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| MPROVED HALCHYDRI N DEHALOGENASES AND RELATED
POLYNUCLECOTI DES FI ELD OF THE | NVENTI ON The present

wo paspiilen rel ates to novel hal ohydrin dehal ogeaBE82004/026654

pol ypepti des and the pol ynucl eoti des that encode them
BACKGROUND OF THE | NVENTI ON Hal ohydri n dehal ogenase
("HHDH'), al so nanmed hal ohydri n hydrogen- hal i del yase
or hal ohydri n epoxi dase, [EC4.5.1] catalyzes the

i nterconversion of 1,2- hal ohydrins and the

cor r eBPROVED HAZ-CGHYRRIN DEMK_OGENASESANIDRELMITED
4,284,723 descri bes tpg YyaseCoEOxb@Esohydri n epoxi dase
for the production of propylene oxide. U 'S. Pat. Nos.
5, 166, 061 and 5, 210, 031 descri be the use of this
enzyme activity for the conversion of

1, 3-di chl or opr opanbBIELIDOP) THE AN¥ENTHON ohydri n ( ECH)

resp tlvel to 4-chloro-3 ty itri

(B P bR e i PR e lat b pelapeptides
aﬁg%e@ﬂm%ga@g tH pav® thegn characteri zed on a broad
range of hal ogenated substrates (Van Hyl ckama Vlieg et

al., J Bacteriol. (2001) 183:5058- 5066 Nakanura et

al, Appl. EnV|&?‘
hbgasama et al ,—ApPE (1992)

36: 4 oz deh’ﬂ‘l@%’én@&eﬁ@H@-ﬁ)H")y:Zl&Snirﬁ&i Mlm/déﬁamuf&ge@fhahde-
epoxi des with nuc ?hlles ot her than chl oride or
Iyse AT BRlohydrinepexidaten [Bledrdrd eatalyaes theteraon veesion ofr 1.2

| ace chloride in the
*%Emﬁ?ﬁg 0 t@%%ﬁ#%gl&ﬁg%izﬁgggﬁﬁfa et al., Biochem
Bi ophvs Res. Conm 199£¥*180 Heu- 130; Nakamura et

al ., Tetrahedron (1 9 REE2=11826 h Lutje
Spel berg et al., Oe. Let (2&&1) 3:41-'43; Lutje

d (2002) 13:1083)
e A gearibgs e ure of BB GG Ifisalsr the )
prGRitdn 825 bp HeRcsife Ufse PHS Roef 5, Téd b6 1f i § g0 851 a&fcnbe the

conversion of DCP to chl oro-3-hydroxy-butyronitril
uspBR)S enkyme gttivayyi fohthe convedsiom of EGHichderoptopanol (DCP) and

BT TN R B 16 Pestiy g EPuBRET M B i BN

HHDH enzymes from Agrobacterium radiobacter and Corynebacterium have been

characterized on a broad range of halogenated substrates (Van Hylckama Vlieg et al.,
J. Bacteriol. (2001) 183:5058-5066; Nakamura et al., Appl. Environ. Microbiol.
(1994) 60:1297-1301; Nagasawa et al., Appl. Microbiol. Biotechnol. (1992) 36:478-
482).

HHDH also catalyzes the ring opening of epoxides with nucleophiles other
than chloride or bromide. It has been demonstrated that azide (N3°), nitrite (NO,) and
cyanide (CN") can replace chloride in the opening of epoxides (see Nakamura et al.,
Biochem. Biophys Res. Comm. (1991) 180:124-130; Nakamura et al., Tetrahedron
(1994) 50: 11821-11826; Lutje Spelberg et al., Org. Lett. (2001) 3:41-43; Lutje

Spelberg et al., Tetrahedron Assym. (2002) 13:1083):
0 + Nuc OH

|>\R —_— Nucvl\R
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HHDH from A. radi obacter ADl is a honotetramer of 28
kD subunits. Corynebacterium sp. N 1074 produces two

wotkiosloenzymes, one of which is conposed of 28 kOX/US2004/026654

subunits (la), while the ot2her i's conposed of reI at ed
subunits of 35 and/or 32 kD (lb).
Nokpperast pk (keigahedron hEH) Vit 2bﬂd 826)&@%11)5.%%6 of HHDH for

ttfegcﬁefégt oglﬁlértslso% g&g&e orhfﬁ%drﬁgﬂﬁw%ﬂﬂg%(gﬁ@%%%%h

epiphloralydiie (PEHAbsIthe 1mém$@ha(£e (Tang, Enz M cr obi al

Technol . (200 30: 251 58 vaanso rr. IHB
Bi ot echnol @ mh Flor
HHDH cat aﬂ/ X|T.1'é f @ las

8.0 to 9.0 and the opt*l tenperature in the range of
from45 Cto 55 C (Van HyI ckama Mlieg et al, J
Bacteriol. (2001) 183:5058-5066; Nakanura et al, Appl.
Envi Some hMOdJydtm d¢halqge884) h®e:bee® That30drizeNa dias exenpit,

HHPH IR 4 fadiiaRl? AniDs AaoaRiaramsl 8 7o kD Spii R non ng

CoYyrieBh Q& i sp NI 01 BRALER MWD STHIDAlent {¥fed, Whe of which is
Corynebacteriumsp. N-1074 enzynes and is 7.4 (la) or

composgyl of 28 kP sgbpwitst @), ywhideadie ot & eompeised ofoiglatgsesupunits of
DI
A R L S )

osildizireg coneitivis ihe peoessnrathyadexd disddcitionfof eessubinties, has a pH
resi dues Tan et al Enz. M crobial_ Technol

oppmym from syl o ard B PRHARILEERPEyHITS of STy &lT%“%eE_%I__( Miciobia

TEGHE T R S 001 e 509

Thp pptimEmH feorHHNMHoradbyzed edeGGélfcﬁﬁJatlaQHas]t&@ﬂ reﬁﬂal@d&am to

o 00 st b S B 3 e Hdama

Vaie Qmam Bk 1&Yo12(200 Q)hl BHRRI86! 9AlimMird ¥r 410 AVpP ES Fron.
R- from DCP, whil'e the Ia enzyne producéS tacem c

MW@@M%Q 3g&meagabawaeetivd e Appld Mitiobia dBiotechnol.

(R R LR R RRREb ot Bk rotRE Meegofiitopering BY
cleBEa¢inag b@en&@ﬁbx’fﬂﬁﬁ& ﬁ—‘n@ ¢Rd rie@)wteﬁﬁﬁz RpANAOY £ EnSRacsANE is

M/cobacterl um sp. (hheB enzynes have been
T kotor S| pite xdme@gcé é@tagﬁn@s S@eﬂlfi:s onl the As radigfrcier AD1
I Te! f. HERH. ¢ h
I‘]g‘ﬁéllylrlrr%m:eaxﬁé @a& OXIEJTQ'E (Hla%klm%g rllk ggép 3 O g’ruﬁtlon ? € f;Hg‘%entary

st @B Io@th‘:e ernu;nmé ey @Qmah@t bfdysiethedresi@haat(Twed ot a$ hBh#. Microbial
perl od a high final product

—Eﬁlﬂéér(t?(?ogt)ﬁgﬁﬂﬁﬁgh hi gh enananti osel ecti vi ty, and
that Pﬂﬁﬁ&lﬁﬁ!ﬁ‘ﬁ‘kn 8 Pt Q(;lﬁcés%rxgﬁ)?t Qfs %ctlvmes on

characteristics of a process can gener e used
D rianging fienbt4ad/mh b pet £75 Bimg SIa))(Nakamura et al., Appl. Env1ron.
Microbiol. 1994 60:1297-1301; Nagasawa et al., Appl. Microbiol. Biotechnol. (1992)

36:478-482). The high activity of the Ib enzyme is accompanied by a high

enantioselectivity to produce R-ECH from DCP, while the Ia enzyme produces
racemic ECH.
HHDH encoding genes have been identified in Agrobacterium radiobacter

AD1 (hheC), Agrobacterium tumefaciens (halB), Corynebacterium sp (hheA encoding
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the enzynme: I ow Kmfor the substrate(s), high process
stability, high specific activity, no substrate and

w@emduocti4i nhi bi ti on under conditions where chepr@TEb2004/026654

reactions are not proceeding. Currently avail abl e HHDH
eng%/rres do not fulfill all of these criteria. For

hedeencediag dbh deisobsistes sp- L hbelmpox sl Maerbagiggium sp. GP1
N E AiPertynRY HEQOOLRRHABhAN dufrdled i pr 0ceeds at

maX|m,|mra IS rate IS sustained
f or dnisyighly desimablesof Makaensiah agilications cBl}ﬁeIDHmmtBhean@

80:124-130 Co f DCP a
Ris GATH RO bk 45, Seenorie b (ReRyon s B el
shbxmp&ﬁ(sh §fQirh@thth @fn§8 'f%aﬂ%%héé? eo&&a&m @wthl-l’u Pat .
5,166, 061 and . An i n depth andlysis of

enhrmnE@chtc@vwmdcshﬁnme chemisak @dﬁemoguqth alte foiméde THese hheB
ncoded. HH I b enzyne ha h .
PR ElicS Iy oreRatEndtay Do a5 et she rasitaaraeristies of
thdlgrzyfie: KA ok €1 sAB& kit s)yahigh prédess dthitityl Rightspb@AS hctivity,
50-fold slower, with the overall conversion at just

nevsebsteeAndNpRéAl i Ritiom indet spnditiensrplier¢ dlgmaipalgeactions are not
.118 i ,
p%%ﬁl%%.ogg}er m@fvaghlglggf%ﬁg%\é?r@ésgn 3t fBﬁ]ﬁtau"éf&lh&%Hg&

Por @lsthned hhisconettdnas H2epoibacine and hﬁmhddt@ Bat ure does
not neet the desired criteria for a catal in

hydrersy dergnitnlshy; HEDFGpraceess al BaRgium raie %amwwnwms

r%@: Eﬁ&%Eﬁﬁ?ﬁI@Qhﬁgsgg%aﬁuﬁﬁ%# aﬁlo%helﬁ: Hﬁi%@h%é%@g ?Xmm

( wmuwemua@) Comyesainl of ROP asbE@Had 4achdorodd-h pdrak ybutyro-
tide e pi cal | reconblnan
BB e R Rarehy - Rk (bEHRES: D et
SVitHBI0811 antl B2 10PBY PERA il IO AR YsRESt (ROEEH t@‘CHﬁNQonversmn
sequence sel ected fromthe group consisting of: (a) a

r@cﬂagspsbtptwlw@ theirhelyernsadechil DR ehzyeges bight detivity, chight
ggﬁ céw gl%)éniggtg}ne cl)r (%:gy ig%nll %%quafu]f%@gg(?@?élsdno%%hrs ata

raé Giat Y at deaBOSORADEIoRr, MM thE o%tamw\zerﬁ@ﬂ 8 8 INENER%
that is at | east 98% i dentical to SEQ 10,

14,
(§gkamupg et alghetrahgdrond 9% 30: 11814 1|§843)y @ptdn@ét GPRVETSPnf

%@Qw?ﬁgé W%&%&e@% a rgdé,ggdt $id I%g% lg(eag%s'foﬁ'yleﬁf

Thab, FdpH zd&lehc&lbeﬂ@n the |atranmee duis dosmquen@ @eslileatcritesiadbr a
| east. 96% i dentic to SEQ NO 116 or 448; (e) a
Cﬁté X hBOMIReTHaY fi‘H{’g‘C%HP“ém no acid sequence that is at

L?g?%&é@dﬁﬁ%% oHyArirathd1byNes 4%1d BERighly RsPble.

BRIEF SUMMARY OF THE INVENTION

The present invention is directed to a polypeptide, typically an isolated and
optionally purified polypeptide (more typically, a recombinant polypeptide) having
halohydrin dehalogenase activity, wherein the polypeptide comprises an amino acid
sequence selected from the group consisting of:

(a)  apolypeptide having an amino acid sequence that is at least 99% identical to
SEQ ID NO: 4, 12, 16, 18, 34, 38, 44, 48, 52, 66, 80, 84, 114, 154, 158, 170, or 270;
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(f) a polypeptide having an am no acid sequence t hat
is at least 93% identical to SEQID NGO 200; (g) a
w@odogpenti de havi ng an ami no aci d sequence t hapCT/BSBN4/026654
| east 89%identical to SEQ4D NO 442; (h) a
{)ol ypepti de having an am no_acid sequence that is
ast 2 BEYPIRiidahpwAR ap aMgEEdidsaqeenceabat ig atlegst 98% Jdentical to

i h S % identical to SEQ ID
RO, I 14T BB LI 364, 18800 0% LS80 1D o 2 and

(@hi cha pmlymptlsleshaahg lae astincoavdd saquerccedliatds atdsasd 9@% identical to

SEQTBLE: b Ty B el T i on 5, Var

S' th ?61 ﬂEptlthQ%ng(ﬁff b achd s@ubfethdt 104t 184st DOB!illdRRal to

, position 1 S at position 13, S at position
S.EQH&M@ bl¥sort448n 15, at position 16, T or R at

sitio t her or S or K at i.tiqn T. at.
@021 14 BflvaspriaEnhiRE aTpingtacHhscfsBRATYH dyPoskDsop gt o
glgglmlmx[) 261, 2!56a47(p@s475+ on 30, at positi on 31, at
osition 33, R at position 34, at position 35, N at
&)su t 3 BAlYB@tidpihaying g8 pmingracalseqpenge thasds atileast 337 idgntical to

§J§§I{) 2 P at position 45, either P or A at

posi i'on’ ,’ N at position 52, V at position 54, R at

p@si ta polypeptidDhavingas amirmackbseqiierttle tia$d 4tileast 88% iGzmical to
at po |t|on 61, V at position 63, R at position 72,

’75 P at position 76, at position 78, Y at

Sit

Qg) ég&yg‘%glldt@ Ihgﬂﬁ at$a noa§c1cp Iédoc%'f}égl%s %’L}’ea%f %@‘%ﬁﬁédtl{a@l to

PIOQIIDI ND: 'ZIEZ, N at p05|t| on 96 K at p05|t| on 107, A at
sitio ei t her on.1

6351 13 Bolvasptiopgf N Leass S8 omiiigt o SERURRGR Swbien epriganty

ARk Weh SEY ID RAD, RS WhicARorpAsesht ?éastp&ﬁ:' Anif adid Residhe

at” position 130, S at position 133, A or V at position

spmtedwromvlmgrmmcorptsgng bR an@esldue) avsipos 2t Aon PX8$, atgpsition

t 0S| t| t os en 14. t
$aBhe BRGoh OB b3siiga, < B35 S B aedion s BR RN 76 it
pfbsﬁtonplgs Stat posiddati4, X ﬂtpo@l@%htl[io@ aflfidhition BY, TRAR hd pMRition 17,
169, F at position 177, V at position 178, | at

qither Cias® ordoat posiion| 20T appesitionodt, {Bat pogitiep 260k at pasiion 28, T

{320, RIpHAAALE ¢ B0ROGL L0 4 BRRBOSN s 1.
ap(psi’smbm 85,28 Gt pdéitiin :ﬁﬁoH dtipositidd 37, Id aaposﬁxn:;ari 40, ©ut p38tiod 44, P

at position 240, either 1 or A or V at_position 245, Y
aétPOEfBQP o ithon ore* 25 pogitign 4?)6% F“tl?%ﬁl‘)?é@ Vg gosjtign 54, R at

RAR] 'ﬁanaﬁéomﬁéa 56 I@inyddgﬁfbtn' 5%6(}9&?95’63%) g%n%lnvcelt ‘f)bgmon 63,

aci d tha bridi ze€s under stringent I'ti ohs ove
R abpdsatndn 2, [ gt pzdseloarﬂSl, Pat pcmngtm%at & positbei78, ¥at ;iosxtlon 82,

B SERE B AP NSy o P3PS Bl es ARSI o

gﬁﬂgﬁmﬁ%ﬁmgﬁo@ﬁoﬁ%d KSR PeGR6s 1HAVA BGhRltidneast elma?T S or
G at position 114, A at position 115, P at position 117, N at position 120, E at position
121, P at position 122, R at position 126, V at position 130, S at position 133, A or V

at position 134, L, W or V at position 136, H at position 139, I or R at position 142, S
at position 144, S at position 146, T at position 152, S at position 153, either S or A at
position 154, V at position 168, T at position 169, F at position 177, V at position 178,

I at position 180, G or I at position 181, K at position 184, Y at position 186, L at
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selected fromthe group consisting of T at (residue)
position 2, AL Por S at position 3, V at position 4,

wo@s/opasgi tion 6, either | or at position 9, Lr@EL/US2004/026654

position 10, S at position3s3, S at position 14, K at
oSi ti %% 15, C at position 16, T or R at position 17,
P 15, B atpogjfiop 188, M3k pesitpn Y, Ent gesifiegns 219, o abprositgyn
. , i o D0siLi ,
216 ROB AR 207, £ PR LT PRy PP O30y )
postian 245, Y43t posisibn P43\ bohat3ositibh 262, podiV atgrosiddn 294 at

BE2 0B T3 e i e

8t dnRRvearsubMamial QAR A28 leﬂgth & AlucReShdid 88repon %‘Eo SEQ
osition 56, K at position 53, Gor D at position 61,

NO:dosnd wheregthe migpdedpalypendisiet When aitimadty abigsed with SEQ

> at sition 7. osition.78, Y at positio .
(B3N 5By Mok o a8l PRERS Ve s s lnd iR resiaue
sdlecosaisfirdrh @ie Grbup Borddistipg of Tiad refldue) @oditiofs2aR, POS Stat Pbsition 3,
95, N.at position 96, G at position 99, K at position
YGiy posiion 4Jd 8 posiipni6 sithesilaskrat positipmP, Isalposisios 10, St
A SRR 4 PBIg 13 e Pl 0 Fp P& bl 7,
gider Sico kK &i26 at Moséttonds Ttat posifd024,%) at pasnivnt260R af Pakitich 28, T
or V. at _position. 134 _,Wor V osition 136, H at
SeriiPBASIAgt DEtioR A1 LA EPEHoh S LAD A BpsitonsHs K1t tign 34, L

- BOSiti g . it
?&%%mei t% E’ellsquor ,&] %?,@ing [ t§ litlgir%glzis%%g?/os?t]&{p%@?ﬁt 891558%4 4P
aq rwsition 951 ¢ither ROD A 4t pasitipn 47 t N enpdsitign 32, t atpositibh 64, R at

Acontss, B3 sotfpn o e pepidh b SR AT ilono 1, R posifion 3,
R@$ I tPsiti8A 72N Alpoflash §5,INatd8itiolyt78t CRPPoiiRT 81;919%t s sition

at position 215, A at position 222, G at position 2
82, gtthgreson k. anpasgion 84, Atat pestien 8% Bagositioatd1pBsit ppsition 93, Q

8180 5L 0yl Y5 PRS0 K ool Kt posior

BEYetther T oS &§@Ritioh V& NA iabpositsondi I5¢ Ptafodi®orl 17, N at
pol ypeptide, typically an isolated and optionally
RRSIIAN 2@: Bt poian H@’iéﬁbp%sltﬂ%l?@aﬁ af pogitipr 2N Abpasition 130,

%g!ﬂ%&ﬁ%i 1‘%’32 Anﬁ\’v ﬂ%okﬁgw 184,\/\’13,6(3’33)12\(4 fagg?sgtgflr%/ fr}ggi:?nﬁt zﬂgosition

rrses an am no acil sequehce
A% Upr RanpostiomtDS af pdsiti¢rb)44, St podiddn 14& )T, atpbditioh 952, S at

Dt 3 e Sk ALk ron d S oot st 0. 96 PEROTGHB1E o

SRIFSUTDY by S g g | O 7R 10
Y@ positoon 187 T af pasitipn 339, Lon posiGen OGN pamisttionrl 98581 atF

SR By PR BT 222 oA B bbShon
ZHT, .Gk positioh D3d, ahue Pokinokl i lcrBanasyes of VHPhDsifieV24% v or I at
from1.4 fold to 10,000 fold greater activity as

RASHSAr2Sd, ansl Wiaf positjgre2Hal ohydrin dehal ogenase from
Agr Obﬁcatng{hleyggpga; th(a%lt;e?erlnt[?nvention is directed to a polypeptide, typically

an isolated and optionally purified polypeptide (more typically, a recombinant
polypeptide) having HHDH , wherein the polypeptide comprises an amino acid
sequence selected from the group consisting of (a), (b), (c), (d), (e), (), (g), (h), (i)

and (j) as described above, and further comprises an amino acid residue selected from
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NO 2). In a further aspect, the present invention is
directed to an isolated or reconbi nant pol ypepti de
whanosngriat | east 1.4 fold greater HHDH acti vi t BCEES2004/026654
conpared to wi | d-type HHDH daving the am no acid
sequence of SEQ ID NGO 2, and wherein the pol ypeptide
the; groxp serRSstg 04 hafdrosition ¢ ¥ at pesition it (QiatAssitighder Q at
L i tian » ial.l. tire
REfo RO pa R OER B pSHaERE, 338 Rt 196 fl dbfon 153.F
dt poshidrh &8y Toat posidos il 89,iand Apdt pB€oh D2NO. 3, 9, 11, 13,
15, 17, SE, 37, 43 , 47, 49, 51, 65, 67, 79, 83, 109,
113, 11 #80thgnaspecigge preserit igypption pliregigy to hglohydrmy 161,
. 4 469. 5,
ool EBDHZ Rl 15810 (D0t e iRl
cooppied e milgrtyps bajakytrimsichhlegewfe from Agrobdeerias ppdSEQ ID
@_e present invention is directed to HHDH
I% f@nucleotides t hat encode pol ypeptides having

hal ohy drfifth&tabRdch IRNASSenfifveNtidiis dirctad & dd dsolatédtoner
aspect, the present invention is directed to a vector

reeomptinant pglyaeptidamaving| ay keasll lebiald greater BRED Y ragb it as compared

