with anticodon loops,

e.g., with at least 8-10 nt anticodon loops, the four or more base codon is read as single
amino acid. In other embodiments, the anticodon loops can decode, e.g., at least a four-base

codon, at least a five-base codon, or at least a six-base codon or more. Since there are 256
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the Genetic Code: Selection of Efficient Suppressors

of Four-base Codons and 5 ldentification of "Shifty"
wao-omnobmee Codons with a Library Approach in PCT/US2003/032870

Escherichia soli, J. Mdl. 4iol. 307: 755-769 (2001).

[0126] Methods of the invention include using extended

cggons based on franeshift suppressjon._ Four or nor

possikle fquabasrscdgns, iyt tple ungatgral age aGHds ¢am be gngoded in the same cell
S

usﬁ’lg ﬁﬁetféﬁﬂ)r Iggilreq%ges g&ié)g 4 gﬁg%ﬁg%g@be;tgageﬁ?l%tzﬁ% Pre Iifits of Codon and

AntzcmimnrﬂmeaCheﬂlﬂt_ry and Biolagy, dilry 28Gi2d4 (20ﬁ2() gndpMeighiery, Expanding

the éeneglcl Odéhé'ﬁlg DS h%tztl S\ng %%%ggf Ii@g asee g%'d'orpgﬁhgd:t
Ide%%&twn of-“Shipty’ %mbak@i’eodon-} %ﬂz?tﬂLzb(’c;@ %%broag%;mz@nchza coli, J.

wer e used to sinultaneously incofporate
Mol. Biph 30y 73-76f (008nd an NBD derivative of |ysine
into streptavidin in vitro with two chemcally
[0126Y| at ed Mdthadyes ithef inventiop isdsder usifg\tisendSé eodans Pased on frameshift
Hohsaka et al. Am _ Chem Soc., 121:12194 15
SURPTRRSION. FioHr Gfrimpry Bas, epdont R Nl &1 9F MUkl piusahamino
aci@®irkd the sQine NN, GBF bXRLAIY %uﬁ"l‘)atsg co&&%’ﬁa@@ﬁé&%@@&) fnorporate
suppress UAGN codons (N can ,
unfiadegatiamninatacids énto gocteine psieg 1rUA@A bm@vynﬂheu@jmd@dst B@e ag.,Maetal,

el G S0 8, M P S0 D Sl b Gors

(19908 ABGGENAtAGEU weke ubbd to sBh@kaneousty BicdPardte Q%i)hth&ﬁlanme and

one enbodi nent, extended codons based on rare codons
an HIBI) detdvative OQtysmdniﬁ§tr@eth1ldm inyétdo withitwo ehemigally agdilaed
r eadt n h|f .
fraﬁl%rhlftesgﬁﬁrgsns%% e?‘eeu(re] ﬁlat}{o%g&gl ¢ ld Jf A%l 'Soc 121:12194

t6§ [O127]

(19993 nﬁi @t ihonad suhxy;p AsSTre gt Aysiagiimedate albﬂiq/ ckf&Rwéﬁl dedivatives with
i ncor&or ate an unnat ur al am no acid

NGIA 40 ¢asons 14 HEDEE: UACOR50dogr RS can hip Us fy Uk £ 2d found that the
quf’cﬁ'ﬁ o A I@Jg% ?(ﬁlalfet &’eco?e?lgagpa?tﬂ};am E’ar : U%nantﬁg&%n%ﬁfl an efficiency

I ne S a sacc nnle
of a:&en 265 wath lixde yemydinigde thd Goe-1 frains| Sta Moate dsnytpa‘s MoeigBiol.,

a large sequence is inserted into a gene but
20§45 Ef000S. ncand caportimes: Lbndrhoodprg g%Séa QBB COEPRSATRonsense

coc?o tchi'6¢ Hi 1& MRfenf&H, clﬁéanare&dé% hiSse 3&5‘1@9&&*&&% and frameshift

osone to hop over e sequence and resune
smmnamsmatDﬁﬁrdmmmﬂﬂiamn1of the insertion. [0128]
Al'ternatively, or in conbination with others nethods
[0X2F%cr i becA aasleiohsl bypiksingeystpmrdah @lsarbe unsetatounaj»rpamm unnatural
aci d, ., an unnpatural .am no_acid conprising
amigg 491@» e. Wélrlgmatugaé@e%ﬁ AAS COMBPEIYE & MPIg Wél@%ea%wéehar@@ moiety
carfhe MPRALY bRbn Paﬁhigotaeﬁtthét%élﬂﬁje%% sﬁfch%ﬁag BRidifl&n a desired
nmoiety, I'n a polypeptide, a trans-translation system
polygeptisie. s edransliticnak lyygtassind\(ys2mi) 4/ 16136 6€&fuence is 1nserted into a gene
PCT/ US20 2870 .42 involves a nolecule c mRNA
butjs é‘%ﬁ‘ﬁ‘m?ﬁ‘i ‘%Q%P?egh ZQ‘CCS&HPEHC?HP‘%@RM STRE m‘%t Sf’g’es as a cue to
ind¥kE HRliHodbhY td RAPRE tHeQegibndé 8hlY feshiiNAadIstidnSdownstream of the
am noacyl ated by the al anyl synthetase. The
insgitfoher ence between tMRNA and tRNA is that the
anticodon loop is replaced with a speci al
[0128] Alternatively, or in combination with others methods described above to

incorporate an unnatural amino acid, e.g., an unnatural amino acid comprising a moiety
where a saccharide moiety can be attached, or an unnatural amino acid that includes a

saccharide moiety, in a polypeptide, a trans-translation system can be used. This system
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| arge sequence. This sequence allows the ribosonme to

resune translation on sequences that 5 have stall ed
wa@igiong3zamns open readi ng frame encoded w thin t heCT/DERINA3/032870

as tenplate. In the invent42on, an orthogonal tnRNA

can be generated that is preferentially am noacyl at ed

with an ortho onal s nt het ase and | oaded with an

invehtes A drlecumeatisd w‘sw ankealenirhig calig@his RNAimglecule is
_ o
sekiay S0 o ORI Rl ATREEIL Y g, e

diffehece bearesh a ROTA aebiRIeS js that the attiwdseipopric eephred dé a special

1 withint h% 10 orthogonal tnRNA. £0129] For _a given

args dBAcea This segire aliornthe athosprag o YRR Eansatiogrontspguences that

ha\réasttélfealusfngraﬁ% eR A3 8in ‘(éqpeeﬁbsenc%&f @1tﬁlﬁQhﬁﬂﬁi[@lggné§l{?mBIate In the
system do€s n t use (or rarely uses) e natura

invenigom an BohognuahtphRN Atdan de ignmdratelé ﬂlaﬂlsqysibﬁantmﬂyaanm)acylated with

th th t h
an SR S M R SR BB, thDfGRoRERg o one
usih @R 59N the Hbokhs Hh1ISR LHeOikic GRS IRS udRiraNEhiny acid is

i ncl ude unnatural base pairs. These unnatural base
intipaneesl ot trat bids, thengeandlati e rassinss, usig g denseyiencalepbadsetwithin the
n#aggase pair increases the nunber of triplet

m 64 to 125. Properties of third base pairs

oﬂ%&?g

| ude stable and selective i efficjent
012D o s B e Dittars o elaior Cofon SRSt inglfids Pisopt the npggral three
basd colGHsy WBERIRe ertfd@eddi8 sPdtéh GoEM ot GO Edr PMe &Eé)rfﬁ‘é natural base
extension after synthesis of the nascent 20 unnat ural

codsais @Op axampledbisringudes rassystﬁmuhatas lacking lbaB Apthiat wcogriizds the
natél%g thre %gg% Og]l’ ];o(i/ornaeé}% Wg?r&%aef &g%q%s% Ig(?cposnflg ggzllrlé %gdon

mlﬁﬂfﬂ; gorB L nghﬁg]m ngptijICI ues | n;gsegz{z)]rtére IThese unnatural
base@afY AlHhePEHang ld Xigin r néticsilﬁﬁbg’te | St exfQ 34 }%eﬁpfncfe'ases the
vivo usage, the unnatu nucl’eosi de 1s nenbra

- nuipberrod ditiplet coddng KomZ@ tp H@§p Rowpgitis efithil Hase paitsiiaclude stable and

corr ondi n hosphate.. 1 n additi he. i ncrease.
selE B TS el PO AR ab e daol 5o B Wish gty by a
pol§fletddé aind EMZFAER Nt d:(’fnﬁﬁh iféd idnSioRaftBefMBiesAYY the nascent

ot hers took advantage o ydrogen bondi ng patterns

unnafal base pair.f Pescsiptiony Qfmnmhf@wé bpse paira wdwighcedn be adapted for methods
ancill\%otl%ﬁolgltgn nléhpaae % I—]Srageer{%f' Ar? I/Otltl & tl EXSée paziga\%r {r%cgfpogfztmg

I SO-

am#do. aczcﬂanaﬁﬁ@ue@bﬁﬂpnﬁaﬁ, NatﬁﬂelBi%%Bnélégﬁ 9D:1730182 (2002). Other
Piccirilli et al., 30 Nature, 1990, 343:33 (1990);

rel%awub@eatwm@rﬁhﬁte@?éw Biol., 4:602 (2000). These
bases in_ general ﬁzlr to some degree with natura
[0183kes anBorwarvist HSI@se, ynmaturelaiucleoside s membrine pmesiable and is

ph PSRRI SIS (A RIRASLY AL 84 bk O ORAARIC HRARKERRA genetic
infE@btiip 2002410 3288t deddoyed fbyfcemhlaf)ﬁlzg §.0BRAiJAe BEFLAYLY Benner and
drive the formati on of base pair ee Kool , Curr.

othesitpok advpatage of lyydrogen: b@@émg;v@@@}ls thehare ifeeatr{reim dhose in
R VAR EORT, e B A (e o

pais abdesé.yi, Sgitaéid et ahel. Ao vEhete Qocr, €hRABE, (1989) and Piccirilli et al.,
Nature, 1990, 343:33 (1990); Kool, Curr. Opin. Chem. Biol., 4:602 (2000). These bases in

general mispair to some degree with natural bases and cannot be enzymatically replicated.

Kool and co-workers demonstrated that hydrophobic packing interactions between bases
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Schul tz, Ronesberg and co-workers have systematically
synt hesi zed and studied a series of 5 unnatural
whyanopdsebi c bases. A PICS: PICS self-pair is fpCmtis1003/032870
be nore stable than natural43 base pairs, and can be
efficiently incorporated into DNA by Kl enow fragrrent

carspioRR feroge bonstigan Ao off {oBBRUCH Ot saé BT e ey ckasi Opin.
Ch@ﬂldB@ag Wa502 {(2640); an?lGlﬂlﬁanQﬂﬁ'Koo‘{SO&gewl@%eﬁlzﬂﬂ E@QQ&) 36, 2825

A 3WN: self-pair can be synthe3|zed by KF W1
(1998).i b anrafforatedievelop @n junhatyrabbdst ipeir safisfyiog abitiod ahyvc adquirements,

sl OER8 o3 i bRV ol 1 i s o
unmananhyd@f,pndbﬁt sed. OA PIOSPIES sé1£phit &bl o Iﬁylte%raém% natural
ol ymerase has been recently evolved that can be used

ba%ed)arrépﬂnﬂ@an be efficigptlydnenspgrated into DNA By dileneyw fragmemy of

Esﬁﬁlrzf’&mﬂac'éze ﬁg%og&érg%gf(ﬁéggf ggi rl}lbe\; gfeJ EAmaéhe’m Soc.,

1211586 (@bo®)e apbORawDetpil G I.PYm. ﬁaemascs:q lhes74 @miosv DACBMN 3MN

sellBiiE Barsamgesived by ki vh eiforoagp and sotivisy sulfcizmbisy biologica
furRB6RUSE, @.E.t, ;@?!Wa et GIOASH ¥ @B@t ri éfﬁo(@@@@ i dwever, both

i ntrinsical orthogona O natura
basep titted 9 chhin terdmenatnyfom firtirer cephicatadee Adwamtt DA @blytnfdrase has been

recB RO RINERE oA BRSO Uae Pl T I Aftion, a 7AT self pai
caﬂ«'lBHh%?H&a?éd B0 athéer £1 £ Am!t Ch@RYSRITI129:748H ¢2001). A novel
amino acid, or am no acid anal ogue ot her

methighasegiats nBtmcsPE,l e alsndeen deyetapedywhink ferns a dtable pair upon binding

Culif (BMRhSRENY AN . ol S PERITA TR, B AR erignaed

codys afd Benan@hldcdth &re iftkinkioll CortfolgBnal 96 & codons, the methods of
hi sti di ne, isoleucine, |eucine, |ysine, net hi oni ne,

thegpesmjion Faihtake adxﬁnéﬁge@é this Bopersy to ganewsis ordhogonglsRdsdAr them.

tyrosine, valine. The generic structure of an

al pha-amno acid is illustrated by Fornula I: I R 25
LEQE&&&ELJgﬁﬁﬁ@ELAiéﬂﬁ An unnatural amno acid is
[013%8' cal | As A8 l’?etr&g%%ntﬁ ﬁatn o a i ke‘}s Mﬁr rngllng aci hl%odlfled

roup 1s any su uen O er an one

aminveaeidy on a[hhfoé‘dcuiaz([jﬁaltidgua othds thaﬁeelenocgls@mg agd@e lpgifrb@t;ﬂhy and the
Stryer, 3rd e 1988, Freeman and Conpany, New
fol%mg toiegy easefically feadesalitieing AFils ARG [ATgAinApSparagine,

I
e T L S

lysimat wethidnynep phfulyiialargnfc enqglognsksinef thesonink atnypthghanywembsine, valine.

ha-am no a above. 134] Because th nnat ur al
e e M elieeS satorRrEe Ao Foerered by Formaal 1 rom
the natural mIno acids in side chain only, the
unnat ural am nolacids can typically form am de

R

A

HoN CoH

[0133] An unnatural amino acid is typically any structure having Formula I wherein
the R group is any substituent other than one used in the twenty natural amino acids. See,
e.g., Biochemistry by L. Stryer, 3™ ed. 1988, Freeman and Company, New York, for

structures of the twenty natural amino acids. Note that, the unnatural amino acids of the
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5 bonds with other am no acids, e.g., natural or
unnatural, in the same manner in which they are forned
WO poop@ssnal |y occurring proteins. However, thePCT/US2003/032870

unnatural am no aci ds have ®i de chain groups that
di stingui sh them fromthe natural arri no acids. [0135]

articular jnterest for makin protei ns of the
inve el R AU CORAIG: BFRISA FOHE G HpharaminG acids
ab(lf@(nul a | includes a noiety that can react with a

reactive group 10 that is attached to a saccharide
08821 o Rl e AT S SN oSy R om e

natiured biméiey adidy in 8xderohhig, onkyg tige ynnadirgl @mino boldg @hytblpl,cally form amide
drazi ne, cyano-, hal o-, am nooxy-,. al kenyl, alkynyl,
bma%? %@hy ot gpeacidsf- &) natughprapmatural, fnrthp same mapReziR Which they
areBF AR Sran gf@&ggqr%@a&nﬁn@{ovmgﬁ 3m'9£taﬁ{198¥&hé fiave side
enone, Imn ester I oacl thioes ,
chdin gohaipe thae diseénguittydiemxfydra theneturalninmiap aeids. t he 15 |i ke,
or any conbination thereof. In sonme enbodi nents, the

[0135hat ur alDf paititalaaditelestifay@aking ghebp@edihy/ettthbiention are unnatural
cross-linker. [0136] In addition to unnatural am no

amyq agidstip a%hl%?wtna’ﬁﬁﬂwé@/ binclydgea gieagtn dhat gameeacirwith a sgecke group
{

3030 sSSP SR BB B

inclhaiesrtHeaunhbtuged dndihd acid. ISdRab]Z Kigrbﬂlpsl inclhdle 20r ek anple,Rets-, a21do-,

YRV PIGRAeREYans SRl AR, AT beToRu: Cab opther, thiol,

f -
selQﬁ({ cﬁﬂig’?g Oﬁpot\flﬁg grgirl)ﬁ/até: %ﬁpé;ﬁgﬁgp@rsﬁ{o %%?Iélrﬁg %{b@eré&ychc enone,
iming pildetlyde, @@Ir,ethtoecidf thioesteh diirslenel dstesthydfoxytansing tanging,sind the

for the oup,.des bed WD.2004/ 03 5 . .
ik G A SR S o0l e ST oS gR. A geids have a
ph&@mﬁ,aﬁg}éld@@ssﬁgﬂ@yl al as well as hydrogen. For
exanpl e, unnatural am no acids of the invention
i onal SREH fo :
[Olggjr boxyl ![ﬁé% oup aﬂs SﬁIII-I?tldg‘tﬁ tﬁg%ﬁgjé {/ﬁlﬁ%%r?hfb?n ﬁ‘(?‘}e!l‘ glrﬁig Eﬁl?s unnatural
amirenaidsraido eptionallypeintsiseimddifies] bagklone shokuds, e.guts dlustrated by

t ol 0 ac ds, a-thioacids
the%?xgmu#gqﬁ’ggg@ﬁ&%n‘%ﬂ@ RS 5 wit hI si dle chai ns

correspondi ng t he connnn tmenty natural am no acids
or unnatural si chains. In addition, substitutions
at the a-carbon optionally include L, D, or a-a-

z C—W
|
X
I
R R’
HQNXC oH

wherein Z typically comprises OH, NH,, SH, NH-R’, or S-R’; X and Y, which can be the
same or different, typically comprise S or O, and R and R', which are optionally the same or

different, are typically selected from the same list of constituents for the R group described
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di substituted am no acids such as D- gl utamate,

D-al ani ne, D-nethyl-Otyrosine, amnobutyric acid,
w@ea40803 | ke. Ot her structural alternatives iPCT/US®03/032870

cyclic am no acids, such astSproline anal ogues as wel |

as 3,4,6,7,8, and 9 nenbered ring prollne anal ogues, R

?1 am no acids %ﬁfh as subst i tut &3 al ani pe

ab%ﬁcfov e uRp#Brab ATy idsiaingforava leg pvebhas hyfegeirahgr example,

unﬁ’di‘ﬁl@f MhRb a @ﬁﬂs RO 1RGh ARk %p@@?&lﬂg CGngH@é Hfb@ilﬁuﬁﬁhﬁﬁ the amino or
acids, such as tyrosine [u nyl al ani ne,

carboxlyl tgnaupl askﬁustfﬁjﬂddm Frgrmoaitea I]Ibgsl I cIIdemlrpba:rmno acids of this type
ort ho-subst.ituted tyrosine

1nc§,}ggsltﬂ.é;:aget gdgtg%r oS ne%‘ygxpég |aﬂg§’ O~ eacids p-apothiocar goxylates e.g.,
1&%%tdh%ﬁﬁts %grrééf)'bﬁ&'ng % ﬁl@%ﬁﬁxﬁﬁﬁv«%ﬂtﬁﬁ%glr an¥in8 ld@ids @r unnatural side

benzoyl group, m no group azine,
chaiydriaxayditionesubstittitions at gfreom-parban opmmny iggladeol., Mr o0l

i sopropyl ~group, a net - C20 straight

h
disppriitiHed pmroAfidsSlcthy %Pc%‘étﬁ'é‘é‘ﬁ Daalwl% RfeEhG0-tyrosine,
ami‘r[b‘Bﬁ{ AR and W 1RE 20RM strduldY H?Jrﬂéfhleg If?:gﬂie ?fchc amino acids,
pol yether group, a nitro group, or t
suchdd ipkoline, analvghés 43lwellastsd, 6718, enld 8 mydmberdtisngprelind salogues, B
contenpl ated. G utam ne anal ogs of the invention
and ' amningeacidgsachaesubsiituiedf-alaring and &awmwync acid.

i vati u tI tut rivatiyves
ot Kot R ol v Elia5 e a5 amino accs
sudmefs ityi@iny, q,ﬂutaﬁxmh@yMaﬁxyd ah@theNikea M3k @ anald@s iitude para-

but are not limted to, neta-substituted,

subsfifuesl yERsinep cQrthocsubslitlled tyrpsines, aubmeta ybetiuted tyrosines, wherein
the%ﬁﬁﬁiﬂlt@h gﬁbﬂﬁec‘ co:ﬂﬁgsre [ a&é?@ g&ﬂ? ta'b'é{rfrfg{ié gfo%gpﬁﬂ g‘rﬁﬁlo roup,

hydr oxy OXy @

hya‘ahyé agr}rydmxyanmm a dliyldgowy, alcetbmxgrgmup alofsopﬂmpy] grh&p, a methyl
peci fic exa am no aci ds

gquJHCq fle eégqﬁﬁl@lg;]'t ghaig gP {anﬁqzl{oefgéll; o ata%gg I2'c'|\ssaturated or unsaturated

hy@%@ir%ﬂén rﬁggtﬁ%}? §?dﬁ?|n gol?etﬂ&t %eh%)L?l didtb 8 %en ro %ﬁ |11r1§% In addltlon

multiply siitistituted aryl osgsrae alao @mcmplﬁtde Glyiratmmmmalqgs of the lnventlon

incitHe @t;&i@%h&%&g gy gﬁlil}’?ilve%ﬂ -sybgtit ggﬁxr/allur\]/es cyclic
dellﬁxglgggégp amﬁ%hslgggﬁﬁﬁd ﬁlﬂlr’ﬁéeljmﬂg rdlaﬂ@itﬁ% pﬁfﬁﬂp}#}@hﬁ%ﬂf azrllnlﬁganalogs
inctudp; g yhe ot pinsited ta) Iaellamebstmutpd bmhbesybstﬁatpﬂmmﬂcalpaml-smbstltuted
DGR BBROL TS e S00Rdpten RBBIRERY DAY BisuDa plethoxy group,
e By 1 L bR 4] Ao ke e el 20041 035605

[018%'” USZO@ﬁgﬁgégé?a%Jﬂé@oﬁﬁh firal Ofnirfel z?t?cﬂlﬁélﬁd@ Bufhd n]oé‘ﬂﬁiuted to, p-

e structures o a varlety (0] unnat ur a
aceaylilphergtil aising I n@ttolHL dgcbsing, arf 108- (émphihgl)al&mgel,rae&mbﬁlyl—
18, 19, 26, and. 29 of WD 2002/ 085923. [O
phenylpkanisne, pn Qﬁﬁaylahtﬂgﬂ%.%Blloeylrbwtyra%eﬂaﬁﬂr%@c‘ﬁﬁkﬁk&mﬁ
f I o h
s R AONRD L BhRL ol B SRRl Y6 v

thredimm an LID&ga ﬂusﬂﬁmeu prednllaladihell i &bpifopl]-Bphéiyldatifle, a p-azido-
a saccharide noiety.includes a serine or

L- pﬂlﬁmé%}ﬁmﬁ@ ARrAed Lazheaywalnﬁleaa Rebsnzeh IaphenylajaginemgeL- or
t
PSR o BRI n ) SRSy, o

brdmaphteydalbnine ea g—anurm-t-lphetfy-lalanme an isopropyl-L-phenylalanine, those listed
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acetyl - GLcNAc(3-serine, a 0-O GLcNAc-L-serine, a
tri-O acetyl -G1NAc-a-threonine, an a-

w@Mess6ehs t hr eoni ne, an O Man-L-serine, a PCT/US2003/032870
tetra-acetyl -O Man-L-serineté an O GalNAc-L 10 seri ne,
atri-acetyl-O GalNAc-L-serine, a Gc-L-serine, a

etr%écet yl-A c-L-serine, a fuc-L- serine, a
belpy; orelgawhers herein, and the dike.q hhestrstures efeq Vagisty of unnatural amino

acilihit é@\ﬁ@étc?;ln B %nﬂﬂe SEEMAE 17,3 82$5 3¢Cand 29 of WO 2002/085923.

reoni ne,

acet bet GlcNAc ni ne ;
["%%a ' VR Rt I RT G MR amettodsyof s ippgation also
inchide @hc@a IGate § bdcelparid@enoiéky attached to the amino acid side chain. In one

tri-acetyl-0O GalNAc-L-threonine a @c-L-threonine, a
embedifagai et ynnatpiel pmingrasishvivea S%cchmdememyex@ﬁhud@s a sgrine or

thré:ld’nl%neﬁlgltné lél C]td%nﬁ(') gﬂ E;BS err n e an 68[- é\@l IPCI)létg y IEXE&%{MC@ Of unnatural

aminoeeidsitivat malmdﬂ aishesharidp hati e iduden Buteee hiyt 1ahieet fopé. 8% a tri-O-
of the aBove See al so WD 2003/ 031464A2, entitled
acot (sl &cPrigriadd FeOy Sl Idzjaltmfbﬁ tRfO- p@qsylr@@lNAc -giribreonjge, an o

oSSl S AL B0 LA R OERION pe  0 canc

serfnysm hresa@yl OG&NACHL—S@MBI ahGiEd B—s@ﬁné}ﬁl’téﬁaﬂza&l GEG-DQenne a fuc-L-
Aci ds, 20 [ 0140] NMany of the unnatural am no acid

serge o, irtiaes A G d- serige b iLaterine. alghpiagayeO-@ald.- Setincofpeta-O-
GIcN @élﬁ-tﬁfé%ﬁ‘)neoé trib‘h&'i 'l%t{»%cll\g%cgjlf ﬁgrb P}ﬁ‘w AV ﬂ‘ﬁfe}c;mne, a tetra-

that are not' commerci a e are optiona
acesyhd-veemi- Izekﬂreamnp,ram\,(]){![kﬂNAn-It -thecax@nplteacdigl-OvGaANAc-L-threonine,
d Lgstandard met S knovvntotholze of skill |nthe
a Gl { - regpin, g iefragocty) il ds hecningn p fiubhuconipe, a i-gpetyi-ucL-
thrédnfRN he Ochﬁlnlftﬁl%bfmﬁé( ;r':tgﬁa? %Biéﬂrb an iEessendRinne (ikd 8¥h3 invention

Second Edition, ant Press, Boston
inclndoswgedteGed and ace@iemﬂ $orms df yheMow b, (SEh ksd V2O 2008/031464A2,

endf8oRertib B SRR B S B A R RER b s

entled"Yaddhad &O0omPbanRoHE, Mlebfdls aMWRb’ﬁﬁiﬁ)s for988ir 8YriResWO
2002/ 085923 for additional synthesis of unnatural

am no aci ds [10141 Forf exan‘pl €, rreta -substi tuted

phenyl al 8 At < &4 del
[016(!1 i nedManWbﬂ@O@mm@%mq@e@ prewéed alftivg arecammertcially

o BB A AT i e ST ARl o

corinﬁel@ia\lfl@ aRaildBé BreDplShdllyyRBe LTI préviaed fethe ﬂiﬁ\}%led elow or
then reacted with a mal onate conpound to give

usingygandand methopeineyap tobpssd skl indlre aheForaraanie pyithasis taghniques,
n j . t
e STV SR YOGSk S8 L DR Wit
GramPstsg)BcgtamLMass )allAldVitl]IB:ed l@r.@tmd Chemaisty ngevugbk €ThifdEdition, 1985,
exa et - en al anl ne, i s made reactin
Wlﬁ%égaﬁf’ﬁs ﬁ%ﬁaﬂﬁ g dvanees Greanic SheBHER 19% Carey gpd §39®erg
(THIRRIifich, Pafts W de% ATBh eﬁerﬁﬁh Pi’és%/Névf r S8y Qﬁ?ﬁ Wg%ob§/085923
oxy phen

used to produce a 3 5 et |ne
for gdditipnad mynthesisvef wnnptusal taimimo adids he benzyl bromnide in
that case is -OCH3. See, e.g., Matsoukas et al., J.
[01#%d. CheFor,exi8fe, nid8-subbdittedahSnyl hlddited aI’eIByﬁth@zed 1n a procedure
S e_desj gn of unnatural am no acids
as qﬂtléréegdg&gb 2005}685923 sge e.g., Figure 14 of the publication). Typlcally, NBS

(N-bromosuccinimide) is added to a meta-substituted methylbenzene compound to give a

meta-substituted benzyl bromide, which is then reacted with a malonate compound to give
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known i nformation about the active sites of
synt hetases, e.g., orthogonal tRNA synthetases used
wao 00aBssencyl at e an orthogonal tRNA. For exanpP@l/usivnges2870
cl asses of glutanine anal ogé 10 are provided,
i ncluding derivatives substituted at the nitrogen of

the e gutsbitr ol ani % ol syl Sutativatis Bort fom hebithpostion include,
butCdry Bb@limitsd foll ktBAK, Rbthbxy gRY PD it Sacdt sV‘ﬁHdCtHe 11%1 g%yexample

bi nding site residues are ho ols t0 Yyeast
3-aceig]-plexlybajaningeis enajbsblygammg @Hifbwuh erselutionnf ametlryladetophenone.

roB b G T AR B f R Rl e e -
metmy@ﬁémymaﬁmé ETASRRIGGGh the n?et@ p@élﬂloMﬁ%&lﬁm Eroﬁﬁhélﬁl that
acid }%S%e conpl enented by increased stericC

casgds +@e <igiNptsofkagetial., [ OMad]Cieny.. 190408, e1660 4669
N- pht hal oyl - L- gl utam ¢ 1, 5-anhydri de (conpound nunber

[0142] n  Fi @usm@@nbcﬁdlmmltﬁaﬁaﬂmgﬁdfajnnhmraiphnmahﬂms lhn‘;zsdd by
tosnthsi I ne an Evvith subtltuen
ko AR Ao SR Ot egiheliseg, o.cxPEpepBR A Hnthetases

elditd @middabylhee A Y h
® y tD| pe ta?‘}ées? of qu%%rlng%lq%c??k 1§ }r(onglghtyfhe%mdg%sq‘)@%hﬁ;mne analogs

are|preademe dichuding dorivadriesaubSuted aBhe5itBRE o@ 28ud¥) (1), a methyl group

B S0TRO 5 Ho E5P bbi Y n B c

strﬁcﬂ[ré\gg? E: Iéiglggnl%% ‘?rmvﬁlch\]che ﬂ?&%ﬁg}s%es%grﬁl Fsg%rs g?%%%géﬁ?% yeast

Gln tl@@mﬂ(pgg ars d@ﬁﬁgrmd t@h¢mplgrr1¢nt an array of side chain mutations of

s A0 R L L BB RS e v

Phe3d té\a @iﬂaﬁ)hy hoBit by acidvinight be a&ﬁbﬁfneni:ed b@'lﬁél@iﬂeﬂ Bteric bulk
anal ogues as Potential Antimalarials, .

at gy EhposkBon ofoGlns (1991). The anhydri de is typl cal I y
prepared fromglutamc acid by first protection of the
[0143] ne asFoiexapipld)N-phirhaleyl-I-elitaned , HynlieiideX¢dsigpdund number 4 in

A B D
SO0 A BN DA o
Syradleasth af Glstaonine amil dfiyeipept2&s of G%&lztﬂﬂ%@ﬁ‘éﬂﬂ%ﬂhyl{zl@ﬂ 44]
SR Lt s ST BBk s, . s

S
L T e T ey e
81, B 003123 (1S9 dirhigy hEt etcaha‘lﬂsylu&)ﬁ&tﬁguvmmiz Mmﬁnd)modzers of 7-

| . .Jd. Org.. Ch 24 18 1989
Cnigp e SRt ey ania yigebn e oG Chem
53 rlU!G’ﬂﬂlW@(l%SF'aﬁ& neouidd, Mf, WSRO0 83m9 nﬁﬁef ¥. @@Jr&ﬂ%u;ﬂ&logues

epared by first al kil at'ion of the amino noiety Wt

as 18557 Bty moterals, f Eurol. ded. (hiefnl. Bﬁ)ZOES%@1,99é) dlhe anhydnde is
o By ORI RS B T G

fouawea by SyMixtgsinsacelic 4ct). - THPHyBEadiskert dPeae@WitA fighber of
Aci d Decarbonyl ation and I mnium]lon_Cyclization. J.
amippy resutingrin axomgy, of sabBUebEt (hrosidy. Barofesdian of the phthaloyl

grofip (&@ﬁli}fyhf:ﬁfﬂe%@foﬁ’(ﬁs $1& Afild LR SEHowt rplgiggr "B w0 2002/085923.