L nv i O 1vely l.ink arh L Qt her
S RER R Pl G0 PV e St
cel | sylangn i pudgseptios ispnostiedibya tddldit aad yHae pYbritisesinder
the present invention fromsuch host cells. BRIEF
seEseny onditienenverebstintafti themngre lengtd of agygleiqyeid having a

' 4 .gsgnt
EARRES SR R he Lt Lo br SEQIANDL 36N, 13,45 17,33
7PA% AMAH1E0) 51,851 6t 79eR3,d680r13, 41573 1Py hidpl £7,,164, 163, 165, 169,

ARG B RYTIAT 9658, LAy 200 A5 S BRI o,
AR 9597 3YSand doMBpIEREnti RedRAGL RASo0f ethyl (S)-4-

chl oro-3-’hydr oxybutyrate wi th aqueous hydrocyanic acid
i n t He apotberaspect athe prasérs isvehtibw tsydirecied de Fddid pohsecleotides

zynmes that are describped. in |l es 8.t.hrough
o ol p A B P VB T BB 464V Bhe pr esent
I NVenf iaQallFh@ydr d§sect) @vepresenl ReRIdIndS dirbe¥d fa vector comprising
hal ohydri n dehal ogenase ("HHDH') activity, as well as

anEHBb] gohyniickestiflelekthe prasertievsaon pperati e lipkqgHo a promoter.
pol y i . 1 r nt. . ntio e i.t.ahle for
Cat 2 Sl e Bt P PRAh RN ARl S AoR TP
mdéthstsder prodiding SIHIH $oBipbstidet Ut 8@ -plesettyielvantipatont kwch host
acid derivatives, using, for exanple, the nethods
cg¥scribed in the patent application entitled,
"Enzymatic Processes for the Production of
4- Substi t ut ed-

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a 3944 bp expression vector (PCK110700) of the present invention

comprising a p15A origin of replication (P15A ori), a lacl repressor, a TS5 promoter, a

T7 ribosomal binding site (T7g10), and a chloramphenicol resistance gene (camR).
FIG. 2 depicts the percent conversion vs. time for the reactions of ethyl (S)-4-

chloro-3-hydroxybutyrate with aqueous hydrocyanic acid in the presence of various

halohydrin dehalogenase enzymes that are described in Examples 8 through 12.
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3- Hydroxybutyric Acid Derivatives," corresponding to

Attorney Docket No. 0339.210US, filed on August 11,
wQ@0e@3/0ema assi gned U. S. serial nunber 10/ 639, 1BCT/UStW€026654

i's hereby incorporated hereln by reference. These

i nvention polypeptides are also suitable for

catal yzi ng the con PEION 5 o, hydr oxy

HiHDE Pl weBiddsar boxylic acid esters to vicinal cyano,
ydroxy substituted carboxylic acid esters using, for

exa t he net hods _described in the t ent .
o o R plean AR AP E g R p6 il o Dok B e patony i
delia0sheatdeqMHBEDHY) Setpatyi, havell asSthlparymxylosti desitat it ste them.
Derivatives and Vicinal ano, Hydroxy Substituted

Tog BEEX Py paptides o6 thernsesentigveriiop rrisuiigbledorgatey ziag the

HA339 j : Y. ; 04 and
B B R T s
hirdroeyhutyrivcari p deritacides) ysingffor ememle, Bod mpipts dasribdd inhke

resent. inventiop are partjcularl seful as catal ysts
PRGH 498 ?Pé‘rOPieHEjtl‘ngl ﬁw G LroEseey éﬁrdﬁg Hradustionpf ¢-Rubstiguted-
3UBRIO ybREy RN ARV Rl chit H&qg@(ﬁgﬁoﬂe ThckBaebf i ¢
appl 1 cati'on, HHDH pol ypepti des of "the present
033 2MUSoileat en Asgubt 1 b, 2088 ahg assigned (EBreesnlsiupmbenf 10/639,159,

t hyl - 4-chl -3-h Xy but t t hyl -.4- :
"B oberehy eaRy Py bt bt i € Thesf sdieniies pefvaspeiges are
RO BYIEIbE 0N cRARSZMEANG ESRAeRRINGTVREND WaloPh YRORY Sfisivk&r
description of such uses is provided in the

carboxBigwaid estessitopdeiaalcyapp hiydepxy swlestieuted earbekylic acid esters

o ETEER P INCHESRIEP i e RAE! el spiged ang

"Erdzymane Préceied CRIBEBrddactidn s 45 ehduaitddB-Hfdroxybutyric Acid
4- Substi t ut ed- 3- Hydr oxybutyric Acid Derivatives and

Derixatives ans Yirdnal Qpiane Hydooms ybstituad Carbooglis Add Kstess,"

v ig . . . ool ot
oG TR ERERTN T TR Bl s
asstpnee iUnS tshgalHidbibep 0472458, dwhich nphératpsinasrparitedb yaefdence.

sequence |l ected fromthe group consisting of: a
Pglag%@ﬁf P& RESFRgMEIUQR; aﬁ%%%‘&'%‘ﬂéléaﬁf-’éﬁlé’é CRiAbgSts 10
i ' , .34,
C%@?ﬁﬁlf?%?fg ’ygggg’ ﬂ°§§’5‘é‘%‘fw§§§ “ll%ﬂ,\g‘i 5 %?fu%%ssp,h%ﬁ%%gg?ﬁ 270
intAmedsied. e a epacific dpplitgions HHEMDpobpeptides pf tharpdesent invention

e o TS SHRGIh @5 There e F RSB p g g ethyl-4-
cPAbA-Nydok fHatFR8Y Exkainples Aflus@htive such conversion are provided

(S)-4-chl oro-3-hydroxybutyrate ("ECHB") to a
h@gltnbelpyb|Aerrz§)|qq~)dmt1ilqgifdegqrignon(o@);uc uses is provided in the

] Q- . (N ing th .
R e
of £5ebsitined-SiMydrox gupaicyAcip Dedi@ ativieg! med HiiimaeaE Prdceyses for
The term "HHDH pol ynucl eotide" refers to a o
thsdirgeustipe gt 1*1§élb@Heééﬁnfé%roismlyﬁ&p{\wdé)qﬁwnmj angid¥icinal

C?&M, Hytdyoxy Substituted Carboxylic Acid Esters." Id.

The present invention provides an isolated or recombinant polypeptide having

HHDH activity, wherein the HHDH polypeptide comprises an amino acid sequence
selected from the group consisting of: a polypeptide having an amino acid sequence
that is at least 99% identical to SEQ ID NO: 4, 12, 16, 18, 34, 38, 44, 48, 52, 66 80,
84,114, 154, 158, 170, or 270 .
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As used herein, the term"isolated" refers to a

nucl ei ¢ acid, polynucl eoti de, polypeptide, protein, or
wordenimenponent that is partially or conpl et ePgT/US2004/026654

separated from conponents viith which it is normal 'y

associ at ed (other proteins, nucleic acids, cell

synt hat ¥ rhéléf-‘greﬁbester@% 'éIﬂIDHaaqﬁlemv ‘eand ‘halohydsn dehalogenase
z{?:ﬁkll’)fgea% W& ihrc aﬁ Ug} WB to M&QOI lﬁc db.?ht?rt& Eéthﬁ&@lheor
0] ve ro or

engl neere r man artificla
c@mgémxearoédthpt Cﬂ.‘)ei chlono Srugdrek yhuaphe. ("IE@HBé)(t@rmde(ﬁecta)le amount
Into a vector

[ !
e RF S eioobugoriuuhisn T8 g HE 598 darruite TaErample
32 CORDIRAMHHI H 3B ypEhti Y stelshteih fo 4 ﬁol?ﬁgfptlﬁé ReGhatAtbH

wi th nucl eoti de séquences that nornma _
q@blvyjn utheerm dHHERH pplyngcleaided réfersnan Lppb'nu@le@nde encoding a

cleotide. A protein expressed in
WaB %?ﬁﬁvﬁnW?%}% "Y' r econbi nant pol ynucl eoti de is
an exadiNed hefeird theeADisBRMA" Pk RE Rnuéleic dcid pulyificledtide,
pol ynucl eoti de sequence that does not appear in

RedYRePlde. PrRteiaxArRher campaneri Mat ¥ pastislt arrcampetely separitad

t?cg‘g g?rlnk)ér’le!'p‘?sc\saﬂp WARRL g@%ﬁnglg ggﬁom&g{l fcgﬂér gﬂ]ts arltnliélelc ac/ ds,

er cent entI Ce
aeligdynthets ehgengsatl)y Aeudeio atid or pbBpeptidetib Erepembiant” when
an1no acid sequence identity that |s obtained by

ipys et éﬂ‘%ﬁﬁg%‘?fg (qvéngquirfrw £0 8Tifiei OB B @ gareshprotein or
Tl RPRAE B Qxa %bb?ﬁucﬂ@&wett t§s in 1h§)gaeveﬁ:g§)or any other

counting t enu er o entical matches in t
la:targlngwstloeawnde ¥4, th an@rmmeh)f ruadenbiodnt iodeantsing alich that it is not
he ref nce,

e Wi phr PR athape e el e SUBmar Eoudy s itis

foeid RMRnEE AV RESMbRALS TN TuMed8dOPA | P@ém%&p&@ﬁa% $itfo or in
Gap Open Penalty: 10; p Extension Penal ty: 0

Wy ofremm mrghmamtalomwcle@bdmetan seamnpls of @mowéqngdmt polypeptide.

trix B Tagql e S| ow ai.rwi se.al
1R = nec kB oot R i Ao R bR B R ok egmple o
VaFignt diesaturidy yRefiddenbay rdtgmbmaati Nno aci d sequence
that is at least 98%identical to SEQ|D NO 10, 14,

68, 1Ehe tamas "perent igenttyy "wodentituh | BerFHIEeEKYlp pdi "G s

R SR i By R PR e SR Cind Bl sBucnce

iderhivgl thareistobtdiieel Hyr ElmeatWianyigsit (vensipi 9 il @etvaidable from European
)0] ypept.i de having an am._no aci d sequence t hat S

i ormgtion Ingeibes: é‘%mbpégﬁséég) ePygng thnumies o mncaz@atches

ift 9 aldh négpand%ﬁﬁlrg"s’% R%U&%Qw&ﬁ%l%at&ﬁé@ rtﬁifgg%th 05 the

i nventl on are at ast 98% and soneti nes a
reidenmce sajuenae, Skuding e folldvding ﬂéﬁultzﬁlistalMparémetera)uo achieve

TR PR TSR Gt Do h S p G B
lt%ﬂgléﬁ?.rhlgfh%ﬁéhp%tgﬁ?%trﬂﬁ @@wen&ﬁlelﬁ%mqbelgmwatmems
Toggle Slow/Fast pairwise alignments = SLOW or FULL Alignment.

The present invention also provides a polypeptide having an amino acid
sequence that is at least 98% identical to SEQ ID NO: 10, 14, 68, 118, 164, 166, or
180. Desirable HHDH polypeptides include those that are at least 99% identical to
SEQ ID NO: 10, 14, 68, 118, 164, 166, or 180.
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wi | d-type HHDH of SEQ ID NO. 2, and having an am no

acid sequence that is at |east 93% identical to SEQID
woNehosA0AG41 typi cal |y, 95% identical to SEQ | D NEZT/BODN4/026654

nore typically, 97%identical to SEQ ID NO 200; nost

typically, 99%identical to SEQ NO 200. In still

anot Harangthsoeimbediment; e paesestdnyentiondnevides 4 polxpeptide baving

I t u [
a%%nﬂnRQ%l}ﬂg&ﬁthQeethaI %ﬁbﬁﬁé& 093?;73{& ?t?c%#%fﬂ?%@q\l(ﬁ { Lof 188 262,

4&2l d4(1 wp 620—|I-$1b1|nefHﬁHQpbl§)p5ﬁde§ of eRGrd3aNt iNYerfionANe aitdeast
aci d sequence that is at | east 89%i dentl cal to tﬂ%
K% and somelmpsaf) least 9YBadanyenitp SEQ MNEDIY. Dl R 262 432, 440,
Jrehg typically, 95%identical to SEQ ID I\IO 442; even
nore typically, 97%identical to SEQ ID NO 442; nost

t ypi dalybyanoﬁ%ifwnﬂbednmmalthet preSHRQ NvEntNG is4i2cted o apoitypmMe

t invention i Lrecte
tesw%@%f Bifated P RuEfiFy PolPIrCar b vae BPR G oS tan the
?@)@mﬂlﬁﬁ JTES\E(?H) NdbH, aed hé&’hﬂg’argz{rﬁﬁb%&dtslaéﬁbnw that is at least
type HHDH ID NO. 2,” and havi ng an am no

9&(% uiese@p.l; EnEBOIRANO; @09¢typléa1§t 98 @oidenteoal tOO%EQtIB NSEEQ20D)
NO . 702: C
TR SR E ey, BRE fERNO: o Rs giraafh g {@fiigpt o

SEQE)IN@I g(a(bly 97% identical to SEQ ID NO 702; nost

|callﬁ 99% identical to SEQID NO 702. In a
f ur t Hesti #ﬁ@aﬁmodlmmeths PEssenftinYamiienis greciddoiadetypsptide,

R MO0 T aDAAT P PR R R A AU el e

vpxd)d WﬂﬂilﬂHmfcﬂ’EQ H2 NO.es end hdvingeart dminoiaoid seqeenc dmeis at least
and 99%

otienical (¢ SEQIDNY AE Py 337 i) bsie NG Lo
m&w iL4Ty, b5t 1H§{t109ft9\§]3é§;ﬁ) ]O: HAH 091 Meen%ngglmwm

an am no "aci d sequence t is at least 95 enti cal
1d@1tJSElQo|SEQ\I‘fD 1\113644422 Bst Wplally, WV6ideDecal taBEQ [BHDB: 442.
pol yp resent i nvention . ncI de t

t hat 0&?&5{“ ) 167‘9“ el?ﬁI?rE%ﬁm ‘“SX?%‘?’H&HW%I oy I}&'pept‘de
th%i@;my é%ﬁ'sela@ﬁ@n@ PUeifiskepd1y pephidé RaviSHHD IRt ¥ Bfere £6Fthan the

0 or 6. The present invention further provides an

VHHBHPB&HWleﬂ P AIO. i25 ant havengsan Boigw iadidrseiesalke that SEQleast

ik Bo 1SRRG b SRl e et 302

rﬁds:erty[h&ebg%)%pdmmsn BHISBEIMNGB2102; evdd‘hﬁbre'l@ﬁcﬁlly,'ﬁ%
A4V, V6D, either VIl or VIF, Kl OL 3S, Gl4S, ML5K,

idengical teiSEQ D §0r170%: mostiwpically.198% mzetyal rBeQdP QDR O2.
A24T, T 5L,
1 e SR 0 e S i
pébyiipti ddbkiavin gSabdninBa6id, sequpdks that ishetealt®b%® alentiésl B SEQ ID
I\II 83 Q742 R, I-}glgh . . L

116 or 448. polypeptides of the present invention include those that are
least 97% identical, 98% identical, and 99% identical to SEQ ID NO: 116 or 448.

The present invention further provides an HHDH polypeptide having an

amino acid sequence that is at least 95% identical to SEQ ID NO: 264, 266, 470 or
476. Desirable HHDH polypeptides of the present invention include those that are
least 96% identical, 97% identical, 98% identical, and 99% identical to SEQ ID NO:
264, 266, 470 or 476.
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L76P, S78C, F82Y, either P84S or P84L, E85Q K91E,

A93D, E95Q or E95G DI96N, R107K, V112A, either Al114T
woroddiA@ or Al114S, V115A, S117P, K120N, Kl121BEPCRUDP4/026654
H126R, 1130V, A133S, T134A10or T134V, F136L or F136Wor

F136V, WL39H, L1421 or L142R, T144S, T146S, A152T,
C1533 hegrgspplinyension fuither psoyades|an dBNDHmchgpeptide thatts at least

S S B RO S5 0.

vehithenthbPHssone or K4S fubsti tulBASIE | ecwBABOM tHPgyddp conshdling lof

Peciie g o FHoe o Shh EHBE Y VB B P 3 45 MISK,
R, blhdi9177 RRA7TRMIRIRENS, IO 20K, AN H26Q, V28F, A29T,
substitutions indicated above. Sonme HHDH pol ypepti des

(SH0A, B3 1ps B3t S34R ERDL ORI EN QBAH, IE4QE), Fadloh 430 %ather T47P or

1S5S MESSIIAD, Bl e BRI R

Li7dens 78 IF8L Y, &ker PRYHGr PRAL, HBISQNEWI BIAIR®, BISQUBf B9SE, DI6N,

t he substitutions indicated above. Sone of these HHDH

RIOTEp ¥ L 2 etithenipd 14E of 8444G or 6 14D r\elIon. SRE7P, K120N, K121E,
; . ) .

R PD PG L PSS, KRBT LR, IROE oP Fradeest Fibth

Vel 3918, 1Tl one 2Ry T84 $ UT 1468 A 15 IC16PS ) eivblet Y154 S GNEIH4A,

W th sequence S;E?lD NQ 2, certain HHDH§O|¥£6§ tides

168V 13 GRT LT, Ly $ BOL AR Coprdiidu mIB R oF 1S g

H@sREV150MNR213E, VH6@TD39V, V(%@@L,a&hm,%ﬁh& M245T or M245A

substfitutions sel ected fromthe group donsisting o
oBM245, WZ{O YT MR BV 0i3M 2524 whd KBIZV . elnt doere evitHodomeny® HHDH

a, . G13 Gl4S, ML5K, GL6C, eit . S17T or :
REINPFRHRaB e HBE: UeTpr Tt § idEn{esbe SHRER NO: 2.and
heviaonEBtnordst3fe subdfifdtiohsmbicatéd abbvdXdme EHPIR El@f}éptides
AA5P, either T47P or T47A, K52N, M4V, S55R, E58D,

ofgBiIQressnt ingentiedia®s arleds Aput PBZ\ider@iraRo SEB ID NG, some are at

S7 et § 4 B84L 85 K91 3 )

1EERopf Vs iR SER D RO: o rtgetE el ngy 94 Hppicay o
NCOAR, 44 BaviNg oddbs mdrehf tiel®Mituttdrblifdiciéd dhove. Some of

H126R, 1130V, Al133S, T134A or T134V, F136L or F136Wor

thepe DM pobmeptides paveat lpash? gr mpieofshe gfpagmentignsg substitutions,

Rt L -

shi@i8itionsy/199M K215E, V236G F237V, W238L, A240T,
ei ther MR45] or M45A or M45V, W49Y, M52V or \R521,

and EsBneptimpllyghgneiysassascnes SERLD NP sertyipdHibHes
pgg&t@%&ea@@ fo?fhe@és%nt iﬂ(}%]tﬁﬂrﬁ% ggt uEHJeec%n%%;])c%]gHgyt’S rsiﬂrg)ﬁ? NO:

af orerrenti oned substitutions. Ty
2t butsone b odireremino dchksubssutionsreglectdDiffqpothepeoip dmsiktsg af S2T,

%t@%ﬁ@ff%‘?%, ARANTES %ith 32061 SV W orE8158 &8s, iR S1ec,
cither S17T or S17R, cither R20S, R20C or R20K, A24T, H26Q, V28F, A29T, C30A,
H31L, E33G, S34R, F35L, K36N, Q37H, E40D, F44L, A45P, either TATP or T47A,
K52N, M54V, S55R, ES6D, ES8K, cither E61G or E61D, 163V, Q72R, V7SI, L76P,
S78C, F82Y, either P84S or P84L, E85Q, K91E, A93D, E95Q or E95G, DIGN,
RI107K, V1124, cither A114T or A114G or A114S, V115A, S117P, K120N, K121E,
R122P, H126R, T130V, A133S, TI34A or T134V, F136L or F136W or F136V,
W139H, L1421 or L142R, T144S, T146S, A152T, C153S, cither T154S or T154A,
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at | east 90% sequence identity; even nore typically at
| east 95% sequence identity; and yet even nore

wo ypsoeliky at | east 98% sequence identity. Therpd#iDE2004/026654

polypeptrdes descrrbed her @i n nay further have one or
ues sel ected fromthe

PRy S T S o RIS oNE SIS, BHSO, TIoHR

t t 8 t
RN, MIBOIE K2R, VRIS (RRIVOW 8R! aPATT Rl MIasfbrdingsa
o 04245V W 248K, M23V posi262hand B934 \anth sdnet enptagliments, the

In so rrbodl ments, the HHDH |des of t
féﬁﬁ?&?&mem $ithagh HA QBMOf 2N rﬂr%eélm%ﬁ!r%ge? QU OFB10Ee a? the
at(f%‘é‘&‘ént‘%&reﬁ GhdnbcRonk dqr@ﬁrcarg i} HESEnbRBhECHe ré&?tmét\ﬁﬁDH