[0144] Substitution at the y-position is typically accomplished via alkylation of
glutamic acid. See, e.g., Koskinen, A.M.P. & Rapoport, H. Synthesis of 4-Substituted
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butyl-N, N -diisopropylisourea. Addition of
KN(Si (CH3) 3)2 regi osel ectively deprotonates at the
W@ 200p033603 on of the nethyl ester to formthe ePCI/ES®)3/032870
which is then optionally al#ylated 10 with a range of
al kyl iodides. Hydrolysis of the t-butyl ester and

Phf | gro@g) gave the desired y-nethyl igl ut anm ne anal og
Prolinghpptipefonnatmally CopstraigadrAmine A¢id imalozy 4, 1859-

Lo R At 4G R £ gyl T T

24 op wWo QQO?MSWgabmbngﬂy prepueddyfiitrerallBaatiohsqf-thE allﬁinoaﬁoiety with
reviously 15 descrj . See, e.g., Bartaon et a
9-tgrp Sealreaty o P Sﬂfeﬁoe e (HEStigh B- Pefi RApOPU S ifanlgsis of
n fa
Opﬁéﬂlfﬁﬁre%ﬁ%eo c%t%é’ﬁ’&%ﬁg,sz&slﬁﬁﬁ %ér:: A gzgl rr%l to th%g?tcafl S)gzrﬁlaeszs of (+)-
Appyipecopni dtmuglnéatnwaué@em'bomdamwemd l“m'ammmhled CQynlitaion. J. Org.

43.’ %%} ﬁ?é& g%éﬁgﬁ@ 8@‘5&?“ %utgﬁ f g:fe a01d moiety using O-tert-

bu@ﬁ@ﬂ%ﬁéﬂ%pﬂﬁéoﬁrea ARRITORARSE RINASRICH; ) 18218881 tA%]ly&Drotonates at

and their activity at a novel quisqualate-sensitize
thegk-pesitidn oPthe Medhyl €stento f86m ﬂ&aotﬁ}o]?ate( 1864 is tieanptianaltynaliflated
one,

Mrpﬁ‘é‘% o %&égﬁﬁ?sNai%‘gﬁgféig S Rind ot Y Biflbeoupigayeihe
desilett e BGRfncanaRs EoiButdnuibd 416 Fribee DRSENS 10

2002#8840928).i n t he free am no acids. [0146] In addition
to the above unnatural am no acids, a library of

[0148] OSi ne Aalrzﬂl@?@?ch&eﬁlat@s a@ilﬁ@tr&i&my demipeieinurBse 8tn Figure 25 of

upon the crystal structure of B. stearothernzophilus
W@Qﬂ@z@0859/a$o§@p@@naﬁyeprspar@d ins# $iemptfirgm ﬂB@ne‘LS@g@thutae pravigusly

h t het. d
e SHoM 5 ke ARBRAL 1o SBHAE CR e b T AR Apis g PePivatives Using
Raﬁﬂé&ﬁ@ﬁ’éﬂm@t‘fﬁ%’yn%ﬁzs of-B5and BUbBmindlA@picAbds, LXBdmpidpimelic Acid

D158). The library of tyrosine anal ogs, as shown iIn

andEApprioprigE thweéd@zwgewﬁ,emé&né@ﬂ_ #b<28hdd08 61987) and
f
Sugag[%g '3{83{11: e@)g rﬁ%b%cﬁ naild éeslsé,%he%fks th-@ege}l‘s ef'cgzc P

amploprypansitastd ﬂdﬁuanﬂesp:azklttbézﬁ actividyiag b notél eﬂzsqd&lﬁzfeewﬁmzzed site. J.
hydropho and h drogen bondi ng properties. Tyrosj
MebEheBoS R

TPt 1998k Penerssiond tacrrian Wohe Rt BerryRplidinone,

Pﬁ%‘ﬁfsi%f SR T3 DL ER ety BB 53 BRn™ B i

Figouh?3, cedults iv) a Michiackadatiidreproduct e Depatetioh wdiheTHYy khen results in the
i acet am g(fmal onate is optionally generated using
8 B It hoxi de. A desired tyrosine analog can then be
prepared_by_ addin an appropriate benzyl brom de

[01A8] | owed Iibdditen @%%a‘sove@@mﬂuxaéamma&@ dHbiganal fyFosine analogs
hasaE[EJ‘QeeﬁQfngﬂgit. (8444, M‘ﬂﬂ?ﬁ:{}fsww 08 o F e&';%tﬂ?é? gﬁzlus TyrRS,

one | ssue 'S ty I ca ered
whasedacsieb eit¢ isrhgghly hatnalogbustvithay ofidied¥, joangshii shothetase, residues

PR AEAL S T2, B R B cEor  ExamPL . NG 8B, 1
Q189DP3HI A3 681 €32 and D158). The library of tyrosine analogs, as shown in Figure 26
of WO 2002/085923, has been designed to complement an array of substitutions to these
active site amino acids. These include a variety of phenyl substitution patterns, which offer
different hydrophobic and hydrogen-bonding properties. Tyrosine analogs are optionally
prepared using the general strategy illustrated by WO 2002/085923 (see, e.g., figure 27 of
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unlikely to be cell perneable. Natural ami no acids are
taken up into bacteria via a collection of
wee@ieswebhased transport systens di splayi ng vargr/ng003/032870
degrees of am no acid 10 sp@cificity. The invention
therefore provides a rapid screen for assessing which
unnﬁtural amno acids, if any, are taken up by cells.

they pypliggtiony, Fesexapipke, ap eyelpiedf yleéhyl aeaiemidomalanaiaris oRtioly
gel?errﬁe&’ ﬁflhg Q@dﬂlﬁ’l eftfdx %n%déﬂed '@r@% H@Lmzﬂg J:agl tliqgrg bé ?fé'ggﬂeh%y adding

oxicities are typita sor

an gppmplsate bénzyhbrontide fatiotwed byrhyvdtleadils.no significant

change in doubling tinmes occurs; (2) lowtoxicity, in

which 15 d nqrease | ess than about

6 (3) ~frodetaie : doubling tines

[0]34%{  eas e URpAER) aminaatiq BP@kisons e thal is{ypjea qb’o%nél’ldﬁv,d when
d é N [ ease -
edi H\%‘ I%ho%éi/ébﬁgg :t_jlﬁﬂast ﬂa[er%tﬁlrng rfagfdt’so(?(lg f&ch%?;%ﬂ V\ﬁlﬁi@lﬁ% fprotein. For

exajnplb,l thebyighi df[&l%e dBnmﬂyeﬁSJEaIb_mormrcE shi@tsahmwlﬁes& 00Hpo SRR are

e qg., Liu Schultz, P.G Progress toward the
unlgkely tﬂ‘?f‘o‘i?ncﬂmaﬁa AP AR pcids %&%&%@ﬂ i@ hagiega via a
co R o RO Vi Yana B AR i g [PBL O b acd
SPQCIlelto’ ihetiyyentian thereforegsonides saspil screen forassafing weiich unnatural

concecptratl on obtain | C50 values. In general, am no
amin a¢1ds, {fenyypre [kt Up By Cllse anal ogs of natural ami no

ds or_which display reactive functionality
[mg’éjmnst r EPECRIPlhagRESY of srnatitel eminomsidstasy pitfonaile Aereened in
S

mn%%gtﬁ%p%] f%g?ﬁk}ch@gg gs (;'Tg)r)](ﬁ{)ués 03511 %%eﬁltlgl%sf?ve groups: (1) no
toxpmtyt & whichnoisighifimaht changd 1nekmbhnhg ﬁ]lnes aiwuey) @)riew tbXiaity, in which

ess nat ur a O aci ds 49] To identi
doypling;tiges 1pEIpask 59.‘/3%3@ O%W[ d}z eloa?ﬁa%oaemsm which doubling
tlmteQ iﬂc?éafsé’ b?%‘(ﬁi{ $0%2b %b&ﬁ‘tﬂo%‘ Qh 1¥1 h ﬁﬁ‘?@fyeﬂn Which @0bling times
levels, e.g., in nmedia sup an excess ‘o
incease by ateruti SATA tg abouti IOA%; aaal cﬁr) alxtreme tuxicityi, th which doobding times

inchE B DS BOES 68 LB 3 SR A s

the Q@ O¥tibR of BERIRBANGEL 8} edAdADdn@ME PodePPRASTRINIAO6, 4780-4785
because {he %{E\lt ur al fam ﬁéﬁgm dgelffect |evel y out conpet es

(199Rk Fhpdpnicity of th@u anlieg agids $ogriag aabxgaweor@mtrﬁmplyttpmmmgplcally

megﬂlr%fasseeﬂtuh?ﬂl onal é}}? g%ns?feﬁ]trau B35 8% 5%V;g Ig%g%%&gpmo acids

whizhchrd a:bglcﬁﬁe analbgt dfaiauﬁdtﬂ aﬁhﬁo aMﬂ@@ﬁNMQl a&@%@@&@@@ functionality
PCT/ US2003/ 032870 . .50 conpl enentation is required for
derpensfraig the; ughest toppgities. | Bierfarmen trear suggests thatmeshanigms of toxicity
for YR&E Hhnde@fal alﬂﬁl%aa}ng 9ol bE nﬁgfdghﬁ%&gﬁto%%t!:ﬁlts to? 1nlﬁ%1§$r? of essential
nont oxi ¢ unnatural am no acids. nplfenentation o
enzyires tlox procadsinatueal amindecided by the restoration of cell
growm h, suggests that the nontoxic amno acid is
[0149Kken upTbYdenhey s@kible ypeaei gathyvadyy férh6xis AlEnd B ak @oxmty assays

athv\@%, as that assigned to 5 the lethal allele.
are |OpHRnaly reRRAAdAidRdeveln eigs 1R ﬁ@éﬁcswnslpménte%\flthe@mesp@ of a

s S PR BRSO AT Oy AR CD RIS oo

nattfabamsicargoel detypioell piwscubs menatilitgtof thehwlls to grow in the presence of the

— I111 LoEALE

toxin, presumably because the natural amino acid effectively outcompetes the toxin for
either cellular uptake or for binding to essential enzymes. In these cases, the toxic amino

acid is optionally assigned a possible uptake pathway and labeled a “lethal allele” whose
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conpl ementati on of |ethal unnatural amno acid alleles
is an efficient nethod for qualitatively assessing
w@piono3med d upt ake. The nmethod typically requi PEEUSZN3/032870
| ess effort than 10 radi ol &el i ng | arge nunbers of
conpounds and is therefore a nore advant ageous net hod
I nt er est

t .
ol B i e S LTy et
assayial dad ﬁnlﬁt@%f celld tH'u%fakH l%ﬁ‘tl&ﬁlccgnngtui’ﬂl ARk PRE%. Complementation of

nol ecul es Such as nucleic acid base anal ogs,
thedgxi @Hyl@r atidenapdiby e resserapienof cdl giowitho glsggeﬁts thag xlmpjrmxm

0 onal. |l ed to al uate t
ol Pl e Y B, O o 5 o O e i i anpiened o
thelethel dllele]-SA [k %1 borhpRmiehtaabh iﬂﬁc@ﬁcﬁﬁlv@r Pt B8Angle studies and
general nethod for delivering unnatural am no  acids,
COWHS&ﬁlsl%e the gspaplge ptoviseddelovani no aci d upt ake
pat hways. This general method relies on uptake via
[Olﬁﬁbt i de Besulisabténednhigs bs desaribpbintthelépapiiésdedoandbmonstrate that

d t opl d
coryble RERLET B BREELAG wr SBHENReS paBi T aen e bR BTk
qualBatieBy 4s9¢ssinB@hlin® 4h8 LpRAKESTRY ﬁe&@ﬂ?ﬁﬁ@a@ﬂy‘%e&ﬁr%@ar less effort than
val ues of amno acid perneases, e.g., about 20 O

radidabelipg ﬂarg@mrfmlyers s%@omleougds ag i itharefiokeon mprcmdvantageous method for

o R i e o e BE R & prignany used 0
rapidip 86&1112&5% ceN9Abyptakesof ﬁvfﬂeeﬁhge%f mdVesidsayich & hucleic acid base
yst al structure of the dipeptide binding protein
nalogsnrarkhydEts analogsc e peptide anajess. iier example, thisstreisay is optionally
useﬁ'?g AP th%)geﬁulaf) g@%ﬁé o dtﬁg hﬁﬁk&lﬁﬁf‘amlﬁg %Yds?b%esegt]eg%ggem

he unnatural am aclas are

j ugat atural am . no ac as | SI ne

["ﬁn’ﬂ o oate v e BYiEs gwi&%ﬁ@fér E‘F £ 3phgiee amino
acidl, péydhi ig ﬁhdéyerﬁléﬁt tfall #AiE6 aeIaAUPEKE pattiPlas. PERIL Bt BISmethOd relies

test this approach, several Unn-Lys and Lys-Unn
on pptaksYip pertiderermpasen adlicedanspor difentigisand tegaptidesaasoss the

e

cyt?é/lgsl,n%lg e?%l%%&? hﬁ%&)ﬂﬁ@ggm'fe%gés I%esﬁcftq)e ﬁl&le I:ll(llaglll g‘? cﬂ%ch 'émd the KD
Valwﬂrséseﬂne& salbuﬂraaissim&nlﬁﬁrablé RekP vdlee pf fle® dckd p@aletsds, e.g., about

T e on%éﬁsource of lysine available to these cells is

taiapptl0daMIgSeeong-aNigkiigk e alind atrustare aBrrA, adregiplasmic
on
GO ASAE p AGERIRE  8E) 55 ir wo
Dustan R zZMdwibrayt Rils Chrasialestruciune q,f the ﬁmapnda:laaémg pyo1eir from

b ved, o 10rr1\/landh| rdletde
Escl B RRA AN Ge R G DA O e PrdeinSeispse . 2327-34
(1995} MTHeNBinBREA Qehidy LYACRE (A8 t5deR up38 c8h hg&@@&f NeRurhPamino acids,

desi gni ng WO 2004/ 035605 PCT/ US2003/ O
such a bitsincainduelenseddniodhe htoplaste upee hpdiblysisof ¢hed dipéptide by one of

PN R ot S5 L e
dlpé.]!nmaﬁ bifealynifedifel ACIolia phesedsdhthviBYanB RS Yidtiebf & E. coli strain

pat hways al ready exist in cells for the production of
def@le&deSla% b@yrgﬁw%@mlé/ﬁmé@#pmﬁiwdwmutheep@sence and absence of

I t n
the%cc?}gébﬁggf ?stéegz ”J!;l}%donfrl?%o ceo(ﬁ{lgléﬁéﬂn%ﬂalyl %ﬂh%é&ﬂ:e’lls?glehe%lpepude
contaivieg tl‘ieamnptuml iactene acidh. [ﬁptaﬂt@ g8 pth@honosenne, phosphonotyrosine,

»—1
-
o

pentafluorophenylalanine, and caged serine have been analyzed in this manner. In all four
cases, growth was observed on 10 mM and higher dipeptide concentrations. Although

uptake is easily analyzed with the method provided herein, an alternative to designing
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exanpl e, biosynthetic pathways for unnatural am no

acids are optionally generated in E. coli by adding
woen4esssyhres or nodi fying existing E. coli pat POEYS2003/032870

Addi ti onal new enzynmes aréloptionally naturally

occurring enzymes or artificially evolved enzynes. For

10 exanpl e, . the bios hesi s_of p-am nophenyl al ani ne
un%%gaﬁfgﬁw@orﬂat@r@ amg‘?ﬂ?? Igip ceDulgr npsaleopeihways) isde PEryidee
bkﬁﬁﬂh&kﬂ@nﬁﬁg@tS@HE&Q@&hQQinu#ﬁ&%“ enzymes from ot her

or gani sis he genes for these enzynes can be

i ntroduced |nto acell, e. g an E. coli cell, by

t r ansf or i csrasd conprising the

[01$2hes. Th@énrss/nthanepathwpyseaﬂ&a exist it leellcfolr kthe grodwitida of

o 50T e RSBt Sl o5t M ivs perisulog panatural
am@ft alcﬂﬂﬁllaﬂl Yotk th AdtBrePE Y ifl8dcdin tHehﬁve@Pﬁ@HB!r&ﬁd@ﬁJcﬁ\fﬁethods For

Addi tional enzynes sequences aré found g [
examaplpdnesyniketic patbivays fpr svudtyratiareinpanisls arcaomsicahBy generated in E.

el Ry SR e B PR S

enAynes late GptidnAByhAautaal %dcdrﬁn? ERAMEE ok BRFHCIHIG evBVed @nzymes For
acids. [0153] A variety of nethods are avail able for

examRienfhe h@symbeé;s Ewzymaepheylalaning (as pEserited wra. s tWe
20(52%@@?3’)%6355 &P{he %Mccl) ltﬁ‘Hl 'o? Eﬁgﬁlblﬁ‘xxﬁgﬁ bﬂgloevnt e}%@%g@ ggg{)cgaer

orgamSMXSI‘gegeneb Iﬁ@r thés&rbnfzj‘flﬁesl\&uhmé 1m&mcwﬁ1t@h cell, e.g., an E. coli cell,
WW. maxygen. C s optional ]y used to devel op novel

by gwﬁwﬁgn&ﬂ@ Cﬁﬁt\?ﬁ g asrgélecon@n@m’g thesgengpre Tha genes, wigngspressed
in tﬁg t@éﬂ" g}r&ﬁdeoefm éhz@fn%l@ bﬁthbvgé ¥4 %@gﬁg%i gﬂg@ &{%‘r@&lnd Examples of

the1g®4 of %mtym@ hhaftfata mmlohylly adddd o psra@meah irathie @Ra@aplds BElow.
| ar

AT Egts soRbticct deifoLTiy g TpPTbABA AT GERLY SYolvesgenzymes

are 286ptidRAB bdeBitd h%élh ¥ t@@%éuﬁ@ Eﬁhﬁ\ewn HRMRARRE I ¥ellular
Genencor (on the worl w de web at genencor. co

ma@ipncrra rad kgsoursesioft amellrmft abolpubatghbtolpreduce ngnatee | amg;o a01ds

e.g., to engineer a pathway to create an unnatural

[0153{] no acAdatintylefmedthodshind svailelslh ficd pig&udh%‘:ﬁm&l EnSinges for use in
exi StJ pat hways i n host _or.gani sns using

bio &Wﬂﬁ“ﬁ hes‘f?YBPf @@H@% of @ﬂ%mg Paﬁbvayaeﬁfnf %a@aﬂ@ APIGUYE
biibmbiiONale. GRME d B c

recdesl grll D|gver sa{m% por ata?%ér?ﬁ Iﬁ'ca({ngl\{@mg?{ g@md%g’g% at

WWaN . ex ¥gen comy, labpmorraﬂlg\ulsctbw deedbp obvwg) enfyanesramdipdthways. See, e.g.,

stefiter 000 SRep N Salbign Of B35 R RN Minfle vol. 370

No %Pg@@@l’ ;Qdd &?é?nmélz 1{9@11 SHNATYRFERS by rar%ﬁn fra%mentatzon and

roa (r)rql?isat hesi's nmet hods of the inventi on, g
3253

ylngvgro mcembezapoammwh@w ablutiond I%rgomatr mm Sci. USA.

o
Vo 078 T8 1.1 A1 SES B Bge B e o

wideatdva genteot. do@n)ﬂﬁ 6 11p Aked 108 MetHBRE bR eﬁ%ﬁ&h‘ﬁ@se .g., to
pAF in E}he cel | e the concentrations of ot
engg}ﬂ&%?? wakiheeals .aaélnsatwbaremw agidjpdientie dTHis tpghnology
t
e AR TR Epgantl SUISIABLATHL Lyl LS/ ALk 2.
ldelttlfrmiylntdugh funcfiandi\wayorics tadnd niolv@ibirieoolution pnd duﬁ@ﬁ Diversa

Corporation (on the world wide web at diversa.com) also provides technology for rapidly

screening libraries of genes and gene pathways, e.g., to create new pathways.
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in a concentration sufficient for efficient protein

bi osynthesis, e.g., a natural cellular anount, but
woei4085683iIch a degree as to affect the concentPEL/Us2008632870

the other am no acids or eRhaust cellular resources.

Typi cal concentrations produced in vivo in this manner

are 10 aboux 10 MM to about 0.05 mM Once a bacterium
(03341 ¢ r ansflypivaty.dhe bosyshesisrmethodsariihs Wiverfiann e-gg dhrapathway to

cre'dégﬂ %&{?1 \Agﬁ%f})ﬁﬁ%ﬁ@ f@’ﬁﬂﬁff nogl? gl’&: r%ﬂlateo doRof %E&It E]‘le coRBLHRARYn of

other amiroyicids-pryduesd irethe oell.t Rer dxiakple d patlg\emﬁﬁsi:ﬁ&d prddilce pAF from

vtvo selectl nally used to further
chejismmats praduges P%ﬂ%aaﬁ? ?f‘gﬁww %ﬁ SORGEAGRANS| Of gHeR aroseatig amino acids
t e
b B R e G S Bl - AR R gnnatural
amfr@] &%) praducteswith machgamw@ Hogynetiopathivag of thednténtion is produced

oV de for _nucleic I nucl eoti de se uenges
in B oA o Bt e e o A8 e guler
amdEBAIIBRMGRS to SicH a.de&Bas to ARGt tHR- cgncenﬁﬁff&i)& tthb Qfer @fho acids or
net hods conprising said sequences. Exanples of said

exkpuglinsHeles reseurges. ypirloencgndationResoduced disvt ingbig manner are

b 18 '8 fiort S0 SRy O’y Bistopiim S5t e e pmig

coﬁlbﬁsmgl ﬂﬁ?@h@ﬁlsed %o p@ﬁu&d éﬂz&tﬁés taikhesa speeide ﬁb@ﬁﬁvaly and a twenty-
di scl osed herejin : he anmpl es. One of ski

firshiamino agigh Cefei RAR domtOtmréhylrlv@ﬁ@sneﬁa opthediksy is\eeaerstedaiyivo

selﬁz{ef{oglg ﬁlfe%g)tlﬁﬁﬁﬂgfrl‘kgg ﬁﬂéﬁlga 61%&?1%%%{:& c};r&ﬂ?ctl&g égﬁ{e[%@g%:](al amino acid

forHoth tibosenital mmtqmn@ymthi@as gndlcgPepdvttles (e.g., O RSs) and
pol ynucl eotides, e.g., 25 O tRNA polynucleotides
that encode O RSs or portions thereof,

NUCTLEIONACITE ¢INTO @DTISERPTIDE $EQUENE FANTOUARTANTISA
[ﬂﬁ% t hetase cl ones,. etc. Polypeptides of the invention

| ude A36Esibed bexe @96 bslayy, disiavention nipvides for nucleir geid
pol3fhdSotfi SEﬂﬁnb&Vg LICRRNAD alHPb CI a(]‘ljﬁolgf) ftﬂl@ amdno acid

invention also I n€l’udes an arfti
sequenges, §.a) OaRk P layghepg. | @enpioditong mrdameﬂneds eomprmnsnidsdqences.

) h [ ne f | D,NQ. : 4-6; (b
ExREPlS Bt e o c DTN o 0 s aibTp e it e bl 2,
e.g€ RECSATINGY 129(H0 Wéle @flé Q@skﬁ?ﬁﬂtﬁ@ 68 wAl apPRWAtd Ma@AY invention

Bine of SEQ ID'NO.: 8-10; (c) a polypeptide that is

is rm@él@mftad @@thoye Saquennss éaclosedehammhe gntheéinanmwy Qneefiskillowill

ol DR 5Bt Ay s i

deeEIFET hegbifge.d., @mﬁrdgV@t@stRNMﬂ ato®ws.of (a), (b), or
(c). Antibodies and antisera that are specifically

[015B]UNOT eqRé in“z%nt%rf ﬁo@ﬁle@f)él'yf)éﬁﬁ'déd (eRP) @ﬂ@&’%t) 'aﬁi@p&fynﬁ@@oudes e.g.,
i nvention are also provid I'n one enbodi nent

O-RdvWhami yrivgleotides th@t@@cadqa@JrR&@epmptt@nsthqrﬂé mlrgwnclc@tldes used to

. and . g.,. b
iso RS Beail R huefisfllon P el opiBRhTdes of the inveptiop fachyde
polfpeptidle s biegrbicsteiswien uﬁl’(h@urhmiﬁﬁb laids btk WekeentibBRS Ant fﬂagtpepude of the

encode proteins or _ pol ypeptides of interests o
invepijemalsoinclydenaniréfisnl pelyecriide «eg. ot@) & pabypeptide that comprises an

amino acid sequence as shown in any one of SEQ ID NO.: 4-6; (b) a polypeptide that

comprises an amino acid sequence encoded by a polynucleotide sequence as shown in any
one of SEQ ID NO.: 8-10; (c) a polypeptide that is specifically immunoreactive with an

antibody specific for a polypeptide of (a), or (b); and, (d) an amino acid sequence
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pol ynucl eoti de of the invention also includes a
pol ynucl eoti de of any one of SEQID NGs.: 8, 9, or
wAa 2004085685 conservative variation thereof. A  PCT/US2003/032870
pol ynucl eoti de of the inver®ion includes a
pol ynucl eoti de that encodes an ami no acid sequence
comprising SEQ ID NO : 1-6. A 10 polynucl eotide of the
COPBYHRE 7 6ANSEIEG Ve Hatatigast &)p&yandel edhtibrdiesand aafseathnt are

speﬁlfﬂzg*l%f Bﬁg‘hhgﬁg exqec&lgl'gpd dé}}’ ﬁ@]tta ﬁ(ﬁ%p de leg[ e%nve?l'?lon are also

pravidedn lie beoémbediment a eampebla@m\neluueﬂepoﬂyp@id)é of thid iAgetion and an
condi tions over substantially the entire |ength of the

eX%Bﬂeme(P@ -RUFE" (et PRArBarriticalizacceptable GRePIept, %e).

pol ynucl eotide) is a pol ynucl eotide of the invention.

[01&A] ar t i f Pelyanclpesidengt tf@onve@twn inctudedhesaiciteneddgeprotains or
vl et A Aot O b RSB P 01

pol@'ﬁﬁdiecdl.dea)f ﬂi’b&@&ent@n\alsfodﬁclud@tacpo)yrﬁl@l’mﬁdé 6fard) one of SEQ ID NOs.:
ucl eotide of the invention. |In one enbodi nent,

8, ,Wéxine@tad‘,onp%rvghve waipv s et vA pobmucleptideefi the invention includes a

i€
o TRIE T G PURSERR) B ASELRE o AEHUAESIT METPISE
polyhudlérgidie o dtulhmntlohmlsanmltnm azfol ynibledtidethiat ercoded 4 polypeptide of
se ctor tha cl udes, a pol.ynucl eoti de of
thetlﬂgr)lltlﬁ’i} e%’c ’ a’P Gﬁg@} tl @ﬂgelﬁfa‘:’élﬁhflltlhg’ﬁP%{ﬁze%ﬁosaoPOlynuc eotide
indRARIISHLA Bndch ﬁf ﬁ)’in%éfﬁ b@rﬁt@orﬁfovepﬁlbgﬂaﬁﬁélgisﬁg entire length of the

sequences are |nc ude in the i nvention exarrp e,
nugein geui\»(and is@thea thamt 4 matralby pcollmuclchtsle) gl gegleetidest the

t hat el un y id nt| ence are .
i, el B9 il DSEh R ST i il is not
natafaulgi o@@jrﬁﬁgld eoti de sequences, wherein the variants 25

hybri di ze to at | east one disclosed sequence, are
[01‘5925' der gflcdrQiPSmbotfibfe th ‘ile‘atc;rgg g' QX» fd-hﬁrb coshdid, ‘3 age, a virus,

subsequences of the sequences cl ereln, \
etcd e:t)mpm;ers@pddynucﬁogde oftha mui@nton. shlopnerwd)odnnqamthe amtor is an

t echni ques, ,are al so cI u in the invention.
xR 0T B W R R e 60 Bin 0B Dh e AR ABrayer
op&@hbly MAkELRS e or GRIE of th% 'pb%hcléé{%fs lof tlel iR¥htioh] Iﬁ anothsd

substitutions in a nuclei ¢ acid sequence which do not
empedinient, pigel gomprisasatvieoior ihat isludat o delynugedtidsey thedigyention.

are an inplied feature of every nucleic acid sequence
[0158] ch enCodes skt valtiatso appxebﬂte tBatmbrgyr Yayiantsaod tisedisdosed e

am no aci upstjtutions,".in one or a few am ng aci
seqindn sk B BB RT (e Gy anIs e Reer Sy Ao B! dhe

dlsaegédes,@qee@é@thﬁuﬁéfd' 4 Mh@cﬁm‘ﬁﬂ% Redltiédl %&ﬁj&hc@ﬂ% Me18dedqa the
hly simlar roperties, are also readily
anﬁmemt |Yaremtsa;§ tb@nm@elh nagﬁlpplysludemaie sequences, sdiepaie the variants
1st.ru ervative vari i of ch. . .
nyRO% 38 bross it lincERAT HalBhdsh i B ek By gfiRfTin the nvention.
Uniqué 8iise@itenced &ld kequehdis eis¢Rbéd/Rer¥ial asoddi@fifinedHy, 8.g., standard
particul ar nucl eic acid sequence refers to 5 those
seqyeriesOBPaE sarsteqiligues e alge incudediie e ipyendi®gent i al | y
i dentical am no acid sequences, or, where the nucleic
acid doeg Nl AREWCaffAsam no aci d sequence, to

[01%6F ent| ab'vx){né e 'dgggneracy of the genetic code, “silent substitutions” (i.e.,

substitutions in a nucleic acid sequence which do not result in an alteration in an encoded

polypeptide) are an implied feature of every nucleic acid sequence which encodes an amino

acid. Similarly, “conservative amino acid substitutions,” in one or a few amino acids in an
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sequences. One of skill will recognize that individual
substitutions, deletions or additions which alter,
w@dw408560] ete a single amno acid or a small PCT/US2003/032870
percentage of amino acids Htypically |less than 5%
nore typically Iess than 4% 2% or 1% in an encoded
sequence are 10 "conservatively nodified variations”
amifioecisl sequengere? eHbsBiviedrveigudifferant amenocpsidstwignhighl yesmilar
A0 e o R 40 e B S o consict. e
corserviatieg variationoofedch disClosad sequaits are/afdavige vhthe @tés@ﬁtinventlon
of a |isted pol ypeptide sequence of the present
[01|6m]/ent | ONChietwiBi@e $argiont Ut aofsasnaﬂaralua@d dci P @eieadRrs to
ypically less than 5% nore typical ess than 2%
th Oé? n‘l‘d’elc 8¢ids whichrangedeaidpriicaber etsméltlpﬂy yéébcal @en@@@fué pes@iences, or,
v I . .
whyz\f tﬂ? ﬁléc‘eicgl@ éﬁld ac%}e% }é& e¥1|c<(}j£@ alﬁ%;ﬁﬁg a&g 5& eﬂge eS;%S?% idlentical
sequemdeedOna oflsldi vall resogaize et 1rﬁﬂv1ﬂ@alaﬁlbsﬂ1tﬁthﬂ1% delétlonsl 8Sadiitions
harlg EDI ety.of the sane conservative
Wh&“ﬁk?itte’f e ppde 5¢wgl¢alﬁm0|agld resmilpersenings of gminnaridss
(tyfgg%lghﬁgsotggﬁ%ak‘i%% R;pas ?E&é?a gﬁ?’?% oJf i‘é) af arf"eﬂ?:ﬂﬁéc?&ﬁuence are
cmmrvatwmd:st moddledserjatmse whes the almmrsvasiuilt\iﬁ theadel@ion@if an amino
q si c _nucleic aci d 20 0%016 | Con ative
scid gt P ATVULRGS 5 POVIRG of G i omead i e cally similar
amB0) 23R, AAAS “cAsErviBYd vARAVES "I I alli& a3 o} yrpeg 1% {e Férﬁ\é"o? the present

sets forth exanple groups whi ch contal atur
invertiapsinelade substitutigns dfcosmall pe:canmestylpwlly lesk trae'S%,anore typlcally

tes R 2O SaBF REmO R TN ep S Seaiifin i a cqpgegatively
unr(a@)ralqm&h@ tie tH&lcan{pﬁ)ses%n%ﬁﬁé 2@t \ohdrblh sb3dnhAame Hl%le(ﬁ)s hnked
4 Arginine (R Lysine HO'Z 5 Isol eucine (I) Leucine
{

andyprt g5 wpRRiyEal (amm(\/ggm fhat (ingludepa mhm@ ramptyeof(tkrg same conservatlve