, 1146, C153 F186 appear to correl
podypoptadst aswat Ehstr&%r-p%mumcr‘: yden(ﬁmert@ SE@d&NOr 6 more typically,

f t [
EFeascils Sab BNk BFen mOh Orighl SLERESH 1 g adenfi:
aRe lyevever \Wibré BHIURMNG RE 135t 8UPNqueRk lidentiky. gned” when t hey
are ali gned for simlarity scoring using a defined

am ndhadidDELRedYReplidesaieserthedingre{remgy furtheobeygane, orgaqre
aﬁﬁh<§£8& idhEd ?éhéc%% ngﬁ‘P%r%ﬁgwébﬁ%ggg Y taL%gs%t?onaﬁ Y9at

arrive a cor al T ’of

PRSIGuR 0L at ﬁmm 'HI;IQjatSpd)bﬁrbh 180 Garposiion i99ER aapohmidnel(n T at
uselnéﬁntlf the simlarity between t

nogiyjgR At A RSN LSRG ArPOSHIoPHSOAT 6 P@ete’"ewgg andhhya gpsition
25, @ sonﬁelcgrzﬁadrmeﬁts R ey pﬁ}@e fdeQ %Pfﬁé Hgﬁ‘lvérﬁlon have

proteins”; "Atlas of Protei uence a Structure,
two) thres, OISﬁQppd)r mare(dEdhest/s€dect@hrekiaiiés) Ob@ese&éﬁd&&ZQW Y70,

(ﬁa} 510? ﬁlglg2531§ 4pd g&g{ Flppeﬂ\%/\tg}tg)lrr%%t( Ofrgltfg'g\bly w1tl'1_|ﬁ?h§ﬁ activity.
(ﬁﬁerl Q ;?e"as r i1 atd R oBlbHEPWM %/ithBEdi dtfndeSo HHiGRoN 8§ eirRE42

def au Cori ng substitution matrix in sequence
chldrepeatate, apdistuseesl in reare etad bmped BLAST 2.0. The gap

exi stence enat W S..1 Mpo for th |ntr duct i.on. of

o horSskaRERE: mé "B el v pi el M e L Bl
smgﬁ%g}@ﬁhfﬁ%ﬁaﬁﬁh@ﬁbl@gﬁlﬁhmﬁohSndtﬂﬂ%)(bs§dBLOlSUM@1) gap
additional enpty am no acid position inserted into an

eaisicageIpesp¥aed ggra@(tew RANRY AR as tojasr vRedt ithrol Shgst £ore possible

f
B T AL
quasefyingahe Qﬁnl&ng&lﬁbt@éeﬁﬁﬂddeqdlﬁcgﬁﬂs wiell-lovevndh thodh Seee.g.,
sequences so as to arrive at the highest possi

Laygpi ot 4in(1%d8 b pi mededof gyhiRnanthaggom Rgilctdn 'B’éﬁls of Protein
s%ﬁ&arw'ahésegctﬁ%n%ﬂ ¥, s-{ggf 3 E@Cﬁlsé §yhfo?i§ n‘%ﬂ %Q%‘g’?%’?yﬁ-?%

the use o cofput er -1 nt'ed |gnne
Bomed. ReapReuhd3| WashiiRgtOn, RIEs dandedf é¢tral. Al 9% Pudc. Neitl. Alcad. Sci.

O AP SuBb iy P B DS tts L Wl pBfnscedp P hrscoring
s@bs‘?ittﬁfd?lr}ﬁﬁtﬁg)fn § u@ﬁd%hgﬁﬂneméﬂ?&ot:@ls s@l’\t ds®dppal BINEIND 8, The

including multiple alignments can be prepared usi ng
gap aulistepce penalty is imposed for the introduction of a single amino acid gap in

one of the aligned sequences, and the gap extension penalty is imposed for each
additional empty amino acid position inserted into an already opened gap. The
alignment is defined by the amino acids position of each sequence at which the
alignment begins and ends, and optionally by the insertion of a gap or multiple gaps in

one or both sequences so as to arrive at the highest possible score. While optimal



10

15

20

25

30

avai |l abl e prograns such as PSI-BLAST, which is

descri bed by Altschul, et al. (1997) Nucleic Acids
wore®s/02A4B8389- 3402. Wth respect to an anm no aedTUS2004/026654

sequence that is optinallyi1ali gned with a reference

sequence, an amno acid residue "corresponds to" the

abé@n@nt@nd Sepringesan &F apeommdisbeymaniadl ywihe iprogesscin fagiltated by the

oBESEE U RO Eflahdl 1llinnl DBCRR o hapBR L AST 20,
dasaribed &CAﬁSdhﬂl tehel. (90&)y NocleicsaddeRes, 15a5389-3402) 4rgl made
e G T e, e i SR B
;ti‘ﬁ’fal taﬂgﬂmé'ﬂ-ﬂss an@@dlﬁgﬁﬁlﬂlﬁwﬁﬁ’grﬁ%@é’ﬁ'g bg%?ﬂ)a?j&f RidE RhAg

optinal ali gnnen i n general o acid
avakibthupoganmsench as BSItBIsAST ewhieh ceddserilehelt bor Adtsebdl, lbgal. (1997)

ount i e NNtermnal will not
bﬁ%ﬁ%—éﬁ&ﬁ%—b@%’%@ogﬁ as the nunber of its
COr I aB R RApAY tdPBPArhindicidsehitdict efaels 1%1a$l9%li§ﬁ’&?w1tﬁ@ r
exanple, in a case where there is a deletionin an

refefegerspquence. acanianceid residues oprTESPODES 190 tlfmwamon dhe
réfhl%hcé: & g(lgrfc%&ﬂg]swh?h ‘rf’he?r%s;id‘% gq)a 8d %]tgn? gﬁ%rﬁnrleenqc%‘lge "%osmon

quenc efe
is di‘éhetddlhyrh numtRn thedt sgjuetidlBfigemiTee catiiging acidtin@e reference
insertion will not correspond_to any am no acid

SERSNES bAsed AN {th Bosi dpreieAtive t%@ﬁ%ﬁﬁe@m% Qwiag tadeletigns,
1ﬁsreﬂg)91§tth91'8§ncﬂ{ ifugﬁ)'ng’ ) ttlnaeﬁlge tﬁ?trlnlpﬁ‘? bé'i‘ ?JRS %cc%fun?{x];h&f
acl ds er a t ha

e re erence or |gne sequence
ddermuiingcar speisyxd adgimemniy @némkxhaarmhd atid esidue number in a test

di o furth th
SEAEBENTE CFiRTBIER O8I0y oL OB T TR e o} peressegly
b@tthé &ARlas WALHSR OF fdbodQpakihd PodNidn I%QQC féfcr@nce sl:%ué?ﬁ:e

fewer amno acid differ ences as conpar ed
Faoexampienn @pasemalhdrgl theerd xgraedﬁlamnmn 8’E@1gnl§d|wst sez;uer)ce Senewill

of these HH i.des e at t 95% i denti
b 5o 4RE 15 BtesBaT 18 6 e lif M e PR R FaugRe o site of
(18R Moh dMNeiCBbreti@arSFR:iBh NOin A0hed kétefeEd Riglence, that insertion

enbodi nents, these pol ypepti des have one or nore of
will @of esirrespendgoaay ra@wsam@wthmééh@wée)rerp@wqmﬁe 2In the case
sition

O? [rumia.?lons %I‘afIUSIB{Ii herel (ﬂn %E S I'etC}lCS- arnm aClés 1n Clt%%l‘ t-h? refﬁrence

oil Bligriedatqueasd thaodo At coﬁe@ion@ @csaﬂy zﬁﬂmﬂ,\ﬁcﬂﬂ iAthe@siebpdiding
15, C at position 16, T or R at position 17, either C
SeUERCOr K at position 20, T at position 24, Q at

pos! tIﬂl QRurfiRRr eﬁb@&mﬁ:ﬂ? 'tﬁé oﬂ‘g%ei@mégntﬂ}n dEé I—kA at

position 30, Lat positi ositron
ppbpeptiderth@4s atlleast 93)%sd¢ntmml B BENIANQ @80 (i eon183£r febvleaimmo

ion 37, D at posj.ti , oS ti n44 P.a

5354 {f?rS‘FFe%S CUPPHES ¢ OPéFE)(:ﬂﬁ\ l\i‘g :)é)bs ﬁ‘Fg RPtyrpal X\Plh%“ed with SEQ
BXNOIIRY. 88me ¥ HesPABDH g@lygémdgs &l aPRt%ét@S%‘lo%ﬁmcaﬁ)t@gEQ

position 56, K at positi or D at position 61,
I ND: s and sne6Be aReadt P08, or 9% identimal tpdHQ MANGER00. In
certain embodiments, these polypeptides have one or more of the following residues:
T at (residue) position 2, A or P or S at position 3, V at position 4, D at position 6,
either I or F at position 9, L at position 10, S at position 13, S at position 14, K at
position 15, C at position 16, T or R at position 17, either C or S or K at position 20, T

at position 24, Q at position 26, F at position 28, T at position 29, A at position 30, L
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P at position 76, at position 78, Y at position 82,
either Sor L at position 84, A at position 85, E at
weomspiTm 91, D at position 93, Qor G at posikPCDUSHB4/026654
N at position 96, K at posiigi on 107, A at position
G_at posnhégn 14, A at__positiaon

a}fgsmg,n gll[l (5353’?81‘%9? 3B R atgogipion, 34, Ik tgresition 35Nzt position 36, H
APSitibAN7 13 by %(%n?dn 0% & b@ﬁtlé@& FRat%sﬂagﬁ 4] é}{l’lellg %r A'a

at position 1 S at position positi on
pogiion AR Brat position 53, ‘t’ AOPDSILRB, 54HRa1t pp&mon ﬁﬁrD i&ﬁzsnmn 56 K at

t |0 pPos| tio
iR D G At e o4t O b ean s il dhbortap 75
Pasidsition 765€,at YodtioPTs iyt thﬂ)Slll@ﬂ 82 Teifer BRSILtdt %s&]éﬁ’ 84,34 at
position 177, V at position 178, at posi tion 180, G or
Rosiion §§sEat pesing@n91, R aitpopisien 1930@ 01 §z1at pesigipn 96 sNtat pesition 96,

|l 98....M POS, ti
1§ EposRlonPRR, by Bafldy 402 Bk 8 bOB st Bt Pha, O polon
d6sPhi mltﬂﬁﬂlnLNaﬁt ppsidior il 20) E2£$)051ﬂ'oﬂﬁ2pq33ttpo@moﬂ4Q2 R at
ei t her \9r A or V at position 245, Y at position 249,
PSR 126 FORPS I 3558 at pesitian K3, Aowi ¥ afoppsgm 13¢hd. Wor V

RDESEM 1361 1Lt o%oﬁh%@ ﬁ%ﬁ%ﬁﬁa‘ﬁ'@b%l DL %Rf 'ndﬁi,Sat

encoded by a nuclei ¢ aci
positiondd6it T sigpaditiondid8, uepositiansiisa n¢1ttmk Byr tAha pemmbh6154 V at

S o8 T g o 0% B, PR Sl 15,
@bt Datgsdsitioh N 8 BHQaDFOMNIN2L 84S YW hbsiBSN 86 %Fgoégcgdn%%, N at

sequence havi ng at” | east one am no aci d res
pogitien 188 Yrappesitien % int position 21 NgGoef pdsitaen 2363 atye}ition

i t]on. S 3.,V at j t
275 BEon st sbpSion 2o, PR aP A f SRy,
posisioh 299, VLOr I & pkitiea2is) Hd \18511)051@)51 Masition 14, K at
p05| tion 15, at position 16 or R at position 17,
eit h&hegrﬁﬁnwwntlpwlsmpéw@@ HHDE pqdppsiptireserzadeddyna nucleic
agi‘git{l%t:hg/gngxges Enc%%%tgiﬁ fTLI% Iﬁ Igdiggré o-(ref;‘gublgglﬁ{l%)l o %gligeﬁfmgth of a

npo]swtacnhcdﬁéspaitdlrngSI&EQ)ﬂ) 3%): 1N vﬂter@ﬂleehtém:d% Zﬁ)@pﬁ’(‘kﬂ when
P at

oBinly Shensdwith ShMBANG: S Acoimbrisss it bimaseid wasece having a
10QBrel é?rﬂnégmd\[eszi‘&ue%gf%kfekl(ffbn?fh’e rg'i-'{él%t (@91% ﬂ% ?5%&:5@%1%5

position 56, Gor D at positio

PRSition Q Ator PawiSt it positiay 3aV appesitioro) IV & pitinh GpeﬁlhdrII@ﬁF at
76,. at position 78, Y at posjtion 82, either S or at
oflip Dok SEpstRRAD: S ol piidt B S abasitom 54 aroaiiond 3o at
pbSiEbh 16T 8BR akb@¥itida BE, eRRSIS 190 a sHNnaiO @%E&lﬁ@n 95, Q at
G at EOSI'[IOH 9, K at position 107, A‘at poSition 12

pesitier 26, atposition28t T popasitianr2914, at positiopde, It atgpositon 3, G at

t t LTl
iP5, o8 hoiipy %, Blag PRFitn £ svtpoaTioR 6 3L boston 57D a
p&ﬁﬂon 3) at atpsition @a, B 3BposhionrdsVeidtier POTIA ht%Sll’:l%ﬁ 47LN\G or
sition 136 H at position 139, or R at p03|t| on

0
pggmon gZ N atﬂw;ttqn » R position S%Q%attpogmomzﬁ@ Gpord at position 61,

. ?!Oglhgﬁ] 6%% :or @ ﬁ&)oﬂﬁ&ﬁ Q Gt égsgtﬁo t p081910n ‘9‘6 a(E at position

osition osit1’on
78, Y at position 82, either S or L at position 84, A at posmon 85, E at position 91, D
at position 93, Q or G at position 95, N at position 96, G at position 99, K at position
107, A at position 112, either T, S or G at position 114, A at position 115, P at

position 117, N at position 120, E at position 121, P at position 122, R at position 126,
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position 169, F at position 177, V at position 178, at

position 180, Gor | at position 181, K at position
wdgebs/o¥1at position 186, T at position 189, L BET/US2004/026654

position 194, N at position4198, M at position 199, E

at position 215, A at position 222, G at_position 236,

Watgosifgs il 39.ghatppsitiop 1&5, HEEV 3t pRsiiem 134 bt WgsY af pasition

. | ‘ e v el
431 GHR Bt oAN O il PSS RSl pPORUH AT
posigopil 8% Srdt posivieml b rithtrsDoph avpabitsoralbd, ¥odtposition 68, T at

' t l. [ hayij t | t. 1.4 fold .
PRVSR P EHSPIETE §1 1y SPBiionar B & gonipa18Q g8 obk eygosiion
18RV BOpdsitonaBuNe 2654SE IE TR ggieig&:—ﬁ%ﬁ@ zll}gogi_tioﬁri%, at

wherein the polypeptide I's enc by a n el c aci
positon h9d M di pasgianni®9r Esit positgen 15¢ dradippsiting 22%,68 at position

23T Hept Boia e SR Rosat 2t Gt d A S v
poiitiSHERAS, Y NBosi®ion 249, 1N or L 9pol;§i,on D82, .V 3t;posﬁ?0n %4,

49, 51, 65, 67, 79, 83, 109, 113, 115, 117, 153, 157,
161, Thegresqmanvengon alyg grovides an jpiatederirecarginantam®] ypeptde

42 . . ,
ke o0 143910 e SOOI SRty Sambitia Ottt
hiNdfg deandfo dad sbytientdofZSEQ Bh&NO 1) ayd associ at e,

typically in solution. Nucleic acids hybridize due to

a vaMheteyn &F PREIPPP1IFAP sRTaded Rid nyrlyisiactl brichibeidizes under
s@gg&ﬁ%m&gm & LWB%L@S%’P@%%&E%%R Y& Hhcléi?égud%{aﬁ%ﬁ%ea

e stacking and t nsive guide to
styubnéecielrateddronothergrolecansatnglsf $BQIDUNG: 3,19, Tilj kKx dAh, 17, 33,

SR odn 45 3B B e U OEE L5 W, PETTar eler? s, 169,
175,065 199,281t 243, 260 asbes2 12 466 i@ vaer, 4,6@\'%’75,\(9fd<,)701,'°ﬁ25, 729,

used herein, the term "stringent hybridization was

T3brV3Bt T¥nd37,and ¢dmeplemeantenyt seqlicnaesctheicof.aci d

hybridi zati on .exper.inents, such as Sout hern and. .
or PRy B BErEahep e e lecabisafeu@ition, petei
a@tehghirfdiy ®Rlto dNEREyf WeBlBRfacRRYEd tMemical forces, such
paraneters. An extensive guide to the hybridization of

aphixdregen beadine, sadvens grelusion, bajeesacking angghyg likq. apo extenriye

, n B o . L )
el PO PP AT e R bR Tt s cLabsgory
Technidep irebiochentibise kMol dvalar Bool&gy- Hybridipatighowrl Nutleid&cid
present inventiagn, "highly stringent” (or "high
r

Peqbes.n §am dyehapkrr g (Edpeyist iNsW A8wash conditions are
| . . - t
?ﬁgeh‘;&‘ usdd BELiRChE kP sﬁﬁlg@}é’%n?graﬁé%lévgﬁcdnﬂ nst fHake

ermal nelting pol nt specific
cergepter meclaic aaiddefridedtiooe pesinreasgiuch asn §opthe fnaesdbdreddm

o B S LoD oI L et can, 3 sgke
eh ARl pEraldReer ARBRRGEE 08 B it hERHiPLRADE RBleic acids is
found in Tijessen (1993) "Laboratory Techniques in Biochemistry and Molecular
Biology-Hybridization with Nucleic Acid Probes," Part I, Chapter 2 (Elsevier, New
York).

For purposes of the present invention, "highly stringent" (or “high stringency”)
hybridization and wash conditions are generally selected to be about 5°C or less

lower than the thermal melting point (Tr,) for the specific sequence at a defined ionic
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wealosoiad t o be equal

at which 50% of the test sequence hybridizes to a
perfectly matched probe. Very stringent conditions are
to the T for a particul apCpUsiDe4/026654
The T of a nucleic acid dupfex indicates the
tenperature at which the duplex is 50% denat ured under

stegngthgangatt] tasmaredibstry. dighly stringgitt eseditignsagialsecie referred to in
cﬁ@zﬁ&ﬁ\% @) N§n8 TR tté( gér (‘;ﬁﬂ:e uﬂH&' o%h ecf"ﬁ)lnfjc J?Qé%ﬂhdand pH)
the correg'pon o

amlﬂlcles@%nmtmtettcseqlkmwhymtdlms td) n pt:xrfansn rhatolﬂbdfp’rom héériyx
to random.coi l depends on H‘ ,g? nucl eoti de
Si

SIEBEFIG SPRYIGONS a5t ael?%?ﬂ f@ bereduplge for gpgricufas Peghes  of
nucl epl irdgs, n&glEi‘% cj?iycmglé;(' 16@1E£t9§‘the lﬂ&ﬁ? eéth%! %%1?}“@%%&1{5]6){

acid matérial can nmoved by a ser
ist3060 dematurerbumder dfe gibincdondaionk endai Jrcqmsedts debendmnyutqmﬁhe

the desjred resu oMW, St i condi tj ons
sy Y FordeiR A g vy Thiln i Breres Bpe At g peratuf
corRGPERERy ®AAS hidpdihtin tAMitiGRAFoMHRIAK Q@ra‘ﬁ@@ﬁ%ﬁ‘ ftidepends on
hybri di zation signals and high background si gnal's

lepgthenuc]q:cmglggoglp@@mpm @nd yonic W@g@rfog grsggtﬁbgs of nucleotides.

condi

C AP on 4 DG ) Bl vy
sdriREpLwaihes ahe btengdrtytof evhmmggmuﬁﬂls&d@epéndlﬂg/@o@ahé desired

with only the specific S|gnal remaj ni n

resps: éa&wegngs%b/fwaéhw)con@ RNSHES1 égsmgﬂalg&ﬁaalmml@wer

teéllﬂgl‘auﬁg mcrea%@g@?ﬂb% blﬁil_gd@rt}%%@g H]yg&h%gﬁ s1gnals

arekhighrbdckgramidsgnilyae.| loreslspasfitiog)l (Hagher'Etr(ngé‘x)lcFaﬁlﬂltﬁﬁs
+ 16.6 Io % + C (9% ) 0/ n,
(Gphrettsin 9 f"ﬁ‘g@"ﬁ&l%ﬁr ¢ Hf’fratP’i‘FéE‘%%l\‘?Sﬁré?m fheéﬁ'PPgﬁétm“

te%r%%%ﬁr{e)’lomi"s) the b&&R gtounli sighal, ?}epléh?l'y%m &Q? iR sp%i%@ Qnae

cyst osi ne (C) nucl eot’ des,
rqnmlmegl(zaagen@*&asmspmtﬁcmte) a$ﬂ§:Rrapltsy,Rhend1Waﬂiar JoM Eds.,

- (DS ir b £,
Eq Ua‘l‘hé“lT 8f @EN@DN’M@IU 18x Care estl?rﬁit&icﬁsfn tatibh @%s f&lows:

+0.58 (%G + Q) 805 + G2 - 0
820/ hipWHare8 |<%+tlﬁé (aghayl) +§. 4df(%cﬁ1e* %nw I(%ﬁ)t 500/n,

Gaanos; ne e B BobdBr the horion LR BELRENSBAG, Qb
(%06r OpisaRNpercrntade cff(gwfamlﬂe(caladd BystSinen(€) mucn‘eetﬁde@f (%f) is

nucl eoti de basesgi( .,. length) of the hybrid
the pgrcent@as ofi fogmam eawné ntig ﬁ]edwmtyﬁr abpuslentide Sagey (i eoflength) of

thlg)ﬁ%h&l_ géboilggexes | onger than

The Ti of an RNA-DNA duplex can be estimated by using Equation 2 as
follows:

Tm (°C) = 79.8°C + 18.5 (log;oM) + 0.58 (%G + C) — 11.8(%G + C)* -

0.56 (%f) — 820/n,where M is the molarity of the monovalent cations (usually Na+),
(%G + C)is the percentage of guanosine (G ) and cystosine (C) nucleotides, (%f) is
the percentage of formamide and n is the number of nucleotide bases (i.e., length) of
the hybrid. Id.

Equations 1 and 2 are typically accurate only for hybrid duplexes longer than
about 100-200 nucleotides. Id.
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about 100- 200 nucl eotides. Id.The Tmof nucleic acid
sequences shorter than 50 nucl eoti des can be

weadsplated as follows: T (C = 4(G + O + 2(AET1/U%2004/026654
where A (adeni ne), C, T (thgymne), and G are the
nunber s he correspondi ng. nucl eotides. An exanpl e
of st ﬁ'%l%ﬁ YIBIF e 25A4eBFeSSHATF t thifhel Pisleotides can be
ngzgraltéjj%qgn&os of conpl enentary nucl eic acids which
have nore than 100 conplenmentary residues on a filter
in a Sout Har FCOF HGr+ Gkt B(AkdE), i s 50% formami de with 1

g of arln at th t zatlonb
ar v (Bt Casinct G Uhiingk ang KePrp i Sge it s
coRBPohlMButBodddd: 2X SSC wash at 65 C for 15 m nutes
{see Sanbrook, et al., Mlecular Cloning - A

Labor/it WM%F“@M@MI@@D@ copditipnp fpﬁhﬁ?“rdlzatlon of
cRRERRPIY nhRe SRR Rl ol O SRy i on

fl@sth 4 So&hﬁﬁ%@ﬂéﬂlﬁéﬁ aldt WS ForPENEy wiBIm | @f R&YEBY @t 42°C,
background probe signal. An exanple |ow stringency

wigsthe hybridizaton beingamrmdant oxgmﬁhh ufpsxample g aleingent veash

t hi th t hat
<FhEBPu SER ST WP T Bt Bifbet AR "
MIBEIISH @Rhing A3 2BYraioRd MuALAS (FRe bl PSprie Haxﬁsleﬁwdr&ory

hybri di zati on. Detection of at |east stringent

(ﬁylﬂrSmng:Harw bTewV\‘)é@h) fone desaiptinn o SBE hulifer)c EXtemthe bigh
s{x{h% ur aslrﬂt P%?cg:trd: ya l'8\rr£/d| gr}%gpé)éw%hato r\ér%lg% 84 cﬁ(gro%nd probe

sG], CA exihsle 169 sthiRgeriel SRERTs 2NISOhi PCoPYS Atk t he
sequence listings herein. As noted, "highly stringent”

ondullt1 gonesalan signdl|te poiselratio o . by for highenrthanethgt ¢bsewyed for

cifi.c

ob SRRREr e L e sl r B ioh ot e oy of §
spﬁﬂﬁ@ﬁﬂﬁﬁhiahah Bef b0t YedSdah @t Rybridifitioh ®dlwded thWbe
nucl eoti de sequence of interest (e.g., "probe") can be

SPRHEAESin ey apntrat ofhg mre;se@tlnvqng@mndé@mr@habv@y strengestructural
ﬁﬁg@ggpﬁqm&ggg (4 QN 2 &13P Qgégﬂafntgg gfésgﬁtﬁgfeg‘%g Bfkided in

ess oﬁpl ary
tifeasequerick 11asng$|hyl’dny st ringent, ultra-high stringency,
or ultra-ultra high stringency hybridization
condiAsinoed, “kighly epbFaNditighssarg selegied rcefzﬁdahoyt 5¢ Cor less

l(g%rqﬁ{ﬂ {hE I%c &Eﬁlﬁ% lemft Efngﬁply th ?Eémfn(yé:e S%r? %efu%e% 1Hmc

exanpl e erm Fng entl 8z

samgthvaﬁmmdo ﬂdrgct ssg@endel emahyxbrcilcsiblzya’elawd oatn@bn\ﬁa@lho the
conditions are_gradual ly increased { by
nPFERNeSTEARENCE RbEMIEi (e 8- dUePEAShBe ideniificd under highly stringent

conditions. Lower stringency conditions are appropriate for sequences that are less
complementary.

Stringent hybridization (as well as highly stringent, ultra-high stringency, or
ultra-ultra high stringency hybridization conditions) and wash conditions can be
readily determined empirically for any test nucleic acid. For example, in determining
highly stringent hybridization and wash conditions, the hybridization and wash
conditions are gradually increased (e.g., by increasing temperature, decreasing salt
concentration, increasing detergent concentration and/or increasing the concentration

of organic solvents, such as formamide, in the hybridization or wash), until a selected
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concentration, increasing detergent concentration
and/ or increasing the concentration of organic

weoloserntisy such as formami de, in the hybridi zap@DOSDN4/026654

wash), until a selectedset 1of criteria are nmet. For
examl e, the stringency of hybrldlzatlon and wash
stoM aTiterigrite mete K suampieythe seneareydf ibrifizatiqs adevash

G T o3y Sgnondle 1.

11113, 13513, 33537, 43640, 4961, 6365, 79,688, 109,9,13 1615, 11DA53 2650,

165153 HamtBenai, 1Yy 188 204mite 2R3 T i 44, 469, 475,
5870861 dompTBhERSY coimLE MRATR Bmt;i?f(gf erfc%tlg i ol-Egd eic

acid is sald to speCifically hybridiz
complegicotany tadgenre fest nudigib r¢idiizeagd MSpb@asaH)\h)dxidml tb atpoobe

npdJFis BRI hieldifes BE e 6 oy woR T BE Byt R S Fefheiibdiny,

nidgchBil gbmﬁ&nﬁﬁﬁfy ghirgetil ORvieH a $§iBRal 6 AbiSe Fliotdd Rabiek g@hlgh as
under conditions in which the perfectly natchedﬂpro e

hybridization of the prebg @cthe Wgﬂévnd@@on@ﬁpn%whlah shetm geity
mlriltc I‘Hbg tﬂ)n’?cfs tb p%g%%ctlp l\%ﬂicg%& ? nl’éaslt'ngtl?tglr ar et

COﬂ I ons are

hybr Ulitlratﬂf(gham@iedcy/\l@ﬂiﬁldmﬂdm hdeWSSIﬁd’(ﬁlditfdﬁE Q@&B@’SCUHWchh the
the signal tg noise ratio for binding of the probe to

smﬁéew@ff éa?m@lzwcﬂqédvaéb RPN aEs iNCroapesintiy l,hf:l shgnal to noise

5L P4 o R oSy Ul A i

a@d gnatlleasolGroi Margat nuuclcné a@tl whidsliybridizeato aprobb@nder such

f | h | |
B TR0 A3 BRSO v T Heghrisedy gty
c&RAPEideh@RPrargat Hhélé(: la¥id iSYRD t(ﬂblga‘ﬁf thl: @Aeﬁm@gr ultra-hi %]h

stringency can be determ ned by gradually i ncreasi
SWMngwmpn@enmy of hybridization and/or mash COﬂdItIOﬂS

evant bri di on _ass exanpl e,
C hos STrldEn R bl e e e e Ry tually
indeabing AtEih %B’rh%y of ByHriteZa68h 8Ad/BNwhdh ddn@iting Bdhetrlevant
noi se ratio for binding of the probe to the Eerfectly

hyridizasion @svey| Ereerample.tthosgén whishithe siriagengyiof hplbridieaiion and
{ t
w\];\l%f(% n%%&tr)lrs I%.pﬁ?(élégs%é unplf thg glénal t8 noas; gzéet 0 %Hx %ngoc?]ﬁBG probe to

thal geFfea]singehtd &cﬁnp’l%&ﬁafy&hﬂg@t miclat aélﬂﬁkﬁdt 184st e, 20K, s,
erfectI% mat ched conpl enentary target nucleic acid is
i

1 %?F Pr80%; Mutargst preeis reievhipkiBYbrigdizesdo aprobg-undghsuch
it L HEeRRY a%&?}gf ol rQIkS rats gﬂéﬁéagkﬁﬂ%m rg%ﬁ@w%%mﬂéd
[ g an -am no

e present ention I nc ose havi
ctanpldms&tqqetlarget oswrieie spidnglsaid) ta wn®EQhk Prd¥eSindér, ulfra-uBra-high
16, 18, 20, 22, 24, 26, 28, 30, 34, 36,
S@ége%dcoﬁ@“"&% 46, 48, 50, 52, 54, 56, 58, 60, 62,

gg S e’cﬁgc?‘r}m?g{ pg gpeﬁﬁes Zliithe Z)i?bserﬁ%ve%%on %1u&%oé%§ravmg an
amino a01d sequence corresponding to SEQ D NOS 4 6 8 10 12 14 16 18, 20,
22, 24, 26, 28, 30, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68,
70, 72,74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110,
112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144,
146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178,

180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212,
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112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132,
134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154,

wd2@és01A8, 160, 162, 164, 166, 168, 170, 172, BCHUSHEE026654

178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198,

288,216,205, 235222553, 238 728,49, 258230 355, 338 0405449, 284246,

22&42,50224@, 2848562543, 28@22622% 2@@%82237@) 2780742575 2?@4280
270, 272, 274, 276, 278 282, 84,

2&%828422:% 2882902202, 29096 2208, 3%0023312 306/808306), 33218314

W10 35524 3 335, 000335 33 36 38, 34 Juckly sde s,

39m452 358, 356858350, 36523064354, 3%&723377% 396,378 33%h, 387684,
8, 380, 382, 384, 386, 388, 392, 394, 396, 398
3%@‘884%99 395 894 4156, 3990043, 4%206449@;4&61244&1@ 41318,

e e R R

4%@56,4468 4607@6244252 4667 468 4710, 4727 874 40, 478280430, 4@436186

6500583, 445 306 288; s8R80296, 50y 305 218, 5514598, 5800,

S TS0, silon 4 5Btk sin B s8R

5@26585‘5@ 5@(564%@ 568470588, 5'588,76 576 S8P3R2.5%%4, 580688,

) 392,639: 58 395 L9: 665804 b oa910.893; 65816438, 68622

62544326 66% 63i)4632 659, 656,838 69, 64525644 Qﬁ@; 6zf85%50 &89, 6515%56
'670, 672, 674, ‘682

6%%@60@@@ 6@9@'66 @58, 68D 472,698, 6%9978 mo; 687202841386 68?83690

o004, 150: oo Joo. AR 70 06,74 1,313, 718,06 Ty 0B edae

T26:\DEB,(VGDY TB2) UB 4173 6 h738e 7416 Man 9k 784 e A113f thedt HHDHA pbl'%_Ftldes
assays described in Exarrpl e 5A or 5B. Exe Iar HH
haygdsmapstedRd asgyity ththe@ﬁﬁ%ée%ﬂb%m%mp@rfg ; des

F]J_lrSe %Mﬂ1$%%ﬁy@1egg%s tggtl\égg%de%ggs% %l%DI-g%ol tl:clles are
prda8ided beretifas SEN) IBNOS 3, 558,9, 57,,13595, 16119,63, 2835, 67 29, 33,
37, B s o83 Monl S0 5139, of 5, et B2 s 7. 70,

Zonl 1 1
81%%3,, 8513497 892@1 9329'5 91% 1@12 1,03112(% 1%'@3{109 1%%?115 ;?97

1196121, 1183a 12§6$i7 ]169 13ﬂ6933 1131 1377239, 135, 1487745, 139, 148151,

1500855, 307 19061 201 1650 567,388,173, 973.298: 177,110 334, 155085,

1@2789 2199 19%3195 483, 1993%01,2837,2033%7, %69 21214§13 %‘15 21214119
255, 257, 259, 261,

2227_223 22@. 2257@29 23%, 2337235, 281, 2398241, zas, 2428247 239 2529153

0 0 0 1

2551857, 439264 463.38% 263,809, 3980730215, 33 2790381, 385 28553,

28%3291,299,2934197, 399,3034503, 397, 3034809, 3513135315, 392, 3185721,

2353 351 363, 365, 367, 369, 371, 373, 375, 377, 3709,

25,38%, 3292831, 383, 3338837, 339,341, 343, 345,347, 349, 351, 353, 355,

357, 359, 361, 363, 365, 367, 369, 371, 373, 375, 377, 379, 381, 383, 385, 387, 389,
391, 393, 395, 397, 399, 401, 403, 405, 407, 409, 411, 413, 415, 417, 419, 421, 423,
425,427, 429,431, 433, 435, 437, 439, 441, 443, 445, 447, 449, 451, 453, 455, 457,
459, 461, 463, 465, 467, 469, 4712, 473, 475, 477, 479, 481, 483, 485, 487, 489, 491,

493, 495, 497, 499, 501, 503, 505, 507, 509, 511, 513, 515, 517, 519, 521, 523, 525,
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391, 393, 395, 397, 399, 401, 403, 405, 407, 409, 411,
413, 415, 417, 419, 421, 423, 425, 427, 429, 431, 433,

wol3bs/0t34, 439, 441, 443, 445, 447, 449, 451, EGBUSAbH026654

457 459 461 463 465 469 469 4712, 473, 475,
491, 493, 495 497,
5ﬁb§295ﬁm 5€b§3556€ 5§bﬁ415ﬁ@ 5@1§475%é’5%h§535¥% 551,559,

BG5OSR 7O dy. ST ISDT. STt Ry, S 8T, Sh50.

535597589D, 66593,035&)]5 667, 5095513, 657, 6155519, 6 58121583, 628527,

6306318855, 633537 00, 6 343 865, 680 P49 553, 6841556657 639661,
6&?%65@%% 6&$%71@§% 6%3%77@%@ 691 383 5k, 6§ﬂ%89 6§€§@5
661, 665, 667, 669,
656’77599671071 7@3790568’)17 7%3’11635 75337l7,689 73191723,6% 7858529,
7309330055, 14541 R 745 Boedisly. 190 733 735, 730, 741,
and DM 98??§I§tldé§ by the iprEEhtinl stpieR e harf HHIDH E’Jtﬁf%?'iﬁat is

i nvention often have HHDH activity that is at | east
atfleast f 4 faldggreaierc HRMbstiyey iag perpparsd tovpditine HEDH having the
ol BRSNS, AT 0,81 SRS RS T

EEamplbISe\ Soii@errHHHﬂDbblppégtﬁepbﬂ tﬂé@re@énttﬂﬂ&nﬁbﬁm ID NOS: 740,
i nvention %HBWNOS 740, 742, 728, 90, 92, 94, 96

7420 d 28640, ﬁ%v%* Apve BERHenzyme pativityghatds atdeast 2 fold
af Poftkndf q’eaﬁﬂ‘ 38 'P(Fllﬁtug 1§ 360 f(;fd g’fetd%g ok Qhé &t&ptg]oi’ ﬂ gc‘_lﬁgﬁ_lrmm sp.

greater than t ctivit acteriu

HHFHQ(SER NDINQ) 2); tmdﬂmpqupeppé@tofcﬂ;ﬁ) o l\m IDD 7%25734 and
0 734 and 736 have HH ctivity that
v THRBE e 578 66 Boigs Sabielo RSN SR e e actvity

|
oEAPORRIRCB1 DR CHAFYS 59 NS LB S e WP

%N@&rﬁ%@nd v3Q baweﬂ-ahIDHserE@metaommqabatns 6ee tcgk(wttanest dreater

e ey OlapioQe PA8T e WD G TN, e Budige fhivites

baﬂgﬁrebmw innh&ExRAPicHbed iiMBxaRipkSSAL i nvention al so
provi des HHDH pol ypepti des that are variants of the

pol ypepPpicsrat Ve 4159 Novidgs HEIDIE polypeptides thiag arelgyriantg of

offogfign £ 1880 2. . 102, Hom 2285 9603

36,88, 46 42784, 48048,5D, 525454 86,58560, 63064, 58, 6940, 98,749%6, 78, 50,
100, 102, 104, 106, 10 11
8% 33, 86,38, 90,98, 94.98, 9&131@0 11@21041396 1P§6110.|zs‘é2 11141@1161423
1 1
R422 g 13032800 195 134,08 135 0. 135 146346, 2 195 152
1348856,1158, 1640262,1154, 160668,198, 1720074,208, 178)480,264, 120886,

153000352 15496 348; 2802599, 2654305, 218, 2 4 41438, 2655320,
2@&24 2[263 2%%@30 200, 23742%36 264, 242)6§42 28, 2467948 258, 2557954,
256 258 260, 262, 264, 266 268, 270, 272 274 276 278, 280, 282, 284, 286, 288,
290, 292, 294, 296, 298, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320, 322,
324, 326, 328, 330, 332, 334, 336, 338, 340, 342, 344, 346, 348, 350, 352, 354, 356,
358, 360, 362, 364, 368, 370, 372, 374, 376, 378, 380, 382, 384, 386, 388, 390, 392,
394, 396, 398, 400, 402, 404, 406, 408, 410, 412, 414, 416, 418, 420, 422, 424, 426,

428,430, 432, 434, 436, 438, 440, 442, 444, 446, 448, 450, 452, 454, 456, 458, 460,
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290, 292, 294, 296, 298, 300, 302, 304, 306, 308, 310,
312, 314, 316, 318, 320, 322, 324, 326, 328, 330, 332,

w@ebs5/08861 338, 340, 342, 344, 346, 348, 350, BORUSHBH4026654
356, 358, 360, 362, 364, 3@6, 370, 372, 374, 376, 378,

A0 Y6485, 5B AT00R, 4 TR0 A3, 450 4524, 4B s8N, 435994,
4%’-411984%, 562,804 455, 56@%1045'91‘?; 5@@1645'31% 5%%2245% 5%*4528
A48, 450, 452, 454, 6, 458, 462, 46

531(252‘373245736,, 5373384749, 54127644,4571@; 54183(550,452 5514845,56,4%8 5@(88362,

5@@366,‘3}% 5@(%725?@, 5?@%’78% 5%%845%5 5@%90 5@%%‘)6
5384600522, 6688065608, 631312 5614, 6&4618 2608, 6@25%245@2%’; 629430,

5 558, 560, 562, 564, 566, 570, 572, 574, 576
65%3443%@ 635540 552, 64B (46,584, 6599652 o, 630658 556, 660664,

A R

7@)41026743@ 7@1308,6H0, 76252,14 6446, 715,620,618, 756026,888, 755432,

, 70, 2,.674, 676, 678, 680, 682, 684, 686,
14885088 0 o S S

sit hindA2d reklfhes 716, 718, 720, 722, 724, 726, 728, 730,
732, 734, 736, 738, 740 or 742 haV|ng a substitution,
del eVamants efitie SHHDHpehpepiides of teepresensinxemtivtinmmayalbd gbnerated

o REEHES: snVEke Sy i By PP BEI se Flset Chraris

of&h&e\/\@h hntk RRHelgenéiRa and tkdad Ak IR Kigh kﬂrbh Hﬂﬂlt Ec!?@en for
art. Libraries of these variants may be generate and

presenee AR I Agivityddepiriied imEsamplpda. Jo rsemn uﬁsmarncps towmyde

deg%%#glr@;ggﬁﬁiiy\ﬂa &ﬁygﬁﬁ' gée}ga??ggg%lses le?lnﬂgﬁltt a$t§/v1rt¥dp i}rﬁ/rgﬁeﬁce of

cmmdngqmmsmhator exdj dhyl (RyUiosiahy- 3LHydIrd)@b§ify€aﬁ@ NAehigH
Hohydrln pr.oduct. i nhibitor, e.g.,
th{f{éﬁ DUtSereRp for idenifying Buah snaymes vs\mp\gﬁed lﬁrl%@g‘mém‘t‘B

Beamg i ST B SAE InTORER Db AP baY o

dquhmp:ewhatdelamhm( ol ang exdstedbaletar e Bequshied change and the
reI onsh exi sted between_ the sequence

oo lnCBhl Boredsna BHam P ReAtc O riNle b, Pipeabence

chaRZ4 TRl r&suffilgl i actiV@tydR nthbeld 6t 51 ngdﬂ@%ﬁe&t&r%/ecﬁe

and resulting enzynme actfivity in ne a library
mefbad descabiedip WRR0G#236d dvade s val idtextiusimg WO mXdhetPdi6dloseerie

USSR FIOENARS TP Eh SRS RSl

identiEyiagFuncdiofalbrhvReded" And iftORIdritkd RerefnBiClef @8R, Based
bi onol ecul es" and incorporated herein by reference.