T AN MR S—

activity @8 h nGolefeaicit mvRclily uckl by &k iadditioa df B@obFerttiodal sequence, is a
identify nucleic acids of the invention, such as SEQ
ConsgsVR{Eye Va?’lat18n ofythe hasig pucleig@ciddi ng conservati ve
variations of nucleic acids of the invention, and
[0163) s conﬁans’@r‘favlée ﬁhybﬁtlmﬁliozéahl‘zﬁrprmﬂm&un@maaby sifiglar endino acids

f. t shin | ds_of
are eI in Ty ek, ORI BB R R Bt i eqptain natural
amiphlicidditizg incddude “RuadeevativacititiieiphesPrbidatthere. 9., SEQ
IDNO 7, 8, 9, or 10, under high, ultra-high and

ultra-ultra high stdrsQeemnesbeidtibh GasuRre a feature
of the invention. Exanples of such nucleic acids

[ nCl-up_e&l;{h‘i’&?A‘j"i th OTTeEg Ol Cg)f eW Si i’ﬁ{ﬂéoniﬂe FpmSet vatitve
2 | Aspartic acid (D) Glutamic acid (E)

3 | Asparagine (N) Glutamine (Q)

4 | Arginine (R) Lysine (K)

5 | Isoleucine (I) Leucine (L) Methionine (M) Valine (V)
6 | Phenylalanine (F) Tyrosine (Y) Tryptophan (W)
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nucl eic acid substitutions as conpared to a given
nucl ei ¢ acid sequence. 10 [0164] A test nucleic acid
WO 200883803 0 specifically hybridize to a probe PCDU£1003/032870
acid when it hybridizes at55least 1/z as well to the
probe as to the perfectly matched conpl enentary
target, | e it L pal to noise ratio at Iest I h
the probe to the

hi gh
[Olﬁlj e Ir ) c o P ?%’r‘?ntcﬁ’é bp gpaddedfisntifynedieig aﬁ}gﬁ) pithe
invehti6Hs shéh 4s8EQP ﬁbfl\ﬁ@t b yg, mRbChs cl&(ﬂﬁgb i e Ve[rgaﬁgffg of nucleic

W|tha3|gnal to noise ratio east a
acidxofithg inwentioyand this bmnparawkf%ndaduémmehmhns apefdriedmethod of
cleic acids. [0165

d
sl fin i€ AT R PAFSesCi o HBipPa et i wcios which
hybridpiecild ntcidic 834 WpréiBate®U§) Eb CSEQII@SNGWJ Qi &elcf' WhddrGigh,

a variety of well characterized physi co-
ultfpdpighand @lw@wltrahlghymrxggw dasodidions); areS?d‘Wteret ofetherz inwentmn

xR 3 98 BRI R Ger AP RS, A sk e
nuc(leh@ A3} shbdhidntidng fay cdrapdiad GLesivem nQ@elsla@l@r@{lﬂeﬁEé Yy and
Mol ecul ar Bi ol ogy--Hybridization with Nucleic Acid

[0184pbes paribsthhucleRadeiEk sdd to Qe%fﬁ@aﬁﬁ’hgﬁncﬁﬁé % HboBSn lelc acid
hybri di zati on and the strategy of et c acid probe

whegk i é@ybndlzqatéwt léras “Nélvfp ﬂ‘@rmpbe astovled perfestly matehedloeinplementary

tar%lrtles s aptag %8 1& §F1€>?2é% glg%éﬁ'gga&%%iﬂ}l%tjﬁge probe to the

tardetands camﬁubhsglgumﬁch fhe paﬂsctgfﬂmh@i}s}ob& BRHS® thd BEFdctly matched
Gene Probes 2 | RL Press at iversity Press, 3,
corppleeRfaryEAtgeh ith @isgnakiodwise mpiigyihatis 2) legstabpateSxd kixadsi ligh as that

i R

onuc tides e of strl nt
wlﬁéfo?i i SERB BBk ah iR fv@}enﬁ@agp 3:899ae  ghicaly in solution.
Nuaambﬂms}bﬁwe Butotd Varie6) s iHabachaved Epys?c&aﬁﬁnéa@ Qorces, such
onpl enentary residues on a filter in Sout hern or

as WSFQ&‘?@ PANGNE sof enEeudusinmhiserstagking and mlgs 18¢e. Mepentemsit guide to

Ly e

Bioaherflis@¥ afiBMlolechiur BiolbpE- H%ndiﬁatizﬁhw* HENud16i A PR PRI Bart I
su éazséor a description of SSC buffer). Oten the
ChaH‘ieg e YigRIE YT ERles PEIbY idizetieny ans) the stratesy of w@@n ¢gid probe

assmsmﬁvfe?rf@é‘@ Yo m&gm§&%9?elsg%%’ofrla@g g%ﬁ[ﬂ)gg?ns (1995)

I"ow stringency wa
Ger@(OtrdbG3IEBI5 PRET AtL(lSﬂ’@ﬁBUﬂ&ét@ﬁ@ Pres6, Ontford, Englahd, (GRARE ahd Higgins

Qi se ratjo of 5x r_hi gher) than that
1 G iR an S8R Gk T, Rrephat Qyuiprd Boivarsity Press,
o) ﬂaycbna 1268 (HeMe A FRAY ol 126 Bh fit p
. br| gl zaz(l one 016 ??uoﬁg‘éﬁ‘{éﬁ bdrn ﬁge g};antﬂ?egﬁs ﬁvf/gél%ﬂgc detection
and@@mntfma@ns ‘of DN A pied BN, éncludirig oligonecleotidssd 5
hybri di zati on experinments such as Southern and
[016fdr t her PAylample pAstriogent hylaicheanmrwﬁdmdﬁpﬂm tebdidizaivi of

e dlffere n erent envjronnenta
COHf?i A GMC&E% gl? %'egmfa éh%nol@wemwwwml@ws on a filter
in a@éﬁhﬁh?oﬁ’fdrﬂx%rﬂ Siof 8406 fofmdlid $H61 hd BPRparif WPhc, M the

I n Hanes
hybridization bemg camed out overnight. An example of stringent wash conditions is a

0.2x SSC wash at 65°C for 15 minutes (see Sambrook, supra for a description of SSC
buffer). Often the high stringency wash is preceded by a low stringency wash to remove

background probe signal. An example low stringency wash is 2x SSC at 40°C for 15
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Higgins, 1 and 2. Stringent hybridization and wash

conditions can easily be determned enpirically for
w@roo408s0s nucl ei ¢ acid. For exanple, in deterP@i/ngR003/032870

stringent hybridization 10 %nd wash conditions, the

hybri di zati on and wash conditions are gr adual Iy

i ncr sed (e. gnegtﬁ I ncreasj ng tenperatur

TigiLes- ﬁeﬁgrag 15t ke alg ofX (op behgithag ta@ttqasgréfﬁql for an
Iy

b | 2 R R A BT iy bt R R O
hylnidipaiion) , unt il a sel ect ed set of criteria are net.

For exanple, in highly stringent hybridization and
[0168$h condBtringest, hybﬁ&izhtj&hrv'vaﬁhmhﬂiﬂﬁnﬁﬁd theSIhtex@ B hiidl€ 8cid

ar radual ly 1 i ncreased until a probe binds to a
hy 1¥33@P|e§ip?mp%lﬂ%%}1°b@ﬁﬁpaﬁbﬁm apdynorthergdtybiiflizatiensgirg prguence

o) | S .

de%eﬂgcér?véergleafré ﬂf'fiey Gt gl er ﬁ%nﬂo@@ﬁﬁnﬁﬁtgﬁeﬁﬁ&gﬁ AdBkensive guide
to tha ﬂmbmdheahdnaifgmtleic[ 1383 fouddity THtseh (DIO3Y, supandnd Ir0Asmes and
ke § Iﬁcztgd.togleyeual tothetherrml meltln poi nt

45y L0R 2aSineenAYPARZR QLA it cpndifiens g7 epglipas dtened
emf)iﬁ%ﬂﬂ{r f&ed‘il'ty ReEnh AL Geid! ‘P%PQ)Ea?nelﬂQ ift Hgteﬂm 1‘%2 H“{f}}eﬁhhﬁ%u%zaﬂon

he test sequence hybrid s to per
anctJW@ﬁEconﬁﬁmns,ﬁhe h]z:hndm@es aod Makieccmdammam gmélmlllyoncreased (e.g., by

t t bri.di zat d
incHGR T Srrofreait SRertasbieal G sm gt i s ehneglhusteqns Seepigation
andlor ihéreadin@ theROf¢dnkat GESUGBERC 86lvénts HRthi B 6kniHRlif the hybridization

strength and pH [0169] "Utra high-stringency"
or Woghy Wit} aseleeed prt oherterie areomet. dies exareple Ho déghin stinigertt
R0 S8 GF B B A S5 G L

1nchﬂal§mli il afprétedindsaba peffeéthempehé®ednhplemBitaliagreet with a s1gna1 to
npl enrentary target nucleic acid is at |east | x

nm?ﬁ @ﬁ%@attlwtle?éb% W@ah rothahghserver o hybridizstiomf e prcme to an
C&HI}‘S target nucleic acids. Atarget nucleic acid
um\i}ﬂ[ﬂ% ri di ges to a probe under suchgcondl tions,
h a noi se..ratio gf east f_.
R N T R T R S
pmﬁCQ’[q]) ifSr aﬁpdrﬁicmﬁ pRbbed The Ti,he thelt&Rferaietefuntiéd definBd Qﬁuo strength

i ngency _conditions. [0170] Simlarly, even higher

and’ Iﬂ‘v‘)eilté’vlwh 2Q%iof gerfest ;@qmn%hmemtmﬁenﬁefﬂgmdmdl pgrob?;c For the
N i R e A e AR T R

cord@lonbSR0RBICIAE B absuk 5 Xlalﬂip.leﬁthah BRSE,, fdt tddpebifich@quence at a
stringency of hybridization and wash conditions are
defingd irHg sigengthand pPH-he signal to noise ratio for binding
of the probe to the perfectly mat ched conpl enentary
[0169F get nildltraihighastiidgénsyabylratiztion@red W@@h(porﬁmonsmmpse in which
hat observed

the inRPek S BROEa a heEYapaniiHRE BR d vyt i sigpal o nois

ratid GodlsindiAg batHESIrobte BUEd SirfecAf inthtoMal ebmPIRichthirg 89gdt Audleic acid is
probe under such conditions, with a signal to noise

at least iQ% asgfigh s thabehserveg fqﬂmndﬂahmtow@b'mé thel qpnnmbldé@rget nucleic
aCIESge pr gfgt%l@l'éy aC?Cf tCh ﬂgﬁ%«%kgsﬁg%hgolée un I' SLIC COH&IHOI’IS Wlth a

& tnder ringency
sigiead slhdisrasio of at least 1/2 that of the perfectly matched complementary target nucleic

acid is said to bind to the probe under ultra-high stringency conditions.

[0170] Similarly, even higher levels of stringency can be determined by gradually

increasing the hybridization and/or wash conditions of the relevant hybridization assay. For



10

15

20

25

30

[0171] Nucleic acids which do not hybridize to each
ot her under stringent conditions are still
wGeiwenzweds al |y identical if the pol ypeptides wdTOS1008932870
encode are substantially 137 dentical. This occurs,
e.g., when a copy of a nucleic acid is created using
t he maxi num codon degeneracy permtted by the genetic

exaraRie, these ig ydich the stinepreyof ybridipation andevash serditiopgyre increased
T e A B
compleneetuetcgs nodleiOatidNdat lamd 10x,ROX, S0Xc1@36or 506X or more as high

o5 {11 SPeRieR dprcRE R S SR e her AT 55 Bn & e
nu&i@%cﬂ%ﬁi@l'é ﬁylﬁ%di?esstg ggt?&fe%gé' éugﬁ Bt GRNwWAR a%%gformse ratio

using, e.g., BLAST s to default paraneters.
of areapti & thetafabrpericetly snatchefl gbmpEngniarpsrget pocbie actdiis said to bind

Ldentify the nuclejc acids of the invention. [0173]
to &F probgynder ‘felﬁé’“?tfﬁifé’ﬁpisgﬂlgﬂccﬁ Cl?ﬁi‘agloﬁs'pol ypepti de whi ch
rises_a uni que 20 subsequence in a pol ypeptide .
18] Bt oq Nerlsth ik wigh G Bech ridie taseach dibarogats sarasphconditions
r.] o a
B S T PR T (LR PR Snidly
ideptital pdptsi wteurs eggiewben a pQiy7dl]a Mieteid anié it dreatedat g the maximum
royi des for targgt E?Ud ei.c acids which hybridizes
co CNELRGY, REGBHICU O R 8FHE Y- a uni que codi ng
ol i gonucl eoti de whi ch encodes a uni que 25 subsequence
in a pol YR&hlcisdBsegtdes ed fromthe sequences of O RSs

rein ' ' ) .
O . 0y Ent i BAEASRU ARl S il O

sulpedyepepin amldie agd selpeted froal the eegrences ©f O-RIN AhamhO-RSs disclosed
hr%{.]t et ases of)theinvention wer e geri ei e.(ﬂ. bg dine t
e CHMIUCSHPIFGHCTSE &5 H B asHOmPIERdP AimiElyicsacidiGerggponding to
a.n}afé%/vﬁh OSRWNULBEO-ESD HedEik 2e1d; seq&%&.l AY gmﬁ&ﬁ_cﬁﬁ’ ge b@@t’bfnﬁ&i using,
[0175] The terns "identical" or percent "identity," in
e.gt, L APhsete defull perametennrAny wiighesubsemienceois useful, e.g., as a probe

to@%@ﬁg éi dci .seéigeng 81 Vre{ier to two or nore sequences
r e&'ﬁ Ak & fﬂ I_éreg ?rf‘i_e same or have a specified
R R s R B e SN o L

subMBQEneOTPRAp 8 Tpide 3L1EAOEHoMmAhe FRYEAISTOE OLR SSBQAHQIMIRein. Here,
as neasured using one of the sequence conparison

theaing@irei subseguelweds viiger dsedompagask toatpedypeatidrorarraspending to any

available t er.sons of skill) or by visual
prelvhoélﬁié@ﬂc’gﬁl.po?ﬁ%?éﬁ?e SFﬂgerf:?ﬁr ase "substantially ‘

identical,".in the context of two nuclei¢.acjds. or . 5
101337 ypept MHEEMERUSH ISORAS Gop Su TG T S S e ) esizes under

stﬂ%@eﬁt'&%mﬁﬂbﬁ@to%rﬁq&%ﬁﬁ%‘%ﬁi g@ﬁu@ébtid@\xﬁ@h &Rb&EsS dfiqheno
or nore sequences or subsequences that have at | east

subsbauenc& 004 pelppaptide 8¢lestedfrom th® 6eq@6%¢es aH OuR S OBYEreibe unique

o . : . .
subgsgq/l(ie%ge S Jn?qure]zuacs: lcgl%tpérgs th pgfg/]pgp(%id%%lmdregp%ﬁai%lé%o any of the control

polypeptides (e.g., parental sequences from which synthetases of the invention were

derived, e.g., by mutation). Unique sequences are determined as noted above.

] Sequence comparison, identity, and homology
[0175] The terms “identical” or percent “identity,” in the context of two or more

nucleic acid or polypeptide sequences, refer to two or more sequences or subsequences that

are the same or have a specified percentage of amino acid residues or nucleotides that are
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identity, when conpared and aligned for maxi num
correspondence, as neasured using a sequence
W@ oovpasiesdn al gorithm or by visual inspection.PEUk2003/032870
"substantially identical" 18 sequences are typically
consi dered to be "honol ogous,"” w thout reference to
actual . ancestr ‘Hﬁ/@ef erably, the "substanti al i
the; s3mgy YVPV’ C%;}Pfg?(i %@P?@%mam QOHESROB RS e dsesyted using
I
o P RS Ao bR R b B oI forithms availabe
to pft;mrdwéskﬂlandbymsualpmseéammbl y, the sequences are
substantially identical over at |east about 150
[0176%i dues Thephasetsubtentidllylidémtiagl hinahe Edigext\v0 t1$€ BUEBIG@Sids or
be cggpared 15 [ 0177] Proteins and/or protein

to
pPolypeRiidss fxs-aPNAsHRAIRG 8O- (RS BT OHRY, atrthe arainowasifl sequence of an

5 r

O-RSJ HEED bl orhidnelsb fleied or oib A OMIPEE fealiaBbut 60cs, about
80%nabiant 969SPie iabow Gi8 b, aboptd8¢esr moe rimohsohdngmﬁmmb @Bldtrhﬁ&ue
.daﬁe dﬁrived, @@Jrall or artificiall froma compn
ideqiiye 3P ForppRIpe prad affgngd £or RiEMCORes RPISERFe At BCasaERd using a
seq@ém c})aﬁE‘é‘n A1gbricha érYDyC\qﬁié[ [dsP&ktiBHC Sﬁélp“sﬁﬁétﬁnt?‘l{ﬂl iB&tical”

hodi fie any avail abl e nutagenesi s 0
Sequﬂmea aee tdp@aléy cqmrtbr@db @et“bomobgoms,” Wikoutexforenss tgctual

ancestﬁ% o rgﬁggbelxht edsrul:t]) te algﬂ?{lg]gl ’?eé(?srt]%gfeﬁ % rggglg loy %%g‘é(lll%%ces that is
at 16aEt abhd 130 r@sﬁmsﬁleﬁm mote Srefbraly oRdtdirkiionak hivieadt bB6ut 100
one or nore standard codon, thereby changing one or

resifves 8¢ mnghpratesshlndhassayenass aﬁ:esub@temnadlm niigalsaver at least about
15@fkd) o?%vé’ﬁ“uia frullt'_ll%%il %g%et nue(3§1 t|¥ ge' 0f er rgd from

Se(q uence sim etween aCI ds

prote S subse uences t hereof). Th r ci se
0197} Dot abBieihS ndion SRR ese SBoliRas tr (S &€ derived,
natUSel W aﬁﬂ1c@a31yaﬂbhﬁi'&dﬁ§in&9 AR e98M pY&él'nQﬁ' p}%t&lh sbéfence. Similarly,

nucleic acid and protein at issue, but as little as

nuclgyneids ard{eenusiais haid sequenees mmthmfébgouss’dmnttbe}e@’@ aptivesh
I ar

w0 R el el 5k by S REE S0 Al s Sence. For
exdifple, any daturdlysetcheingsRelelOactd é Mbd HbdifledBy @ﬂy’avdiﬁbféi?iﬂl&agenesm

for determ ning sequence simlarity 30 percentages
methoddo inchidgonp op Feratelestoq cedpmgWaien a&wmssséftam@agqn@demclmc

3BT RFSER ORISR Byl gy

procemman | @puBechddnionhlbgyitadehe bimimodad stafdard gtdion pthkieb BRanging one
uence acts as a refer nce sequence to which test

or Jgg apigo @ mggainh@rogsm gsewaléng@mology is generally
inf&RiIPR6Th %Q&heﬂ&@ﬁﬁhlﬁﬁgﬂr be&@één MDrneiE hEAEE éllts,ﬁlg W gf‘(ﬁénﬂfo?

input into a conput subsequence coordi nate§ are
subdegicyeratteereof) f Th@plessapyrcelamgb csfesquﬂmuy batvga@nised{umces that is

use@grpg gggﬂélbsh Ra ams (Begryiﬁa%{qg W(iifgé'l%ﬁl'lc 6 §01 Iargd Bgcg%gnﬁ{clssue but as little

as 390 Y& tefcd ﬁﬁmtm@yyls finkRR1sb @RS esBRUNERGROPLy. Bl g%Hek YeReks®f
the reference séquence, "based on the designated

seqpersgsHPlPHY st 0%, 4%,1570% 606, 7984, 8Qv, §Ate Hﬁ%of)r 99% or more,
can-alsh 5 \ised t(g EdtariRITREM! f’o%y ‘f@e@hob $ £60 Equr%]tl%%g seq&n&e s1¥nlar1ty

percentages (e.g., BLASTP and BLASTN using default parameters) are described herein

and are generally available.
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M gawprd ssaretfor @ phic of Beichingresideas: alwaytiz At and

the |l ocal honol ogy algorithmof Smth & Waternman, Adv.
Appl . Math. 2:482 (1981), by 10 the honol ogy

w@bdiogiosens al gorithm of Needl eman & Winsch, J.P&DIUS2003/032870
Bi ol . 48:443 (1970), by theYsearch for sinilarity

rret hod of Pearson & Li prran Proc. . Acad. Sci.
85: 2444 (1988), corrp eri zed i npl.enentatjo
M\ hese P HOPPARRMP %?moiﬂgy @%@watlaﬁdtyw gne

sedognéé‘&ts\/yssaqgfé%éﬂ%eg@cgﬁ bé3§> wiRER WRY s%qﬁ’éiﬁlé@&%’co ‘d' ‘When using a
nmputer G oup, 575 Science Dr., Mdison, W by

sequiesmompwp@calg@mth(rs dast geiu@feaency spreoess| ar@mpuuﬁltcaa computer,
infraé. &Oéigo% exa 5e of an al rithmt
sullsii{elhs edqdintes HE P AARA e Rlosiin’ 088 bechBilel alidrith iy program
padfiRics AL ABG gna?td:d'ﬂ Ty deﬁﬁeﬂc@ cbﬂﬂgm@eﬁﬁfg@ﬂtmﬁ &hémCuMesCthe percent
al .

is describe Al tschul et
sequenreddentity for(thowe) seqursice (shrelativerto ﬁ@rrf:@remca gecBI@As}rr based on the

y avail abl e through the Nati onal
de@%{té/dsp%gggr ﬁ’éipalf%rlé%%nol ogy Infor matl on 20

rod e ' v R el ohisabgiye e dStapaints Qe Sptyped e.. by
the 166 hbfibidg aﬁgwﬁﬁm\wsﬁﬁth% Wﬁeﬂﬁe{ﬁ Wb DA pHIEVAME Y482 (1981), by

sequence, which either match or satisfy sone
thedm@@&eah@m@eﬂalgm@m Neesléenran &’ Witresoh.all. MpdeBiohi48t4g (1970),

by a0 i RO PR pesth el ERIADES B RIP] Oag Tsdi s

852444 610188), by lcomputeriBePindlemdit@dehsiof tHosé hlgBRIGRNT AW BESTFIT,
word hits act as seeds for 25 '"initiati nq@searches to

FAqufﬁ\d apéhges Tagndhe Yriseansinifeenetiesmioftnase Reglasni GenctipeComputer
Gr#»tﬁ? '37? X feﬂgee]gr dig&]i *ng {II?I L n%&?ﬂ)ne(%: e?’zgi%f@g@lﬁubel et

ar as e cunul Scor e can
al. |zhﬁ*a)3ased Currul ative scores are cal cul ated using, for
nucl eoti de sequences, the paranmeters M (reward score

[0180] & paiohe ‘éf(alﬂ?l%%lﬂ laf gl JoBisHrl URS is saltiEly Sorteymddifly ﬁlarcent

(penalty score m smat chi n%resn dues; always <

Seqn@nceadmtﬁy ard epasersseHBBantyas e LAY ageriba, |V§n@lu§die§%‘lbed in
Alé&ug%Lc? 2oL t]ilS% %g Q%E“,hfg §19;9pg ﬁof \53&%‘?5}5& t1§‘1§AST

andl e ligpubliel yadviadabie throsghothe Natdibh G@ﬁfer ot Blbecmm@gy Infor¥ation
fromits maxi mum__achi eved val ue; the cunul ative score

(Wyachi-pln.aihegoyf). gdisoaigorhm 1p6°1t’?§ef1f§tcléiﬁli*ﬁfb”d’tgi hagh ggoriggsequence

Pl (T o FRALOHE: SO0 DERARNAH YRGS Sonlcss g itr

maRﬁTdruamg 36188 a&gﬁve-ﬁﬂu&mﬁﬁhalldg;omneﬂhwhmlmd evith AWorl, of the
and X dete ne the sensiti and spee of t
sargf [egaieRe. AU pi‘d@ﬁe (B Haresapbprood ord score

thrE@IUEQARENuI YP &5, 4 rdjef[ﬁé'éetlﬁltﬁl ﬂ@%@ogg%?%orﬁ\'\%tg Qkt l\aéjsgreds for

an expectation ( 0, a cuto

'1n1‘aatmgasemgh¢satp|fmddomger H&Ha cogtpingnrgtbemFdihe avvird bits etedhen extended in

e ue ces, the BLASTP es _as efa
rotaRre sepnos TooRs T hURE RpRBIT Rt a scopp gan be
1nc§réh§ecBL@§HMﬁﬁv§%fés%e oRE1Atsd ﬁéi LE fhlemidisiide &eci‘&ﬂtéﬁoﬁq% parameters
1989) Proc. Natl. Acad. Sci. A 89: 10915&@3@0181 I'n

nalty scengdor
mlﬁl’rﬁé{ng e%?cfueg ':‘mvays < 0). For amino acid sequences, a scoring matrix is used to

calculate the cumulative score. Extension of the word hits in each direction are halted
when: the cumulative alignment score falls off by the quantity X from its maximum
achieved value; the cumulative score goes to zero or below, due to the accumulation of one

or more negative-scoring residue alignments; or the end of either sequence is reached. The
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al so perforns a statistical analysis of the simlarity
bet ween two sequences (see, e.g., Karlin & Altschul,
wor@a/033des ' | . Acad. Sci. USA 90: 5873-5787 (199807/US100%032870
measure of simlarity 10 pré@vi ded by the BLAST
algorithmis the smallest sum probability (P(N)),

' rrovides an indication of the probability
: Blmﬁ Elggnf%&% RHABECHWn 1t ol 3 deteanine dle Snsibivity amaweeg of the

aligHANRNGRE g\% gﬁ%‘x‘&ger egﬂm mft‘ﬁe sEQlenCeH TR sGrs d@faults a wordlength

nucleic a ar“to a’ referenc
(W9 e U &rameexipectativgn @Y (185t cusofifop i @ A3, |N=§L41 amdsa companson of both

sty Biranfo foin sofsEsy MRy ER Bkt fesa® Hetabls aboyenstn (W)
of B%ﬁﬁexb@&ﬁu@l@(ﬂgtof 900ahd tﬁ@QLohﬁJmﬁcoﬁhgfn%ﬁJ@ e |I-Fe§1ﬁ<off &

t han about Mut agenesi s and her Mol ecul ar
Henjkefidd 8 DeirbeiMpil Acpd, ]U%|89ﬂ081590t| des and
pol ypepti des of the invention and used in the
[0i81Vent i ofin additionh® cabul piniggesdnisijnmcondendity, ée BLAST algorithm

bi ol.ogi cal techni neral .texts which descripe .
alsf pPERTRSA ot Bﬁl%ﬂcg]g‘?“gglmstoé%ﬁ laﬁ%%tyebﬁawq;&éweéﬁ@l&m%@ee e.g., Karlin

& Kitsamel, prod N1, RaRDS0KSAS YP5873-878h @904y S@Q@ﬁeaﬁ@Bﬁlmlmty
These texts describe mut agenesi s, the usé of vectors,

proyiidaddtyehe BAAd Thalggritho ily ehe smerlllestanm probakuhtyr(B(Ml) ,ewhm:b ;prov1des an

infon 15 PSP B8R PSR P oL ko i

sequeNER twddild ot BpgrirE. FENAGmMpY, hheeeRAHcidXRbRAHSEE Similar to a
and pairs thereof. [0183] Various types of nutagenesis

refeyiencq seauerica ik the smalies sWBprokabyity int acqmapaisen QStheRMnuclelc acid to
i r of
oL Gk RSBl B a8 BESEHGE001 e
mdshpiefegatt p tiss amnlabalatw(nl amno acid, e.g., an
unnatural am no acid conprising a noi ety where a
saccharlo- he or _an unnatura

ani no gitag L Other Molecular Biolooy Technigues

[01$2bt ei n SPlygéqtlyw&% iané pelypenitdes ekthe imveatjon prd i!ﬁ@é nbthe invention
d
car%éemgﬁ)i u gliésa'lfsﬁ% nl‘%l gg%%rgbﬁfggﬁgfm na l?ers] %%h@r%‘\&g(ts which describe
m(ﬂéwiaff Ibldh@ma‘l tahhizjues @cluds [Bé@eﬁuﬁ(aﬁﬁﬁﬁﬁl Suprel, Baidbrook, supra, and
mut agenesi s using uracil

ric construction
Aue@??fgwﬁ% gﬂ%eé‘?ﬁﬂxéﬁ degcriby myapaResisdhe B ofi eetore gromoters and many
othZHAIBRED) ﬁs ARG RNQ éggttﬂé géﬂe?ahoﬂ%@ g&laé%gh%md slec lector codons for

nutagenes ., mut agen si ng gapped dupl ex
praduetidn ddeglyamprateins Wh20oveh(ah,60fHho KGR tIBIALJrid26TA sylﬁlietases
0 ation thereof. Additional suitable methods
an?ﬂ%ﬁ&ﬁ %@int m smatch repair, nutagenesis using

3 air-d f|C|ent host strains, restriction-selection
[01§ restr aE‘P%WPeﬁo‘RfrfPFﬁaé%ﬂeFlé Ate used & the inventiapend stognutate

rﬁ%@&ﬁéé t ?r%dg% dl?drﬁt%l i (R Kkmht%?ééducg %Bpirfe.s of Eﬁi?l‘?etases to insert

r epal enesi s
selccrtmodoalmmgthahmede an nmmmralummgo acid, @ag.sen umﬁtmdbmnnn atide
r.esent .i nventi on. one enbodhnent enesi s

Siped AL ISP RHSRH IR EROHE racheferd LIP3 amino acid
tha@fifeHided A8adtRARIEUhSicB), irPd pREES oPpol PPpRHE B NRErEEalThYy include but

occurring nolecule, "e.g., sequence, sequence
aredotrpanitied émsite- @rgﬁsﬂdc aﬁndpmqmmttnmé@enemyshoaml@qus teogmbimgtion,

DI\M] ghllfhhl% or other recursive mutagenesis methods, chimeric construction, mutagenesis
using uracil containing templates, oligonucleotide-directed mutagenesis, phosphorothioate-

modified DNA mutagenesis, mutagenesis using gapped duplex DNA or the like, or any
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[0184] Host cells are genetically engineered (e.g.,
transforned, transduced or transfected) with the
wp@oiognssshEot i des of the invention or constructBCTIEN3/032870
i nclude a 10 pol ynucl eoti delof the invention, e.g., a
vector of the invention, which can be, for exanple, a
cloning vector or an expression vector. For exanple,

combigaligsuthprgof. effiditiensl spitathemsthods s Hide PoinkRpismatel repar,
mu? ér%H%gitolﬁgl é}%&yfﬁéﬂagﬂ%ogtss?rmﬁ nI%SI%IIaﬁOIF E&E& nog atgg II‘ gs?nctlon-

purificapivn Sdefgdion mma@nyzsmhﬁmag@esa bgz i el giﬁe mtﬁésys danblbstrand break
attached, such as an al deh)( or keto-derivati zed

repgi; # the like. MintaganGsin &€y ABYOHRE ARMEEE goRSiEIcts, Filipdagluded in the

[

preféht BARGEH! HforknfHolimai ARG Lot bOEHd By RARGy information of

thetrheralgsoccedityaolect or alierpd aamutagdimtigaltpatcaiiing molecule, e.g.,
transcription and transl at on term n aiors

QU I PRIC SRR ST &l S’éﬁ@ RFAPSTHES Catstad Rracvgon disdlike.
and pronoters_useful for regulation of the expressiaon

[015#] t he pBlosti cellp are seaptically spginesred (eg- diransrampd cransduced or
traI‘Ps%dtém HilVihe %g§§&1&§ Vi ‘in\?e)l(ng&? 3oL ARLHAS %ﬁﬁéhgl clude a

cont arni ng one | ndependent. term nator
polyeupiaticle , of ﬂ&aqnem:m Qe mvecttom@ thejpiventidn, orhichf cantve, for example, a
cassette in eukaryotes, prokary or _bot
Cloe@ggyectog AT PRPISRSIOn et ol eamalel orootiaiiegians G tsuppogonal
tRI@A%@%YtHB%&mPﬁﬁ\Iﬁ%ﬁth&%é Gnd DGR to Y8 GbRVAizRE Sith, e.g., an

sui tab or replication and/or integration in
unmtwkbanyiod @sid coulpeisingtaempietyowhgye efsmt:hbhde inoiety, c:®dw attached, such

as € %lh%%ef?‘ @%ﬂ%@ﬁnﬁ@%s ¥ La%%ig ural&n’;igfe) taci%I thdt includes a
sacE’ﬁzﬁicE'rﬂolgt)ypﬁre opefably 1ifidd % dhelek %Qlon Lo @lomea tpat are

mbr ook, "Berger (all supra). The vector can be,
funé&@mls irethedgsitagehosbeak. aﬁplgalmegt@rﬁ Qpntaan tmmgnenpm ad tganslation

et et e B A G bt o oo R AR St med or
regBREOA bf tHe@kPREGSMbENE paiticilad el Audteicheils ThHicledtbirdi@ptionally
el ectroporation (Fromet al., Proc. Natl. Acad. Sci.