upgg $lig Medhnd, eofoss praading, impotianisesidussdl eggtaimpenitienstthat appear
to fcgﬁélgfé% v&%b@ % Elcq R&e% Hcg{] %nd;ma(g% gedlt ﬁ@gﬁr relate

were id Por at ed
pdlyﬁuolcbl’n@espﬁ|a)snb@h&@{tlycgtﬁerﬁfed@oﬁllbhﬁw NiblaYy. SRR WRSHds,

the po ynuczi‘toct)lrciles‘:Jl clancloldgtge%frlg deslrgd gﬁal;lzg wvc\t?er gesnerated expressed and then
screened. The method is again applied to the resulting sequences and the enzymatic
activity of the hits. The results are again utilized to select those residue changes that
enhance enzyme activity for programming into the next library. Using this method,

the functionality of various sequence changes (and although not characterized,

potential structural changes as well) is subject to immediate evaluation. The residue
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t he pol ynucl eoti des encodi ng the desired change were
gener ated, expressed and then screened. The nethod is

wagasniappl i ed to the resulting sequences and PAEUS2004/026654

enzynatlc act|V|ty of the Rits. The results are again
ilized to select those reS|d§§ changes that enhance

C‘é‘ﬁ’ﬁﬁ% VAEPES fepiglue Bpsitionsdhalprevide foseahanqed eraymatic Betayity
reltiveGo Y Wil ARy JRASHDHRe Hf&@l%&é&{@élhw lﬁfse b O elsewhere

sequence changes (and al t hough not c aracteri ze
abmﬁéﬁ@daﬂﬂékﬁ@tﬁbnwmﬂtMQngms as well) is subject to
The re v

LAk, eval s .at i.ous
r esi 3u%sepv SR i Sﬁ "’?W&#heprS%ﬁ"&% O#ﬁ?ﬁ%ﬂ %%fhvd%(d:a@ %‘ﬁl} !
clagidtetized ik ﬂie&fulal‘«{t@taﬁ(ib HHDH\hdsﬂ){ ae@@ﬁbéﬂi%@hﬁﬂéimct/%ﬁﬂs that
herein in the se%uences and sewhere as preferred
{

exhabit HFH2H aetivitidnithe pr@@pns@ of prodves cyamabydrin.ag.aethyl (R) 4-

04 & r vity can be
B PRI E) FIPHE Rcter AL Mok R dsspa
Egi@sple iSBe Examplx SBdberibés a pardcanfos atdayitn gQ‘kilhd:rﬁlyfneH.’ﬂQHare
in the resence of _product c anohydrln

?f'fr/l't ! %fp%‘t t%@f& et 3%%%&@%& yrEang | ib TREps haytoareaiy
s&éaeaﬁﬁeagsgféa tH3AhG £} H?Hﬁ*‘f?@%g%ﬁ%%g trﬁ?Qre'aEu@gx{Hr& EomfRtions

| e 5B describes a proto r assayln
thehlzmsactdahproacss conditiens. Whelpresestpaedntion mm\ﬁdesdH]{DH
i.nhi bition. Thus, variant ljibraries nma be r eadi
T R U N S vl e
(R)hAtyAOS3-RedrbX¥foudiaRlin aRNELdy RE&iHelat EXhble BEE. o SEQ ID

process condi t1 ons. The present I nvention provi

NQSD}QSpr;d@%ﬂQﬂeéOQ H&8, 1e2>0hi12)2 1124, 196i 12&dR0, 1Bt 136,t198, 140,

Pt 11018, RSESRRSP BriouPls, 154,180,198, o, 200
20212&4@62@1 m85l1(0 emg, ,21$E1£1)6I D1 9NOED, 28, 2340026 123, 2§(9é32 234,
126, 128, 130, 132, 136, 138

231_64638 124Q 24124244 124@ 24184@50 P58, 2515256, 268, 2607276,1278, 2807882,

238886, 298; 20t 00 294, 296800, 598 0305, 398, 3 R0 410 29,3 A%

3213322 A22,32453328,236, 3323834,246, 3%4240 344 34214646 248, 35@5@52

359356, 338, 3635362 364, 3650055.308, 550514 308, 3780830368, 3591086,

38331290 %bé 39%1‘3“96 %b% 40'%3%%@2 %ﬁ 40;@2%08 3%3@ 41%%14,%39, 41%2%20,

42?-5624 386 436930 3162 43365436,388, 4406842, 340, 4457 248,350, 4537654,

455058 308 46757643406, 4630870418, 4741976, 415, 458r 452, 483, 45bpts.
4902292, 424, 4962698 45@8, 5043604, %@8 50‘83§10 %3@ 51413§16 %gg 52‘64322,
444 7446, 448, 450, 452,

5246526,488, 5307632,4634, 5367438, 4546 54&7844 4586, 5%8250 482, 5548656,

ssh 360,50 sy 366, 358, 5§72 535 578,378, 380, 52 854, 238 g

59&3294 584, 5983600, 568 6(ﬂ4606 56@ 6154612 345,6184618, 920, 62@5824,
556, 558 568, 570, 572,

54
6%7628 78, 63350634, ééé 63§8a40 éé% 6458@46 QQ& 650, 652, 654, 656 638,
660, 662, 664, 666, 668, 670, 672, 674, 676, 678, 680, 682, 684, 686, 688, 690, 692,

694, 696, 698, 700, 702, 704, 706, 708, 710, 712, 714, 716, 718, 720, 722, 724, 726,
728,730, 732,734, 736, 738, 740 or 742. Polypeptides that exhibit the ability to
convert ethyl (S)-4-chloro-3-hydroxybutyrate to ethyl (R)-4-cyano-3-hydroxybutyrate
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592, 594, 596, 598, 600, 602, 604, 606, 608, 610, 612,
614, 616, 618, 620, 622, 624, 626, 628, 630, 632, 634,

wo3B5/0688, 640, 642, 644, 646, 648, 650, 652, BSHUSHDBH026654

658, 660, 662, 664, 666, 663, 670, 672, 674, 676, 678,
680, 682, 684 694, 696, 698, 700,
inythe, ass:ﬂcwf E%@@pleﬁ?e Worlict)alsorignomsmte HHBH aetigity ypthe agszy of
E%gﬁn , (28, 730, 732, 734, 736, 738, 740 or 742.
9pept’i des that exhibit the ability to convert ethyl
(S) - Mathbdsrfor @nh;aﬁngxrmbmtt)hlbatrtes tre vedlhiown in the art. For

CXENP i 421o55 SHBHBFOES SLSRE HET o 0y Ty P REL iy
pr nEé‘l@(FﬂQie‘se (sth ai\@i)m&pfléj rWl Pﬁ-ﬂﬁg eﬂﬁé%rnucleotldes or

braries are wel known i n art. For e
tmcagen@tléesarfdhqunem ev/eew)m generate v friaind libramieh that can be

tid i )
et o BReds 559 bR PRt iy SS af R BSeing dduiggenesis
aﬁ@@u&@éd’é’%ﬁlt%tm&ﬁ@ds@m WaR kR6WR BNthelafty &Rk ) 1, et al.,
gener ate variant libraries that can be expresse

BPi@achEd [0 BRGN BytAgpeasisugn ﬁgert/w,"ré&ﬂloa@_hlﬁsc Bﬁt@ﬂ 157-78
(159 F' Haddf A9 epﬁgbﬁucj‘éb%gg d%r%&&? E*an%ﬁ& rﬁﬁﬂag%e's@tusﬁg% are

Known 11

phéyphoitibas nteﬂqdaNAwmmbagm)esBlst SMBENVBY (1966); SrAtha!'In vitro
Bi ochem

. 254(2);157- 78 819971) Dal e, et al. " ]
MU geRe cABBR & Ganete dP %M@a@%gs al., j$irageienand

BB B 0 oy, g i

dirested faatugtnesis, Biod&3n 46 237 19BHOR6Bdirster, ot alet"Paint Mlsmatch

[ f t t
ot S0 ek PSR
ni&ﬂcﬁ%f@éie?aﬂon%‘fm mhtaho%g 4 de'ﬁ?le& §196%6‘)Ger1§r 94"3&5 3?3
Poi nt M smatch Repair, 879-887 (1984):

(WISE) ;SVlinghulhlet 2l.," Brosein evelution bgmm@ulsar beeadietf" Gireamt Opinion

DR 2 57584180 o TYLPL, Bl ol L L4

th @ﬁl@lﬂhagyfdrhﬁzpﬁh&ghéi?laﬁﬁﬂ ugihg DN daly shufBge Nature
i ni on i n Chem cal 3:284- 290 (1999)

Bmtechaplogis17:239-364 (1999); Eé@tl@%l eb gl LIPNérﬁhéfﬂlﬂhyfﬁi &amidy of
S o BAOREGAL AL BT o
Cairagrgret al. eMdalbcular eBdIdtish of id are¢haed dedoXification pﬁfhv%ll’t@sDNA
fromdiverse species accelerates directed evol ution
shyftlinee, N&M@Eﬁm_mléﬁéﬁﬁ%éw% Zhan&mt@bu Rjrected
egﬂgég(ﬁ oS é?fecé% 8§ AR Srofleh gm&bgeése Q}B@%ﬂég%/ atr A

ing,” Nature BiotechnoFogy 15: 43 -438
s&bamng," Btoca¢dings"ditheeNatbohabjoddeim yoof SvienaesseUfSeAt, i9det5-4-

o RS o oy e BEL S RS S AR P on
usifik SINEL SRuffltheS: ﬁatuﬂeo%geggrh&ogﬁqg% 15 @1@@96) S%Em%er +"Rapid

| iproved green protein by ol ecul ar
eealofion pfonprotein in vitro by DNA shuffling,” Nature 370:389-391 (1994);

Stemmer, "DNA shuffling by random fragmentation and reassembly: In vitro

recombination for molecular evolution,” Proceedings of the National Academy of
Sciences, U.S.A., 91:10747-10751 (1994); WO 95/22625; WO 97/0078; WO
97/35966; WO 98/27230; WO 00/42651; and WO 01/75767.
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usi ng DNA shuffling," Nature Biotechnol ogy. 14:315-319
(1996); Stemmer, "Rapid evolution of a protein in

\N@hMﬁmrhleNA shuffling," Nature. 370:389-391 ¢AP84)0p4/026654
St emmer DNA shuffling by23andon1fragnentation and

reas enblx qE@ltro reconbi nati on for nol ecu
evol 4 piher espboduBent e PEsseR ARV eRE PR eh%apr%%@rfgﬁgafem of the

. I't Y 1 ’
A R o e
gweted 1Han3he 7ct1vmtyarﬁe!tgh@hacmod¢mé\nﬂd -tytplel HHABEESEQ ID NO: 2) in

SR ioe Ay helrcr RREDN (Ehemiabh e ia gplvpeptide

hhiak aidslefibn b &S 11t045 irﬁiné a@fd%il&ﬁestfﬂﬁﬁ‘ tl{efl%rlﬂﬁ é’ﬂrﬁﬁ:{us the
of Agr obacterium s | d-type) HHDH ( SEQ |

afriRo EBENS,ofr bpthe p@rab}w thesdelgiwon ik & hio § reeldpe? fwm the
. ﬂ;g%" refers to a pol ypeptide having a del etion
Cg%5?§0n1lu¥b 5 am no acid residues fromthe carboxy
termnus, the amno term nus, or both. Preferably, the
deletlon |s froml to 5 reS|dues fromthe carboxy

5Pol ynucl eoti des The present i nvention
proqu i des
pr Erégeﬁtxm&hsﬁhm@&stppﬁ&uag&%@ iBhE S S A

resent I nvention. a speC| nt of
pblypeynrcbs eﬁthelpne.semt 1hwnt10hll—|ll)i—h pedcifitughisali e of clonpescne a

R BRI RALY B gen PRy & PHGeis E1d BHTBRg et nder

stpGb @i condiGibs G\fé‘%%ﬁ%@ﬁlﬁglljﬂgleteﬁtléﬁggﬁ)of\@nuéielc%ﬁf e the
pol'ypepti de encoded by t HHDH pofl ynucl eot 1 de

comeprnding taBEQAPNOaL whg@themiﬁperp@vle aucaated by slst HHRG
#nn Ci %l C Les duae Sel Aacl S ue C f)ave %rtqéjs CI?nSI St nﬁl
PEPHERS d(’ SEIPH3®) "p%%u“f’.% Eq ACOP I €L PN YRINO;AG
reékidu¥ salect@Siohi @B glouplRoatisSHIT Hrdidue) poietion 2, oPP or S at
position 9, L at position 10, S at position 13, S at

PpYYEPR BoN amosnll@ra% Dh@iosition 61 sithec] g pbROSitiaND, 16at ppsigien 10,

t 2
S%tt gésdfs?&fi 29 £%2150§ 'tlhglgs os?tgonébﬁo oF: e{< p%%lglgﬁ é,n”f §§R agp%%mon
1pasihtet Cror S%r Kha@jostioni20| Dt ﬁ&m(ﬂi 24) Qpittposition 26, Bt p0s1t10n

osition 33, R at paosition 3 position 35, N a
2B 5Bt RS HionEd. A apoyHen 89, &na@r)smen AL, G pesion 3 R & pgsition

3R0S hlt d§ﬁ1041435 ﬁ a"i oblQsh 85 G aéémt@ hiep £ 8§1t16‘h %6, L o paotsmon

p05|t 7, posi ti’on p05|t|on
4po altporsmOﬁBl,S Btfwt Ppos\ atipositiss 47N at pesdsort 52V Eztfhosﬁioo 54, R

D at.position 61, osltio at
oSS o bt pesitn 463 bt SheC D poraefieand 1y g atpogigion
6BOR 'a%bd%ﬂlcﬁzn ehi RRltior 737 Pat pRRRH TR T zﬁf)omﬁoﬁb%}f’?%t bdsbn
85 at position 91, D at p05|t|on 93

8%,cf;s'ﬁht:r Hor Bt positien &bsﬁ atiponitio 8SKE at pcpwmrtSPloﬂD dt@psitidn 88, Q
0 on.114

OB b5 B ppale, T B S B e
oG at posmon 114, A at position 115, P at position 117, N at position 120, E at
position 121, P at position 122, R at position 126, V at position 130, S at position 133,
AorV at position 134, L, W or V at position 136, H at position 139, I or R at
position 142, S at position 144, S at position 146, T at position 152, S at position 153,
either S or A at position 154, V at position 168, T at position 169, F at position 177, V
at position 178, I at position 180, G or I at position 181, K at position 184, Y at

position 186, L at position 194, N at position 198, M at position 199, E at position
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position 121, P at position 122, R at position 126, V
at position 130, S at position 133, A or V at position

wd bsoL71W or V at position 136, H at position BGDUSDN4/R6654

at position 142, S at posuznon 144, S at position 146
either S or A a

I.1. t 153
2P PSR e abn B LA i oo, B
ofA dR0shtgoRitioh 245, Y atpodd@si 3490 ok {8, pé’sﬁtx&?%f LR Vlcﬁgmsﬁ‘on

or | at position 181, K at position 18 Y at posi
238 avheatopgmaily iabgnetiowith SEQUDNOI 2i The Q@Se,nt Ml\&:htlpmallsbl on

pogdle Pi o%ﬁggg oiyn%? & g%el SF @:P:gg@l tlﬂi%ﬁﬂlsﬁ‘é}g‘?‘} ‘i’lﬁﬂmﬁﬂ)fm

expredsin ih Bocold The p'olgp éms bﬁddd@d 8§15h1s Yodthn dpislitdon 249,
V or | at position 25 osition 254, when

p%lpfw%ﬂqdy canpw@aswlﬂﬁbémglmspw rom Agrebearesientp. (SEQ ID
?htl on al so provi des an HHDH pol ynucl eotide, SEQ ID
I\IO 1, that is codon optinized for expression in E
coliln éﬂdalqnotlyeq&mendmvanmqﬁde)@s stpbctlﬁc poBanclegidest zed
ol ynugcl eo esponds .t o, HHDH ypeptide from

cfebaine S 5 NQEEDED NOL ) 151 H A8k Parnds aess, 33, 35,
3PROSEN3I Y et u@m 5950 Ighl ! | e9tsd

cor respondi ng’t E 5 % S@QGP 6f3 65 %8 8%:;‘1 ?%7'512?’ 79,81,
83,85, 83,8221, 9?395257 9271012903 387, HH 1(397 ,11391134115,437, 119,

185128 1257827, 339, D 1351330373099, 431, 143 145, 14001490831, 153,
1957 1599.591 041, 16@31,6510@ 16@717119795 1i§f1177lil7?9 1“-518%1%2?5 487
119 121, 123, 125, 1, 133 135, 13

189 191,193, 19%497,199, 2(114903 .@i 20175209 35, 2135°215,189, 216221,

22}36225 %g? 2%96331 }%% 2%59?37 %é 2%?43 %ﬁé 2%%49 %ﬁ 2%355,

2907259, 2!59 2651 265,263, 2601571, 22373 27151977,229, 2842383 22%5, 28?72589,
% 29 % 2339 235, 2370 241, 243, 245
295293,2893, 2995599, 591}, 30853 5?@1 3095311,348, 3156317, 2569, 32217123,

a8 33 38 s 5154880 41 o408 6 o405
3991761,369, 3652367, 389, 312573,373, 3732979,381, 3833385, 333, 3836791
2 it sk AT 3o SE e,
42?/8329 &@5 43%8135 %%9 43@9141 393, 4439247,399 . 453353 4% 455’(0%59

415, 417, 419
4@12463 4129% 46473169 41332 447354754377 44?9948144&3 48534874489, 947493,

193749 99501300, 505507, Sep. Ao i%agts. STdeniSR, bt S,

524:9531 493, 5359537,499, 5449943,543, 5470849, %@5 55@0355 55@9 55@1%61
515, 517, 519, 521, 523, 525,

633865, 367, 53671.512, 554317, 55, 58435 5&9,’5855189 593, SB35
5527309, A1 6(Ba05. BT 68811, BEE 6130417, BlY 6223, B3 e,
6380433, 603, 6360539 6Q7,6480845,641,6461851, 635,6581457, 649, 6632463,
66? g67 663 671, 673 6%59 677, 679, 681, 683, 685, 687, 689, 691, 693, 695, 697,
699, 701, 703, 705, 707, 709, 711, 713, 715, 717, 719, 721, 723, 725, 727, 729, 731,
733,735,739, and 741.
Those having ordinary skill in the art will readily appreciate that due to the

degeneracy of the genetic code, a multitude of nucleotide sequences encoding HHDH

polypeptides of the present invention exist. Table Iis a Codon Table that provides the



10

15

631, 633, 635, 637, 639, 641, 643, 645, 647, 649, 651,
653, 655, 657, 659, 661, 663, 665, 667, 669, 671, 673,

we1M5/067441 679, 681, 683, 685, 687, 689, 691, BOBUSHOY026654

697, 699, 701 703, 705, 7Q%, 709, 711, 713 715, 717,
719, 721, 725, 727, 729, 731, 733 35, 739, and
smym%s@mamrﬁ@cbm}wﬁcgﬂ digriexamples the cacﬂqnsw%% AGG,
t agy 0
CRRGY, CBY, S 2L 1 Blecll ' i B ARAGE L B Sy
pesidodintge hirDkic poidy pémblmimtlolﬁ whbe qaraegiaine is speeifidddy a

e regite vy Fap LB Sy s B s
vME@utCé?Qﬁﬂé tté%co&%oly%@ﬁtldec%s a6t Shdr B rPdn RRACRHence

the amno acid arginine. Thus, at every position in
cotespondsl teilcinadPN4 sefluanke | nvent| on where an argini ne

is spegcifi b odon, the codon can be altered to
any @P&Fﬁe%gogf)ﬁe[%%ndi ng codons described above
Wi MO abEET T Ng the Qf&%'ed potypeptide. ft 1S

underst ood that Uin sequence corresponds to T
hl L m I l‘l(“

i n re-DNA—segduepnce—Tab AR Hre—actds

Codd™Afni neﬁa A G@RG@CC %G@%Q@ne Cys C U
Ucl @AsEEFt i ¢ dorsd asg Y8 Gutanmic acid Gu E

GAA “saettippiddy | A3PanPne %@ F 0488 UL Aycine Gy G GAA
G¢ @WaancaddHi@lvi dEng G4 H GAG CAU I sol eucine e | AUA
AUC BAenyldlyngien Phiey sSFK |ARACAAQILRLCI ne Leu L UUA UUG CUA
CUC @u3eCUU MeEGIRi 06Gi NeGGAL MGAGG S8GGr @gsie Asn N AAG
AAU Hastilidene Prigis P BCA CQC CCGAeru d utam ne G n Q CAA
CAG 1Mgicik ne Aled Rl AGA ARG CRCCCRTREG CAU Serine Ser
S AU UCATWRC KOG AW Thageni ne Thr T ACA ACC ACG

ACY L eucine Leu L {UUA UUG CUA CUC CUG CUU
Methionine Met M | AUG
Asparagine Asn N [ AAC AAU
Proline Po P |CCA CCC CCG CCU
Glutamine Gln Q |[CAA CAG
Arginine Arg R |AGA AGG CGA CGC CGG CGU
Serine Ser S |AGC AGU UCA UCC UCG UCU
Threonine Thr T |ACA ACC ACG ACU
Valine vVal V |[GUA GUC GUG GUU
Tryptophan  Trp W | UGG
Tyrosine Tyr 'Y |UAC UAU