Cores»se@ne%g@r@wawssertw watang Byleqst oag indepensiest tepnigtor

s R atichal b aEDRLIBE hPfe BiBAE ] cRflL) St e, o
bothdeads slouttipacdtoms) asl setection niatiersiior baiheprokdrestic @id emkaryotic

Nature 327, 70-.73 &198% and/or the like. [0185] A
SYSECHRSy | s e suifable Forrenlidtinn ardlpr igpsLasion it BEbkaryofesy cukaryotes,

or ﬁﬂefk@éﬂfg E@’Eg@ﬂ?ﬁﬁln & $mith,; Cé;élj?]lé 8t§‘1 197 chcj)gmgs ft an ‘Nature;

Bact er | a Bac erio
32&@3)14(1985}56%@@3&]32@0(3/ PBRRABTEXps Puttic43a: 16t (1993); Aeslﬁ)el

AT Addi t b
ook TdTtag (TG TaEF O HB Ponlop SCTaSIE NN 57 gaIch e pasmid, o
bad¥drfil®, ganﬁﬁda Hﬂ@é@rﬂolfyd%lebh&o 6?11 E {1 RN JRUA JtiABS Tﬁé Qectors are

al so found in Sanbrook (supra), usu supra),
intjoduesghiniorrels alai/ or mwgamm&bmtﬁmd n@m S g electmporatlon
| | fi
e L POl AT 58, Bt g o, i

Velbﬁli}elbﬁliisti@lp’éh&tﬁloﬁﬂjyfbmdﬂfmhws witlahdaiuele acid either within the matrix
non- st anda 39(1% can be customor standard ordered from

of gpall bradg oypartieles, oson dmivisiaes dflenint pk Natueg 3, 4Q-78KE987)), and/or
the like.

[0185] A catalogue of Bacteria and Bacteriophages useful for cloning is provided,

e.g., by the ATCC, e.g., The ATCC Catalogue of Bacteria and Bacteriophage (1996)
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M dl and Certified Reagent Conpany (M dland, TX

ncrc.con), The Great Anerican Gene Conpany (Ranona,
w@200a0386D8bl e on the Wrld Wde Wb at genco. ceoi/ps2003/032870

ExpressCGen Inc. (Chicago, ®L available on the Wrld

Wde Web at expressgen com, Operon Technol ogies 10

I n many others. [0186] The
Ghsw&.%%@' l(%fge ﬁ%@tsgA%PY Ewc%qac e Additiopaklpsicrpreesduess foiearencing,
clodtel dn@h P8 &ts Jrofbitded bﬂﬁoé’}pﬁ{cptﬂ{deﬁgl tf?eforec’t}&%hconmderatlons are
activities as, for exanp creeni ng st
alsa dound&h iSagbreko(vepre), sAu:subsl éiuped), aod mWasbm I@rmlnﬂs)92) Recombinant

DY S5 e RAH L B S50 LLNER i

acil § Wi ttaA1 PR, 1BBIEMAR14iE adld, wﬁ&her%%a%%ﬁ%n Js%anab&%b Bhifbe

acid isolation) include Fr eshney (1994) Culture of
cusiein e Stawdart ordegedvispmciny of a Baréty of Ferohmicjal spurtcks, isuch as the

N[lggl é ggﬂ#ée\réle]##egg(; aélpll\l%ﬁéﬁ cr i[gg%c}c&eoﬁf tfg%ﬁgcag ﬁanencan Gene

CoiEipﬁﬁyl Rdchibriall CA availkblg h theSWoHEWidd leL W defiYo. émﬁ})l]&% ressGen Inc.
New York, NY; Garrborgwand Phillips (eds) 8

(Clpsin, Uayailebir dnse Weri Ghése el @m@sngmlTec nologes
S Vi B
Inct B AR Ak@f%@if ey ”an Atp a5 and par ks (eds) The
dbook . of M :
1L 5 Rat 3Re R &P WP orkd i oo LBy meais

modifiddne apﬁﬂb@ﬂbﬂeq{ir such fact@s?iﬁé‘ﬁFHs eﬁor axdshplef RiceRMRbUGs N tidating
gl ycoprotei n that conprises at | east saccharide noi ety

pramotess 6y peleatingrrapiormans.k Thesg ﬁ@lﬂwwpaowaslydmﬂualummto transgenic

or%%{g éﬁm@t %@Pge\rﬁ&%_%{ %Nieé’ q‘gr cseglqgcﬁgtgc?np Crlllu Effrq(gtgi " Ofgr subsequent

nudeiq laelﬂciﬁ)lai‘(ﬁf) GhhdhgdectresEnBAp(1998YICORurR Bf @nﬁﬁal Edlls0ABTanual of Basic
enbodinent, the kit further includes an unnat ur al

Technique, hirdedifiqn, “éﬂf-‘é’aé%ﬁﬁaN‘?Vﬂ &oplp g (e refereages qiied tharein; Payne et

al. %%?Pfaﬁ% Eeiiaf i ! ﬁsﬁ@@%ﬁ%ﬁ: Eﬂ@hfﬁ% %Ssﬁ)ﬁﬁ ﬁl%& Sons, Inc. New

Yodo MY Gesborg sihd Potllipn@ts)(k@9s) Phins Celiy TisswedmdiOwgart Gelture;

@4%??3?@@ &%ﬂl@sofm@ﬂ%@@b&?wﬁxg%ﬁﬂ@w%%{go@m . Cidelperg New
Yohaeand IAMME Ahdl PRrks '(édsb $hé'RYRIRLR 8 E‘L%Blotl cf Aggag@ﬁélzc

nbodi nents describ erein are
Prd@Q'BdQSB@CCBV 0B2870 63 illustrati ve pur poses only and
that various nodifications or changes in |ight thereof
w Il be suggested to persons skilled in the art and
KI&8e to be included within the spirit and purview of

R T T T I —

glyebaoRRin Bl NIRRT EENSsd BRI nlhibs ie3ATRIca, HRSCthdBSiRludes a
system for preparing p-acetyl-L-phenyl al ani ne and
contamer containing a polynucleotide sequence encoding an O-tRNA, and/or an O-tRNA,

and/or a polynucleotide sequence encoding an O-RS, and/or an O-RS. In one embodiment,
the kit further includes an unnatural amino acid with a saccharide moiety, or an unnatural
amino acid with a moiety to attach a saccharide moiety. In another embodiment, the kit

further comprises instructional materials for producing the glycoprotein.

EXAMPLES
[0188] The following examples are offered to illustrate, but not to limit the

invention. It is understood that the examples and embodiments described herein are for
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incorporating this unnatural amno acid into a

protein. [0190] The genetic codes of nobst known
wor@anssns encode the same common twenty am NPCEHUBS3/032870

as building blocks for the &i osynthesis of proteins.

Only in rare cases 10 are selenocysteine (see, e.g.,

Bock, A, et al 1991) Mol. Mcrobiol. 5:515-520) or
illustratiVs Rraponss prlyand ghag variaysimpdjtieasions ey chapgesdn light thgrpef will be

su%g%tgﬂggp%g% %ﬁ@gd gﬁ% aagg arde% e ég’csl}ld W tlglh the %}%{Qt?%)éi purview of

thisapphioati anamdscapsd ofisthe appepdetdsdmmssur prisingly limted
nunber of functional groups - nitrogen bases,
carboxylic acids and am des, al cohols, and a thiol

EXkMPPh.E 1:/8YSEEM ROR INEORP CRATINGA KIE® PUNCTTONAL GROUP
INTOIPROH groups. The ability to augnent the

%g etically encoded amino acids with new ami no acids,
[0158} exan® F"é exapleglegerhs a W 3iem fen RPPasimElPardehid; L-phenylalanine and

inchipdfd tﬁEQE]QEBnﬁtﬁ%@ 0 aldﬁis’o‘%nto %{e‘ﬁ?m lve or

spi n S|gn|f|cantly enhance
bi | | at t t
0194 P s R SRR % D ormon

twdntgem’ﬁﬂio\aeﬁis aRBaRdihg Ylockefor ﬂmflb@lﬁtﬂebi@tof byotael@ll Oﬁlyriﬁ\i\bre cases
nponents to the _translational 20 machin

are ﬁg]@ﬁ%q,ys@mea(s% pig-» Bock ey phal.. é}?@léMﬂlerCl’OblOf/ 5:515-520) or
C r Y,
pyxﬁc‘gggxéej Bee! if 4. n%lt“{‘}y% LRCG! Bof égﬁ)g)% §&eﬁéegib6 14593@1'65 arfl, Hao, B., et
al.,€20020) ScieREH 296 Btﬁ?ehﬁtﬁé) 2@1ed. T4 Side@Bain¥\éhide cbmmcﬁatanﬁho acids
(2002) J. Chem Soc. 124:1836-1837; and, Zhang,
coqpnse&sug?nsmg(l@ bg@t)ed AH’@EW of@%onpl,ﬁroulgd— IEﬁggen bases, carboxylic

t [
seifrehiagy Sop S Ao Ein B olfngel Bl SHARE Fronsnay
hydmodmbix goupsal Thena@ﬂ&mtmm@ﬁﬁnd tHe@ehérirall egeitiet Iaﬁmﬁ‘(oﬂﬁdmlth new
coli, and that the unique

amiAg G or ¢ 9X%?P1Wémpa@ ia@dg Wéhgoetel ghelgiing, dlgresgent, redox active,
f [
L35 o LA O R A e
manipulateghe sttuatinesmsd ﬁmptumsd)f peoteing alpﬂapc&hapsrhvang arggmsms

actions addj tion reactions to ald
thefRT i PG egpatashet By g rconmineni 4o 5 B penel
maMfh&y OF Me@ﬂchz@%lz' E. éd?z) Qﬁle%%{lﬁ%ﬁﬂeléﬁééiﬁéﬁ?@' ihé oﬁMet With high
hydrazi de and 30 hydr oxyl am ne derivatives in

fideditye 8 apmberod! unnatuesl lagvincaaridsdse e@., Weleg, Ehait ak (209&@ s_cmnce 292:

sy o2, gt SIS EBE

(20()1)9&129%8!(1}@1311 MIE. @ﬁln4132816&81§ﬁnt@ﬁt@telﬁ&h%vo IThidExample
et al . (11@997 Sci ence WO 2004/ 035605 PCT/ US2003/ 032870

dengpnstratgs that this apppench gpn hoerjendsdde add 2 kefosentaintieg aminoaeid to the
gen%j@code%?%h%\f%aé&e-sr% e.g. ’Fﬁ tcgﬁl gd\}ﬁ 3@1 lslﬁlrclﬂe Pe%(‘:tmpjéff the keto group
can (bSmsem@ese}eVﬁVélymodN@\@rdtemk )n visrol withl® YvidepwarietyOst akdutk.

net abol ites (see, Diaz, E., et al. (2001)

[0194]cr obi Ofhe Rddb groﬁp(ié ub@ﬁ us @ orgarid-che@Riryai Iﬁﬁ'tuﬁpates in a large

posttransl ational nodification to proteins (see, €.
nunghes pgieactignspfrom aﬂéﬁloaéﬁacgonbﬁ@wldql\pomden§ammg) MEIii@Qﬁef the umque

reac?bvgt(lg r(])tf Zhe@é(%gﬁé]a 10\85 H'tﬁ bé 5@8&]?/%{3’ mgéiﬁgna%vgtﬂg%d%z%é
hydamiyttanink dedivalives trothg restrice af the @hrag@iend bdid side chains. See, e.g.,
Cornish, V. W., et al. (1996) J. Am. Chem. Soc. 118: 8150-8151; Geoghegan, K. F. &

Stroh, J. G. (1992) Bioconjug. Chem. 3:138-146; and, Mahal, L. K., et al. (1997) Science
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functional group in E. coli in the form of

p- acetyl - L- phenyl al ani ne, a t RNA-synt hetase pair was
wewheeos hat i s capable of inserting this am POI/ES10d3/032870

site-specifically into protdins in E. coli in

response to (and only in response to) an anber

nonsgnse codon. Inportantly this 10 t RNA-synt het ase )
27651211428 AbpshanTetent incolisiun s rat-t Begley, T Ko et ahfdl97) in Top.
CuA2CAEhN 348! ¢ - BRI
e L ar s Ve B G RSP VMR SR P ¥R, 195, oo,
9341 A metabotitearilee, ¢.0i DidzRNAEt &l (2001 yislicrobial. Mell Bioh Rev. 65: 523-

cid only, anq the resulting acylated tRNA inserts

sofid anA e ar LG FIgatinm 9 Profeing §566rfs® PlelpkaN Mgy van der
DoRRIAN A, MADBTRCALR. BIIP Mel3gRE7 thdif i o i

ofik i acgét%yl f"t o B an%%ﬁléh%lgﬁ%ant ThERAEPLLAP is absent
from-the eitdg Ichainp bbthy caineonrmeinaad dp unarderdd géneticalRGehcade tos

o S G i M e, SRR Bt i
wak elddndi iﬁ’@hﬁ}aﬁhe &Qh 48R k@i s(FalVY hcid [sRE-spediANS iftb pr&SR in E.

t enper at ur e. e solvent was evaporated to obfain

colipi regpapeakietand Taly in saspenbeiRsant dneher nessgagresnden. Impdrtangly this

098 ALl b UREG o P ol i v
theRt@p @@l syithétaseqtteonl a5 e syithdtase Mualoaoy ires BtSrthBadhil IRNA
Instrument Co., Inc., Wburn, qcl\/g was used to separate
(andlionlyibis tRAY o idly thetunnatuesdampno acigenly gindrths fagpléing 3cdaisl (RNA
. ' | ] ! ) el uant
msﬁf%gguﬂadrjnﬁ%ﬂv\lg% C&y%%%ﬁé%ﬁ%% 6031_?)1& AR %0-93 ite solid
(0.45 g, 88%. 1H NMR (400 MHz D20): 8 7.85-7.28 (m

. .4 Hz), 3.2 2H), 2.7 , 3H).
M % il\flfiﬂ/[E Dgoni za%i on (E(Slrr;: FI)I\/H-1]+ c,glscd F?)r

[0192]L H1 3NOBraaBatis:, of ipentadl-ZOBhehylaldndied Amdsyprhtegl-B-phénylalanine

- l-() - | al ani . e.g.,. Celand G _H.
Waf R@fggésyeé .fr(o)neﬁgf %@#@&?\%ﬁ?@eﬁ%&%- W s Hels A ). ks ggpound
(1'(% g‘s >} HAS]) Was rsﬁﬁgédi‘!vlth 4801, Bf F@F%%lﬁg w@oﬁin{gﬁﬁi @cgr@%a%?lse (DMF))

nmol ) "was added to a st
for2deuopdionem (dBpetatgre. THeGolvent yas evapiQ@tedito obtatmawbidmpowder. The

t et hl orid foll h ition of 2' 2",
soligii G St s o DB phioatyaed (i SBnBlosiesiqaciqiiza), and
thels8p&hhtan Wisdole&edB$ filthRidn h ealpachtive re\{f_:%fgﬂl'fségé BPLE& (Microsorb

hours. After conpletion of reaction '
C18/ Rainiadasinmnad&p;, InheWobium Mok wasatsedissepdrald the degiredrproduct

ol ol SRR B B3 3% By . g cton
(tr % 120Qin)was aytg)hnfzje&(b gélitaﬁi alfiitedolid (086 gp8 mmilH N®RRe@00 MHz
was coll ected and dried over anhydrous SH, and

D-Q¥10/e82- T8 ¢Eict- 23 @, 11d. 28T 3.2 Melb R 561 31 WHiScefhectrospray
. WA [ ki zed. w a af he desired
ionffifign ESAYIED) ERERDG HaRDALR b Tofhd it 1e 675
% . Dry ethano 50 was. added dr opwi to

Wlé@lﬁ ane- &H@ﬁﬁ@éﬁ @"@s’dé%mlgt)ezefw@it@eése@, o8, Ei‘ﬁ%ﬂdy Gy B £1969) L.

I . ' 13 d 100
Org ey, 3 TAREAGH N Sodboulidh SRBR] fab REr ARl ot RS usage.
NBad@8and, d0fatmoiatvas dled tg a stifedmaiifionwalst-tiethyl acktiehoow €13.4 g,
100 mmol) in 400 mL of carbon tetrachloride, followed by the addition of 2°,2’-

azobisiosbutyronitrile (AIBN) (0.43g, 2.5 mmol). The reaction mixture was then heated to
reflux for 4 hours. After completion of reaction (TLC: 8:1/hexanes:EtOAc), the solution
was washed with water (1 X 100 mL), 1 M aqueous HCI (3 X 100 mL), 0.5% aqueous
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30 mnutes with stirring, followed by the dropw se

addi tion of 1-(4-bronoethyl- phenyl)thanone (2.1 g, 10
woreip3iens dry et hanol over 90 m nutes. After tPEI/US2003/032870

m xture was heated to refl6ix overni ght and cool ed,

di et hyl et her (150 m.) and water (100 nL) were 10

added to the_solution, The organic Iayer was separ at ed
NafiRi5 a0 0 503 aud rmpin X e RILG B oneibiptayey e ape caiapd dried

e’itraﬂh BEMESOK AH8%oRkde whf i 1Ry SHiQUhi
o Mrb ég%l(’t vvag rerrvtgé eggf)%rq{/eééﬁgbttglgle% ‘%o% a1 ro&l}wwas
recgy(stuﬁyzedodnt}dhe)dabesatn aeffodi thb desirddt (@aremotthykphemyb)thad deslas a solid

16 e B ictinel R b o BRFaioRvEF i BgnfaneNphed sodium pieces
2. ﬂngﬂ!l %&f‘@ﬂd&?ﬁ&%bﬁ aRERPRerk Ovaf fPthutes and the solution was stirred for

2-acetylam no- 4-acetyl 15 benzyl)mal onic acid
anqﬂh@tlﬁymnswse$olmlsildhyled06t@mlcbnhaldna(t@(237 g, 1(omosod) wasethen added over

i.el.d oun stirred,.with HCl i.n
30 f By wicholinec RIBRAR By MRS pulst Saitibh e Edbibmedi-
phéi'l@/l’)ﬂﬁﬁﬁn@{kdl 5 e1® imbplih dAesthmiol Bvadoahinutes aAft& tle mixture was
p- acet phenyl al ani ne 64% overall él/ol el d)

1 ,
heaged tg 1 livt @Vﬁé;@llghwndmoml@dl fiudbethmlz(lﬂbzda) angwateg 1 121@) were

adc%g]’to g}%s‘olqt\g)ﬁ?mﬁﬁ'g%é %&vﬁ%}p@ a%gé%h (ﬁl;?fp%s,%w@?y with 0.5%

Nali¢6);93 32000138, dnd Bzde Q,.X 180 nd.). Aftedry®.o¥er &thyBrouyB1gSOy,
(ESI): [M+rl]+ calcd for CL1IHI3NG3 208. 09, found

solyess Wp repevesay vigrodaptierta rorasamugy seld: Jiexangs-gighloromethane

BB PR ol SRR R AR e wase

extmostivwely withrl§fledialderofr€fBne-bgezeac 1o aﬂﬁomi Zraetydammoeh bacetyl-

be%ﬁﬁsa ' 12%55' %Bw?s%ﬁf&s ety Sdte&?iﬁ %?%200 5153 ). Shis

coﬂlydlffﬁ]y\i/astsﬁ%d AL ﬁ@?ln(d[bﬁa%g)ovéﬂn@'h@ r’DheV}ﬁ&ture was then evaporated
ansformed into E. coli DH1LOB conpetent cells

to drgnédsaiand ngrysvlliZed AvittOshies tonefford preeatyl- p:t)qﬂmdylafanmer(ﬂ Balg, 64%

medi a ({J| ates containing 1% gl ycer ol g mM | euci ne
overalmejd) i ervhitepolid.nfl &@gé‘fﬂlﬁ@z@s t7g8/5n?_2§érﬁa4mlplb 7 (dd,

P AL ST P 498 . 4

1330, 1735, 927 806®D) 3833, e rse MBE SN [ Ve1g* &@c@ﬂoﬁ@]{@l—ﬂ§N@?E@8 09, found
i sol at ed. Pl asmi ds encodi ng nutant synt hetases (pBK

2090%hsni ds) were separated from pYC-J17 using gel
el ectrophoresis and transfornmed into E. coli DHLOB

[019dhpet enMmwitisgnibanscadvolurignp IVhe PBSitifo seledsipat plaemid pYC-J17 was
sel ection. Plasm d pLW17B3 WO 2004/ 035605

useﬁczqumdo@r OB NG b Gl ebloramphepicriice il antigiase (CAT)

he | t Ct
geriinith G 3PR S0t EBATE fh Eo VLMol Ebtlo o0 Seies 292: 498-
500\ sSdisbreIRE DA GRcddntiethe EﬁSSﬂQRNeréynﬂfetasé (’PﬁR‘S@ $iBrary was

pronDter Transforned cells were grown on

trafisfompegl-iBier £. amlz)DI;Ll@ eampabentt gelid engtaining W&JPW esls weggthen

RN R Ty
17 PoASTtdfac YR, P3fib/hdIehnhaYycinl60 NeMin @ﬂé}ﬂ&aﬁfphenmol and 1 mM p-

selection. In the second and third round of positive
acetdilephemghglanihe Abeciaotbasion en3bfC for 40 hours, colonies were pooled, and

plasmids were isolated. Plasmids encoding mutant synthetases (pBK plasmids) were
separated from pYC-J17 using gel electrophoresis and transformed into E. coli DH10B
competent cells containing pLWJ17B3 for negative selection. Plasmid pLWJ17B3
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chl oranpheni col was increased to 80 and 100 gg/ni,
respectively. After 3 positive selections alternating
wowaoh/ozsenegat i ve sel ections, el even nmutant TyrRSI/We2083/032870
identified that afforded a4 | C50 value of 9 g/ m
chl oranpheni col in the absence of p-acetyl-L 10
phenyl al ani ne and 120 g/ M chl oranpheni col in the
eXpeasss HeemyRIBA dg ewlpr the sﬁ@tmnoéﬂwdpn eromQteIaandl rva.tcmunator and

T assay. See, & Schul tz, 01)
th se gp%g with thrg@gnbgggdonprpé Cﬂp%,tﬁequﬁa@ql@ﬁ@%gn@fr the control of

R LN e Neh e —
0.2%% embinods, rSBSuedint kailamyc{nOéﬁBZ}S Ps/ail ehloraxphienidl. OAftan& hours, cells

purification: Plasm d pLEI Z was used to express t he
Wei%fe?%%mﬁl G platgyiang PgK RlawRids weerarrrifieddpeiupther rounds of
selgcgﬁit ; 019 ﬁbe?{égorgla%{;r% g%dg‘ggﬁ%zgﬂﬁgseﬁ%ﬁon ypd ‘c?(?ncteﬁﬁatmn of
chioeamnpheaicot wasindreadtel 1180 RMA 100 pgeie, reupéeﬁvdm eAaen p&ditive

of the | pp.pronoter and rrnC term nator. The nutant
selegtinng altergating wii 2nggAtiveseleptiong Jpvmanutont ?xrﬁﬁ_n@re wpatified that

S n can

SRR ICH B P RO M e REPR e

phé&Bildlaihd 01 £ hHm? @hl@ﬂﬁﬁ;ﬂl@ﬁi&@I 1HQHe Weﬁéﬁc@ bﬁoécé%?ﬁL ]Phenylalamne

pPBK- LWLRS were grown in mninmal nmedia containihg
m@ylc\évcoCAé\"rﬂdsay Jeeag. ,eW@ng,eL (SchrulireBi @) (mutmms 883-

sof TA0HSH sk Pl i GERL 608 e defctones

Lvof, LW5 5nd L30R R gh(tBe EbdoRi BEE SR oPMuRROTYARS GiffiO)
(1m\/p was added to induce protein expression. After 5

0198YrS, C@hbg h
[ puyl fied rl%/ lﬁ%é%g?fgﬁl hﬁ‘?ggrz’?bgw%o%a?@g&r EIZA@%S sed to express the

Z-dpopean gm@n\glth endinbérmedomettbe Al pgsition aiba @é)@lﬁammnai His6 tag
rotocol _(Q agen, Valencia, CA). Proteins were then
%éél%ﬁ ROl b ST mrﬁﬂlo(waé SHEFRINERG A SheamutRNA &,

B! R i AP i e e i sy
gelﬁ| 1@61@6% fided @Hh@EWIQ@WH%} ﬂh‘soén%o@éd 1Br[fP§sﬁhH‘ pE’Rr EWiS&Funder the
for sodium dodecyl sulfate-polyacrylam de

consrod of ﬂ@mmtésfu‘@ l€ SDE-(IARS prematenamkicapiaator. oEJectcrlyDI-BOB cells

cot a%éfo%lleé gvlté $ Rﬁkﬂ§§ag§f \agr%tglf??\g Wm{fnlé &i%%gntglmn g 1%
gly%ﬂoﬂaﬁd’@g n{RMléuc%[Bj(GNMDﬁleéaﬂQﬁH DB LRfAL. %ﬁaﬁm}/&;ﬁ &4 ug/mL of

exchanged into phosphate buffered saline so ion
chlprRBHhbuicble apd 0.0 oot zpatesyd it} phqulybe ptin. eWhpircéllsTeadh. dn Q¥ of

2004/ 035[2 5 PCT/ US2003/ 032870 67 M sodi um chl ori de)
0.SpipoproRy YLy thiegalastepyramosids (TS i( e M) wassdded iodpdysedisatein

e ESEIEEES s SN AP B AL R
chrgmatogodphe amhermenatanng conditi drsriczadingpp erdaifufidines s pitécol
I ST PP bt B oAbt B s
PhdrRfetal Pﬁcdﬁ%&W NG) BndBfcl SR Wwak. The gi ; rﬁl‘éth1?10\%éiss‘measured by

Unreacted dye or biotin was renove e protein
Bragéord gssayRBCYOkit, ddiorad, eveulesHad). PhbqurscofproRirswearteawsey for sodium

dod\l‘c]:gll su?tn{je—&ol%c?ylEﬁuchegeFelectrop%oresm (SDS-PAGE) and mass spectrometry.

[0196] In vitro protein modification with fluorescein hydrazide and biotin
hydrazide: The purified wild-type (wt) and mutant Z domain proteins were exchanged into

phosphate buffered saline solution (PBS buffer,100 mM potassium phosphate, pH 6.5, 0.5
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with PBS buffer. To determ ne the | abeling efficiency,
the eluted protein sanples were then analyzed by

w0 eae3wephase HPLC (ZORBAX SB-C 18, 4.6 nmm x RSDUNIWN3/032870
flowrate 1.0 nli/mn, 10 -67 40 % CH3CN i n aqueous 50

mMMtriethylam ne acetate buffer, pH 7.0 over 10 70
tR

i ilent, Palo Alto, CA). Th i i
v oo laEe b kR Htdietsein hodfeiderly Melscds: Fyohs. Hugtne, OR) or
bidtieytRz{Rr MdesRsA8bbe, @ag&%ngg vta@ Qﬁ»’és@l%ﬁ{/fg{ PME %nd added into

domain was 40.7 mnmin; the't lotin razide
0.07a4redled et proteirzinddlasized egend@f Qibes to a fifdl Rdhcentration of 1 mM.

PBS iRt BT 655 uaP &0y bRE du noh volmiago 8 SnlGFsection mixture
! b . . di , .
Wai g% a§ 94 b0 Q5O s (ﬁﬁ%ﬁ&bﬂ;@%@ o:']rnl{i;otgg‘?ﬁs }eﬂ%oVF% ﬁo‘gfﬁlg ‘protein

W th excitation at excl

usingri $)- bhcidumd  AserehiandPhanmacia Hatacavlyt Np), aed n/;)fdﬂéiﬁs v_lgere eluted
sec. Ten

- of 950 V. . a a scan rate of 1 nnis
Wltﬁ%ﬁ%effe@agﬂ %e‘egﬂg‘egge E‘LB‘{% HiGieney, thegduted peoteia sempleg were then

BPRADLY VR S8 @O (388 TR
o D%S?:ZS%I Y ARSEMPIC OHIBAR 2??0‘?{@@?"%@6%0%%% 10
mlgmoyilfes 46 % AIHON inhgneas| SOmaRCiiethiylayni RO hcdbite S8ftr, %)H 7.0 over
7Othe c]om‘r}n t%ﬁen%am no acids due to its ability to

puR.gleph fala plia foh) | Bhe eieation tims (irhiasimutae Z dombigwithout
labtl N Win: ci o ¢ - o Ltion., This
A Ao TS AR A A (P 0T R e wes 40
mity thain fachidtic iydrezide labeledtnaars & durhdin evagadiofmgat i on of

proteins with a large variety of chem cal reagents.

[0197e r eacFluoeestdiice lspimimPmbisueditdn@i AE HRdPesBORR emission spectra
used 25 to attach various biophysi cal

ext ensi vel,
werﬁrrg%)éieq lgl%g. %E]@py@{[a)gg épecér_ogpgrogeéqr @I—ms@nmem_s SEA. ,(n@gBdison,

: VAT 1 P ; . h..C, al .,

NS e P P 3P an 1B Bl of G 4
phoBymogltiplierg@heevoltage oRP9IABY; hdidtiaanmm rake ofL nmakc.alTen Ah8P&)each
1 bAn(ﬂu. Rev. Bio h;fE Bi onol . Struct. 24:405-434;
abGENRRSIY Were useel. The reported spestys yepteseaianeaverage 2f 3 spars;

Giffin, B. A, et al. (1998) Science 281: 269-272;

LS, t al., (2000) Methods Enzynol. 30

Metta, G, et al., (2002) Science

296: 503-507. Unfortunately, the |I|abeling of single

gé/stei neA Kglo; amae acid often conplicated by the presence
[019%] nor e Fhedistoaoup peavidaswainigrsi ctienmidahreactiovityt it preserst in the

& g reactions.in the presence of free | .
confbd AR S B bSR3 368650 st ot
eithelt @ lchibdeyll dridgpiané sciRath pdhes LB rofug %1@;&%&1@{%1 dnl d1térnative

of a nonproteinogenic amino acid W ?h rthogona
to theappyral arpipo neikeysteime Sonthe seledtisetradificatidifof padtéins with a large

. L0 ere a. si.ngle cysteine cannot be .
R R e LR R R -
to ansdediousbieph JeSad p@besid fréRedss Se&ad. | OreWhidh, T. E. (1986) Methods

hyd aiél des. hydroxyl anmi nes, and sem carbazi des under
Enzyhol 1 Ehine dieabach, e sedlud19%) Seienes 2481E0981098; Brinkley, M.