Such "silent variations" are one species of "conservative" variation. One of
ordinary skill in the art will recognize that each codon in a nucleic acid (except AUG,
which is ordinarily the only codon for methionine) can be modified by standard
techniques to encode a functionally identical polypeptide. Accordingly, each silent
variation of a nucleic acid which encodes a polypeptide is implicit in any described
sequence. The invention contemplates and provides each and every possible variation
of nucleic acid sequence encoding a polypeptide of the invention that could be made
by selecting combinations based on possible codon choices. These combinations are
made in accordance with the standard triplet genetic code (set forth in Table 1), as

applied to the polynucleotide sequences of the present invention.
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Valine Val V GUA GUC GUG GUU Tryptophan Trp W UGG

Tyrosine Tyr Y UAC UAU Such "silent variations" are
wonmsepaei es of "conservative" variation. One PET/US2004/026654

ordinary skill in the art @l recognize that each

codon in a nucleic acid (except AUG which is
or di fagionp of ko enmorecditierent endopethat, vrien &pndatad fethe same

i i r M i "
PRkt B St AR 8 SOP, BURT-I0 BRI o syponymaons,
ceddmsrit HHAYH pbiyancledtides ofitegireseatcin dention gl yesecdes optimized
ol ypeptide is inpljcit in any described sequence. The
fPrRreRsroR I%B%I@ﬁblﬁa%%% OFgAispY BN maeidying iy nahiuglpgtiges to
cBRRHhRIifh %ﬁgbgaﬁmmoﬁ%n Dok &e%gﬁe@@gs%gﬁﬁgg eﬁ@;@ Having

pol ypept i t the invention that cou

osdihaytskillgnelevot wall regngnibagedtables pud sthbit efaredes providing
cr%oi ces.. fThes.e forrbi .%ati ons_.are nade in @goraga&%e

PR eI T UMAH A P 4 Wi Fdee 9L REEANIS™MS Sfercpdiby ayalpbly $45 e-g-
Heabht@ind)DandRinaR PES@EritKa chR aRPEMMenLIEDt NERINGRIEAUE DL BRIs.,
of the present |nvent|on.Agrou of two or nore

AfiNI Pagse N ashingondD -Ch 8990 npen2Q47 ated in the sane
cont ext @ﬁﬁgﬁ S ] ] i referred
to hz%e?xr? giarﬁsynony\;r?gg%t p%%gﬁfg_o{fc?q_%%ﬁgﬂﬁgl ;ﬁjﬁcﬁ%‘c‘g |{des
iffentibRispresiaed ad SE@MDING: 3| whikth ¢xpetasesomdll ifi & edlif This
expression in a particul ar host organi sm by nodifying

pehauglgptideie paatia o6 SEQ IHNPo A thatickpressse thegiol yagntidd don
i o . . ‘
céﬁ%ﬁg@bgi{%ﬁqﬂ 1802 RS E.Ocro?ﬁaﬂ la3&0el Ipz(fb%%% %g’%’fotrl](g B]I ggfszr than

I'n the art™w recogni ze
tieenanain expresteé frencEBQADANO A1 (g ,pHEIDH -e nauelin g al ymed dovide
for.a w de e. of organi sps are readily avail abl e
eagnding pative tfr%d‘gféﬁlff?ﬁ‘f"ﬁ 8-> Escherichia coli and

Sal MR edh@embodicARaN Mo préfentinvedth, cerdmMddoRS are preferred
Washi ngton D.C. (1996), pp. 2047-2066. An exenpl ary

vieDithe/fatlbwintg nesilyesuct emploged sethe & pblytphptiqes ©f getpresent

N tigQn. .ovi ded SEQ I D NO 31, M . .
ROt 84T e plif R BR oD o bpasitive LG gnading Lysine
a¥ @hindici A os oo 36PAND entodif @ TsofotiRn@ %6 8%ido R PRIMRRIGI; e G

corr_esgondi'ng to SEQID NO 2 fromE. coli at a |evel
ea¢o tutamiy apisl ay amiighaoid pefdion Hi andb Gt enepgingdyeline at

RTERIR RS, e bR ROR AL A ROU IO e
encodi ng hati ve rom Agrobacteri um sp.)’. I'n” some
cerrespdhding tamigd adid @opities eNSEQIMDEMOt 2 nwhanahé aivenE@CTHRDH
are preferred when the foll ow ng residues are enpl oyed

PP}YPFIP\[QGHPWIEBF%Y@&SE&@ BITO:che. present invention: ATT
cno B SOLGHENIR ) LU0 PR ROSH YAy M aaons
aengsed iimerchageshlg haeimto rafer rothasd ricpeis adidothattéhcodsM@entical or
essentially identical amino acid sequences, or in the situation where the nucleic acids

are not coding sequences, the term refers to nucleic acids that are identical. One of
ordinary skill in the art will recognize that individual substitutions, deletions or
additions which alter, add or delete a single amino acid or a small percentage of
amino acids in an encoded sequence are considered conservatively modified
variations where the alterations result in one or more of the following: the deletion of

an amino acid, addition of an amino acid, or substitution of an amino acid with a

chemically similar amino acid. When more than one amino acid is affected, the
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encoding Qutamc acid at am no acid position 95; and
encoding Proline at amno acid position 188. The am no
wa@eoodopusi tion referred to above is the corresponusIng4/026654
amno acid position in SEQ2BD NO 2, when the invention
HHDH pol ypeptides are _aligned with SEQ ID NO 2. The
REEsERtage ORISRl R S thorfiaming) agid residucs qer the length of the
R Rt P R e ARy IBE alPh RO LORR Yamino
acilis it asd considersd enbicatatiye substitutioas farwneanehérchre well known in
equences, or in the situation where the nucleic acids
tg‘?%t'not codi ng sequences, the termrefers to nucleic

aci dq:“‘,xltalﬁﬂ)‘iesaff RohdBativE AlbstifdiBnOhre AFithiM HeYersld of bake anlifo

art will ‘recognize that individual substitutions, '
adisls éargimree, bysingdaidthiissideneaciglic aihineracida dglutaimicle¢idtand aspartic

singl e am.no_agi r a small percentage of. .am no acids
R et AL AL G Birohe 3R stash 5P oS sRens Fbe B
(Tciink, isslencartid @id iligeVaoneitit Amitd icdalphemsalkisifélltyptdphan and
one or nore of the follow ng: the deletion of an am no
tyepiae), apdismalbampro agils Blysipe salamine, Gering, Byeoning, ipselingf cysteine
AT B, Arhlherhe MRk iER 18 hoPEnBRITElEr RS
acyyitycak kylowe $is the hatrand Mreodesaribedo faa @k dmplesby He Bleonae arid e L.

en of .t he encoged sequence, and re typically
}bgsgji&h‘e{h B Prrerer e“rf@é%@ﬁr SesaiVRY Hindhaiaascagenty
REGrIRL BRUHARERAE ANTSEY FLINE PRSI THYSENRISGFy, AV Thr,
another are"well known in the art. Exanples gf
SeonserAlatValeSe((bst TynRhieoAk/BroeLyd/Ahg, AsphsngLew/ e dfeu/Val,

asi,c amiho,acids (arginine, |ysine and histidine),
‘Agé/i%lﬂi"ca“ rﬁsi%&é(c?lsd‘éeq](aﬁﬁ}ﬁﬁsgm ’?V‘é‘)é?'d and aspartic acid),
pol arCRERiRiREY flibsfi@tcdtvaRhiiéhs M hATRBIRPOINEStides of the present
hydr ophobi ¢ am no aci ds (I eucine, isoleucine and

iyeentipe ncludesrbtitetiongion o smell gercenhem yypa¢adlyiless,than 5%, more
t%lprgl%,(eg@ﬂgsgsﬂﬂar]a% I &?énqg%%’etl}aar{] ﬂqf’ %gﬂ]lelnag?mmg E(%flfa ﬁ%e&% polypeptide

al ani ne, “seri

sEyiehed, e thadEbn ey i vy StddctediThine adidi of tisddasdel dorkdrogtsre
whi ch_do not generally alter the specific activity are
SKprbirionerowe B addiipnnfscqnesessivwiieh de et alieahsicacodsd apfivity

. . " r 1 " .
BRI i, s A9 o F U RELRL o pon e
sequehes) gesondideredl asdobsdryatiWel viatihteon dfxhé BIHDH pblyhbeeotide.
Al a/ , a/ Thr, Ser/Asn, Ala/Val, Ser/Qy, Tyr/Phe,
Al a/ gpﬁxr‘ugfyemsgf thesspse8hinVERS{pm a8 be pgpetpsl using metapds that
B HRREA Y @RS atte 'ﬁygﬁﬁll)%,rbﬁégndcﬁbdﬁﬁ&%ﬁgy to aﬁout 120 bases are

f the HHDH

Conservatively subStituted-variations
ipbvigpapt syewsiaéd,tthen joimed éng., bynewsymatic or nbé¢midel ligation

oo, Polpe g Ay BEE Brlafr ssnen Bl Bvidesite s
chh@iloh¥aQfuehde FRINERANES, fhiyiclebhi8esriTlt¥PsRidnd frvention can be
prepared by chemical synthesis using, e.g., the classical phosphoramidite method
described by Beaucage, et al. (1981) Tetrahedron Letters, 22:1859-69, or the method
described by Matthes, et al. (1984) EMBO J., 3:801-05,, e.g., as is typically practiced
in automated synthetic methods. According to the phosphoramidite method,
oligonucleotides are synthesized, e.g., in an automatic DNA synthesizer, purified,

annealed, ligated and cloned in appropriate vectors.
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sequence, wWith a conservatively selected am no acid of
t he sane conservative substitution group. The addition
wobkoosegquences which do not alter the encoded aeptT/U$1094/026654
of an HHDH pol ynucl eoti de, 28uch as the addition of a
non-functional or non-coding sequence, is considered a
consdn 94difign egsenfially sy miclaihecidirmm-beeisiom erdsend fgem any of a
ik SoBicr, AR D MR 8 RERReRP Company
(Myglandy [T1X), Thé Goeno Aoheeiotn Gese Gbmppnyt (Raakumal CAZ ExpacseSen Inc.

(§h§9é£ . ):zliog)lléral l%ﬁ?ﬁﬁ&%’gﬁg Bﬁ?@ﬁ%&%%?ﬁ%@ggy gt'h’erspy
pol ym%gaﬁaw@&iésaﬁa%ﬁalmmmesm l‘)?{?v?r][gﬁﬁé@ﬂtt&ﬁlnl@ﬁe?@sy

desi red conti nuous sequence. For ‘ex ,
dewsiripad ol thetéchivisaldtiterahme pBess eigt, Gammpghrers, @nailc, £pléh Epring Harbor

Lt Bl TR P DB RRl At dli T e see.

1B5:88¢ ap33) ebodble strdffed DN Fiaghefis dihyliBérd B Sbtained either by
22:1859-69, or the nethod described by Matthes, et al.

syntheagingREomplengengay syad and agnealing thesstrapds tagiethgr under

BT T DS R  Bp

polymiches ivitchn ppgopriatdpraneradtyaeies.i ¢ DNA synt hesi zer,
purifjed, annealed, |igated and cloned in appropriate,
vect Giegenahtextsarhichydescabe mqtechlar hiolggicah tpehuiquesyuspipl Aergin,

e b Rty SRR b e SE B GRTTRISHE moreer
agd/Kineret Guide) to Mhlec@ae@lonfgerdchaiquése Metifoaisim Byzymology

Vo DRtk RS Riearin Drion A iRy o & o
Mk Q18R d %Lﬁwatéfyasﬁa%l matmﬁi v6d 18y CoRd §pridoMstbor
techniques as describéd in the technical literature.
Lgberatogy, ¢ old Saripgxﬂlaéqos,,Nfev Yark, 198 (‘S agyproaky) afed Ganrent
2Ry el Bl 50 A0 A28 R HR o

vERNAref HeRQERI Gz e iBFuBIRBM g e seitad, e afll Y6 Wiy & Sons, Inc.,
synt hesi zi ng the conpl enentary strand and anneal i ng

(qupelegienieddirop giy bPHR(" Arwbe!”a ppraniniescaf dretopels sufbinient erdirect
pg%fn?sdch sRf1 th Qm}tﬁdﬁﬂé}gfcxuéﬁ ﬁl@ﬁl%dy%agdiggﬁﬁce epolymerase

ynerase w an appropriate pringr seq
chaif egaglion PAR) thblighkedsiarrdes o OLERYIGR-rdplichseGintpdiffication and
t echni ques useful herein, includi ng\ét he use of

othse ROAspoliymerase arediagasldechmiped {hg r NASBA)ase., fepghe production
e i e :
o B RO Rh AR el TR S Jol Rl E 48, EupR o

Asetses,, as wetl as Mpalihis bt &g @1980A U Beragait No. $88B202KPER Padtocols A
Mol ecul ar Coning - A Laboratory Nanual (2nd Ed.

Cide 15 MGhodsand Afhiicatpraots e ohisgh e chdgmicaBEes 1551 SaigPicgo,
{1996y (INGYY; X2hneim BB Rvihson@RuaHK 1) 19005 CRHEN &3L47: The
Journal Of NIH Research (1991) 3, 81-94; (Kwoh et al. (1989) Proc. Natl. Acad. Sci.
USA 86, 1173; Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA 87, 1874; Lomell et
al. (1989) 1. Clin. Chem 35, 1826; Landegren et al., (1988) Science 241, 1077-1080;
Van Brunt (1990) Biotechnology 8, 291-294; Wu and Wallace, (1989) Gene 4, 560;
Barringer et al. (1990) Gene 89, 117, and Sooknanan and Malek (1995)

Biotechnology 13: 563-564. Improved methods for cloning in vitro amplified nucleic
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Protocols in Ml ecular Biology , F.M Ausubel et al,
eds., Current Protocols, a joint venture between

wex@sne71iPubl i shi ng Associ ates, Inc. and John W¢ws&04/026654

Sons, Inc., (supplenented 2hrough 1999) ("Ausubel ™).

a s of pr cols sufficient to direct persons of
a&ﬁ% E;{) Fﬁ‘gﬁ@hﬂ RiaMee ?’(ﬁa -iFa g |56‘ﬁ619é§h363r0"ed methods for
amgﬁ%ymg Rkl R 1RO YAES: r}{m%}ﬂ, h&fe upehérPgCB)azt(%%) Nature

gase chain reactio -replicase
369qﬂ8|4f6&5amddm mfederceheitedRhiExepo inywhich PE€Radpladond of up to 40kb

h duct
R Db e O S B B ] Rl bR e ey
ah PRI ¢dh JB3&I08 CrtedIABY @Rble RAHIAUSNASuitaBiS f¥Eebtridfon

Mullis et al, (1987) U S. Patent No. 4,683,202, PCR

degiiane BCR %p@ﬁi@baqddewm«gysmdemw tranaetipiase adrni s

p(?l&m%kziss: egl% e %\ql%gbq(j eé\?%nﬁ@rg%ll E&?%@%ﬁ Qi’ggplofgg% % ERIO)
36-47; The Jour nal O N H Research (1991) 3, 81-94; -
V@wPﬁmcﬁér\s dnH esBioAGys®as| - Acad. Sci. USA 86,

1173, Cuatell1 et al. (1990) Proc. Natl. Acad. Sci .
USA @fre pregend invegtien flseinchides repo@binagt @nswuctmnpm%ng one or

e L o

dbﬁhﬂrlm'eor 'nhOBR)aciddvmshuct S GersBardin fge hudéic atid, él@l&Q Gihgle- or
Gene 89, 17, .and Sooknanan and Mal ek (1995)
degblg- éfé%nﬁieﬂ,owcfiss isajaigd brom a paprady @aCUTERS 8BRS grgrhich has been

o L T e R

exettihmdsird. GFheataph I'fuclaig ad:xdlcgmtnmutfhes}moaymd& bych ieRenAn e

.sumarized in et _al 1994 Nat ure 369: 684-685
"XREFSPIAR CRePT aﬁé&ég%w%ﬂceﬂ RERN uq ?Pr\ﬁﬂp%%e pepgrol sequences

re@lﬁﬁéd ﬁ%ﬁ,t)@gmrpom Hiltopr &fcﬁn@&ﬂﬁé&% &f the @%9{ in9Edtidpar y
he art wll readily appreciat at
es s eiﬂtw piiebgnt amgniRdralsaproyales omexpresibn vector gouhptiking an

H R B R B EranE e Ry ST peite
ERétflple 112bYitey &R crififsh oftholh: to MikE R BlessiSR Bt saakts 36d

Berger, all supra. Vectors, Pronoters, and Expression
ewgismwfhhl@hm@swlqgﬁwm iThe tesme gontr) Iseqiisnces " refers herein to

o SRR LR BT BTRLLA ORI s RRES Lot ™

pappamde 'Bh thetpeéseht ip od1sioh U Elach Gdntron B&du@hc‘e i dy Be native or foreign
construct” refers herein to a nuclelc acid, either
tosthp greeotide sanmrecrcodingdbapolypintidei Sushseangobepapetsies include,
Iy to
oASASINLOREN (00, AIURERTE TS, BRI ALgc.
psomalter, signal q»epteievueqmne«,lamtl tiansanption ermiitaeort extra inibe) the
aci g const ruc(il IS sf\:lnonymaus W th tf]e term
coniSgh SEAERTS Elee BBl O BSGTIRUPER and drapslasianal pige
SIgﬁm arRScInft®l SRDEARS m§ B &edr@mmlm@é?s fRthEFRPERIFON
an HHDH coding sequénce of the present invention.
1ntroducmg specific restriction sites facilitating ligation of the control sequences with

the coding region of the nucleotide sequence encoding a polypeptide.
The term "operably linked" refers herein to a configuration in which a control
sequence is appropriately placed at a position relative to the coding sequence of the

DNA sequence such that the control sequence directs the expression of a polypeptide.
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The present invention also provides an expression
vector conprising an HHDH pol ynucl eoti de of the

w@e@senti4i nventi on operably linked to a pronotBCT/US2004/026654

Exanpl e 1 provides a descri3pti on of how to make
expression constructs for expression of hal ohydrin
dehalVipanised herpie thederm "codingrsefuenee|uis iterdedrteteyes a

' I , 8 1 e n LY «Qr .
USSP SR e, FEERY IR Bes HE bRl sl GRRERE R provem
ptdiacprieeoundaries of thervodingebquents felgesaauied&ernihyd B an open
rc?aative or foreign to the nucl eotide sequence encodi ng

Bedayp spvshaestalty pepinomitth e AEqw ofnghe gedingsrquence
&I HhclbdddiatSdAL EONA, hﬁ@&e{ecorﬁﬂmﬂ%@%é&é &:Elu?nce.
equence, propeptide Sequence, pronoter, signa
pept Adeissklipreincibe tand ekpasgon'i iptludes dngrstapriatalved ittha

PEYHERTIgbe BrPeRiR R 26T Sonicndip, G mis
t&RNtip A3 UAENGRSN, TRisIaBo HRMLERRIaWbAd] rhddMi&iidn! Sl t he

pur pose of introducing specific restriction sites
sqcagiioni t ating |igation of the control sequences wth

t he ina «eqgion of the nucleotide uence ,encodi n

n pon Tl GERe R Nehone S bRl O DREIROREENGREr &
citl@il£ that Corfpriseh semat eAsbdiny 41 Gpeplide 6Nihe 9hvenBaH &MESVhich
is appropriately placed at a position relative to the

iscopgrably Likeddpadditienal segnmputs atpreride fertsHranperiptione
cont nQl C |[& e ' . .
pol yégﬁlts I de. aﬁ’etﬁe Sésr{end%gtrctgpn,re %&gég?@r%ﬂ"t%%%lﬁh is susceptible
tosteasfrmation withatmenkéadacidcasirect. a nucl eoti de sequence,
which direct]y s ecifieg t he am no acid sequence of
ts pNBEECiegatERLs oiithe BIGSFTH 41 YeBUOR FOTRPSC AHRCHRY, Such as, a
REARE A eBsrAide r , 4 i r A
A i e R A
arfifigiat oleomyseree (CAC, drylp likd, info whadhudeslec BINAsequbhiz, of the
. and/ or riﬁonbiqﬁgr.nu Ieo%ide sequence.. As_used
IYEPISTHNAS PREN PSS BICOR TS, TeYGRE QitpaLtighy Insg gsferred aspect
of tAKAInvRMithént! (e cORBRECHukBEr Dmpriss ﬁ%hMﬂﬁ?Eéq‘ﬁ%nees, including,
including, but not limted to, transcription,
foy gsamplgna promsiteroprerablp tinkedotatthesequencan dlargeirambers of suitable

- i | modificatian, .apnd secretiaon. The
R b PR gl B Pl R 1 e B Sany
avadlableul e, linear or circular, that conprises a segnent
encodi ng a pol ypeptide of the invention, and which is
oper BAYYuqlegiidediok he Remsentiipyfation sghbmingomretedoinin/anyeone of a

- ' - . - ! t [1]
vy bt g 08 SO S S B RL byl SEE B
irichula shonmabdmah nosdhiforaosoutil end syathetic MA tseqihcesNelgl, ei ¢
invention_ conprise

dqa;gvifng 6{::3?0?2“&:%? ggc,tgrféal :Bragglﬁcisg ;ﬁage&}gﬁi Ba}cu}jpvgmﬁ@@?sté)las?nids;
vebtdrl Beri veddRSth 85 mBina@bisl IfipklsAlid CHIPIREOBR A BAHS DNA such as

yeast
vaccinia, adenovirus, fowl pox virus, pseudorabies, adenovirus, adeno-associated

virus, retroviruses and many others. Any vector that transduces genetic material into
a cell, and, if replication is desired, which is replicable and viable in the relevant host
can be used.

When incorporated into an expression vector, a polynucleotide of the

invention is operatively linked to an appropriate transcription control sequence
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artificial chronmosonme (YAC), or the like, into which a
nucl ei ¢ aci d sequence of the invention has been
wopmsniAads in a forward or reverse orientati onPCT/ISA04/026654
preferred aspect of this ewbodinent, the construct
further conprises regulatory sequences, including, for

(rREeisT)Lo direpr mRDMesynthssisr @Bl 5 Iprotheler. tixamplessefgueihcee.

ré]?sr Wﬁt@k‘?iﬁﬁ{o? séﬁgl]pﬁéék&)?ﬁ cﬁlaﬁ?%hl%'d?fo?nge ﬁrtx%ggée% pl%tg include

treaaniflewal thysavilsaOhRIV)Ral Yipuortaabdateanaf(FMWe). ppwsent
i nvention can be incorporated into any one of a

PLRRRQUETS (KNEYVN & FRIEOS PXRFERI Of g nesyp PeRD Rig or BRI QI GeYs or

t@mhmeﬂd'mch é.m sARkg 1ﬁ/§£ﬁé3&ﬁbdd“1%ﬁ&§' Bf G m&%smclude

nonchronosomal and synthetic DNA sequences, e.qg.,

S¥d0 ipvanotes &. ofli BY4HO frplpacmheter, phags lamlbdaiBL pmhmger DRisgromoter,
aculoviru sm.ds; vectars derived from
TGRS P e P G S el g ol & BRRowgh

bANGAEE if 6} PansREBA AMiidtbh, afdPMraRexptYdd timinPREUHeR @@Pﬁﬁ

adenovi rus, adeno- associ at ed virus, retroviruses and

TheMsctert alsor @tIOAﬁN/y \netides appepriaty mqgm@@@rgmpénfymg expression,

%ﬁt nﬁaanclnto a cell, and, if replication is desired,
R repllcable and viable in the rel evant host

can hﬁadxﬂstﬁdm t%@rdsﬂ@@ﬁz@@ér@b@%dp%ésénﬂlﬁvaﬁﬁih%‘ﬁlbﬁﬂly contain
vect or, gnucleotlde of the invention is
e

O@f'p%rrratnie\ﬁéleytab AREker gnemioREpYidpR PRENOIXRi QA farselestion of
trg&@gﬁ&!ﬁié@mﬁgcgﬁlw taﬂ{e) éél%]s %C‘i tt{‘l(ggR IxAdl %q{)l,h 1%§1st§1nce fo
e.g.,

pronot er ranscr
themlntibmhc Spptieomesn rmalsﬂm[ﬂmlhymh Ye.8. utﬁe@dd:f geneliske §treptomycin
tra en.c pl i ncl yde the caul i fl ower nosaic virus
P*Q‘éa ANgHFERSE %&mﬁﬁg e feri SRt RAR resigsprsy thermsppeins

gmrgngfe%et(mtn%a{e%%bm Rfn JJ %{q ﬁ# ALsYR nlcg fE

aryotlc cells or their viruse can
hygrenhy¢in womoeramﬁdmfe(m )@kng m;hmgwﬁne htygmmycm:ﬂesndmnﬁ\mo

A Bt et e oo B AEED S TR or Py

re@%&h@@%r‘éﬁka\t?@ﬁ@éell%‘lthfbn ahd Hura8RliAé BSard 16111@[9?6%&?&11% inE.
binding site for translation |n|t|at|on and

cqlt.anscription termnator, such as Pin . The vector

B OSSR PR R BT ERS Bal Bes o

thelpeesexinessionns deidted Iﬁgu&heVBEtaﬁs&lﬁthd §dit irff8ntion can be
optionally contain one or nore se| ectable marker genes
emBIOpf%Rﬁ tFasOrHHaRePIRPrigtethost to PegRit 8ie host foswpesss an invention

plto'iéi'ﬁ] o ;g&g?ﬁmhg 2 Fx%ﬁé@e? of %ﬁpﬁg ¢ %xgﬁgsﬁtgﬁ Qg&F ?r&ldcfécdagtgﬁ al

t hose I stance
cadlesichae m/coln RBrsustilie phd Syepromyeesg.In bhhenaagiae@e,rtel)umber

of DS S RERLImCL PhoOSPIGt LaRsl e ase (oPT) BRSSOl B Yo
cloning and expression vectors.

HHDH polynucleotides of the invention can also be fused, for example, in-
frame to nucleic acids encoding a secretion/localization sequence, to target
polypeptide expression to a desired cellular compartment, membrane, or organelle of
a cell, or to direct polypeptide secretion to the periplasmic space or into the cell
culture media. Such sequences are known to those of skill, and include secretion

leader peptides, organelle targeting sequences (e.g., nuclear localization sequences,
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phosphot r ansf erase (NPTP) gene encodi ng kananyci n or
geneticin resistance, the hygronycin

w@bmspimtr ansf erase (HPT) gene codi ng for hygredmyus1wo4/026654

resi stance. Additional sel é2table marker genes include
drof ol ate reductase or neomycin resistance for
Mﬂpiqsym regicelam (ER) retgniéon sigrpls, atifogbgndriahranpit sequences,
c
cﬁllapd gegs r!g%]tvsg@l#e%kgsﬁ ?ne églee Qg%élg%q@angﬁgmm%es (e.g., stop
nﬁnﬂfmmeqmerﬂas GHI ahhmrpé@mﬁws),ianuemm&n is depicted in
Figure 1. Vectors of the present invention can be
Egg@hﬁmgqoh@ transform an appropriate host to permt
the host to express an invention protein or
pol yabpprea@nt irveatiph elso sflatapiorengineencd hestpells tabaretipsduced

(%A?u\btolyﬁlg% ?9 g?‘lé‘;%d%% hI Vecls'ofiJ %F n&%g@f‘t oni% 1n’ven %on n% 840

inventar clofing XpPEtessi Mnnvetion kspregyorDeccs), s tw%d as $ttChroasction
for exanple, nmultifunctional E. coli cloning and

OER(HVE%%}F‘%%OQE%tIHFEUOH—IP%DifI%TBP%‘E}éFWQ%ésTB? V%(}ﬁ%r may be, for
t ]
ekdhY 9 d C@gscnﬁlgsa %rﬁg)g.h?clef g?pgg%er é%r (;l‘f"?f‘,l OS¢ (feil c'aﬁ‘%éﬁ%ﬁkzh?otlc

nuc enc I'zation
ceb qummsea, plam ceHr @dtterrpolvg/lpetpe hds cell parebsa prokaryotic cell, such as

ul ar artmen ran or organelle
agfimk el IFogieidh ofiEzons et e HEes: @Dicanbe aHORRS o

cAShPYHRIPhfe §%@&u@ﬁ ]DE‘I\E Eé}@raﬁ%édxeﬁéﬂ fr&Hs?ecﬁ%Q' a. Such
sequences are known to those of skill, and include

clseteoporitiom, preetbercopaper @ernqlmngnersJIe DahrgetMm;ld Battey, 1.
(1?3 E .. 'IocaBI| atio t cell b
NS e ERSnperpd host GRls can be

c@t@aﬁinsﬁonmtmmqnﬁﬁm |mdd[a&ﬁ§dhfle§ BEIMPR6HTate FoR laBli RN St
transit sequences), nenbrane |ocalization/anchor

PEOERiRIpceleChing gansf@m@ptSt prampldying s HEEE polgpucleptidso Culture
ct nvg&{écﬁ%h’a ?e%?p& e éﬁ%hd ECANGS 5L o) sg'gétv?ouTsr us%g {?ﬂhe

ion also relatées to eng |néere

hadt ecll sdesellifoe dx fresstors hod waﬁb@sip;iafeam&f tﬁ@ie&ﬂdlldﬁl ihlthedart and in
vector or construct of the invention

thergierrneerrited dareiy Wdeding, eot- %ﬂmhrﬂ%n%qsswq@saéﬁéwrms well as
%ee Qhde eyn(fll ox hinfe of R nPJl@@HQt' Bl oPBhYP$BLHH Bird

I nv y reco
edn-:lgn DEjley- dmssekhwaerk zmdmlheansfnrd;ceacmdthérepart icle, a

cell can be a eykaryotic cel
s uc hﬁﬂﬁg PB\YBFRU{E% Pf the Apyeapiam, £31,04 VOH?CFFQ i gep-apial celly,
sIRB a8 p%&k ?Eaﬁéptﬂlﬁ% i WcleriaSinh@fike 1l a@lﬁfno‘ﬁ% ISambrook, Berger
Introduction of the construct into the host cell can

arb;leAeﬂﬂ)eb tletdllbscgemlhng nam-ptivghpdedtcaltureanas e doursiin Payne er al.

clland : S %oﬁrbl%%&& gt | oi‘?ﬁj New

YBﬂst u\ew,,debdrg Qﬁ@l’hlﬁiﬂﬁsl (@dd}@*t%@l PldnﬂCMD,' 'B63bkanhd BrpAPOilture;;
The engi neered host cells can

Fundamental Methods Springer Lab Manual, Sprmger-Verlag (Berlin Heidelberg

New York) and Atlas and Parks (eds) The Handbook of Microbiological Media

(1993) CRC Press, Boca Raton, FL. The host cell can be a eukaryotic cell, such as a

plant cell. Alternatively, the host cell can be a prokaryotic cell, such as a bacterial
cell. Introduction of the construct into the host cell can be effected by calcium

phosphate transfection, DEAE-Dextran mediated transfection, electroporation, or
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cultured in conventional nutrient nedia nodified as
appropriate for activating pronoters, selecting

wo ecassinanmant s, or anplifying the HHDH pol ynucPenusme4/026654
Cul ture conditions, such as3tenperature, pH and the
|'i ke, are those previ ouslﬁ./ihused wth the host cell

oHisT eI feshnigupy d¥wisok,, DibrepryM | and Batippdr 986} BasinMethods
. Sk Ik art and in the references cited herein,

i olde ﬁrb’ﬁ‘olb. ., Sanbrook, Ausubel and Berger, as well

as e.g., Freshney (1994) Culture of Animal Cells, a

Fiéion Bblypéptirs fer Pleghaiisnie , third edition, WIey-
Li ss,_New York and the references cited therein. HHDH
pol y HEHH pelypeptides of thewserenoin versionsraylenibrexpressed as part of

o188 Py 550 R XEER A v
PBkylng@leotimd e#cgﬁih’]fﬁuplé ﬂgic&ippcéype@gdésd{ong)(ﬁlsgg;;iﬁlig{t&icicb&églhclance
culture can nd in Payne_et al. (. ant |
corerpyding &t HIHRL P YSenlive °§§‘§t%‘?ﬁ§n§]‘8ﬁ?ﬂtW’ItB‘}i igfused-in
frafR 3o a bOAficNRW fYQfitatin %‘X@mﬁﬁmrl&e@ﬂ&eﬁﬂb tHe! tbis " fRAtion
(1995) "PI Cel ture;

199¢ ant I, Tissue and Organ Cu
facilitatémeedvmadin Mefero tisa @pmiin giext mcdintdstumidication of the polypeptide to

R A et Syl R EiaR S RoR T eoaBrel Tl B8 ek
his& 898 ) ryptphit fi2uleBRERIRM Pikifidakion bRAEmRRDIiZEE et be

a eukaryotic cell, such as a plant cell.
sesuergeryahifly bings ghutpshinne te. g B Th ahemagglupnioBA)deg c

(SRS 0 P B e o GhA R Rl ol
Wikbf letldh pI988pQall, 37t T6aANShAsE BindingipAbtelpeseh igizesTeiE FLAG
transfectjon, electroporatiaon, orother conmon
epitapR iiljgrssinthm L AGS extensjop/pétinitypurifigadorpasieay (Immunex Corp,
S o AT ot A iyl B bRfca oleaelbl: pdURe g
squuesertetweenahd puificatiyn dbmainkad expHHDIE folgpepiletis adefud to
fysi on | ypeptide to facilitate purification of the
fagH{ 8 @B MERA p SIrF GEBRES IR Vasian RO eAA'T YRS vmighF ng
C B e Eon e gsipn
prokean perop@sing h pokypeptole of et invention Sestdito afpohimstitimeaegion
urification facilitating.domin. used herejn, the
splfalgd 57 PerbEPie S ivter s Mo r Sl
pEleiation bh@MIAEdimmebilRed kial fnl Dfini@y gl{rbﬁ_aﬁ)‘gbéﬁ?%si Hscribed
to which it is fused. Suitable purification domains

in bpepth e ahkt 992) Prosein ExpressienandiBarification Bi6A<28) ypilopiean
. ErIPeT et o
ol 55, 0RGA Yo TUEL §PETS) Pef FERR HER o e

fromrtag isidni protein PYEX agctOSqPfodsdpa Miadigol, WBm&Pilk®PEused to
derived fromthe influenza henmaggl utinin protein;

eXREESS Soreisn Rl YPeptids fiesapn) protems7it glupashipes 8-tsnplarasg (GST).
PEAER), RuSPANRRAGRSreinks Afe JoHfSR and can easily be purified from lysed cells

by adsorption to ligand-agarose beads (e.g., glutathione-agarose in the case of GST-

fusions) followed by elution in the presence of free ligand.

Production and Recovery of HHDH Polypeptides

The present invention further provides a method of making an HHDH

polypeptide, said method comprising: (a) cultivating a host cell transformed with an



10

15

20

25

30

epitope utilized in the FLAGS extension/affinity
purification system (I munex Corp, Seattle, WA, and

wo besbiker The inclusion of a protease-cl eavabP@r/US2004/026654

pol ypeptide |inker sequence4between the purification
domai n and the HHDH pol ypeptide is useful to
HEIQH| nol yirueleptidg wndsaconstitionsisuitablp far kg mdwwmf the HHDH

nethods
(SRR B R SR IRERLAL B, TR IR fom
thy ledsetell aﬂmw msahnm, mepmsy@elpirlbdm afing bﬁ)td:lﬁ YeJolve®Ntechniques
fused to a yhi sti di ne region separated by an

that pEsr Wl hw @| té@@%geclgﬂmé thOFﬁ desrrbed Belpy.- r eS| dues

facil

L on &P} Beliinkddchth bER s A ME kb TERp koA KR of he
hast str@mgez)m appopaatn cElk geresss) thn samie@plromfdtﬂas malnced by

-281 e the enterokin se_c.e vage site

aBPré’OP?n‘S 9%“%(%&15@’8? LR ST e‘{“ﬁé BbP'iPL“e%ltﬁuaEFe
chleey ff&aanfauaitfa,naqueﬁbel @e]]P%M@ﬂiﬂfa%ve@@ﬂ%ﬁ‘mfugatmn

Madi son, W) may al so be used to éxpress fdreign
disoupyedby plsecaber ¢hesiicnh means, emih éwewr:mhtug artide ditreretained for

S-transf.erase r ot ei ns
A BORUEHERE MISehle st FOPEn R PR PomPiefisdut o8
deselpied By apsoavaliemnétRod, igbidin @ f8éRRaW e lfng( Sorfcation,

gl ut at hi one-agarose in the case of GSTfusi ons)
mMeshargad dissyptonyer usa of gelt lysing agens s offer megwds, Wik are well
GBS Y HoRraaneh Baheyery of HHDH Pol ypept! des The

Fresent 1nven urther provides a nethod of making
an HiABH o, maptefehencesaraia\rmallﬂe doraherpiiltuge agd pl(oﬂilctlon of
cultivating a hqgst cell transfornmed wth_anHHDH

Y Rk P%‘N%C%H@é atefindi Rlpnanigg| (espiceallygpammglian) and
awheﬁéé&!dapan sbee. g'H%BRJoXp1§P§deP and B Pazm??g%,eggh\ggu as

HHDH po ypept | ypi ca recove
Flmhnew(dpw)cﬁlultune: of Arihalells, rathmsii of Bhdic @echmique, thirgli edition,

rot i N y chni ques that are II k in

W T B bt B Tt Re it ndte: Doyt abfingrnnt (1987)
MdrRRSEHCEL POuREre SESH TR DL dIQRE T8 Wilky @n@ SBROWY? Humason
(cultlvatl ng) of the host strarn to an approprl ate

(E9) Aaian@lmlssueﬂh@hmmdoeuh pdition (Vé H. Fsceimpaand Cdmypany; and

AR A TR 0E i SR Ll B ORI

cilRrt fd r@ehé@n@f Pajiedr (1992 @ﬂat@@éﬂ@n@ﬂ‘lssue Culture in Liquid
centrlfugatlon di srupted by physical or chemc

Shgtams JohmWilen & $@§u1ﬂcr NewcYarheNex Cambore %mdaﬁmlél@s fasis) (1995)

iaWE EZQﬁ{TlQMe %&h ?ﬁ‘g% o@uluM: Cﬁu%@hr%lamgleMeﬁa ggrgbr%geg Lag Manual,

Springe Vehig (Betlinddeidél beark mthm‘goﬂ«)mes e a9o84)BhmiGene
sonlcatlon nechanlcal di sruption, or use of cel

Io Hymanpg Beess.viatesre, AYeav {gssey apd Slant
M&le&ﬁ'ﬁ%oﬁ%# l(i@@) RR D63 Ed. H¥8s g&%ﬁﬁ’ﬁc ﬁ@rﬂ%hér@f@h%m: &FK.

are avalla for the curture an production o
ISBN 0 12 198370 6. Cell culture media in general are set forth in Atlas and Parks

(eds.) The Handbook of Microbiological Media (1993) CRC Press, Boca Raton, FL.

Additional information for cell culture is found in available commercial literature
such as the Life Science Research Cell Culture Catalogue (1998) from Sigma-
Aldrich, Inc (St Louis, MO) (“Sigma-LSRCCC”) and, e.g., The Plant Culture
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many cells, including cells of bacterial, plant,

ani mal (especially mammal i an) and archebacteri al
wo@roogion7i4See e. g., Sanbrook, Ausubel, and Ber geeT/(81004/026654

supra), as well as Freshneys(1994) Culture of Ani nmal

Cells, a Manual of Basic Technique , third edition,
Q@la_@,.&and sepplewent H297) akse fromeSigataeh ldnickdng ($tdebuis, MO)

t&qﬁl yle and Giffiths (1997) Mammalian Cel |

ure 'sential Techni ques John Wley and Sons, NY;

Huma $IHD K pO Rk piiits mﬁkhe'lijwﬁuﬁnVaﬁhﬂl oGl ®8 recoléved tahd purified

ed|t| on WH. Freeman and ; and Ricci ardel | | et

from reeqrgb@)antmqllw{twss BERnY efe@/nu &10f methogg weslljkmoan ipghe art,

Pyl LB S Rl

pxhotmtaWIi ayld&XSactsqn hmion oNeatio¥@ixkhanisty rhiGarabeyraphand

hilli g
b Ios R bttty VORI DI hieMs DT ChMEasRanY affinity
cﬁ@fﬂaﬂ%@%ﬁh}/ﬁé aﬂsﬁl ﬁil bithEed 8l L8R nINeW e dHeldin), ﬂ?ﬁl%ﬁylapatlte

ant ne Transter and Expression
cioptatagoipdy, anduaetitechPemgtograpby. oRmtelmecﬁplﬂie‘rmszmd bPlusett, as

993 . Cr.oy, Ed. B :
e cBimpticfia Y 3%0&3*1 o oF e it i 25301 bigh 7o
&rforahnt il
P LS T el Lol Trin
steRYi 1 addisign fo @Q@ﬁbfe@ggs naieskspRataovRricty of pagidiicetiaampthods are

inf

\Jggnkﬁé%?% a{n?fenrcgﬁi gé%g ugﬁ&% sét RRHEr?Saﬂcgggg@dﬁﬁlo%e aration
of@ﬁmmc mcwmcwstsume. a‘mabm@mau@%) Pirstein Megogds, 2™

Aldrich, Inc (St Lo MO) (" Si gma- LSRCCC') and,

Edition, Wrgy-LpgsafiYs (!l A0 s PraitinRrols Titedheo Hymana

PFE'S?‘NJf mms%na'm]%gl gfabé m&mp icdtidll | AbpliMtlons: A Practical
"Si grm- P polrype €S 0

ﬂggmm iIBh Rress ab@xfcado@&ﬁoedi Ea)lguinpm{aMS add fAmgah Protem

reconb n ell cul tyres of a
pidtcaion MdhodEapaicticl Agroath, TRY. rivssd BT RfiorEngland
Sééﬂeg @I@?)PPro?@h PaAticdRnIPrinGpIRARRY PradF&I PNEditiBA S Jriter
precipitation, aclid extraction, anion or catlon
Veﬂégw é‘ﬁé,el aomnmdtlbgipa HHP8) Htmgpmmgr_logﬂupk_s,_g_
R q 0 i Bﬁfy(\écgl NYL@PH éValker

(1398) B[fotdnli'l erdt@cws MCEYBDMH—IU?@;Irﬁd’réh@rNJ n),
hydr oxyl apatite chronmato q%r aphy, and | ectin

chr oFadomr gttt mey 8¢ detirabler tgipiRdvge redpdDERPel peeptidesiof the
lmn@cﬁwfﬁ{ asraalegnmlff f&qrh&da@a?g b%m%ére{al g@p@ Nfons. In
O |

mat ur e or mance
sudhrosasmtlmg« faphmtﬁtHﬁiL@cddﬂst kaee @ﬁpibmde dAn exdnfysiarfyi budik
purification, st nadd|t|ontothereference
f%@aﬂ%ﬂpaeduae tefgrpr%{%m@f H 1 Proyiqdegin Feamples?. apwefly, an
el I :
H ROBRM e ) iy Bf SR Eon fector {5 Ao Blamle, he
veterdiepictedin dsgure | (ECK 1 8000BoAFtaginedrting the(pbOGmyleBtidd efi n