199 & 1 %2 MGRAMS & A yotih Rev. Biophy

(' ér%eség‘{:&' Cﬁé‘n |2cﬁ§1’;trh§ﬁggoag'le%'ue(n%§gld%%§ & v, Biophys.
Biomoh $ittuto 24:405d84; Magnuzzd an K S et AV, (1R96) Science 271:213-216; Griffin,
B. A, et al. (1998) Science 281: 269-272; Llopis, J., et al., (2000) Methods Enzymol.
327:546-564; and, Gaietta, G., et al., (2002) Science 296:503-507. Unfortunately, the

labeling of single cysteine residues is often complicated by the presence of more than one

reactive residue in a protein, as well as exchange reactions in the presence of free thiol when
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(1959) J. Am Chem Soc. 81:475-481; and, Shao, J. &
Tam J. P. (1995) J. Am Chem Soc. 117:3893-3899.

w(Q 0m903s68Bever al net hods have been devel oped t oPCT/US2003/032870
sel ectively incorporate the8carbonyl 10 group into
peptides and small proteins. Initially, an aldehyde

f&i troduced at _the N- term ni_of peptides by
a dispifielinkgsas vigedvi Hegrefors; thecvailabikiy b aingapuateippgenic amino acid

w11fﬁq{éih?g@ﬁa? realtiity ﬁlcﬂge%:}%gﬁblgr &%&l‘y@ﬁo&iﬂg oglgqgi” é)g%fg n 1ﬁ_cas‘§_s where a

uor escent’ reporters (see
singleStysteing cdnnoGbe (sdl@&ﬁéelyBgab@i@dl pﬂ@her@h\eﬁﬂlfﬁerérﬁSabb‘ﬂsﬁare @éeded. The

ketﬁ{gg(%ug)lzrgecfég ?‘%ﬁ w‘Fh ilgﬁéﬂg{dgég\g{ graqxiy }?IE‘H@f‘ét %g({;n@rrlrglgaréazides under mild
corfd@drs i Elque'a'us Eolutlcﬁi afll fo ghlyélﬁggn@ oRimeBhf} d(t X é‘gg%%h%%nﬁ linkages,

269:7224-7230 hé carbon group intro
respestiveky, whlchra&&tablcuadbrtphyslbbgi‘dal @mditivns. &zadetghdencks W.P.

R R S PIPoER Fo) HIR amachem sc

11pggmasgyo on of peptide segnents containing either a
hydrazi de or hydroxyl am ne, which subsequently react

past e . .
[0 1‘92}n i I""rm?gxré‘geg glgetl%dg%¥9 ggeélgc%rvgl.oﬂ%f E?gsré%ekﬁ’vélgfﬂp()%g)g%a ﬂ{} carbonyl
gropmint@ PeiemanGemall ﬂzﬂo’ielﬁﬁ IRitBA99an adehydRme intkoducddP4he N-

teriy, Ol peroEe b R i N DA B RSP R L TLbesiogeie: Tbe

1dé &u doaPRE to biotif-and Bluofs ot
R N e b0 55 odRaad Fhuofscont 1 kglt%)cg‘?%r og GefBffBan, K.

& Strabo i for@9%3) Bio¢ongugy ktham. BHE8H6) e prptebwfrag-mérftaecmtmhmg a

f t d th th nt h
COHPGrlan P8 iy ERFRE Rt eq P DRHaRE ERR ot l.
(19b8) DRSICOREM] T6OSTHTE- maﬁ ST c#¥dHye 82Af iktRodRt&d BY this method is
ligation (EPL), in which a synthétrc peptide is

resigigiedite thy -tq:mggl@se@dttbe proteicmost ba sable tpuexiddtion. Solid phase peptlde
s ESISESNy AU B R Pl npsFuob el g

citheeh bpdragide ophydrok yamineg whRhtsubequeslyre i aigch HSMn&BH%Idehyde
and | i ated to the Src honol ogy 3 domain of th

coraREfEb 10 19FB Peptilerdepddigs (Rengse Sh%é &elagm, J. Ry@r9§5) BAm.
Chﬁ. @V c. 11 117: %;9%;2%/%9?%8@??6@”% %gé%g%"’ﬁif %g 390&'?35%})63%& or with a

keto nmnalpmgqieptldehﬂ:gkmhoto form upntheticoprptetisabdes e. g S€NE I E,, et al.,

AU T DT —

thrdh%ﬁb@t' thé PidiR Duk Sifeerd f}féliﬂhérémgﬁﬁ%l@l@é L’l%éOCI A lvﬁ{het‘ﬂe E@‘-thems of

an anber suppressor tRNA. Wien the acyl ate
largetpeptidasaniprejeine  This sia® 1200400 gﬁwo@mdmsﬁwmﬂm&w expressed

R NN S SRR

terrﬁﬁauﬂof RcGab@aht pteleths! BEQLRONVILRITI W, €8P PI®8) PRycANEAG cad. Sci.
don. This nethod requires the suppr essor tR’NA to be

_§ceﬁé?§1€£795167 1@nrkstanglsseundcantainting ReptiderveasiprepareshpnSPBE aud ligated

[ a
o S el Rlon Y orp 8 A e oo SPRRIER % B e B.
etabe(l@eﬁ)eBnega_ltyﬁﬂ;s J1e348-3341g in | ow protein yields. By
evol ving an orthogonal tRNA-

[0200] An in vitro biosynthetic method has also been used to incorporate the keto
group into proteins. See, e.g., Cornish, V. W, et al. (1996) J. Am. Chem. Soc. 118: 8150-

8151. In this method, the unnatural amino acid containing the keto group is chemically

acylated to an amber suppressor tRNA. When the acylated tRNA and the mutant gene are
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synthetase pair with specificity for
p-acetyl - L- phenyl al ani ne, a keto am no acid can be
w0 p@enpenat ed i nto proteins, e.g., in responseP€DUSIVE3/032870
UAG codon directly in living E. coli cells. There
shoul d be no size limtation on the target protein as
nbe x din the organis ., E
corgiBa e G el b g svprtut iboraieys syt «Psgeeghe unnatural
amarodeid 18 selectivedy idb I“atéepm% idto &
the | abelin reagel(rllbt6 is cel ﬂ;o per rrgﬁlls’e%\gﬁénno& o%ﬁl%d%?qulres
the; SPPRrESFOHERNAde bp Eh@mpdljsmacr}&lmb@l withttheovhraeichingnihabeld in vztro
d i Ldhi.on of .out ant synthetases with
and o MOEA TR bl o0 sRict MG A e Db I icmnend
canbt brargawtaed rmﬂtn@,slﬁhbw FotEias¥dldd. By ve it _
n%l}%q rRS). and a 15 nut ant tpyr os%e aﬁ%r sup%?ﬁe@?gorgoflﬂl\%NA
5y SRRALT VUASh SReFIECHY; B pagsetid - Bh@awlaiamglep@kmto a&mno atlkiean be

h
1nc§1?2%|’té§ib§9))})r8fehﬁs € ég:{l{r &\?\%ﬂﬂgk %&% (i (ﬁ [vlngrﬁ' coli cells.
Th@e shayild be Beeize Bmijtatioan the th.rget?pr&éhﬂistléng b it @an 6@9)8}% sed in the
and, Wang, L., et al s)

Orgﬁnlsw 8 d?rje?ﬂl‘ §B€ 1t Sﬁ@ﬁldge POsSHq fo expiess Ilﬁiﬁg amphiags afrthaanutant
profeéi. M&E@@rfds%ﬁg/ asotile B %"fegg'erﬁ % éerﬂjg rﬂpngl% Iﬁg“%%r}t may be

p- acetyl - L- phenyl al ani ne
possipledfriselectinel yimfrodudei the kbl iafwhdle ¢edlsnaschii  Tyr RS
nmut ants was generated and screened. The crystal

struct ur . th hrmlo us Baci,llu .
st ear ot Herm 1']5@?%528 i Wwith,specific
[02% (19 RE Biol. 208:83-98) was used to
entif H‘é%féa’?@grf%é@nw@hu tygqsgl- Mhusmmﬁc@sea(mlzshmd a

mutBfY (FroRiRg! bgpsv.ﬂ){pgésslp utgg\f’/A( ﬁ?P@%I %gp/edustﬁé ns?%@gggnt for

correspon

the rdtfH b8 e drtho ﬁﬁl @RNAVSI g'l %a%e gInFJVlPr ggugs?}& ﬁlgf Halr was shown to

rRS were rand y nut at'e
be qr%;gg(pnabm@l?@ﬁ) See eggn%ageLa&ScMary d. @00X) @& iBiol. 8: 883-

|.. (2001) Science 292:
SO0LEE BB vt € PR avehei. e 3P AR 1 G0 chanssat amino

idtspecfigity af the Tyt
act nﬂ?/p acg yi- Lq‘y on % ﬁfilﬁlgt g %Pér{g& véh ?%%ﬁi@%&éﬁ%gﬁng %%dlnot any of the
19 Acigs, adibranylyd M. sowprscle T RS moansssaehédated and

scre% Heec&ﬁﬁg%t%%?%% O%ﬁ"lhl Ol gggg aﬁk{,@ %2%'(@%%3}'@@ r’I‘%/?I%S (see,
e.g. \M‘mj;, PL et ale(1989b) J woﬁﬁo 3@8%30%)%% usérpf% iafr %/'tﬁbsgreéldues that

Cells surviving 1n chloranphenicol
are Véilﬂﬁﬂ Band of herrase Resition af thentyl saeyf Aoes ltymsmm FRAorésponding

remdéMeEaEﬂé}t@B% Iﬂ@lﬁl@ s dr{lﬁgse@ grﬁﬁg\eugﬁgim theg agtivg siteof M- jannaschii

Tyr&,&wetmmk&nly\mﬁateh &5 poBdlerise ¢haif Gedctid SPOR IR enBlal Alibrary 1.6
aegatlve selection strain expreSS|ng the VWD

* 10> yodrafses 65 PYMasS200 3} 64 Y Science wné%ﬁo@) (i3 EyrRS mutant
: I t hr. e anmber co
11bra|{[‘=)’3fe %\nﬁsﬂsélt paied ft'i’x nga n[gbog evg Sglg%tlcm ig l;ﬁ RFesinge Qg g§§M peasetyd-L-
phengtedanitienghiah inbaed os yrtshppresseor &fadn &R 9@ bBén at nonessential
dgu:(&m% th natural amno acids w |l produce _
residye (Aspl I7) i chleramphenical @getﬁ]d.@gls%p YEAID spreangbdddbon plesmid
pYCWAS (3088, WharlolE. of ﬁmﬁrdgoiﬂaé’dié}ﬁ‘e W82 -SRI R Y &ti. Cells surviving

sel ection., survivors
in chloramphemcol must encode a mutant synthetase that aminoacylates the mutRNAgjA

with either a common amino acid(s) or p- acetyl-L-phenylalanine. DNA encoding the mutant

synthetases was then isolated and transformed into a negative selection strain expressing the



10

15

20

25

5 encode a synthetase with specificity for the
unnatural am no acid. After 3 rounds of positive
W@ ei0eos36oh at i ncreasing concentrations of PCT/US2003/032870
chl oranphenicol, alternati with 2 rounds of
negative selection a nunber of clones energed whose

ger?ed(g df‘/ at %QIC Pg?te gl{é‘?%rpgcﬁ I?}ﬁl‘é)lﬁ)ﬂlrgp 3???’ ceo dﬁgété)%%is&%e §1tes (encoded
mid -
onYBSBLGENISIE CH SO T SNBSS,

anemelral]a(i}mﬁ@ acidewdll proddegbarhase &ndafRUBEdausdno Fract 1)
Biol. 8; 883-890. Eleven TyrRS nutants were

Ph"rfﬁ/@ﬂ%ﬂﬂﬂq was adderl (12 the,gsp wihaperdjumtie theglegat ecselaptivhetias gors must

B KM T —

seledtion mlaincmaslmg coptentresorsat bﬁiol’dﬂ@eih%bg lajte@b@hg ﬂvﬁﬂ 2Go8nds of

ci ne GIVI\/I5 plate); in the presence of thi
e e S on e FRDEAG florek PPered MDYy N i@ hlgtsmphenicol was
depeti&f SARRERM Fikbn &p- 5@9‘1—1@ ﬁén?ﬁ’rla T, ﬁ‘h%%e”gﬁﬁgl’%]were characterized

suggests that the's it ant syn ase
usihg gmervzmzassary baseflon tie supptegdien of thhevspl HI TG REdShiath CAT gene.

ST B o 06 N A8, 0. S oo e
wefBUt@HR 00116 s sQﬁlg 'tl??c deB¥RM sgﬁtﬁétasé‘% th@?ﬁlutk}@“‘ survived in

al t hough t hey er ent usage for

the@Bidiee ofl ﬁ-%c&?ﬁL%eﬂlEﬁmﬁE bRD 6@71%11 8{1% Hg)geﬁ?d& minimal media

synthetases are’listed In Ta
plates yentainingt ¥% @l yoewl ahd O3emMolrnding (GSIVID plhys) RS thas presdhce of this

AR G AT S A
resﬁﬁ‘t E&g‘eﬁ?t}mfﬁfe‘% l:tegrrﬁﬂﬁhtf%gntgggse%lg% ht@f gct{xrw’}lqg QCet

he fut ant synt het ases I's m 0 e|
phe@ylahdnme thardfoimptu&ﬂ ansnorudidd. Sdquencin@lycl BSIA dihasse mutants revealed
tations avor the bindi ng of td{r osi_.ne and

shoyl f
thaf e s Bk depor Rt e OB s BTl T A S AR,
altHo'ilghe Ry Miile SRt 8bddy @ﬁgé ¥k afmrﬁﬂfcﬂy o #haBLR it %%‘uhatmns of the

rmnation of the X-ray crystal sftructure o
muignt simthetaspoare distidan TagletlhBasedantthe olystal sifuctitrbief the homologous

lei@aétnta igé%mzfe% ﬂ}?%%lfl%’é‘gegéb e\b/l:g'g.l I(%Na]mmasc%lz Tyr32 and

As@l}ﬁﬁﬂikely&‘éﬁﬁ zﬂﬂdgeﬁ P&dsfieH the @§ddoRy] Ogroup of the substrate tyrosine. In
p- Acet yl - enyl al ani ne Am no aci d residue 32 158" 159

the pgyant gynth: W;s Tyrg? RenwiptedAg githdrd euesy Adp.and@spl58 is mutated to

Gl)éggﬁ'%’éég%?afgggé@@ 19}3&9%%%@ %nd?x%/é%‘rpx& gln/%l%lg n{a&%t ﬁ']&?ame time
credt pxFarooA 19 abbemmioWte Meaméthyl é%ﬁp bﬂpl-aéét?l—L-phenylalamne

Characterjzation of nutant pro
Detegpipafion Qfgté e Zcwyyprystal %@ﬁwe&ﬁ afrﬁ rﬁ@tan{s ohodf clpgify Bstexpetaoles of
the@hthat¥ of the evolved synthetase and the mutRNA UA to

TABLE 1: Amino acid residues in the WT M. jannaschii (MJ) TyrRS and the evolved
mutant synthetases with specificities for p-Acetyl-L-phenvlalanine

Amino acid residue 32 158 159 162 167

WT Mj TyrRS Tyr Asp Ile Leu Ala
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sel ectively incorporate p-acetyl-L-phenylal anine into

proteins, an anber stop codon was substituted at a
w@erai3sive site (Lys7) in the gene for the Z PONMERW0D632870

st aphyl ococcal 5 protein A7lsee, e.g., N lsson, B., et

al. (1987) Protein Eng. 1:107-113) with a COOH

termnal Hs6 tag. Z domain has a nol ecul ar wei ght of
AngipoacidTeddueD, so i t32 nass k58n be 1gsasured wigoh very 147

hi gh accuracy using ion cyclotron resonance (I CR) nass

I ﬁ\ictrorretry. CelTs transiormed w th tie ot RNACUA
RS and Z domai nl§Bne (L$I87TAG) Gesre growkgi n the Ala
presence of 1nM p-acetyl-()-phenyl al ani ne. The
Lweddi tion of the unmatural 10 am ng.acid did pot affect
the gromh rate ofﬁ?{élls. dllp{e mut ant pr ot ei S Al
purified by Ni2+ affinity chromatography with an
LWaveral | isolated yisghd of @Qy6 nmy/ lgiyn m ni nglgymedia. g,
For conparison, the yield of Z domain was 9.2 ng/L in
m ni mal nedia when the nutant TyrRS was replaced with
t he wi | dfgiaeieriggiionTpl nm RECLOIN ¢antainin gypracaspl-Biphewylalanine
[020Bk absefodesbthe abilithef thp cadletd bynihetpbany kal ANIRCA DT he
nmut RNACUA or LWLRS, indicating a very high 15 fidélity
selsc Vel dngasperpisaraaet b d-piienyhaéanineriatouprateimamanbei stbpedodon was
Al [ .hav. I .been successful in
subfbBaSh b Fermbfsi Y 0P B Bichep? 1 Aelommsimotambytococcal
profeimAdisers e 1 MNilsssn, BicA 3l (19893 0R)teiBEB. 1 167\W 3w AR TR GO
%o];ﬁig expressed by nmut RNACUA 7W"$§/r RS and)z‘{vﬁe H
terrnaliis6 yagy drdamppin hat amaleelpr weightiofapothd9 ki, R\NAS mhAss can be
AskMbRA e spray ioni i on
T erlwtgé e or%aﬁg%g%{% (I)ltcsléf;??rp gg%sﬁg?ﬂ:cg (ﬁg@smass spectrometry.

Celpemtfonmed wWyth(thd ndARNAR VEW 1 X9 and R&loMaif s SRMBYTAG) were
es

pr ot ein, three peaks were observed wth nasses’
growoiin gepuethegoft I adebyl ae)-pRei3i Bhdine. the 2BARHSE 0P the unnatural

W thout the first nmethionine, and the acetylated form
amigp agididpefradient (e wryvth rath of ellss Theremksnopiotein (s piifiedbly NiZt

. . C ' n s of the. . .
oY SRS SR R SRR B aBL Y rimimgt mefi. For
compatisont, theZyieldrmdiZndqmizih @ias 9._2&?@’1?)1 @xﬁhi'tﬂﬂé Mhedilia wgeSn the mutant TyrRS
i ntac rotein was

. theidrad gt o
was' 38 S TRINe ifi Birei e RS e Zzlogpiih uhs phiined in the absence of

e R .
f1de%1f}ﬂn Qﬁ@fn%bﬂ)oi‘ﬂititoﬂ Q)? %hegdﬁgg%kd&aﬁh%ﬂ Qﬂh{li%(i:tg,l We haya alsaheen

a

A

MExperinental = 1 eore
sucqssfulaindngarporatey yaedtell -phempl{Mixe atto bt plotcing/ LA a843c42.
Da, Mrheoreticai = 7860.844 Da), respectively. No

[02083aks CBJtR HROMCT, B8mhA PRotbA M pRIs iy kiR manyy P ‘rglg{s and the

ami no acid at the anber codon positi’on were“Bbserv
muthrit 7 A6 SR PESER-expRr8scigAd nhPrRNAIBE W
t han 1500%sere\)/(gd ?nb?he |n¥1t a@%‘:ﬁ‘rg‘tgz}gmﬁé %g%gns“ge%g?rbﬁm

electrognay @ntatid® Fauridrd@hifbdn idiycldi@n! rBGARRA Ads Qelometry (FT-
-acetyl - L-phenyl al ani ne of better than 99.8% " Li qui J
ICRAUSh et Bi§raiph gomainaseteimatiseeseaks worestbssrved withendssespt i ¢
Wall - : ' ut, t nfirm .t seguence of the
co R e A el o oo RNl P GG tes e
acetylaiedforne of the ppatmigiowitioout the fitsubdtitioahr(@QdiriRH 8¢ hiler Pfss

f the NH2-term nal tryptic peptide
spec?romepnc an'al%ysm of rHle I% -terrm%arl)l tryptig dlpgested peptide fragment). For the mutant

Z domain protein, the experimental monoisotopic mass of the intact protein was
7949.893 Da, which is within 2.2 ppm of the theoretical mass of 7949.874 Da. Two other
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10 MISVDNY*INK, was isolated and fragnmented with an
ion trap mass spectrometer (ITM5). The fragment ion
wore®sgme3s6edul d be unanbi guously assi gned, confiPei/ns2op3es2870
site-specific incorporatioR of
p- acetyl - L- phenyl al ani ne. I Thgse rsﬁultt:eclt gg:eltﬁer wth
evol ved synt het a
AR e PSR s f&é*e‘%?‘h@“&(é/lwﬂmaﬂemr-%l&ﬁ% D,

i e
Mm;eucg RY78181388 Ba) afd NaRE)1sled B ng% %S BRAS e R reoraions =

e anber codon and at no ot
78@?‘@ Rak é"rSPPQEIVS}YoN@umakmnfesmﬂlmomutm:tfﬁimeitnﬁ S&G%I iy other
det erm ne et her e keto
Y C R R .
ratiohod mare thanal 500 @bfceved ih eheSintaet SidesGH fiabs gﬂééﬂﬂflﬂl?ﬁhél%s & a fidelity

fied mita
for g PpraiopE i bhinbeh teloninaion %mmgg(mmm

r eat ed :
chr@ﬂlﬁﬁifg%pg? g%ﬂnnlﬁﬁs% gpgcg%ﬂélgwcf @ée ntéypfx)c d;i esggathrgpgm @4t to confirm
the lseqresce of thi @&hjﬂtanmnh)kﬁebede ThEtpescutddeidneAebb 28 Da, which

Lot ej n arated from excess_fl uorescein
corf S TR VAR Ieheb‘{PUEfy Agrd Ppdecytar dor ofthe b@izatpmsanalatm@uc peptide
anaj)N‘zemw Wik SOidicHThg ﬁ%ﬁﬁ%égl %!P Alisa B 25 she | g{r'?n%'eter (ITMS).

gel el ectrophore3| s (SD he "ge
The fregyeenty \1@11 masgses ¢duld bo e pepisissdseigned BEn it Rg ﬂié s¥t8lspecific
d,for. nmuta domai n shows a

B M I AT
evollb%ti%91t1t*ﬁgta§e,r @B thBew thg o A0 éjcir%or’ie: pﬂ%cobj—(’léﬂl&@y?ﬁanme and

two proteins were used to neaStr

not apenituraimmidoacdPRtd e p@é‘if—ibﬁ 8hddBd bﬁﬂeyarﬁﬂ%? cgdcﬂloem?i al no other
rotein containing p-acetyl-L-phenylal’aniné’s

POS#’IOH%r escence spectrumsimlar to that of fluorescein.
No fluorescence signal was detect e_d for w Z donuin,

i ndi catidqig. on. OCCH&E{?%E nl yy
tween v! C _ Ji G R
[02(2% sting ne gwlp'g Btaé?tﬁl Lmlp@nylalamne

couldasbsiead aphestital harmi&sfoiifl@I s)ﬁé%ﬁed@ﬁé ﬁoﬁﬁﬁq{16‘1§’9f' IZrﬁtems in vitro. The

of -flight mass spectronetry (
P‘mt‘ﬁge t%ﬁta&PtYMeaﬂﬁgpm@ %@E‘Bﬂl@ﬁ)r@ﬂlﬁi’qm]l&mt Daion}aln) and wt Z
! 4 n nfir
do t hat t he% gerageél gg?hnl dr azl Scfgmrﬁyg%zé%? @CIE‘?F‘? ﬁ bat gt Qi%f 13
houtg ivlphesphatpbaffer. rAften thee Mauz)a OprbRBR6AEe RSP AISRABR 32870

1:1. To determ ne the | abeling

fluolgleelR b rafide bE e FHpRelip RS aanatzts v isgfom dodecy]
C ratio

sulf?@gﬁggg@[&ax?gg ggl}g&ﬁ@ﬂ?d}g@% é%%a?g?é,?:%e ¢l &as&ﬁgﬂm&gedo with a

fluogoiraaging ayréirechnd thonslver szined The baftd fd? rtihd Z @khin sRoWs a- |

ﬂuor%sce\lt L_i%rl}laﬁl ’\vlvh\lle no Hdo;eséeerce caane detected from the wt Z domain band.
Aliquots of these two proteins were used to measure the fluorescence spectrum with 490 nm
excitation. Only the Z domain protein containing p-acetyl-L-phenylalanine shows a
fluorescence spectrum similar to that of fluorescein. No fluorescence signal was detected for
wt Z domain, indicating that the labeling reaction occurred only between the hydrazide and
the ketone, and not any existing functional groups in the wt protein. The labeled product
was analyzed with quadrupole time-of-flight mass spectrometry (QTOF MS). An
experimental monoisotopic mass of 8425.160 Da (Mrneoretical = 8424.958 Da) was obtained,

confirming that the fluorescein hydrazide reacted with the mutant Z domain protein in a
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/11 SI11 I/ H~NHNry PBS Buffer, pH6.5 4\ | oooH
O O off 5 Schene 1 Site-specific protein nodification
wowRaoh/obices i n hydrazi de [ 0205] To denonstrate tPEI/US2003/032870
generality of this approact’y3 we al so | abel ed Z donai n
with the biotin hydrazide derivative (Structure Q The
urified nutant and wt Z domain were treated wth 1

il hlnjeidefsimpiae the lahebia s aieat, Bigrragtionmixgirgwes peppmted by
f
RSO AT RO BALEE e e
Z ddubijirectertibat SPHreRAEbelcBpadadif Gvap100HES s Wer e
transferred to nitrocellul ose nenbrane and probed
with a biotin-spesy 2 NJHRP conj ugate. As
expected, only the domai N cont ai ni ng
p- acetyl - L- phenyl al &S detected, indicating it
was | abel ed with bioti hydr azi de. No signal was
observed for wt Z do The | abeling efficiency was
80 10% 15 as determin by HPLC anal ysi as descri hed

in or esceiq_| Wi ng experi abel\@l\
was confi r med by QTOF M ( rlrrerma g
£16. 236, Mrheoretical 8416, 146( Da) to be the

~

proguct formed bet ween one nol esylezef biotin
Irazi de and ofe ™ W51 ecul e of nut af t z donai n.

the ketone handle for the in vitro nodification
proteins. OHOO HHHNNNHNH2 H20 HS O o
Structure C [0206] |n sum¥shgmeve have

Si tit Isgﬁ Sitbs 5&!11*1&’&0&%951‘68&&5?&1 émﬂ;?)t’d tﬁJragl A0 g2l
0208]5" ' St dlrHbrart e bt iy ot b Fol el 2 domain
withCHe lbisaﬂ thgdﬁ&% aenvame g8inestire \®| Yhepeifeddf hetasidnldywt Z domam
| abeled wth, e. fluorescein and biotin in vitro

wege tsf‘a&f& witl 1 %Mé%wt@ahyqr@a@q inphosphaigdamier AE2X &t B)rglﬁdwrs After

k
18 UL 6 K TS SRR RRITRLTR gl v
subjeut _t(ESDSGHAGEhSﬂ’paiWwI&meﬂB vadre triaysdérped/foaitiraez]lulose membrane and
proggéiw gllrléce)t?rb gngp ud n%gﬁ[ﬂg gcgn?uga%g IAns elx%gcetclag on{r);stthg Imutant Z domain

containing p-acetyl-I-phenylalanine was detected, indicating it was labeled with biotin

hydrazide. No signal was observed for wt Z domain. The labeling efficiency was 80 £+ 10%
as determined by HPLC analysis as described in the fluorescein labeling experiment. The
labeled protein was confirmed by QTOF MS (Mexperimentat = 8416.236, Mineoretical =
8416.146 Da) to be the product formed between one molecule of biotin hydrazide and one
molecule of mutant Z domain. These experiments demonstrate the excellent specificity of

the ketone handle for the in vitro modification of proteins.

H
° N H Q o
H
“\\\\\\ N
HN - m NHNH,
H S o}

Structure C

[0206] In summary, we have site-specifically incorporated a novel chemical

functional group, the keto group, into proteins in vivo. This functional group can be
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5 agents, polyethers, fatty acids and toxins), either

as probes of protein structure and function, to
wW@eeen3ioes protei ns with enhanced catal yti c or PCT/US2003/032870

t herapeutic properties, or Mor the devel opnent of

bi oassays using proteins. The ability to

site-specifical l%bi ncorﬁorat e a unique chem cal

selepaivalyendretiacipnibt lebeled witheg4 fluprascgin ang higtinua witrab @gpecific
f
e By s B L LA e T s
possibid @i seleb@velp datlel mtmlmwltlpa olids varieoyehsthér lﬁlﬂdamde or
onhal,

f t [ t t
hy&ggﬂg%ﬁ% TIVEHLYES; Qﬁg@ﬁ%l qﬂggtréf qp%ﬂg?lg ﬁpgtgtcﬁ)ﬁﬁators crosslinking
agchANpalyRinRA, Prgeldl bnd RN AbAN ;ﬂ@oeenoffgmt&hbg&ﬁaefeoarnasfuncuon

coll s al so made possi bl e b t echni que
to §e@RGITY prSénsalv il eteneabqatalglionay thcmapmmatpmpcrtmt o1t floe the

"S| TE SPECI FI C | NCORPORAT, C.DS | NTO
devﬁgtﬁﬁﬁng% I9RBY P& Rg eleat- J”i%aﬁ%te SIe; C 1Ly efporate a
umf]hé esbniei1oh8dle 115EtXK2&Qi§s dﬂéﬁtﬁhn lagivi mm@% ?@sﬁlﬁ%@;ﬁeﬂm Vivo

r ef er ence. Vi VO

~ moaérmtlmvmr@smmllzsole[culzdsiormomsm@o waviva ymmgng of protein

loc%\%‘zz t1%§1n Q?g? Er}e%xof Ora?%% I e@ ggncfgrr% %810%1 B%egg’i %o%wcq molecular

resORtian ' PHeds VA 18bbding 98 BoteiRdcdn@ad Q]k pFice heﬁ laléfnine with
mutant TyrRS library plasm ds: I brary o asm ds

flueseebeirniy Fuackirt 2l mjadp pessie by this/Reknidne: ect ed at
nmet a- substituted tyrosi ne derivatives was
[0288hst r uc Sexiqlsgerressponding applioetiongentitled HBEFHSSECHICT i bed

I OpPLRTR LR oF AR ACS oy R U R Ao Ty e

nur@béd 34 -800150PCTMiledGuists ¢ 1003 ywhich iiatopbrited Keéif b
6.91 of the neta-position of the aryl ring of bound 25

refergneesi ne in the crystal structure of Bacillus
st ear ot her nophi lus TyrRS were nutated to all 20 am no
aC| ds at DNAII evel usi ng the 1QNK codon scheme as

[()zjospr ary Aal@dnogom I’IfyﬁRSTQlds ?mma@li ﬂ@ﬁhﬁﬁndaﬁyﬂaﬁeﬂﬂ dﬁmta mtRNA@{;A

clones. [0210] Evolution of orthogonal tRNA-synthetase
(depaitred ifi Bk ampledr qfoWex 2003/0865928 )axidt wkta-t3tdspleenyloghasni ne:
After 3 rounds of positive selection and 2 rounds of

[0208pat i Ve Ps&)aR&lionsf mibthmyrRSIIB A bRisaiddn s 1ikaE b fhadiidds
17-21 of WO 2002/ 085923 and SEQ 1D NO. 49-53 of WD
encopding/mgaoi) jaanescli d ryikssdirestedyat vigra-substinfedrtuipsing dedwatives was

4
AN A oA ORURNGD oy s
Britfig, stbssitues (Fyrity AREL Wis'h i@n{it, alsphf el e theCafivesite of M.
IR S RS bt S
tyrb i RIBS gfei&fa‘l &f‘uc'ﬂﬂe @Pﬁ&éﬂlupﬂ%}ﬂh@m&m%s g#eh@s Wg%)mﬁﬂcated to all

resi stan hl'or anpheni col for the s I's is
20 aminapayidsl at DY letvat gringliht INYR wodorbssheme as dmgbect incExample 1

above. The constructed plasmid library pBK-lib contained around 1x10° independent

clones.

[0210] Evolution of orthogonal tRNA-synthetase pairs for incorporation of m-acetyl
phenylalanine: After 3 rounds of positive selection and 2 rounds of negative selection, five
candidate clones (SEQ ID NO: 17-21 of WO 2002/085923 and SEQ ID NO: 49-53 of WO

2002/085923) emerged whose survival in chloramphenicol was dependent on the addition
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5 nunbers reflects the ability of the sel ected
synthetases to specify the incorporation of m acetyl
w@hb@apsmbani ne over the natural am no acids i nP@TES2003/032870
cell. The data for na-nmetho®y phenyl al ani ne were
simlar; five clones were isolated (SEQ I D NO 22-26 of
VO 2002/ 085923 and SEQ I D NO 54-58 of WO
of thg yanyud awyno qoih njtheabsergerpfanpeasylsbenylataninantie d€ szl of

B AL REACRE SRR o b BEAL M s s
is 209k @6l eTh Mb PYRMRICE i8Ryl ipheny AGAIMB AR IEs, b fesisedndy ant
unnatural am no acids in response to an anmber codon in

chlprapmphggicobioe thiesarie weldksis 400 gdni. e augp differemfe baBveen these two

e control, cell. contai nin
PR RGP HAGBR e PRI AEREH BS BRarporaioh of -
e@%‘%&nﬂbﬂfaﬁ% oV&GhOhatBRE Ak fdthcidhif ThaVRI1E THE A fof‘ nikfA8thoxy
absence of unnatural am no acids. The results of

phanytrlaiine weresipilas Hvoelongsewerh dsotateh(SEQ TP &Q: @2@13 omrf] 0]
200 AR SEOTEER: P v PBRLES SR Ruar oyt het ace

f t | al
03 hcety) PREIERAPHE i e Gof e e DRERR The m-
mefHoRY %héhylﬁ"aﬁn@@xﬁﬁ AXdcBR ngﬂléﬁygaléuﬁ@ﬁﬂt}féfasééﬁe‘lé&ﬁ AbBvORE used to

casesS. [0212] In one énbodinent, compounds (e.dg.
inchipgraio theaelgeantyanatimab yminracisls i sesgonse to 20 ainhengogon in DHFR as

ore RSty RBlrR0 E¥iohted o EB00RERLIAYS Roasfte PaRE daps
corﬁai(ﬁi@?ﬂﬁr fhk Nrtlﬂ)@di-ﬁl $&r HORMNBA -sJitBetaseaindalibet-mtit&dt v8ctor encoding
nonpr ot ei nogeni c_functional group with a uni que
DHERawefegreyn g thigrapsenceef pinagirals lne agids.eEhq wpsulgefraretgin
expt s% ofnI acf?gllrl]o% %fFlgﬁrgtlﬁlo?%V EBS%/E?&QBQ T%lég)e reglﬁts lf(fszalillﬁ/aden%onstrated
em ca sen rom t

therspéciflaty afche OrtHLG‘gdﬂS], paﬁiﬂ’kﬁf tRNAZByriteasdeso iRathdrite anfhtural m-
sel ectively with hydrazi de and hydroxyl am ne

meHioxy @rex}%lémuﬁ s mpacetyl P]é‘?m’éﬂl%l}l% sThermlﬁl@ ohexyesie¢DEIER protein

amt@“’”ﬁ%@&% bl Y e 5760. 3151 and.
[02rl§j er encgé e%l?odﬂnmedn-gh onglzogﬁdg e Sy&[ltﬁ e(?erfwaﬁ@ecséi glelge used to

I'n" pept i y SO esi's
in ool pbeDiproteids wite htelogh b1|1d @nna&ﬂt@l(}iﬁrﬁhb deiddes |, watd-tyessitetanalogue.
construct neogl ycopepti des. See, e.g., Rodriguez, E
C., et al., 30 (1998) J. O g. Chem 63:7134-7135. W
EXAIPIH ¥: SENTHESIS OF giNeCOPRGTRIN MIMETaICKows  for

[021BF STTeTHp 8¢difabAity HCLAGRPrREIBPeré funbHGHaY Q@upamm@ unique
acids into proteins directly in living cells (See

reagtigjty, sl 20210855 Ssleciive chewicrbmpdifigating dmybﬁemt Tlamketo group

o S0 S5 L A BRSO g i i, n

reabhrEXilly MO EIBEANMElyNSith BYdraside ¥ndRgdeex ylamindldRfivatives under mild
54-000170PCT, filed Cctober 15, 2003, which are

condifiqns p tharresches fi the pYMmoa RaRMRAds. SBaer. &) Sormish, ¥. W, et al,,
(19%&? Ath: Chéth, S%c 118( gl(%g]élS?Qalnﬁ ?«gf? Ege% tﬂ’egrglln5 Ol%e kA‘th(frhg% has been

al’ani ne
incheled nspmﬁssbyukdliﬂ phasmpsqmdat;ﬁdhesrs amm@m with hixdeophilic

saccharide derivatives to construct neoglycopeptides. See, e.g., Rodriguez, E. C., et al.,

(1998) J. Org. Chem. 63:7134-7135. We recently developed a general method that allows
for the site-specific incorporation of unnatural amino acids into proteins directly in living
cells (See, e.g., WO 2002/085923; and, corresponding application entitled “SITE SPECIFIC
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5 anber nonsense codon with translation fidelity
greater than 99.8% See, e.g., Wang, L., et al.,
W@ 209835605 oc. Natl. Acad. Sci. U S A 100: 56- 6ECT/Uk1083/032870
Exanpl e descri bes the prepd6éati on of honobgeneous
gl ycoprotein mnetics using the genetically encoded

keto functionalit together wth am nooxy saccharide
INGIRPORA TN OF gL AMENOARTES Tre PRINEINS] Hrgmey docket
nurgﬁé}%%?d(fbl%ﬁft'ﬁ,' fM&P@Eﬁ)ﬁo@f 15, 'Ebﬁﬁt\tlﬁéh 51@%0%%)&5!{68 hertth By

the first approac one sacchari de derivatized Wlti’l
refaenaii Sendyo, grgoWang If iat at., Q60D Seibnce 392:488-k66.0 Adretnugnntaining

and ditiopal ,saccharides are atta d enz ti.call
syt oy St RSP Ring 8 BephscorS RSB GRHT fespdnse to the
amB&GRASLEOBédn vﬁtlgi_réﬁfs@e[ﬂiow'ffdali@e%r{:di&qhﬁ{ 99184 IRe ! Sg., Wang, L., et
prepared as an am nooxy derivative, and is coupled

al., {20489 Pryc. Natlt Acach Soit 8LSAL A0GH6-64t dbis Ftsenrite desoribestho preparation

of RS LG Rr6f i P U 18 o ol EnRE qtg gypetonality
togEthef ®ith afitbox ¥ sdhaddedjer@evdgse its relatively snall
size (nolecular weight 7.9 kD) facilitates mass
[0234pctr OWW'r&tE@@Eﬁ@nger@tto' SBerelthe gl%é(pﬂﬂteﬂhnﬁmetics (See Figure
accuracy. [0215] The seventh codon of "t he
1). tothedzpiapdioagh,an eaceharidadestvetizadovitintreamigoopy groogdnfirst coupled

TAG and a His6.ta s added to . the C-ternmnus t.

to tPSgFtPigf%‘lPe a $%1‘§?‘ﬁ1%ﬂ EﬁcFﬁ‘ﬂ‘gﬁ F“&‘?rﬁ“agled €nzymancatly with

glybeSAtYdnsterABE Y b AR bRt sd36Rd Rt b @lycah wilhededibe btructure is
position to afford the nmutant Z 20 domain protein by

prepiied ia® ars kypinoeky ferdhtiye.cnd doeapplededirecly & the pagigin in one gep. The Z
al.., Pr.gc. [ A [ 4. ' : 56-

coriprosyPRRSr o ol oo 068 oodilotofio, 199, £ Rbscon, B, o

al.,{19%®) Pafdin Bhg Y1 : 10T DIB) hegHuaPhy relakivel yoehadl dizeo@slecular weight 7.9
am nooxy anal ogue of N acetyl gl ucosam ne (GLcNAc)1 of

kD fagilitetes magssspesiEpmeiyin ehasagioddntipp Midweryhigh Bre e rad
procedures. See, e.g., Cao, S., et al., (1995)

[02181 r ahedThasyentbgpdoseBibe chimespandiag gere Was Muigtidio amber stop

A L e T
AcétpHLphhylaldink W Bdogsbrated 3f'the afber positiona6 abfosd thEhgutant Z
reaction mxture was anal yzed % reverse phase

dompigrprefeinttrpravieesly rapartad pratenets: otgrapty WemeLe) et ay (2003) Proc.
NaflPRL4LELN g & S%(P%‘—%? %?g?o%&%gw%és@ﬁ@ 9Hft8n%9as obthided after
S vere o , ~and

rve e‘correspondi ng
nickélwgfisy sieo@atobmapayt e redliikedmadinooxyasnaioghedf Naser 30

desorption/ignjization - Fourier transformijon . .
acetylglugesaphng CAeNARL L opRigire 3&3@ rﬂaq?eiypfrmﬁr%%r)wm ylished
proi'zlﬁi réé%%ef%ﬁgucso,%).; et Af! e(l(g?gogé%ga bft 5188968690 Bhd1@dtant Z

Icate that one’ pea 3 mn) corresponds to
domhia puotema(@ 0 exy/mil) and adindoxpsacciidvidedr @1 indd) were7@b@d88aqueous

o 0 S S R SIS e
o OB P58 o B OBl L.

by Mexteringrambetiance 8036 091 @SepXigurdl2eOmly hwe ssapok peakewere observed,
i, Z donmin protein has thr forms: .the intact

andi{Rg chiepopiige &1k G T A Py PR RPSHPL S tang ¢ he

desdgtion/ishiestidnt Powfer kfaBsform ion cyclotron resonance mass spectrometry

(MALDI-FTICR MS) (See Figure 3). The monoisotopic masses obtained indicate that one

peak (tg = 44.8 min) corresponds to the unreacted mutant Z domain (Mineoretical = 7818.833
Da, Mexperimental = 7818.836 Da), and the other peak (tz = 43.2 min) corresponds to the
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protein w thout nethionine. The intact protein can be
separated fromthe other two forns 5 using reverse
w@bage3ddi . C. To sinplify nmass spectrometric anetEER03/032870
purified fraction containifig Z domain without first
met hionine and its acetylated formwere used in this
exagpé;é)e. . Two, nol ecu] ar peaks can he '8b erved which
muizdt CSOpBiTdery afprekwith s angnoqxy sgocharide capieict PA30-%4 Da,
M.l.abel ed 80%5.§ﬂﬁ95)( awvhet edprdss@lth £ Yolinz Eb%%fn?rgteinsﬁa% three forms:
BEi'glire 1 for structure. ™ As a control, en tyrosine
theiistactrproteing petteiol vathothihe fiestamdthiopins; anddhe adetyatdd fieimof the

no 10, sacchari de rivatized protein i served, This
profie DB AT £ R P Rl Gt b SRyt TreIEom (s plgpr o torms
usiléfg “%veREbh2RIEPIVEArd Qﬁltpiiﬂemﬁﬁcs‘f@&fdn%i@ Ql‘i’dl%éiﬁ, Suffied fraction
omai n, confirmed that t'he am nooxy saccharide 1 is
cordiniagifedomain wHhokefitt methigninsaiddist dopelafed finm weraphédig this

ef f.i ¢k enc increases with ti .determ ned fromth .
et DT s BEPERS S B el UhEr T PROL o pRAHO Torms in an
mal@dpRttralas BibeleR i@ sbeetrh fort INEarkdOIW 81 E’%{ﬁfb f S&d Bighk& ¥ for structure.

material to product was 42% after hrs 15 and greater

Aspieapiralsyhert (EPsinGis irarpqraed arthg geventh posjteRId]Z deEmaiaxo
el ToRPH A 180, 2SR RSERE A AU e Bspocurcy mas
(ermd &UIC2 pprh) (Bserm@pdrtby the S&hilidimedified @rdosdin Gotifihed st the

i ncubat ed wi th UDP-gal act gse (

\ U UDP-GaI% a§)16 mv) and .
aminopxy sacghariderlois pitaghad 49 Bredsto groupy selgaflYdy-niihe Gopplingeifigiency
ne EE5 s AR DUt P8 ey & EORARMp o s
matesirpardaprodiect): Bet @niersibngdsadingsybteriadne pevdasewns42 % nftem’ hrs

o transf | actose fr t he sugar nucleotide to the

o Sigser B D557 B BRa S A BHSS D)5 0t or m Gal (31 4GLONAC.

See, e.g., Schanbacher, F. L., and Ebner, K _E. (1970)
[0216] Bj ol . Weaahfletowsined psthgtmpsecond sasehasisds £ould bsrroppled to the

e SRS BT o) 563 1 o

incyBa g Wit DRIgalact3dOQ I8 Gal)fl 6 i) ehdi@ 1t 42alaoragluasdetaye (0.4
MALDI - FTI CR M5 confirnmed that the gal act ose was o
unigshinh) Bl Y0oUERRES (-2-hydspryesipdpiperaring-N Seethpesuifenig pcid)

o . . D .

ool P )b G Pre s ) RGOt

knebosardnefer halhctospfromele preay haladtie t@the LOpdkition of a GIcNAc moiety
4- gal act osyl transferase. See, '

I e.g., Wtte, K, et al.,
to forB§ I HACINAH e ¢. S Schankadsen F1 b 21d Gbnamis By G970} 1. Biol.

S di ¢ ot . _
oY 5557 S00, A 905051 Y e 0190 B0 UBEMbed = 25
mis). The foaeisbtopicahdse CMute..H FOBHT MapsheLeas 819826 odthe eluent
Further_reaction of this disaccharide |abel ed péét eip
; to GIcNAc to

megiure AR TR MP eprdiraeg thag theggaiacinse mas spaH
e fuclsee Syhagased g SEREGR T ol

detefminedby EIPAC] dhatysisgedsabboisE %,a alldeoslosel tV thdt Rportéd pieviously for

mn), as WD 2004/ 035605 PCT/ US2003/ 032870 78
B-lo Grélactrsiltigystrms®l SqeTe-eR Witie (1 Rt 61997 Al AmgGhemoSar,
= . e i QUF. _ :
9510851 B oy AL I i
sacobdfideane theoprotditl-does not significantly affect the glycosyltransferase reaction.

Further reaction of this disaccharide labeled protein with CMP-sialic acid and ¢-2, 3-
sialyltransferase (see, e.g., Kitagawa, H., and Paulson, J. C.(1994) J. Biol. Chem. 269:1394-
1401) resulted in the addition of sialic acid to galactose to afford IV (tz = 41.7 min), as
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anal ysis. See Figure 1 for structures. [0217]

A ycoprotein mnetics Il and 1V were al so prepared
wa@gioag3moTonvergent 5 route. See Figure 1. APE@DUSX2003/032870

GlLcNAc (0.05 M was convert®d to 2 using 0-1, 4-

gal actosyl transferase (0.75 units/nL) and the glycosyl

donor UDP al actose in 70% over al | ield in vl
MARDIHIC R SRS Mg G025 Mocminbye = 990.014) (See

e e e e
ana@ iy eSeei Rigapepk foxistradtetey. 80% yield using a-2,
3-sialyltransferase (0.22 units/nL) and CWP-sialic 10
[024G1d (0. G3yddprotéitimhitrietids HNaN@ DK Yvedd 8k Btepardd Ao d dohvergent
and 7.2 mM respectively) were coupled to the %
roude nderFigurst i Amimoxy HENAe ¢ 02 M; wiag converted to 2 using B-1, 4-

e T Y e

yiedd inar50 rgMyISBPES beffer (pk TTEI iAG@r blificfidn |by,am1nopropyl silica gel
respectively. See Figure 1. The resultant 111 and IV

HPLE aialig)agiel iveag addest t0t2n@ (E*BdYIb tosaiEd Brig t@oﬁ&ﬁ@t@lfﬁ@f gjsatientd above

in %ﬁ’ d&{%% {\/M_ % %q%ggl k‘/% = g,lout ?Itra%g’rfﬁrcagg E)d %#‘re w&?ﬁﬁandc(ll\@—smhc

aci@f(6.08 MNRirifidd Zmindoky it etZlei 3undend Umnﬁ’ﬁ@&yecuvely) were
reaction conditions for 26 hours were about 76% and

coyger torthes 6 demaineprpteim emgindl)ponipiting ptaseizt-Ltphgnylelagine in 100 mM
ane%ng Eec;azlgl.luﬁn %8&%116 @)gft&t ?p?[—[e % .?) &t agrﬁ)gfﬁgt tér é;e%t}ﬂregtg%(f)ftﬁgd éll)(g?perotein

migetigs IE ﬁﬁdew réﬁﬂdlﬁ\]eli' nSeUrigiareyl. me résauentdENBRBIV defddentical to
gener al nethod for the synthesis of _20 honbgeneous
thegaoyewémg.aédvﬁtﬁﬁﬁepe@d by Hheafia Jeguewial Tones, jaf, gentirmed by HPLC and

VAR SSBHL 0 o BT B v s

readtigad¢caditony for2oisfuer wee abo®-7b% dnd3s%) respmt:lvayzrhe yields were

T T F NG A

the@Mh BREGnANEhEreQBhARARES.f rom Al dri ch, Acros or Sigma
and used 25 w thout further purification. Reactions

[021@1 e monyf é?fn?ra 1& wh Bhfe Sty Sl ?%%&@rrﬁpt@ﬁd %I;Ltﬁ% nthesis of
l'izing nin finor ceriumno ate Staln as the
homlegmle oy gigccrpmtgmnh;me@dch comainmguedlidefinedaadcharide substtuents.
carried out in oven-dried glassware under an inert Ar
atrmsphee AII - e aqueo oIvents wer e dlstllled
bef ore = g ded on Bruker

[0248b, AI\/D(GSW%rUN%@G]@@We%@& ﬂo‘irs@]é@tgssdﬁal%a@ (B 1, 4-GalT)

and, 5 S el ol PTG ddpRET Rons CRl G mepp s
othbhbiSe 4aZ8)all cHeRRRMN wERIEBRIRA Ror AL EH R rdk or@i’%ﬁ@ eRdluskd

of Figure 1 (5 ng, 0.021 nmol) and UDP- Gal
withowFerthgrpuyifigeian. Readivng sigrd momsged bHERPESR ST ﬁhrema(ogsaphy (TLC)
utll%n% Rth r}or@r e&w ; §r§%ggtrag CTM#&% V%ﬁ{&? 218621%611{ 2ﬁ&)ll hon )aqueous

rea@tidnsl’ove(ﬁﬁ&élfné@ odt i, oven-trikll kladgwaréOndedlak aderNAr atmosphere. All non-
phosphatase (0.5 U, 1 U L-1) were added and the
aqqegg%qqlmtwg(rplﬂlsgﬂkﬁgge@ﬁeaksgn spectra were recorded on Bruker AMX-

400, AMX-500 or AMX-600 MHz spectrometers and were referenced to residual solvent
peaks (CDCls: "H § 7.24, 13C § 77.0; CD;0D: 'H § 3.30, 13C § 49.0; D,0: 'H § 4.76).

[0220] Compound 2 of Figure 1: Compound 1 of Figure 1 (5 mg, 0.021 mmol) and
UDP-Gal (21 mg, 0.032 mmol) were dissolved in 350 pL. HEPES buffer (150 mM, pH 7.4)
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gently at anbient tenperature for 2 days. The reaction
m xture was centrifuged and the supernatant was
w@eoou3was by am nopropyl silica gel HPLC enpl oRCTigSz03/032870
gradient elution of 5 100: 0%A:B to 50:50 A:B over 90
mnat a flowrate of 1 nL mn-' where A = MeCN and B
The retention tinme of the desired product was

= . H2O
confaining 3 fraspiymrparshMngH siutione2 sesnobiB-1#rGallli 913U, 0.1 U uL™) and

alka}wrlfe?%h%g@]\%ag% ?Oﬁmmﬁi(l g;e ag%lg(wﬁ% tjhg(rgz}cggh (rggtoé%e @i’s s%aken
mbly 2 amb efhpdzandd, : i fi

ge 6 IYI) , ar; iéd);tt ( r?]% {1}6_0 ,ffng’Z. %’asyg('gige re\%&ﬁ:ondfr?ité(g(ge %«%s §€ntaif}_\[§lg,\1,d 884 the

Supgratans wee pyiiedsly) amigopmpylidlicalget HPLGbsmployidg,a gtidfient Bution of

P38 3k 8o Bl i v n -

H,G5Theleteifiod 8Bme 62 t182desifd $idduct a3 %3 Hi8: BPoptlizafibn of the column
60. 43, 53.80, 22.55. HR FTM5 (gos) cal cap for
fracapns pHipisied putertorapouad 2 of Figure 1 (6 sughd0%2 2s a avhite ppoden [H NMR

.M 8 a0 il SUIELO PN 2 8L 9SG F )P 1, 3.5
(m,VigT)e3.08 $ad) el 88 N 245 A )3 HEBIES (RubiBr3.61 8% FMat.oéflogié, 1H),

7.4) containing a freshl r epar ed Cl12 solution (
3-5%@1) YH), 880Am, 3135 P8 (5 @Izﬁ/r%fc 1\5/[& (BLD L L50)MERYS AR AB; 108.98,

(oBSRRS et (S0 050,10 by 1) wee A Ao 55 ke

FTMSn(pes) ahled €oif Of HENIBY SIMANE * £2¢ 11400 18hnd 40181 448S
centrifuged and the supernatant was purified by

[0220i NOPT OQYshpSilrdd £¥ KShretR | i | Bt
Tt o o G ke D g R T i 3 2,013 mmol
andfCMR-Newdee @0 nig, OLO1Gi mmbl)wheee dis@vedl in 450 QXL HEBES bufftRQ@50 mM,

caorresponding fractions (27 . mn) were collected
DH 1S oG B Febly piap gy M e oo o 2GS 8982 mU, 3.7

o Y8 G055 e et

mixturd w6 sidken kéidly atInfblent teBipekithre 3r & a&g@ Ghe deactidn Bture was
t%?z, 1H, 1.98 (s, 3H), 1.96 (s, 3H), 1.75 (t, J =
cenypugeg angdthe supemajggt pae pyrifies) byopmiappopBHiedal ¢tfploying a
= . £88. . [ rocedur e for ..
e A0 85 028 B3040 PLBER RSy i e
A =dde@Nnng Bot 1,0. Theicardsppidiag fracRak (DNmidWdr® 0dlcted and

cchari de derivative (500 and - 1 mut ant Z
IyoRhpedio BrVstevhitsRavedea (588} 1a8)-i H NW& QR Ha) b #e5, (d, J =

: t a ¥ t of
83015 15 WUSL7 S0 08004 07 Ll SODLSES o5 kO e, 3.5
(m, THR2.6’h@ldny xt4186 1862, l:H)jtlthSf (g’gﬁﬁgtgﬂg é&,ml),sllgﬁ Kt:;lat:allﬁ%, 1H).
rifie reverse phase on a Agilent
ES'&@E‘%& ‘@k—dé%*i 25klagNRy JMatEh = 488 ctundA8&npl oyi ng a
radient _elution of 90:10 A'B to 60:40 A:B over 70
[0223]n at Lameethpreqedurstfon canpling purinogme seccharidd-@a@ivativinto mutant Z

oo BB b AR oo 1
mutfCY drahR pt&SiA8Vdde didSolvéd mT00RMII 150 AP bhﬁ"e@i)Hggl.‘Sj. Water was

desalted with a size exclusion colum. After el uted

addeg torp takal wplumerafd 08 Lt thersadticaphixitire eds shakah o8 7P Coiior 86 h.

Theh the rlafxlture %vnag cé:r\léri%geglagclll the s%pear%atgnt\/\\@ést peurﬁi% ?/rrexlfe?se phase HPLC

on a Agilent ZORBAX SB-C18 4.6 mm x 250 mm column employing a gradient elution of
90:10 A:B to 60:40 A:B over 70 min at a flow rate of 1 mL min™' where A = H>,0 with
0.1%TFA and B = MeCN with 0.1%TFA. The column fractions were neutralized with
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96% 76% and 60% vyield, respectively. [0223]

Preparation of glycoprotein mnetics IlIl and IV (of
wWo-2@u0ss6ly using the 5 sequential route: For PCT/US2003/032870
preparation of IIl of Figur8 1, Il of Figure 1 (-0.5

ng) and LTDP-Gal (1 ng) were dissolved in 90 uL of

150 HEPES buf f er H 7.4 containing a freshl .
Trigfe & PHH e and 6?%%t9<§w1tb@ sizerfplugion gOmyL. éételre%mﬁl With water,
the¥heiHwh Rldtdrd P9IDRAE 3V

etL"l) még%pgg%%d ano(lJr nggeactlg% ﬁ%xtd@ggwgg gﬁ ?Pdeun
96 %% and &0 %ayibiderespdceimplgr at ure for 2 days. The

reaction mxture was centrifuged and the supernat ant
[0228] was pRBFdfarabrof dhyopeveti agmphadd didlue.( oszfgure I ) usmg the

preparation of IV of Fiqure 1, Il1_of Figure 1
Seqllfﬁf}tméﬁautavﬁox\%n%raw @fﬂb? f Fignee 4 o6 Fietre1{~84 na&) %lfiUDP -Gal

(1 B8 SR 00 L o 150 fpd LB RE 1S 714 S0 M p frsshly
preph:bed 3CIrkblugén 1.5 ameblRIKBHHGHT 4DSH 40 ase p 30 and klkihe

mJ L"1) were added and the reaction mxture was
phasphatase (é@ MU0 0anUap Jevare eddedand the isagtion mixgeg svas vhaken gently
at an%ﬂgﬁt r%em%e t)l(ﬁe fot 2%?"? trralc 109 gﬁlxture w%sa o rﬁﬁgeé an[dotgfé iljpematant

super was pur y'reverse p

Q\/’ﬁthlﬂheﬂ BRreVBise phire IIELIZ[DI iHod prepatatioienIV of Fipuae IAHEXf Figure 1
console and 9.4 T magnet from Bruker Dalton

(~0(53ng and ENP-Nay Aq4R S g2 rerdissphyad in 29| uEro NS0 mM HEPES buffer pH
74506 1{5‘?/%%%@1? §gear eﬁ%ﬁé §]t *181? E’O S %mglb o2 p?ﬁgx}(\@gme 3.7mU

nor ma e preparatron, i nvolvi iy

uLUp S alMBindShds &ﬁla{e@@ {ssoslﬁUss@ e Eﬂi} wéfel Aaed SR the YeactiBE mixture
matrix is a 2 ture of 3-hy drox icolinic acid (20

wasrshalven! perglhycat dimdomond tenuperaiterfon :éd@ys ’;E—ge relaction mixture was centrifuged

qi’a%ﬁ e?i%s%%%gn@s@e?a% %%a%%%bﬂﬁfé@fﬂ ate pressure
| uces
fthg grent %ﬁféﬁ@%#g dﬁ?@m Build feiriman oot ﬁghf%ﬂ chpsole and

9.4310Hfag1?et frott \WRiKer traltOME (Hffe R RTE @ ashifskd Fd#@dﬁmﬂﬁﬁtﬁ MS
OF GLYCOPROTEI'NS [ 0225] 1n orne embodi nent of the

expenventsi Sngar anw etesrterst todale ggamwherbmnmahmlabmhnl@preparauon ,

e ho t
I e N R i e
miKthrePof BN R §;y§§ﬁtscﬁﬂhoammgoz:1ﬁg i frahd afsﬁm%rﬁumwmé PEbing mL™).

cont ai ni'n GlcNAc- serine at a defined position can

De@fénm(sm@s@éue glycg)rowm ay fyrtherosinfinized by e spiecialirgdghtermediate
preséuge iv%é{lﬁD%goa % (gf t&eﬁ?ﬁ%@%@%{ %}&nggﬁnés:tgﬂgalﬁg Bﬂéglflglgc%gnegy 81¥)V1d1ng
colﬁ'ﬁdhi]lo@dhﬁ% inhth@s@atact osyl t ransferase. This approach

pPp

can be a icable to other WO 2004/ 035605
PCT/ US2003/ 032870 81 posttransl ational nodifications,

EX&\ MPLEM:QAROTHRRSIRATEGY FOR TTH SYNTHBSIS OF

GLWDMTE’][NS‘M the Trke. [0226] Gycosylation is one
[ common post-transl ational nodifications of
[0225] In one embodiment of the invention, another strategy has been developed to

synthesize homogeneous glycoproteins in an organism, e.g., E. coli, by the cotranslational -
incorporation of a glycosylated amino acid. For example, myoglobin containing f-GlcNAc-
serine at a defined position can be expressed in E. coli in good yield and with high fidelity.

The B-GlcNAc moiety can be recognized by a carbohydrate binding protein or subsequently

modified with a galactosyltransferase. This approach can be applicable to other
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proteins in eukaryotes and affects a w de range of

protein functions fromfolding and 5 secretion to
whr@answseul ar recogni zati on and serum hal f |i fBCT/B82903/032870

e.g., R A Dwek, (1996) ®Giem Rev. 96:683. Wile

t here have been significant advances in our

under st andi n the effects of cosyl ation, the
PO%%Elaﬁlpealrra@%&cmn& & g;d&ra@ahﬁfrqsaléor&yqapwcaterhntlpﬁemethylauon and
thellfgeat i onshi ps between their structures and functions

are just beg| nni ng to be understood. See, e.g, C R

tozzi Ki ess 2001) Science, 291:.2
0B o mEiYPoRan o G ok oty BTGBl pibtlticatons of
proteifN @adukyrybred dbd effeASa &ids rihgd 6f Iﬁf)teﬁi 6.6t s TRom fEaking @nd
it difficult to isolate unjque cofornms from
secpgiion e biogenlequdar recospiratien @ndoqenrm%n%&ée higgee-BeBnA. Dwek, (1996)

ChéGVRE p@é%é? bﬁbflﬂg ﬁfe?é v Heb ) §i 'fi%hllltyadgﬁ{c'e ﬁl our undersiiaHdlng of
%‘ﬁyuﬁgo ut al npose severe restrlc
thesiffeets ofj ‘g@mbs}ﬂ&tlonaﬂﬂ/spmlﬂumlestqf cﬂfgoﬁd&eh@idycchmnmhmi the

uce See, e.qQ. S H,
rel tqnglﬁ%g‘?g’f.e@gmﬁsgr&?m @RE? 10%% are J‘Fﬁb@ﬁml% F‘éﬁ“c‘é‘l‘?erm"d

7 PR ( 19Rs
sed o &/ ROpeityt e L1 Ricyfling) CPOF) SEHRE 0957 - P pifery
chalesge B34hat %chopmtmm e eyquﬂqua,ro@csd RRd ewumnf glymforms, making it

onents used rod ce u ycof orns | .
it el e o et op gy & BBy oketods have been
de@ldﬂé@%ﬁﬁth&%&ﬁﬁ&t@fﬁﬂ defth¥Y B9édfotabudf@hpdiakdvére restrictions
encodes a gl ycosyl at ed amno acid in response to a

on §1§| ségst guantigy, dodyor guadity obithe ghiseprotedn produdals Segheg., P. Sears, & C.

t d h
6 g AR L S 0G0 RG0S 2906 .
Dasﬂsngtm)qamh RN NENSB); Hd, TR I Hdng, BOC IRIBerto2hia(3008) ABEL Chem.
rranl ul'ate glycoprotein structure and function. [0227]

s Indhis eppmpleonsirajegyeand|tipeqmpgnents usest tormadyce ugique
oW 8, PSR s gl BB
tRI@Arpetrl thatgene&ioafly Encoded 4 glyseslated gninolamd\&ﬁ mgspoﬁie tala. selector

2001) Science 292:498; L. Wang, et i (2002
€.8h @AAM8ELCo PQ4T&§8§7heZeneZ’r?dH§°rp%ﬁau‘éql of t s’Z@’éZ)t et SaCChaﬂde‘

md&ff&ﬁ%(% %Tﬂ% hﬁlécﬂy% éﬁ&g s cafft glg%%g%nzﬂ enhw%qiﬁélablﬁfty to both

anayze, an(l 2002 ulatPrebeopibédin strlmd:la“el an@finctich.S A 99: 11020; S.

W Santoro, et al., (2002) Nat. Biotechnol. 20:1044;
[0227] WANng, Midthdls.werd ﬁ&@ﬁ)hslyﬂe@eﬂopd&i\t/hwh Asrahe fifs€ timeldlISwAd the

100: 56;. and, Z. Zhang et at (2003) Biochenistry
sys@zm@rﬁggl)htlgﬁd)f PEHAG aqidsaith gm@'l chemicgldndyphysigal pggperties to the

0

oS Ao L 015130 LA ot d DN S SBRLOApEt gl
(200Rat. Ado€hemoBocri@4d83@at 1thg fet elnd2QE2) @geWRNhsmaImi Ed. Engl.

3SR i L0l A o el (070096, 1 8 i 6. 000

Pr2NRafl CACHd SEit 1YS AN66 PEFREEWQag R eP A2 §9302) Nat. Biotechnol.
PCI7 US20037 032870 ~82 gl ycosyl at ed,” phosphofyT at ed, or

20:484h L. Y s, andln 2003), MM&MQ&SH@S@dOOé6 and, 7. Zhang et al.,

5T bR Remil Mz o Vet el b Lo G et abr S92 B in

pre@@sqﬁ ﬂﬁg’@;ﬁba&na{ aIHB&'sflplﬁ@isb@M PUnrRb@HETIRS — mu tRNAY, pair that
serine (Conpound A,

does not cross-react with endogenous tRNAs and synthetases is evolved to uniquely charge

a desired unnatural amino acid. This methology can also allow one to directly incorporate
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GLcNAc: N-acetyl glucosam ne) was attenpted to be
site-specifically incorporated into 5 proteins in E

W@ 00u/0356b O- A cNAc nodi fication i s ubiquitousPCTUS2003/032870
nearly all eukaryotes, is #nvolved in regulation of
cell signaling, protein trafficking and cell growh,
and is also a substrate from which nore conpl ex

glyeesylnder; dhatpherylated, 9s methyiated argine, acidsdnto proteipg(ges, e.gt T. Arslan,

et %l gm997§ #) Cﬁ{r_ﬁ %é%e[ 11?99}_&? ehy\%yf)%lh% th%\laf)%igf)or §elec'&1r¥16 enzymatic or

chefifieshpoSinansldtZmabmbadifichiidrosf pro@is] B-Os@lediAari-gd&rine (Compound A,

B T I T
proEér?ﬁél IEL elf. ;HE 9§G¢ W@l(:tl\ﬂ@é m%ifh?i%ﬁt%@ﬂ S ubﬁgm?ﬁ’éﬁ%qkﬁﬂggﬁ |egkaryotes is

e cell -pernea
invelvedlin reg(lb865 pf cdbr sng;nahnglqtrbtelrﬁnafﬁclqﬁg iand telBgravwaR,: a&ﬂZsSalso a

has b | f th
Subﬁgygtpim Wb}cadgéregggg{%w ohg@r%{eﬁ%%? e‘i%%éélggﬁgreté aﬁrW§QS’ etal,
(2008) $ciBRXN0a 896 2dHd, NDBAmARE VIR0 sYL. Hﬁel?—tWﬂlsoﬂr ?@9?’) J. Am.

can be deacetylated by nonspecific cytosolic esterases
ChemcSod. h2H:66132. h@nfg)etunatelyssagé@nde dgriyatiNes with free hydroxyl groups are

ns R iy M5 s ey P 307 e el substeate
CoﬁﬁbhﬂcﬂAIW@llﬂ thhlasEbey telll SerfdeSAC S&L bigh A. GOrRadkb bt Bl., (1995), Proc.
ich there is a commercially avail able precursor,

NatlLfease Sei U$ A42/3328; Hopranap itdias bpen shesa thafegetylagion eé e

o SR PR St R e s

acebigr@gshn po ﬂeztcbtyﬂhtaﬂdy ﬁkﬁgp&dlﬁecﬁeécﬂmtes@ﬁ&emaﬂﬁﬁdh the cell.
isolate froma libra active site nutants,

SeerggRI- tlwa%ar@p‘élélp?ntc%m }{saqhanlégn ﬁ%@%%@s&%& 125:6612.

e R R el Q0 s Bl AR M or which

thest iearcotimearciabp Avdilable pyedaBor t M mdckirieacegy-PvilcBl Ac-serine, was used
onstruct ed vvlth act ve site residues randon zed:

RS CXBREAYS HYMBPUti d pBK-1ib-m had residues Tyr32,
Al a67, His70, dnlss, 25 Aspl58, and Al al67
random zed, a sec , encoded ACpI asm d pBK-1ib,

had residH As pp P Re-BE 39, Hel Leul62
r andoni zedﬁ ese roesﬁ%lﬂggl are 490N Bf

the phenyl ring Nt#& arePthe prinmary reHﬂyes tghat form
the substrate bigndi ng pocket. The conbipied library

[OZQBE appr @‘éeﬁ@é &t pbsﬁrvﬁ afd Qggdtﬂ'g QEIEERS by aS D isolitk $rom a library
library was then subjected to a positive selection,

of dxtive ditomusmpy a &ysRS thav$peaificalip ehargasdbe oithigoodume (R16A o with -
30 Asp 112 in the chl oranpheni col acetyltransferase
GlqNXFerineria E. toli.sBasedonThe KSaystreaters ofhetonaylogse Bscillus

stearco-zr err%]())loz?usals 2ﬁ§ two libraries were constructed with active site residues
randomized: one, encoded by plasmid pBK-lib-m, had residues Tyr32, A1a67, H1s7°, GIn'* ,
Asp15 8 and Ala' randomized, and a second, encoded by plasmid pBK-lib, had residues
Tyr32, Glum, Asp15 8, Te® 9, and Leu'%? randomized. These residues are all within 6.9 A of
the phenyl ring and are the primary residues that form the substrate binding pocket. The
combined library had approximately 2.6 x10° independent clones. This library was then
subjected to a positive selection, based on suppression of an amber codon introduced at

Asp112 in the chloramphenicol acetyltransferase (CAT) gene, to select TyrRS mutants
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83 capabl e of incorporating the glycosylated am no
acid. Cells surviving at high concentrations of

w@ hdognzsspheni col nmust express a nutant Tyr RS weaTius1ee3/032870
ability to insert either (8-d cNAc-serine or an
endogenous am no acid in response to the Aspl 12TAG

amper . codon. A_negative sel ection, based on
Capﬁggigﬁ fducqrperating theebeoariped aminaneid.i Gellsrartivingat bigh
RS8R SR DSURSp ARUE LS o e

mtlmncﬂb@ﬁihb&t%ﬁﬁib@@ aﬁemcﬂfgendifstammé hol@ in fidPGiRe @ theQSIpll il YEAG amber
el ection and four rounds of negative sel ection,

coqaRy ok negabive seleqtionglasedan swprsensipng dhree ambggtpodons in the toxic
baﬂi % 3 r\%sj {REh §ded t§ B«lzlg{e?l:q}{i' g%: s%%: teg-gi;o%égth%lsg Hofan® Ii‘%i/rRSs that

nmut ations are as
1nc()ﬁbwté) enddgendi3 Amind\s¢ids 8A €y vibBundd EPoSitivd yéld&fdn and four

rou%ngé'I ég%e@gve ‘%%Fv%%?@éﬁﬁeﬁgléé Ebl%éﬁz y%‘%zh sug'll;'%io ?Zt hTé%ll ggn%éntratlon of
ch16 Qﬂrc@/ 31319323 cléﬁe%]aﬁlﬁ “thel #ﬂﬁﬂaﬁg s db @ %&IOWQJSEIQ%O (Glu'7—Pro'”,

Leulo L62) . ese clones” appear 1
Aspi g'hC)YS el]]e%?-l—)\Te'rlfs iLe(l -—eﬁag\wt) b6 |("ﬂﬁ Hﬁily?é,(}lum Gly'”",

LS ty  CHEOAS gt SEE405 ,

Le@{-3Met % a8t ol thésa bNEs §§eb® Bérhlghly selective for B GIcNAc-serine,
(3-tetra-acetyl -d u-asparagi ne does”  not permt cell

singgy wptacementef € ogQuiind Bowitle hindylafséréne, oeti-acttybGalNAcathreonine,
enet ‘f l'ts su st that e neV\A 5 selected

/P3G ﬁfigég’sﬁ%% cearashiy- ?;J‘Slé E‘?H@f Oceé\ﬂﬁtr}?fgmlt cell growth

abc(v% of—ckﬁ@faiﬂibﬁem&&z A9kselin va%sgtenétﬁereﬁﬁ{s sﬁg?ﬂ? thatfhd newly

fidelity i ncorporation of Conpound B,
selw@bmt@thg@ﬁ@ ha @ g4 TRt spenificityrtowgrdaf- Glcb@ac:—bad@mﬁ at
the fourth position and a C termnal H s6 tag was
[02@8her at ello tSBethe effigencyand \WdeBgyrdf dncorgdratédn of (C(ﬂﬁ]&il)nd B, a mutant

20:1044. V\h ant t het ase
myesg fb@ogenazfépyggf\@ﬁpa@%%g o #R ?rwggﬂraattt P&ﬁ’cﬁ“’?d‘n aC
terfRnaf TIfNG tB%’Qz% g@ie&t&? n&s. JzQ shey. @5%9@&%1 ofo sk ofdchnol.

in mnina L7of " the full Tehgth nutant

20: W%l Blsen thﬂaauqanmu&emse( Sd D0 wgs ce-edpressed withotirp ami (RMAL, and
mg/ L _of wild-type nyogl obin was Er.odu.c.ed under
Gl}éﬂlﬁ(l} smyoghohil ganehin tha gresendersd Campound Ben ainiphal media, 1 mg/L of

BB 85T i S0 RE GPYARIS 5L LGfeon. 5.5 o

of Wiltlltypeangsdlotiti &gk @hjdilc&hﬁﬁndéb sieri M€ Boraliti i, liruBeating Al good level of
SDS- PACE (See 25 Figure 4 0230&" Fi gur e, 4
SUPPraseien e Tls9@ xlorthe ng@ﬁwa cither 3300, noa IR o Garepgynd B, no

cx IR £ ko TR AT B TS0y TP RIBPS PAGE (See

Fig§p§4*?AG_E. The gel was silver-stained. Lane 1 shows
nmyogl obi n was expressed in the presence of the

hogon '
(02301 "0 90 (Rl Dyl UER@RTor ey 0C o BB R dpant
myoylobinabil 8.5 KDHn @ﬁﬁemh ok mrrﬁiefdlblyﬁ\l 12+@hfﬁlﬁﬁyl cmfolhf?oto graphy aéld
X n._the resenceo t he orthogonal tRNA an
feSﬁ?l 85 5&3?%2‘%%@@ Ehel 30V GHIVeTSHEisls L8 drfBews yogiebin W
n
expr eisillgli;l %ﬁrﬁsé}&\e/%f €2111004/ 0 %lg%%tlgA Ungjlzég%g% (%?2%%d Compound B.

The band at ~18 kDa corresponds to the full-length myoglobin. Lane 2 shows proteins
eluted after expression in the presence of the orthogonal tRNA and the synthetase S1-90 but

in the absence of substrate Compound B. Lane 3 shows proteins eluted after expression in
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84 the presence of the orthogonal tRNA and substrate
Conpound B but in the absence of synthetase S 1-90.

wh a0ve/0856850Wws proteins eluted after expressi onPCTUS1963/032870
presence of the synthetase4S 1-90 and substrate

Conpound B but in the absence of the orthogonal tRNA
gl obin for

Lane 5 contains the purified wld ty
theggrssars Qldhe onhogemah 1]18% ghd PebstshiaGanhpoume B bUrdE the absence of
syﬂﬂéﬁéésﬂ 1So@f eqfescﬁo@/s :ﬁg@%}r@ gfu?&l' te?%?@&&ﬁo L %h%re%e{lce of the

-purified nmutant
symgatm§ 1490 ﬁndsuﬁﬂram fﬁompbhnd Bébut e tiedehcadf thesfhe&Fonal tRNA.

| obi n cont 3Nac-serine wthout
La:?%? ﬁ?lg?ﬁnﬁgle PM“%@& té’ﬁ? myg i fior pRpparses. Fi gure 5.
I\kﬁe t hat the | oss of the Ntermnal Met is conmon in
[0221] co i . High megeiptionMAIRI-TOF rapkysis efforsied @rmdomysatapic mass of the

L& t%% ‘f}ﬁnﬁafmgfaﬂf E@X%I%Bﬁldotgi zﬁ%ﬁyﬁg'w‘%}éa i O@Btgg’?rﬂﬁ’m with the

wer e O serve

thedmtlaalcmm Iof myaghbgicotegiiag GlaOIDpess-feriak Wthfoﬁf méth€onine
cNAc-serine into

%15%3%108@29 é% §%thusﬁ &1 Noygybet the fass ongeg\? 'Eﬁgmn(u;l igvg% is common
in £Qolu'h Q@([ltl&lp \3ofdald Ffrek lo m{EérB @Rﬁ o8 %Q{ygat & %lﬁréém}lo globin

an ELISA-11 ke assay was anai yze 't
or the wildetiype mypglobin wete@bsdrmed. BEhel mass&qmctsmmzilatal dblnﬁﬂhlaangh degree

t. al
of wap gy fox hEEomgtion of GIeAG bt ipunigghiate 6%
102800 el & Bi\etrd ot nehimento s reFioRmed @E'@%ﬂéf hatacterize the

mu{a%@ Biyﬁgloﬁﬁln q@fsr @ﬁlSﬁdlﬁ@ dsgdgfﬁis Lﬁo%{o énggfg%h dmg of a

pe nyogl obin an
Glc&%c spwm ledti, Bmdiajrcteypmzpm@‘ghmﬂ] (BSIH(seeay o8l Ebllsﬁl, et al., (1978),

[ dded). A y4-*Co d
cafiBhy bR Y 30R 1 sher mysEiana i Eaceymo s o igure 6,
PaelQ) Wipurd®! PandQ illﬁgﬁ‘gbé blﬁba fg'o? a'BIOVAL s gé‘cﬁﬁ@ ?e@ﬁﬁ dBanderiraea

wel |'s and subsequent y incu ed wth biotin
simpBfif Olalri[@ (BSH), t¢pwilditppamadKabinrmed gbmemlyaglabm cmm viadsere shown

for t810r Sy Bl BBl AR PPt s aritseRBYRcoze! hOdSci acdpd
Gly4weCH@poEndoA mlﬁMﬁ GhyRI3dbiNEI0B gyraﬁtbw 1HERR Ihi?ogimﬁ 00 &) were

plate wells and then i ncubated with biotiny

imrpely|izedsip migrosifar il ate Wueand@bpﬁq@smbama@@t@bmtu @mtmylaemioBSH and

str f R%c%irl %ﬂé%gﬂ%lrog[}?ﬁg@%%égtgb st ?\?%I? \élgzaggecg\gvéthgl-mtrophenyl
phospuite addembnitared By ﬁtehm%(tﬂahlis@fbaﬂ@é 4t$105 nifn. CPIY fvastorms of

Ils containjn | yconmyogl obi n produced a signal at
myp el vEg0 P BB G P Ao e inypead with botinated

BSTaRAN I ASTROHPRAR SELEGH A8 JGERNLE) B Pl

respehtvely. hWeHsachMynigamhi typs nyokldbireafford@dla siged etqﬁw@tehﬁtfo negative
or s sug g as (GalNAc and ManNAc since th

con GBS SR RN BLTEE AL,

folcﬁu%l@i' tBih th§tt ofa¥ild-tylpé AfBklobiR H@ﬂl@ﬁgfatmggélect% r¢éoghition by the

al so i nvesti‘gat ed whe
Wﬂé@tmn dén pédjfion dhis mesnlt(sgd)\mbthlat the (aalﬂbdhjatkate has not been

oS S A D USE R G ERhEE

selePld 1dBZARAOE28 /&g, S. Ebisu, et al., (1978), Carbohydr. Res. 61:129).

[0233] We also investigated whether the O-GIcNAc-serine residue in myoglobin

could be selectively modified with a galactosyltransferase. Beta-1,4-galactosyltransferase is
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85 known to transfer galactose (Gal) fromthe sugar
nucl eotide UDP-Gal to the 4 position of an
wOR@ems36hY| ucosam ne (GLcNAc) to form Galf 31, 4RIT/NEIN3/032870
To determne if the 0- glyddsyl ated nyogl obin can be
nodi fied with UDP-Gal, both wld-type and
0qgl obin were resol ved_by SDS- PAGE

d
oS R et Yo B mumani o (8 erabe dassidonof
t
N-4RBThAEHHRABINAD) &%Efgg? Gfﬂaqmgglgg% ! IR ANR P HAS.
glype‘mmechmpglobmrcaﬁbe Iongdi e d \EeleU]IP Gal, bKth widreyparadd (BElycosylated
277;19 [ ncor poration

myBplopiaereatsolied rT BACE By Enpbaiendo ERYD empratve The
mebi ¢ wis!then {2Bhbadd Rty b&ﬁﬁ R 9 &yﬂﬁ%sfe?#@ R4 rad?c%ctwe UDP-

fdetectabl e signal was observe or ‘the w
[Hihgekicsise at rosedemperatae & 2pdoats. B’ee Ia&,uKeKﬁmeﬁiane Iet 8., (1002), 1.

B1(§1I (Illlfle% Zgze@%gg %Cf)lﬁ)o%%lga[%&lgﬁig (&ég{]%&gén? lgyb%p:gn %g the
meﬂib%ﬂe@@D@ra@hlﬁl) Gu1gl tlg tadaBfed o ﬁ@f&géﬂpgﬁnal was
g were resol ved 12°o DS- PAGE and transferre

(1 9)
obsegyeg fenthe Wéwbtb'ﬁﬁmyomblmeﬂ@b FiguwregaPanéldh Figneea6Rane Bh

A kB85 PR TDRSRE S obhiauyioy yop- s
Wikl tgpd myeglobisphad ase Giyu-Y)Cdneioudd Ahl%ifa%t 0 g1%9m (1 ug) were
erature. After extensive 15 washes, nbr ane

res%gﬁ) By g,%%esps -BAGH ay:l transfargdito 8 Pmann@nane The membrane was then

o SRR B 023 e DL RGBSl S car

inte3@haltall@fine §E®ghﬁa® (1 US fo¥B4 héurs &t rodln temg)el%%e Afteﬁ@iltenswe

Chem Soc. 2114. After incubation hour s at
waghgsthe mepbraneyas exposed 4o Kinay dilofusitigRnbeheed aioradisgraphy.

obt ai ned based on the radiolabel present. See Figure
[0284] Panel F@.quentifaties SalyRimn e g(l:yoolsjrluansfane&tqmavdsl eﬂ@idam@ed out in

O M N N T T ——

for 18 Hb@ts APRI oAl e AR SLT IR S idl® Bfﬁké&ﬁé}l&%‘ﬁb Gﬂ?ﬁhedlb&ed on the
corresponds to 100% transfer. To the solutions

radiotabebpasan S@legpm o,fRawdl (i [Figure e PayeldC dbistrated Qtilargl)atlve

ana%g ?tl)(e ygals%%?sg %gaée (@% Q{lﬁgy ?l opLa ultqg sgﬂl‘uon and the

radioyabeletl @gaRbREY was Roridalihd sicRekKAaM é‘orfé)éﬁ&ﬂ@@é PO ¥FaBSBr. To the
(10 U, gal actose-1-phosphate- 25 uridyl transferase

SOh{“PHEJPOﬂt@@mgrféP T ipkrigiad adlddynd myegleie (#¥Eug)Pand)Glyd— Compound

A e T s RO o A ot eriy 5 Bl BRslgesse
pyrél‘iﬂblsﬂhor?llﬁié @rUY, MorERACHIBHh ﬁ%x?ﬂb&é_;‘rg]]b)e@)\;\ggla%sg lﬁyhosﬂ?ate-

act ose- 1- phosphate ( adde
uri éH@lt aasevid 4 hovine thilki galactmsyli@nsfenases (2a0), ighuwose-1-phosphate (3

s R B inniate s Pt Rosofuoimior s T Lbrriia it B o)
Aftéﬁ%fﬁa@t‘i’on Wik flused doPH 92S@NLL al:t%%]é PIEhBLHYABI01 mmol) was

0235] These studi es denonst f
ad @‘3 EIIQ:WKEI wasrdarrgedoain fMSdmurwsbfahltﬂnpdrhtwe Protein products
rote| in E. .coli wth

e GRG0 SR P 6 b by SuGRBEL B v
on ﬁﬁfl@ﬁﬂﬂﬂﬁtﬁﬁ%ﬁﬂ@za

[0235] These studies demonstrate that B-GIcNAc-L-serine can be cotranslationally

incorporated into proteins in E. coli with excellent specificity and good yield. The
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86 incorporated (3-GLcNAc-serine can serve as a

primary glycosylation site to which saccharides can
wheooatiskeos sequential ly with gl ycosyltransfer aseCT/ESI03/032870

K. Kanmenura, et al., (20038p, J. Biol. Chem

277:19229. Materials and Methods 5 [0236] Directed

inchf el PRUSAT el ciftierve 9 iRt elERor Bhaunieco rdieh

t
sadglﬁéltﬁleg @glg ‘86 @&%IH osgﬂue‘rﬁhﬁgllf}'; Qe oy E byeg &ans?ergs % Igliéajﬂgenﬁ}ra et al.,

(ZQOQMLBIQ_JﬁhmeﬁH@@%d pBK lib-m (see e g. Z. Zhang
et aI ] (2003) Biochem stry 42:6735) and pBK—I ib (see,

N 84 2001) Sci ence 292:498) was
0 nsfor E@, ?? DH10OB, har boring t he
[ %I@sm d Hesig oy (’%té‘m é engymag 18g gensryl pr@qedures for the

podtive ardd4R@Avd\RlectiBh K6 BEY rep &Qedl}%éél)ousl-rh See, e g., Z. Z Zhang et al.,

transforned cells were grown in

(2003) Riaoher sty ndd: 6%.&1&% ) Com%ngtlgrcefpibsmﬂ BKHib-m (see, e.g., Z.

B Sl i, LA AGHA 3 2 Rt oo

Sciéfice 9204985 Rlag trangibenddGiato, coatifdteht AMSHODPROB hartBrihgthBfasmid

hours at 37C. Plasm ds (pBK) were purified from

PRER(ZY I (see: €IS Wanepntara e Bby @ﬁaz)ﬁa_l_ﬁsgman_cﬂe 20:40601 0

co 538, BT 5B B0 S Bl i

196G8Ydesoly@Bentnedcifd, atEN MRTS, bB hMUCi@; %‘db%‘% NaCBlcBh&ing 40
containing 40 g/m chlor arrpﬁenl col , 50t

Hghed ietragyeline, 40, dg@lﬂGQJD@Myanaﬂﬁ g5 ch]armmphenmbhtaadi 1 atM3Jd&@apound
hour vvere r|f|ed from surviving

B 1pEfq Boulial S7ceTRgns 0 M Gt (6 survyang agls and trsstormed

mt@g%tli ME168 'hﬁfHohﬁg %LV‘HIWEQ (§éeVee§ r Eu%‘?igtit aP Oéiob;]) S i;é}l&

four rounds of “negative sel ections ree
2921@%\9&) o siprtdie m@owassektqﬁm @ym Wexteahmplateuamcnbn f(eati®Bertani)

ubstr.at e- depen t chlora resi stance were
plafeg gpuspigipe fitilelanl Chlorgepn eﬂ{cggég BILVEiA- %mb‘l) |02% L-arabinose
i B
o IBUARRE 579 KR e YR Ol PR B Gilfg ot nc

usedtforathe suls2QRA) pdiative aBltheQ@tN&Csblectléiﬁs ABdAfiverfhinBsSbe ffitive and
wn in a 500 mM_ GWL culture containin
foukfm&ﬂg Regavye selgctigns, dhpe gandgrlageopains o(ﬁloatbpgm%tiﬂmfrsynthetases

thaf c%%ed%ﬁgst&té) ep"en%t% lo Hﬂgl Rsisthibe Gl 1§olat‘é§§z/1§d sequenced.

leted, lyse e pr teins were purif

o N P 3400

conBRGnPABAINTAMB UTAIG GLaidned. W $austosetall., @o02f NedBiotechnol.
&elns were subject, to high resol ution NMass
20: ﬁﬁ% fpdpRl-pp (YV%&IIOV@I ig a 508 mli GMMs paltuse cprfgiaing kanamycin,

| Dy, 0 ) Int j 3 fdi
terfSRRAR 0% L AR O ud o' Bt Fooimpting 8. B celis
Welﬁlpeﬂqtedl dysd, ﬁnﬂslhe prc@ms;/wereq}ﬁhfméby usfadtyt dhrdifﬁﬁ&gfaphj? erth Ni**-
r vvel f th rotein. Protein sa

NT%@)&@?% Nt S e e HQ%?PAGE and

silvBi-§thiBBENALIBS&E of SUTR RbEIR et Y6 78R 48
PCT/ US2003 032§7§h plof oot €3 iR 9Bk Bnass
spectrometric analysis. Matrix-assisted laser desorption ionization (MALDI) with a time-

of-flight (TOF) mass spectrometer (Voyager DE-STR, Applied Biosystems, Foster City,
CA) was used to measure the molecular weight of the protein. Protein samples were

desorbed and ionized upon irradiation from a 337 nm nitrogen laser. Sinapinic acid was
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87 used as the MALDI matrix. Lectin binding and
gl ycosyl transferase reactions were carried out
wo 2iokostionyy t he establ i shed protocols (see, e.gPCT/KS2003/032870
Kanenura, et al., (2002), B7 Biol. Chem 277:19229;
and, K Wtte, et al., (1997) J. Am Chem Soc.

MPLE 5- ENCES OF EXEMPLARY O-RSs 5
us%c%ajéé? l&@% EX&V( éqgagg bS Qé g glyrosyliransieigse fgactions %Vere carried
out ﬂtb‘illﬁﬁ'iﬂg%ﬂe estebliied ﬁi%@)c'o@ 9%5 §é’e1§ K rIaekE laF,n(fZ))O%?a? C13101

exen]{j %2/ Ot RNA that can e i nve
5and, K. Wide, at.al. 5198%) _m%em Zeg).t hat
encode O-RSs include SEQ ID NGs.: 8-10. [0239] It is
understood that the exanples and embodi nents descri bed
NCES OF EXFHMPLARYsRSsonl y and t hat

. ght thereof will
102481 ' 00 el loERr N ftea S8 BT inuhe 1310Rhen iFida B0 LNOS: 1.6
(Sete Table J)naldisethphiry 0- ﬂRNA'1 €ha$ BAd bd usdBn Hfém{!/e‘i‘l‘fYoRErbcg%f SEQID

q/\%pl | cat| on and scope of the appended cl al nms
afycrobywiclegtidenbatiencrdetdR sdneiudteSEQIIDEIOS.NS-10.

SoIe det ail for purposes of clarity and
[0238Her st akids ngierstood/\lhhﬂ the exznhpiasr artdoeraistelimbntk Hesdribéd hdi€in are for
illu ﬁtnfe m a reg t hi s cl.osure that various
?tl[% Tpases %1} %Hla pciste Hfigationserechangasdn dight thereof will be

sug@&sﬂ@d tol Iﬁﬁscfnﬁ eKiIEdfh the aft raH@ areGO B ungluciela%vﬂtlﬁ% eS Cglpﬁ'ﬁ eagﬁ rview of

exanpl e, all the techniques and apparatus
thisAppligationandiseonesddhg appeadddalgmsonbi nat i ons.

publ i cati ons, patents, patent applications, and/ or
[02d0her d oWhlﬂérﬁhstmgomg inverttion haspgini desdrited il &6me detail for purposes

reference in thei r entirety for all
of %%f‘g e&‘%“ﬁ‘ﬁ% éh%ﬂ@& @Fﬂf teygng killecin thena}t/ {om areading of this

disqhosukd thai v&ibus @Héng\@& in fﬁﬁh %ﬂ& d@tgﬂ AP B | h}gﬁe witAOH Rbar® 'ﬁE Flom the

docunent were in I cat ed
trug 56epR plothe insgntign. rEﬁr@txempb ilbtheatdhni@@s patt gpaesus dMribed above

can ég(&é%%%%ggf Clréléi'gﬁ &0813/ %ﬁ@éﬁ%so%%'ﬁq&n@gpgﬁent%%ahgis and/or
othdyldoEEive RGN thish ,lﬁﬁﬂbﬂfﬁ@f-ﬁ&%&gég%ﬁ%erén\% BOnB? entirety for

HLGHYLQ KKM DLONAGFDI | | LLADL
ol P RIRYSER S ATV GSIERGI RO DU MkORRIDAL patent, patent application

an%?g%%%@%@@é%&wmd by reference for all

purBESKCGNFI AVDDSPEEI RAKI KKAYCPAGVVEGNPI VEI AK
YFLEYPLTI KRPEKFGGDL TVNSYEEL ESL FKNKEL HPMVDL




KNAVAEEL| KI LEPI RKRL 2

VDEFEM KRNTSEI | SEEELREVLKKDEKSAL| GFEPSKKI
WORBHNEIDKKM DLONAG-DI | | LLADLHAYLNQKGEL DEI

RKI GCDYNKKVFEAMGL KAKYVYGSEF@8DKDYTLNVYRLAL

KTTLKRARRSMELI AREDENPKVAEVI YPI MQVNGTHYRGV

DVAVGGEVEQRKI HVLAREL L PKKVVCI HNPVLTGLDGECKM

LWBRS RS

as PCT/US2003/032870

KNAVAEELT KT LEPI HKHL Séquences
FEM KRNTSEI | SEEELREVLKKDEKSAAI GFEPSGKI
IDH) | Q KKM DLONAGEDI | | |LLADLHAYL NOQKGEL DEI

Notes
L WORS RS

LWIRS

51-90 RS
nS

RS
aa

KT TE KRARRENVEML ARSI A B AN ADIQE S EREY
DVAY HVE AREATPRRGYER GNP TONBEREKM
E@W@WQMM@P%

LW5RS

54-5 RS

RS
aa

SHER ?ﬁ%pﬂ@géﬁﬁwmmycPAGVVEGNPIMEIAK
VDEEENF KRNTSEE FSEEE REVEKREERS AT CRERSE

KNAVAEELIKILEPTRKRL

hS
LW6RS

51-5 RS

RS
aa

4 MDEFEMIKRNTSEIISEEELREVLKKDEKSAYIGFEPSGKI
HLGHYLQIKKMIDLONAGFDIIILLADLHAYLNQKGELDET
RKIGDYNKKVFEAMGLKAKYVYGSPFQLDKDYTLNVYRLAL
KTTLKRARRSMELIAREDENPKVAEVIYPIMQVNCYHYRGV
DVAVGGMEQRKITHMLARELLPKRKVVCIHNPVLTGLDGEGKM
SSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEGNPIMEIAK
YFLEYPLTIKRPEKFGGDLTVNSYEELESLFRKNKELHPMDL
KNAVAEELIKILEPIRKRL

S1-90

RS
aa

5 MDEFEMIKRNTSEILISEEELREVLKKDEKSAGIGFEPSGKI
HLGHYLQIKKMIDLONAGFDIIILLADLHAYLNQKGELDET
RKIGDYNKRKVFEAMGLKAKYVYGSGFQLDKDYTLNVYRLAL
KTTLKRARRSMELIAREDENPKVAEVIYPIMQVNCMEYHGV
DVAVGGMEQRKIHMLARELLPKKVVCIHNPVLTGLDGEGKM
SSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEGNPIMEIAK
YFLEYPLTIKRPEKFGGDLTVNSYEELESLFRKNKELHPMDL
RKNAVAEELIKILEPIRKRL

S4-5

RS
aa

6 MDEFEMIKRNTSEITISEEELREVLKKDEKSAYIGFEPSGKI
HLGHYLQIKKMIDLONAGFDITITILLADLHAYLNQKGELDET
RKIGDYNKKVFEAMGLKAKYVYGS [C/S]FQLDKDYTLNVY
RLALKTTLKRARRSMELIAREDENPKVAEVIYPIMOVNHDH
YMGVDVAVGGMEQRKIHMLARELLPKKVVCIHNPVLTGLDG
EGKMSSSKGNFIAVDDSPEEIRARIKKAYCPAGVVEGNPIM
EIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNKELH
PMDLKNAVAEELTKILEPIRKRL

S1-5

Position 107 can be
eitheraCor S

RS
aa




HLGHYLQ KKM DLONAGFDI | | LLADLHAYLNCQKGELDEI as

RKI GDYNKKVFEAMGLKAKYVYGS [ C/ S ] FQLDKDYTLNVY
weromunswsns 107 can be PCT/US2003/032870

RLALKTTLKRARRSMEL| AREDENPKMAEVI YPI MQVNHDH either a C

or S YMGVDVAVGGEVEQRKI HVLAREL LPKKVVCI HNPVLTGAL.DG
ECKNESSKGNEL AVDDSPEEL RAKI KKAYCPAQUWEGNPLM

«pE! AKYFLEYPLTI KRPEKF G YNSYEEL ESL FKNKELH | Notes RS
o PVDLKNAVAEEL| KI LEPI RKRL WO 2004/ 035605 _
7T—‘LT/' US20037032870— 89— Sequernces Notes RS— E(étMTyr/ RNA

mug MQ%U%BMCAGCAGGGCAGAACGGCGGACUCUAAAULCJ:C CcuA

3 : y CRE XA ,"' S1-90 RS
m&&mmm SEANG, ‘ S1-90 RS polynuc
TATW@A@@W@W pol ynuc leotide

AAPCIRTOHICETACAMAGETER ACANCOMGTGETAGKITA | eot i de
CATATHGERCATEALCI AN R ANARNENGETGAET G
ACA@MWTTMM@MM@GM@R@'

TACFTUOCCIGRATAT CCICRAACEAT AR ARAGBECAGRRNA
AGAGTTTATTTAAAAATAAGGAATTGCATCCAATGGATTTA

AAAAATGCTGTAGCTGAAGAACTTATAAAGATTTTAGAGCC

AATTAGAAAGAGATTATAA

9 | ATGGACGAATTTGAAATGATAAAGAGAAACACATCTGAAAT | S4-5 RS
TATCAGCGAGGAAGAGTTAAGAGAGGTTTTAAAAAAAGATG polynuc
AAAAATCTGCTGGAATAGGTTTTGAACCAAGTGGTAAAATA leotide

CATTTAGGGCATTATCTCCAAATAAAAAAGATGATTGATTT
ACAAAATGCTGGATTTGATATAATTATATTGTTGGCTGATT
TACACGCCTATTTAAACCAGAAAGGAGAGTTGGATGAGATT
AGAAADAATAGGAGATTATAACAAAAAAGTTTTTGAAGCAAT
GGGGTTAAAGGCAAAATATGTTTATGGAAGTGGATTCCAGC
TTGATAAGGATTATACACTGAATGTCTATAGATTGGCTTTA
AAAACTACCTTAAAAAGAGCAAGAAGGAGTATGGAACTTAT
AGCAAGAGAGGATGAAAATCCAAAGGTTGCTGAAGTTATCT
ATCCAATAATGCAGGTTAATTGTATGCATTATCACGGCGTT
GATGTTGCAGTTGGAGGGATGGAGCAGAGAAAAATACACAT
GTTAGCAAGGGAGCTTTTACCAAAAAAGGTTGTTTGTATTC
ACAACCCTGTCTTAACGGGTTTGGATGGAGAAGGAAAGATG
AGTTCTTCAAAAGGGAATTTTATAGCTGTTGATGACTCTCC
AGAAGAGATTAGGGCTAAGATAAAGAAAGCATACTGCCCAG
CTGGAGTTGTTGAAGGAAATCCAATAATGGAGATAGCTAAA
TACTTCCTTGAATATCCTTTAACCATAAAAAGGCCAGAAAA
ATTTGGTGGAGATTTGACAGTTAATAGCTATGAGGAGTTAG
AGAGTTTATTTAAAAATAAGGAATTGCATCCAATGGATTTA
AAAAATGCTGTAGCTGAAGAACTTATAAAGATTTTAGAGCC

AATTAGAAAGAGATTATAA
10 ATGGACGAATTTGAAATGATAAAGAGAAACACATCTGAAAT | S1-5 RS
TATCAGCGAGGAAGAGTTAAGAGAGGTTTTAAAAAAAGATG polynuc

AAAAATCTGCTTACATAGGTTTTGAACCAAGTGGTAAAATA
CATTTAGGGCATTATCTCCAAATAAAAAAGATGATTGATTT
ACAAAATGCTGGATTTGATATAATTATATTGTTGGCTGATT
TACACGCCTATTTAAACCAGAAAGGAGAGTTGGATGAGATT
AGAAAAATAGGAGATTATAACAAAAAAGTTTTTGAAGCAAT

leotide




ATTTGGTGGAGATTTGACAGT TAATAGCTATGAGGAGI TAG
AGAGT TTATTTAAAAATAAGGAATTGCATCCAATGGATTTA

WOZMABIIET GTAGCT GAAGAACT TATAAAGATTTTAGAGCC PCT/US2003/032870
AATTAGAAAGAGATTATAA 9 90
ATGGACGAATTTGAAATGATAAAGAGAAACACATCTGAAAT $4-5 RS
TATCAGCGAGGAAGAGT TAAGAGAGGTTTTAAAAAAAGATG pal ynuc

AARAAT CT GCT GGAATAGG BFFFRERACCAAGTGGTAAAATA | Boitsi de

%?ATTTAGGGCATTATCTCCAAATAAAAAAGATGATTGATTT
A\ " .
TA
AG
ce
TTG
AA/
AGEA

GAI_@ t‘ -A\‘.‘ 2 .,e.,‘g* AW\ A .\ %@é@g@'
' HOCRAMACCITKSRTEGTALAL

AGHXUT@WWWWET&
AGPAGRER

CT A
LS AT- A NNNDNANDNLINMISISNA N N NAN

IHL/I TCOT TGOAATATUOULUT I/'V'\L;LJ'\I/'\HH/'V'\\ML//‘\
ATTTGGTGGAGATTTGACAGT TAATAGCTATGAGGAGTI TAG
AGAGTTTATTTAAAAATAAGGAATTGCATCCAATGGATTTA
AAAAATGCTGTAGCTGAAGAACT TATAAAGATTTTAGAGCC
AATTAGAAAGAGATTATAA 10
ATGGACGAATTTGAAATGATAAAGAGAAACACATCTGAAAT S1-5 RS
TATCAGCGAGGAAGAGT TAAGAGAGGTTTTAAAAAAAGATG pol ynuc
AAAAATCTGCTTACATAGGT TTTGAACCAAGTGGTAAAATA | eot i de
CATTTAGGGCCATTATCTCCAAATAAAAAAGATGATTGATTT
ACAAAATCCTGGATTTGATATAATTATATTGI TGECTGATT
TACACGCCTATTTAAACCAGAAAGCGAGAGT TGGATGAGATT
AGAAAAATAGGAGATTATAACAAAAAAGT TTTTGAAGCAAT



10

15

20

25

WD 2004/ 035605 PCT/ US2003/ 032870 90 Sequences Notes
RS SEQ | D# GGGGTTAAAGGCAAAATATGT TTATGGAAGT TCATTCCAGC
WQJ TeA3BBCAT TATACACTGAATGTCTATAGATTGGCTTTA PCT/US2003/032870
AAAACTACCTTAAAAAGAGCAAGAAGEBAGTATGGAACTTAT
AGCAAGAGAGGATGAAAAT CCAAAGGT TGCTGAAGT TATCT
ATCCAATAATGCAGGTTAATCATGATCATTATATGGGCGT T
GATGTTGCAGT T@MWTA@OM
GT TAGCAAGGGAGCT TTTA TTGTATTC
AACCCGTTTGCGATGGAGAAGGAAAGATG

W S ara s TTTTATAGCT GITGATGACTCTCC
GAAGAGATT TAAAGAAACI)A\TACT GCCCAG
L mﬁ%&f“ A ORACA IR Prising:

TACTTCCTTGAATATCCTTTAACCATAAAAAGGCCAGAAAA
ATTT GGT GHAGATCPTRAENGTIT AN AOETATCABRAGITAENO acid that comprises a
AGAGTTTATTTﬁJ&AA%ATAAGGAATT TCCAATGGATTTA
AAAAATGCT GT AR FERASAREMP AT KAAGAT TTTAGAGCC

AATTA GA 5
A BB A 5O 34 s

synt hesi s ofreastigé grmipr wheiein, the fisst ettiodgrouppzactsi wigh tha)second
i ncorporatin ntoa rotein an unnatural am_no acid
that  bompr | dgetise ety SithdnFhcritibmen d e pitetore amino

contacting thg protein with a saccharide noiety that
conprises a second reactive group, wherein the first
2. r edltei method ofigaine dowlsereintthe fifsereaetivergioup samtelactroghitio moiety
tp attach the saccharid ety to the unnatural am no
andali%f g:coricgregcn% %chgpn@;l iy wher ei n the f| rst

reactive gr is_an electrophilic noiety an

3. soctansiaseof 4 Gy 2-oUpeTeia the Fleeirapspisi moletiie .aéfpgp or aldehyde

moiety.

4. The method of claim 2, wherein the nucleophilic moiety is selected from the group
consisting of: —NR'—NHj, (hydrazide), —NR!(C=0)NRNH, (semicarbazide), —
NR'(C=S)NR>NH, (thiosemicarbazide), —(C=0)NR'NH, (carbonylhydrazide), —(C=S)
NR'NH; (thiocarbonylhydrazide), —(SO2)NR'NH; (sulfonylhydrazide), —
NR'NR*(C=0)NR’NH, (carbazide), —NR'NR*(C=S)NR>NH, (thiocarbazide), and —O—
NH; (hydroxylamine), where each RI, R2, and R%is independently H, or alkyl having 1-6

carbons.

5. The method of claim 4, wherein the nucleophilic moiety is selected from the group

consisting of hydrazide, hydroxylamine, semicarbazide, and carbohydrazide.

6. The method of claim 2, wherein the reaction product comprises an oxime, an amide,
a hydrazone, a carbohydrazone, a thiocarbohydrazone, a sufonylhydrazone, a

semicarbazone, or a thiosemicarbazone.

7. The method of claim 6, wherein the reaction product comprises a reduced
hydrazone. '
8. The method of claim 1, wherein the first reactive group is a nucleophilic moiety and

the second reactive group is an electrophilic moiety.
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3. The nmethod of claim2, wherein the electrophilic

noiety is a keto or aldehyde noiety. 4. The nmethod of
W@ b@it133805 wher ei n t he nucl eophilic noiety is sSECEUS®A3/032870

fromthe group 15 consistifg of: -NRL- NH2

(hydrazide), -NRL(C=0 NR2NH2 (sem car bazi de), -

9. ( caﬁ'ﬁﬂ{?ﬁ%ﬁfag em s e e'quﬁg jc m %Tc}cl) sNF%eto or aldehyde

mokdifi ocar bonyl hydr azi de) - (S02) NR NH2
(sul fonyl hydrazi de), - NRLNR2(C=0O) NR3NH2 (carbazi de),

N ) j r j = 0=
1O( hy r oXy a%dr?e g{rh gfegrg@ﬁg%%h%? mgfnég’ %nll)ﬁs!]égtwo ot ore
carboltieipato dexiétiey. H or al kyl having 1-6 20 carbons. 5.
The nethod of claim4, wherein the nucl eophilic noiety
110 s T8k aetiRd Jficimt 1h Gurfed UPnpEARS icy bomtgetitg thy SHodRArttR, moiety with
hydr oxyl am ne, sem carbazi de, and carbohydrazi de. 6.

a giysessRsbuasss 2 SYSRT 4PPor mpiewent ether TPRCARI BIUpR EIC
glﬁQ%%rﬁ%?%s%%ﬁg%'tm ﬁ?g%fg:?%lg Emgrag%l gﬁgéraaéﬁfb%na% conditions to transfer
a ssngrcmmh thy dugaraioaor moRby oahe mc]hmzhrmomtgr a

t hi osem carbazone. 7. The nethod of claim®6, wherein
121 he The aetidarofRIMAUAL wherFRl the @Bycasyleshseatke iBYelE@ZdABm the group
8. The nethod of claim1l1, wherein the first reactive

congishing of:5t galasieeyBepplerase, miyrevltransieraseroglyersyiigrnsierase, an N-

sc SR BB i Baba B IB oy Yerat s o

glielmintBnsfetes, e shalylnensibrsd, aopdnnbs diramterhse, b gluaukoaioacdd

al dehyde _noi ety . The met hod of cl erein
tra?qf%rageae@ﬁﬁlﬂua@nmléfrﬂn%fw Pagan Pwsa?c%&aﬂ%ans%se

car bohydrate noieties. 5 11. The nmethod of claim 1,

13 ur the meélmﬁlp}f iclaimgh1, Bhereinihg endthngl fophercomnises epattacting a product
of % gvt) Xxum e{t asffh %a)éﬁ&’ gwfgéé?t?ﬁfsf:e?aasg %n% g fsg‘cl&ﬂ rsuga(}%'flor moiety.

S requ re

gly S tiVi a.sufficient. t| and
143 dfe ﬁﬁb} e HoRarisibhY seShufepih e hih FTerRih

Gwmc SHIR ot 8GR fIRLSLY UDP- Gmeanaaﬁ&gl%@ﬁraﬁefe%x is 4B-1, 4-

he met hod of claim 11, wherein theé

galgttysyisgfﬂsf&ram:sf erase is selected fromthe group 10
consisting of: a gal actosyltransferase, a

15f uc Ty hntetlanisifeltzmel, 1, svhgteircihs phdchaidef mo@secoraprishk a terminal
acetyl gal act osam nyl transf er ase,

GlolNAedhg supan doros meitiyts H@}@kgg“é& anélnthe glycosyltransferase is a 31-4N-
ac%#ﬁl%%hg{é?&g&gease a sialyltransferase, a

erase, a glucuronic acid transferase, a
gal tur aci.d t sferase . .
1657 abeHeRd TR, SRR 85 SoditoRlen comusisor poptagtipg the
prd@ﬁ@trﬁ‘ tHe NORe B 0QR atnbiyI a1 fPRBREACEBS WeBH B HAfnAyltransferase
product

and GDP-mannose to form a saccharide moiety that comprises Manf31-4GIcNAcf1-
4GIcNAc-.

17.  The method of claim 16, wherein the method further comprises contacting the
Manf1-4GlcNAcP1-4GlcNAc- moiety with an al-3mannosyltransferase and GDP-mannose
to form a saccharide moiety that comprises Mana1-3Manf31-4GlcNAcf1-4GlcNAc-.

18.  The method of claim 17, wherein the method further comprises contacting the

Manal-3Manf31-4GIcNAc1-4GlcNAc- moiety with an al-6mannosyltransferase and
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15 of step (c) with at |east a second

gl ycosyl transferase and a second sugar donor noiety.
wa2004/088051et hod of claim 11, wherein the sacche€T/tig2003/032870

noi ety conprises a term nal93 GLcNAc, the sugar donor

noiety is UDP-Gal and the glycosyltransferase is a

0-1, 4- gal actosyltransferase. 15. The nethod of claim

GDPrmanikase &0 formesaseltasida maiesy it cempasnspvlined so6@langd rA) Manp 1-
., .t.he sugar donor noiety is UDP-Ad cNAc and
4G%ﬁ8§%ﬁ9@®@ykpﬁansferase is a (31-4N

acetyl gl ucosam nyl transferase. 16. The nethod of claim
19.15, Thpgretiod of ktriteShyhereiy tha grethodiprhTeompsiseseantacgng the
Mt PP IvAlp LIS ART P Eo ST g ase

acéPEubBRARAs A riisférasdand SRRCHaNAdeo foried yactinaideGRsiptyithas
Man(31-4GlcNAc(3l 25 4GLcNAc-. 17. The method of claim

compyisepangil b (ClaNAeft haManei-8Aanfd A NdeB 1 d6HeN Aei- ng
the Man(3l-4GlcNAc(31-4GlcNAc- noiety with an

20.al - Thanedsog df chaimf 19 shereantie Gothatdnrtbsrecontpriséocantating the

M SR T D RIENASB LGN Aframpisthwih 8 B1-2N-
AR 12 f by
RS R PN M F St o

comfipiti sk YG1vW A B B2 Mo S66GIROACRT 2viafod F B3 EanBi dt CMNAcP1-4GlcNAc-.
2004/ 035605 PCT/ US2003/ 032870 93 GDP-nmannose to form

218 sage hrtdodeorERiift M, WhefeiCPBRiefRISfurther comprises contacting the
Manal - 6( Manal - 3) Man131- 4GLcNAc (31-4GLcNAc-. 19. The

saqekariiednoittycwidh mmd &; moteerfaifil-4Kecetplghwdsdminyligansferase, an
c rises contacting. the

o1 SHRPYIBEIATATe. SY Wkl BaoSHtPRIERS £ SAANGRSYIRBR gty i

4g%6{__t§sé10 ﬁar@s%,e%ﬁd zgéihﬁ‘flﬁﬁaﬁg?ﬁgﬁr&{:%B 2815{ £6@RRnARY or triantennary

c to forma“sacc e nolety that” conprises
olipmaadhafi (€dtedddoe31- 2Manal - 3) Man( 31- 4GLcNAcf 31- 4GLcNAc-.
20. The nethod of claim 19, wherein the nethod further
22 CoNrhé $kshalaiftoddiin I)@vHekedn the incorporating step is in vivo.
Manal - 6( GLcNAc( 31- 2Manal - 3) Man( 31- 4G1lcNAc11- 4GLcNAc-

2301 ghy idd & PAm2NwiRFRE HeGhdepsiainddtep EanpiiRs asiagand
UDP- 3 cNAc to forma saccharide noiety that 10 , )
ortbogamel &¥A/orthogonal aminoacyl-tRNA synthetase (O-tRNA/O-RS) pair, wherein

oD s B B SR WA T 548 o

protéth i ebshonist e theGeI¥Blor 6done oY whéreitght RS pacteleatialtie
nmoi ety with one or nore of

a‘ . .
amirppeylnfea they QB NAe wish fheimatug apinedd. an
al , 3fucosyl transferase, an al,2 fucosyltransferase, an

24al , Fheowthdd of phaiied3s sderein (he D-REgampisesi amiangeigrsggeence
and .a sialylt LaS € o_f,orma biantennary or
COPPTIAE 3%3%%/0%@@@&\3@&&%&%%% structure. 22. The
met hod of claim1, wherein the incorporating stle\zlij,rs
25i n \hhe gnethod of claim 23, wherein the O-tRNA comprises a utRNA 5, .

26. A glycoprotein produced by the method of claim 1.
27. A glycoprotein produced by the method of claim 22.

28. A glycoprotein comprising a saccharide moiety and a polypeptide, wherein the
saccharide moiety is attached to the polypeptide by a reaction product of a nucleophilic
reaction between a first reactive group attached to an unnatural amino acid present in the

polypeptide and a second reactive group attached to the saccharide moiety.



10

15

20

25

23. The nethod of claim 1, wherein the incorporating

step conprises using an orthogonal tRNA/ orthogonal
wW@riono3sesys -t RNA synt hetase (Ot RNA/ O RS) pai r, PEUTES 031032870

the Ot RNA recogni zes a sel%ctor codon and

i ncorporates the unnatural amno acid into the 20

protein,inr sel ector codon, and wherei
298 e T8 R BpiFR Bhiinia 25 i SLiehS oo FrRARHopLi
mdift§ abid fRtsdbld RAMNIE gRGpds a%ﬂelegﬁlﬁh@ﬁfoﬁ‘ﬂ of claim 23,
wherein the O RS conprises an am no acid sequence

co
30.@?%5 el ﬁggﬂ%gf%im ggl?ﬂﬁv\,ﬁgsgwlrng?he e&ac"tlﬁgﬁﬁlhc%m%ty 1g§eto-5|i] Gldehyde
maieiy RNAcun 25 26. A gl ycoprotein produced by the
method of claim1. 27. A glycoprotein produced by the
31.et Mhd ghfcoptotdimoP@ain2 89, vﬂlegém @m{u@l&lpmh@m{eﬂyﬁk Begeo':ﬂed from the
saccharide nmoiety and a é@eptl dﬁ wher (;l nth
group opsiptingotpr Ry —NAhydiaside). tNRHEHY K@@llﬁafb%zlde) —

NRBBLE PN S ?@Hsgenﬁéarﬁazmé ggj—lpgNRINﬁeﬁc% o h%{a%%? B(C=S)

flrst react group att an u am no

NRidiH (fhicessonylhydtaiele), 33(3@91573&%& @elgaqdhmmd@nd-
Gt i Vv ttac to. 1 a gide noiety
NI §R i ra8uts Nl FukB6ds) vasB R TSR e (BPetisR eprr—o—
NEBf(hedrak WhHRd: t £i 3

e R e o e Gerdl P iy hoying 1.6
carhompicl eophi‘li c noiety. 30. The glycoprotein of claim

29, wherein the electrophilic noiety is keto or ’
32al d@hy gbycopmtedh yf clainBil, wieeeig kheanpicobRilio nodietyligiselec@4 from the
er S B g P A, A b i cArbo e

- NRl C=0 NR2NH2 (sem car bazi de), - NRL(C=S) NR2ZNH2
33. (t hil §6Iﬁceaﬁ0!é¢alzp dyim 23, crhopaiRiHRaqtioamsedip! peraprses de pxime, an

A TP sy b AR N YAy, PRI RS

semjhﬁbhm(efhsaiﬂlfiﬁbhﬂcafﬁahomar bazide), or -0- 10 NH2
(hydroxyl am ne), where each Rl, R2, and R3 is
34 ndepeBHebplokeitof AlRindBX YheRay titdedcton peedRPESMpraRts a Thficed
(%éycopr otein of claim31, wherein the nucl eophilic
hydrgzamey is selected fromthe group consisting of
hydr azi de, hydroxyl am ne, sem car bazi de, and
35.car Iédhyfdméiwrd&enthESS offén glygtbgrotapr, theaiethod campiising Bicorporating into
e reaction roduct (oo} es. an .oxi me, an
aPﬁ@ﬂaM&nﬂ o4 B P B o
th| ar bohydr.azone, a sufonylh drazone
sent BSFE clayn 33, whersueht exsthodAgraer cgmpriggrcontacting the

sacghéfﬁﬁﬂﬁ&Eﬁl' \91&95 gléjcgé}fﬁirqa”i%ferﬂ@ ef &ldar bbtfor HRAGYT My REQI S ants

conprises”a redu razone.
required for glycosyltransferase activ1ty for a sufficient time and under appropriate

conditions to transfer a sugar from the sugar donor moiety to the saccharide moiety.

37.  The method of claim 36, wherein the glycosyltransferase is selected from the group
consisting of: a galactosyltransferase, a fucosyltransferase, a glucosyltransferase, an N-
acetylgalactosaminyltransferase, an N-acetylglucosaminyltransferase, a
glucuronyltransferase, a sialyltransferase, a mannosyltransferase, a glucuronic acid

transferase, a galacturonic acid transferase, and an oligosaccharyltransferase.
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35. A nethod for synthesis of a glycoprotein, the
nmet hod conprising incorporating into 20 a protein an
w@nvalsssed anmi no aci d that conprises a saccharPdBEUS2003/032870
noi ety. 36. The nethod of 5ai m 35, wherein the nethod
further conprises contacting the saccharide noiety
wth a glycosyltransferase, a sugar donor noiety, and
38pt hgﬂhe Pg'%ﬁ%qda?ﬁyféaln%%q Whersin themeghed-fyathet qoappsfses e@nacting the
| . )
R Y glebey Rt rillioh WIS A R AR Bl e and o
seqopil eugartdonothmogcchar i de noi ety. 25 37. The net hod of
claim 36, wherein the glycosyltransferase is sel ected
391 r offht heetigrdofielai 0865 wbkiengthesaccharide moiety comprises a terminal

al act osyl transferase, a fucosxll transferase, a
Gléﬁﬁ@db? Pigas denqrpeiety is FDR-GIcNAc and the glycosyltransferase is a 31-4N-

. am._nyl transferase, an

acﬁlg?gt) %ﬁ@%’%ﬁ%—%ﬁ% transferase, a

gl ugyronyl t f.erase, a.sjalyltransferase, a. _
400 186 b RS Snefinibe stishedopgrent somaises & iegmingl
G1aRABGHY R Boftrinibi (51 - 4.

ol i gosac%rgﬁrrgﬂéﬁlg?ase. @\gl%ngggg%lgg%sgggamfemse is a pl1-4
galpaoE WS2AB03A@32870 95 38. The met hod of cl ai m 36,

wherein the nethod further conprises contacting the
41.pr odte metifodt dfeliny3s50 shbietraths ibaseatingatdp @pMstéiudhg an

E%%gt %‘ﬁe ond gl ¥cosyltransferase and a__second sugar
ortlyesgel RV A/hogEal FREOAHARY AT Ithckash QRN patth &/herein

thes@-‘i’ﬁﬂﬁgﬂe RS %ts)éle&%{}@{ﬁigé_e%?m&%}%@tmgnﬂtﬁMMﬁJ]&id into the

sugar donof noiety Is
proféiy cosspponsans thersaksetor sodwnPdnddhherein the O-RS preferentially
acet yl gl yco 1.yl transferase. 40. The nethod of claim
amf%’,“%/iﬂ%? ﬁieﬁm‘%ﬁ&r‘%ﬂ&@uwg?@mp ¥fhpri ses a termnnal
GlcNAc, the sugar donor noiety is UDP-Gal and the
42,91 ydBe prethogdrpfrclyimetdl, wherginghe L-R§ somprisenAn anne peid seguence
cortflidhle aFndBIRINO N 2ig3p. wherei n the
I 'ncor st

orati ng p conpri'ses using an orthogonal

tR or t hogonal .ani_noacy| -t RNA_synt het ase i
43y o%@%(%@q Ciﬁé@ﬁl, Wherw the Q-@%CPWS%@C@gMé&w
sel ector codon and incorporates the unnatural am no
44.aci The ntethddrod claim@Sewherein the &rofBeating stdpeis sevieot or
codon, and wherein the ORS preferentially
45.am TRAGKHAIIST cldig 39, Wwidinthé Dnd@ralARRLUERI coRtPRSs a E{O"
acid. 15 42. The nethod of claim4l, wherein the ORS
Glabhe L sese artriaarieryd-faGicl Axespuiancetri-Oawptyi -SlaijA edoythoavmine, or an
f %%ID NQ: 4, 5 or 6. 43. The nethod of claim 41,
-GHRA G RENIBEt RNA conprises a nut RNAcun  44. The
met hod of claim 35, wherein the incorporating step is
46.i n i gpcopageinpiedused hp thegnetbpdiphsld® 3hher ei n t he
unnatural ami no acid conprises a (3-0 20
47.G1c NMwst cedldfior sigtheaizing a glyesprbte{n3 {ETIosiAm] lsmmpnisinga
tri-O acetyl -Gl NAc- (x-threonine, or an
(x- Gal NAgy Lantunhewrl amino acid that comprises a saccharide moiety;

b) an orthogonal tRNA that recognizes a selector codon;
¢) an orthogonal aminoacyl tRNA synthetase (O-RS) that catalyzes
attachment of the unnatural amino acid to the orthogonal tRNA,;

d) apolynucleotide that encodes a glycosyltransferase; and
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46. A glycoprotein produced by the nmethod of claim 35.

47. A host cell for synthesizing a glycoprotein, the
wheomt/0awhi conprising: a) an unnatural anm no arCTU$1v83/032870

conpri ses a saccharide noi &@y; 25 b) an orthogonal

t RNA that recognizes a sel ector codon; c) an

orthogonal am noacyl tRNA synthetase (O RS) that

catal yzes) apblgsividiide @équehiee MANGRcHAR! a PN RPtias hth écﬁnpnses at

the orthogonal tRNA; d) a polynucl eotide that encodes

a gl ycosyl t kasiene selesor codan\WD 2004/ 035605

8] hat T ACRAEL COn ool BRI eSs i HG et e aroup

comstdt®Qtodf a gOaOsylthihsfele, d"ﬁ%bsy@t@iﬂsfe@ise Ca th@bs@?tran‘éfé%[s@' dh N-
the glycosyltransferase is selected fromthé group

aceé}ﬁlﬁéluaétpﬁ%@lnﬁhranﬁe@w, apMhagatylelunesasringaansderase, a
r cQs ferase, 5. .
glufggféﬁg?ﬁatn % gaas?n:ﬁﬁl’tra rfgxlﬁlg %rr%% 1 og}gﬁansferase a g{]ucuronlc acid
tranbferaed, vl @lauﬁmﬁlﬁmm& kfahefaiabe mAS én oBgosaccharyltransferase.
gl ucuronyl transferase, a sialyltransferase, a

49 manmos yibétlcaN of Eams 87, Whebid G BUdt 6c1PGiatnathdls] &1R8Seak cell, a
ba(‘gal acturonic acid transfer ase, and an ,

p1ig) 68kcmantellr afvogdcgl ean arohachapserird sell,elah inseciodedli m
47, wherein the host cell is a mammalian cell, a yeast
50cel 1A campdsiionepingkisiog Ialtranalapd)msbtstemelthe transtamng aystemlcbmpnsmg

on Bl GH RS G Ry o oBhatel dhBinc Bt Setase (0-xs),

whtafeﬂﬂﬁlle@-R@rpréﬁéfehﬁm\l)@é}ﬂﬁfohé"ylﬂgs thD-BENAGHANA uddd¥al amino acid
aEOt RNA) and an orthogonal™ am noacyl tRNA synthetase

Rgyses akpeohatige mpetyGURShe OetfRaY¥ A mqoahllzw adreasbamsydekicem codon.
the OGtRNA with an unnatural amino acid that
51.confphé sempesitsenceftedaiind®, mbiceiy the @ RiShenPriséNA amino acid sequence

recogni zes at e, sel ect or codon,
o SESRE e Spe s S 8D MBS %‘iﬂeqferﬁcwswenﬁng%ﬂwg@; an
aci d sequence 15 conprising_any one of SE
s2.0 ‘NO. &Lgﬁ COIBP%%HI%I Ofcfﬁal%l %Wélémﬂﬁie&gl?@aﬁ pRGoded hg e oo ynuslzotlde

mEsify
co elﬁl‘xgsé eg'ﬁgf;/hgélgcg df/}nu eggﬂ) dée?T dg@%?ﬁig flj]ﬁOO é?g 1)1510 ora
consetvativicVaoint teres€quence of any one of SEQ ID NO : 8,
9, or 10, or a conservative variant thereof. 53. The
53.coNWRSs téhAdsitRin F i 500 whshe! Gk ®- 1A CPIRARRASY
a nut RNAC%;ABIZC? 54. The Zvonposntl on of gh@?}ﬁ? 50, RAZ-

in the.unnat am no_acid conprises a (3-0-
>4. mckﬁ C(Lm%%%ti%o gaﬂinrﬁ 0, yoerein th Eu@iﬁﬂn&&a@@ww cogprises a §-O-

e

a-csgaNmtIgﬁlrEdsIﬁﬂé_t he group consisting of: (a) a
pol ypepti de that conprises an am no aci d sequence as

55.5NOWR akdti@RNYpoRRepRe seteetedtion Be¥rbup &5rlisting of:
(a) a polypeptide that comprises an amino acid sequence as shown in any one of
SEQ ID NO.: 4-6;

"'t

(b) a polypeptide that comprises an amino acid sequence encoded by a
polynucleotide sequence as shown in any one of SEQ ID NO.: 8-10;

(c) a polypeptide that is specifically immunoreactive with an antibody specific for a
polypeptide of (a), or (b); and,

(d) an amino acid sequence comprising a conservative variation of (a), (b), or (c).
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(b) a polypeptide that conprises an am no acid
sequence encoded by a polynucl eotide sequence as
W@ bawi3ions any one of SEQ ID NO.: 8-10; (c) a PCT/US2003/032870
pol ypeptide that is specifi%ally imunoreactive with
an anti body specific for a polypeptide of (a), or

(b);,and, 30 (d). an am.po _acid sequence conprising a .
¢ onéAﬂ’r?)g‘PPg%Oé%dﬂisﬁﬁaiSB?FIE‘FE‘“(Yé}n,mU(“B)“QaC%Ye v} theygslypeptide of claim

' 552004/ 035605 PCT/ US2003/ 032870 97 56. An anti body or

anti sera specifically immunoreactive with the
5Tpol ypestifigiel peflywickiotide 8&ect&y fromrthagtoup iconsisting of:

pol C tide.selected fromthe group consisting of:

(o) PO RuTE baEb TSt Pl iels YiePecH e Pl iz of
SE@EIBNO.f»10h in any one of 5 SEQ ID NO.: 8-10; (b) a

pol ynucl eoti de that is conplenentary to or that

enc SlesPAyBslopHde ihabisicgmpleresntasti e onthat acodgsc) paynucleotide
se hé/erwld)eoti de encodi ng a pol ypeptide that conprises

n am no’acid sequence as set forth in any one of SEQ

| D K.a polyrficleotidaemotmgraailypeptidathadondstisti el 8@frno st sequence

éﬁdé rﬂ;}ggll ynucl egtide that encodes a pol ypeptide of
as qtLe 0y 08§ of SHRADIND-:dlcpriaisansasyasive psiatéon thergof;

ol A8t : . ler  hi ghl
S RUTTARLRRIE Saldncolapdfeputlt of MlinkR5"C (1 87
! enég) hll mlbleidﬂgi?g(l)}ﬂwgb}’m‘lmﬂlsd) a @6l)yn&i‘l¢mid¢lr®tﬂ@i)egi)1 (d:??, d(rlﬂc)dl)tunder

: t. | east identical .to ol ynucl eoti de of (a),
highy S:%“‘_'(‘%e_)“?wftd&}?f?s SV ey Epstaghily t_ﬁ% ngtﬁsyf lepefforhythe apeeiciagi:
compy h%bf}ﬂuéle&t?%stﬁﬁt\iéﬁﬂ st 984 igkideRA Bfa flnuclddide 602, (v), (),

d), :
(d),( or) (e);(aiZL or

(h) a polynucleotide comprising a conservative variation of (a), (b), (c), (d), (e), or

®.