. Met hods. 2nd . ) .
interest 1rﬂo a vector, the vector is tranformed into a bacterial host, such as, for

example, E. coli BL21 (Strategene, La Jolla, CA) after passage through E. coli TOP10
(Invitrogen, Carlsbad, CA) using standard methods.
The transformed cells are cultivated in a nutrient medium suitable for

production of the polypeptide using methods that are known in the art. For example,
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Edition, WIey-Liss, NY; Wal ker (1996) The Protein
Prot ocol s Handbook Humana Press, NJ, Harris and Angal

W@ 2@80)71r ot ei n Purification Applications: A Prerusmako26654

Approach, IRL Press at Oxfeésd, Oxford, England; Harris
and Angal Protein Purification Methods: A Practical
thesH dadhbe cultyatgel ysshake flasks qyltiyation s snadl-sclegir darge-scale
I gat
f%rﬁ%gﬁﬁgﬁé &g?@bgg cBLEEAJbuE’ ?p Eéhhgeg Ha\;ﬂf Pnp 531{81%\;1% gém%‘t%tlons in
ld:chhmry(oj: K8Rstriat fﬂrmemoi%tperfbrmai mczmultﬁ’b]lenﬁedmhrﬁ&nd blh@ﬂir
oI ution ho and lications, Second Editiaq
%vls\?éﬂwwﬁ*e Shbvpoaledd be papjagsemARVaT ORI eoputiydion
P
‘%E%?%“?%“Z‘BE‘FJAJE?Z“ e B PBTREsEm i g ources and
inonganig $ads, @m@prbeﬁdgeesécoaw i thetaatb Seitdhde meduiese avalable from
and/ or. i cations. such. cases bul k
B e e P S A R S L i
iPeHtd o fLek B EHead inefic i Dygpe Al @rd O11deFieAl The SedmtibiipbI§peptide can

provided in Exanple 2. Briefly, an HHDH
bp stcpered dsesthydrom shecnurier (fWituse) aredéwpr essi on vect or,

such re
Poe e PR Ge BAF b KoM R 1Y SRGRE bt I i or
exarhsle aké polypeptile \neptrisolhbe foarthe Ihutrﬁ:nt madiuel bBecbrivehtional
a bacterial host, such as, for exanp E. coli BL21

p{OSFﬁhaFSe@ewemgLButmt figpitedhg, Cswtﬂ@rgaga@sfagéthm EEiRHOR, spray-
%%gd@%’r%e tr Ire& g?t%e]d?@gélﬁg%glrpe?@ept I vat é?ﬁﬁ%%@gﬁﬂher

punified Bna vanpady ufrp&uedtmdle lenofvarin grecaitimtiudimgobutt e limited to,

ol tide usin t hods__t hat rek the art
SRRy e 6hé°%@ﬁ"ﬁaqﬁyafﬁaﬂx ETRRORE. GyoRniolerfingLand
siz8 kX dIYREn) 08ectBdPRbletie GRIBd@Es { ea% ; %é}ﬁlll\ee 1@8&1&2‘?1% fcuORg),

(i ncludi ng cont'i nuous, batch tch, or solid
diffesengial milﬂmhb'a(twgorag)mqmumabkﬁataipmcypltanom)n due;ttracabn (see, e.g.,

BT i A G eds 2o T B SN B2 yeloos) he

Pagiélh Piotbsslb Blafi@bookNHufbhd Piésd, NONBbRIES apl (29%6)iFRo@in
sui t abl £ nutrient nedi um comzrl si ng carbon an

Mgthadsgn Ediionc Balexddss, Nor Jieiker ($996)The Riptein Riotaselsur es
}féﬂ&y&k' ﬁu{nlaga ?fe%l é\ﬁg kap%ceed %91’6%{)\¢6 gqgéc g%ir]fg}[ Hoﬁlg%optide

or- may e prepare
frpnbd ¢dﬂe@btemnno§tatedon£xéﬁlpgz3 i n catal ogues of the
Anerican Type Culture Coll ection The secreted

pol yPdpbslisyed dit the nl of Hgeyilditype FEEPHPTSESD NO: 2 maybe too
B e LA R ISR v
A&pphmntse)av'e Idscpv:drypmpt thelg cordy nake tredoHbwthgfredud dhanges

nut ri ent nedi um by i.onal es. i ncl udi ng,
riiven e grmet oo m L R i aroiS FE R pabpgRu aes of the
pR¥&t Hfleh@6n thipﬁﬁ%@r%fﬁkgent@%ﬂp Brbia@Bw fBF isolation by PEI

precipitation. The isol atéd pol ypepti de may t hen be
pfegipithiéen, but without loss of HHDH enzyme activity: E40Q,K, E42Q K,
E46Q.K, E56Q,K, E58Q,K, E61Q,K, and E64Q,K. Thus, in another embodiment, the

present invention is directed to an HHDH polypeptide that can be isolated from

solution by PEI precipitation, the HHDH polypeptide, when aligned with SEQ ID
NO: 2, having five or more of the residue changes selected from the group consisting

of E40Q,K, E42Q.K, E46Q,K, E56Q,K, ES8Q,K, E61Q,K, and E64Q,K. For
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purified by a variety of procedures known in the art
i ncluding, but not limted to, chromatography (e.g.,

wo snsexalmange, affinity, hydrophobic, chromat oPODUSING026654
and size exclusion), electBophoretic procedures (e.g.,
preparative isoelectric focusing), differential
exanpigi PEk greqipitajion veasrapalieshtode peleepideatiSES) ID HO:
-gxtraction (see, e.g., Bollag et al. (1996) Protein
Met hods, 2 d Edition , WIley-Liss, NY; Wal ker (1996)
WWMWGWERWGBHWA@HM@HH@EQLKDUEAKTYPQLI
PRSEQBPAELE A V$296)Q VDV SISNDIMAVIUWR PZDR YW EDYRGTVEAL
%%N§VAWMMGH@9@AEPFGMSTPSS’AR%@&SALAN

YNIPURARA PR €S HSAWIPY PYPTREOET HVRKVTALQR

stfr“gf%eyl n%n%?e I'S e(?ﬁgve t atl\)tf%e P of
Tﬁa P B H%?H@%Eﬁlssgﬁr 'Ngfi%f’f SO 567 3a8d 1o

pur i f HHDH from DNA. plicants have di scovered that
aigﬁgfaéemtaﬂa@@ecamuf%ﬁa@ﬁtagagggtgggéamﬁ@@@tp@a@pga@gct
golratarcai¢acligreatgaigrasacitiapgnaicaggatsagetghaagcitgitaaaacctace
cpohgyigatccdaatgafcydacaggesesagatgnantgattgaageigicacoagcgctettggtca
ggtdgaitgiaetggtqagmiagbgatamatabigmggefabggdggldcaatogatdaatﬁ@ctgtcgagga
ttac ggtae@tdgaagbtdﬁgwgamaagcbaﬁl@cm‘tagib@ht Ftlv.‘ aaatgaag

é(aatgt chicatditQidacttEd§cdyy gsw a ctatcgac
ttﬁ t% c ct@ t Héta bﬁi El'&?é QS i’a?cg%a %aatatc
cth t bécﬁ 8 g Batgga

208

a%‘PP C@o’i’?‘?ﬁga
% gtggc tpg °8 ctg %ﬁgg tgacaggcg
gefiehggicalogrataigoqse HFQtHECWtS898?@?9%0%6‘3@4@@%&@08
1GacstolaQotratatgagCagstagaRINaesseQ K, E61Q K, and E64Q K.
Forexanpl e, PEl precipitation was applied to the HHDH
pol yﬁ@btfrﬁéérwﬁcrﬁE@MtﬂnM@oﬂw&wms can also be employed to produce

l_gﬁi@l VTNV}%‘CEAW&A]LLRLE G CH@E@FK KAFAKTY@%IEI such

sYeidtitTAb YDMMARMKKRISHGHIL G%ﬁ EE WSS BARREDERO AN

ALSKELGEYNI PVFAI APNYLHS PV\KTSPEH\/AH\/R ALQR
trpestaicmL peplovlE isioestv T rany A9 S RN pEarfhl ranslation

P@ycﬁszyétgoedsi iR I\E&gc(:)uqaerchlg%gv h@ole )Lﬁu& ﬁa td lguebhs{nnS I D

at gagaataghi@bictaeeeaBgnodastatsubitgens il Gapled dedetion
ct gcgt ct gagcgaa
LSS BRELI OO tosradicg £thab 604 ehlgroat-badiony ot sie EEHE).

THE ECHIGLAGARCE L8 S bstrate for the HHDH reaction. However, the E AA
fhaact gat L 9a49¢t g

cacagct gat cccaat gagcgaacaggaaccagct gaac gadgc
stafamhgagatidltigg@petent inhibitor (K; approximately = 70 uM) of HHDH. Because

at gt act agcaacgat at ct at cct gt ggaat ggcggccaat cga
rteﬁggﬁ ggla gagg@ geactlorg may go to 99. 9%gco%rglgpletlogng mgs?ead of theg

desired 99.97%, then 0.1% ECAA remains in the ECHB material and this 0.1%

ECAA can inhibit the HHDH reaction. In other words, the remaining substrate from
the first reaction is an inhibitor in the second reaction. Hence, it is desirable that the
HHDH polypeptides of the present invention have resistance to inhibition by ECAA.
Applicants have discovered that they could make the following residue
changes relative to the alignment in SEQ ID NO: 2 to produce HHDH polypeptides of

the present invention that demonstrate increased resistance against inhibition by
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tt acaggggt act gt cgaagct ct gcagat caagccat tt gct ct agt gaat gc
t gt cgct t cgcaaat gaag

weagsgaaagt cggggcacat cat ct t cat cact t cggct gccccgPCTUSHOL26654
tggaaggagctatcgac

LR SORREL RSB0 LG AL AL
WEAsE Qb SGCRLE 9F LESRARIHRAhAL ARL FRIGHIVHESS fs%lﬁg{eﬂtto an

t accccact gagccgt gga

%thotﬁmpqm cetgarg ge inhili gorgegEGAgy tigaHEHIH polypemicgaehen
.a . '
<GEREOR0L SEOTRON D 2abrvine g e momAL i egeysshaness skciaggrom

tCOG) Bbrststid bf 33926829, T134V, F136W, F136V, L142R, L178V,
ctttcccgtca aacag&ggcccggcatgcccgaataatgaggatccggcc

s, g2d TcW@ﬂ

t tct

tr anctTERERO Frrane AP BIShERES of e pics  Binusnsion fergheir
réa0ti pitprhute pfdlthd_e@@Eme@_ isl di@Sosdd InﬂEszrbﬁe B0 hensif| @oddsdes

of the present invention. Several suc stens are

chiomaeEaRl¢ Jethpdifpragsreening thereastian Ryaderss _r@miExa»mnb 6C and
SRS LN AT AREATHAED, BALISE0 kB VRR i
Protocols Met hods in Ml ecular Biology , Volune 37

0 NY” Et hyl - 4-chl or oacet oacet ate

EEKA e e =rkor the coupl ed reduction
r eaCWsQﬁ d%ﬁieﬂg MBEH@T'B Péﬁtﬁﬂé‘%@tﬂ% Fl%éle?]t 1nvent1§n can be used
ta mﬂymstdad caxsvesal@sofréhhéof%hydrh)eyuuﬁtﬁﬂ acehdﬁnvanvesHO\Aever

t tarti t I t ent hi bi
il ARy e 3 oy bisiriepine Bl e T ecieBepbidin
détl BdeyiaRE of ﬁ@gﬁés@ﬁt iARNtRA akal{DuRPa1GR IR 26RO for eﬂ%ghgﬁﬁ:ally

of the desired 99.97% then 0.1% ECAA remains in _
reEchBmmetthegl of gnantiomesic@panislextyreaeting thér bk turet Wigh piHBHonic

cti. n In_oth ni n bstratefrom
868 trebreRE! offBE Aflonidtf dFRBMASE HERGH it b
pf&(&eﬁtﬂzﬂ)ly reddeGi, ofithe éfoxitRIntmirgert hath thdeudiédiphiile to form a
tides of the present invention have resistance

n%turw#ptb? feseitinggnantigmeriaglhy ¢ruighed visipbnuslenphilesebptifyied
Jreked S r

afcgﬁéﬂ aﬁﬁgr}\eld% nrreﬁetd cji}vﬁmgg 6‘"?%46% ﬁ% ‘{t?)&SGPg‘Quce [SE% ﬂltahXe?

dpo]loy@ﬁptpuﬂhsatmh WO {90892 nwhich mnéorpdirateﬂ&iereiﬁ by RefeteddEin

I ncreased resistance agai nst inhibition byECAA: A4V,

IhgAFEINT 34y, GL36W GL36V, L142R L178V, W238L, A240T,

W249Y, M521. Thus, in another enbodi nent, the present

invention is directed to an HHDH polypeptide is

r esi $hafaregang ad dther aspedts/ofiBAmventien kDbt pettey pepersided in

when E avi ng one or nore of

CWHQC?%EWgﬂg’émﬁﬂﬁg¥'§%ﬂae¥%aef?8ﬁ1ihe group consi sting

of A4V, F82Y, T134V, F136W F136V, L142R, L178V,

W238L, A240T, W249Y and M2521. A nethod for testing

t he HHDH pol ypepti des ofEXAMPAESsent invention for
their
Example 1

Construction of Expression Constructs for Expression of Halohydrin Dehalogenase

The gene for Agrobacterium sp. halohydrin dehalogenase was codon
optimized (SEQ ID NO: 1) for expression in E. coli based on the amino acid
sequence of the halohydrin dehalogenase from Agrobacterium sp. (SEQ ID NO: 2).
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reactivity in the presence of ECAA is disclosed in
Exanpl e 5C herein. A gas chromatographi c nethod for
wa@eooseriiag t he reacti on products from Exanpl e BQy/Usz0d4/026654

det erm ni ng the anount of ppoduct produced, is

T%lsclosed [ nE B herein. Methods of Using HHDH
BISTepas eAee@ sing PYEFT Ol gPaeTs Sk otsK\ ek PErss o vector

PO 10765 (%féblc'téﬁlvlﬁ 'F‘i%u‘i’@ 1 F@lieP e &3RGol & acﬁ@] fort A vector
conver si on of o- 3- hydr oxybutyric ac 8 erivatives
Wag tmnsfnumcemphE lceli TP Di(InvitaxgeB- (hgrtkbmdg)ibm fyomovhach plasmid

ivatives., The nove nases of t
VA R oo oI RGP SaRY i b e B9 PR B Sfag formed
uaa E/ BBt BEAL (Strdt@eab VLD, QWX ke ScRéssRnaRbi, A8RE s@ndard
epoxi des by reacting the m xture with an anionfc

metRadsopralere Wes fiorpd Py s expressidn libraryhatatptbssad active HHDH

, i.n t r
TS OREATRE S ke ORGP 2R o
eﬁmdm/@rd?bdctdﬂmgf H[—HBHr(SBQllDlmg gnantionerically
enri ched vicinal nucl eophil e-substituted al cohol and

the GAPEYEERLfcs sBsAdiNE heloheHia diehgloganasastof he present invention
WRRAAIIAAP Eronk it d Se I BNEE 190 AR, 8 Qed th ﬁ%mreef HednHanfRrmed

01/ 90397, which is 1ncorporated ere erence In
and sxmcﬂsed oy E. Toé Bl edier p@sa?gecthnmgmb“ aslpEOPS0 abingRendard
ieﬂ-\é)%?ti on may be better understood in connection with
ol l ow ng non-limting exanpl es. EXAMPLES Exanpl e

1 Construction of Expressixgppfeonstructs for Expression
of Hal ohvdrin Dehal ogena—rhene for Agrobacterium
sp. hal ohydri n dehal ofgedustnvddiitidgHon opti m zed (SEQ

LD 1 sed,.on the. am no
o o babireed BEPAEE R RGO o PR B sbR e
OAQB DGR UM suphale SEQA R NP potaksiten ydeiRn %§s(§)hate trihydrate;

nt hesi zed u3|n3 60-ner oligonmers, and cloned into
I

gﬂrefseqtafﬁluve@hm OBRIKPhOBDITE pf Eas@merlﬁ4efegstreetraqt

T
OBER: tehB A wn 3 U B Bl St R mtg 2 of
cénnt ¢m><mdafdmydrmieamyﬂ dDi¥thcwaHatp fsetali yRitats, ). HYLShaipdidsd
t hods. The plasm d DNA was then transfornmed into E.
slbs mgpohydraig, r%@%ﬂ{@us uifatedicpgahydraje: Otlaé sadigmelzosaten

t he
ety W
wgenE)cIﬁlatemvtll’h ®latd expenadial &ﬂmm@&ﬁﬂ‘hér%kﬁz CSE(Bﬂ.ﬂ dS@atakene
%Egﬁgk%g and found t 0 encode %%%gacterlun1sp HHDH
)Rarpp§d WHBIPASTEY einig TERRBRyUsteob SRS described
A9 NASE EroWn ih I%eshﬁfeeﬁa%ﬁtcohtgl\ﬁ%g 1.8M% glucose (Sigma
Chemical Co., St. Louis, MO), and 30pug/ml chloroamphenicol (Sigma Chemical Co.,

St. Louis, MO) to a starting optical density at 600 nm (ODgg) of 0.5 to 2.0. The
fermentor was agitated at 500-1500 rpm and air was supplied to the fermentation
vessel at 1.0-15.0 L/min to maintain a dissolved oxygen level of 30% saturation or
greater. The pH of the culture was controlled at 7.0 by addition of 20% v/v
ammonium hydroxide. After the culture reached an ODgg of 40, the temperature was
maintained at 30°C and the expression of halohydrin dehalogenase was induced by the
addition of isopropyl-B-D-thiogalactoside (IPTG) (Sigma Chemical Corp., St. Louis,

MO) to a final concentration of ImM. The culture was grown for another 15 hours.
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were simlarly cloned into vector PCK 110700, depicted
in Figure 1, then transfornmed and expressed from E.
w@odos/oBl21l after passage through E. coli TOPl CPaUSII0N4/026654
standard met hods. Exanpl e 20Production of HHDH I'n an
rated Ltated fernentor . 0 r ow h
BBRALE Inigh s ks WERr bt soecdr o fuipnesgs vashed with 10
MM pRhAsiHh PRospUStE GOEBr, EPIO‘P‘@ h?ﬁ@célf ;bd@béd&é&t&ed érré&ffhg%e

ot assi um di hydr ogen phosphate:; 2g/L of Tastone

fream recayery o@8yd1 wasstored st s8{°Chatibuseand 3m / L of
a trace elenent solution containing 2g/L of cal cium
chl oride di hydrate, 2.2g/L of zinc sulfate

sept ahydrate, 0.5g/L nangggl@%@egul fate nonohydr at e,
| g/L cuprous sulfate heptahydrate: 0.1g/1 sodium

bor at e decahydrat e ancEmeyswg/Bregamiton was brought to a

tenp t ferrren vva5|n d with
al a?fe&ecggg)ﬁentfﬁ%% gxa’]:[ e Bf é%cL'@F %L}?P%P b use wet
wEphitalf agle paste i Joluas ofCAOn@Ul Rt atei (bH M)q%nbvded by
cont ai ni ng HHDHHoo nucl eoti des as descri bed

qERusitpgation at $4{g far Hhmintesdin goreal iPBRK The Hashad qelf pagie was
SEPAUEATE dSharB: (RNl e (1750 8 MRy A eDw

\Masueksasewm)orm theaceﬂs by passin g(lh)ft suspnsib@rtiidugh athoffd@emizérOR two
oo)of .0.5to0 2. f14$6\18n§ r _was agitated at

ERES 18158 3 PSR URAT AP DOQRSE SRRIBE fisd Pess AR & Q0BmsEriohecond
p46S SHle &Il l%a@ was dwedtd bl tgrﬁb@i)@t%el?{)%rsésst‘%kc}éleggm% ;

oxygen | evel of 30% saturation or grea
hohwgenik¢ru Mhe Wpsatecio mtanakd &droatn témPeratur@cdh either DSMAARB0,

WEJ ulm hydr oxi de. é M he cul ture reached an
gl qaneenteavsa af alR7wy spition &f Relyetyleacimian PED,
pqmt CHORY- £95) W Bhal Gaﬁ&wgﬁdrp wie %aaﬁ& ﬁfgg%/zgg?% Eé}ﬂﬁie%ef%r 30

addi ti on of 1 sopropy
r(ungre@) Tb@me@h@m’asajent@ﬁugwd at Bttwekio ﬁJOQO aiD)1 0,000 g in a

Th | f
SRRSO ek Br D60 RueE e SHETEal Saygssaied
cBadenaalady ki?l)’tréfﬁﬁ‘&t[dnf UealchQa 1@@1%11‘6’@»5&%%11‘%& I'ffo]zgn M 20°C and

pot assi um phosphate buffer, pH 7.0. The céll paste was
lmpehdlzﬂdrtceapbwdernhztthmsdmmshtr—éiem ecovery process or
ored use. nple 3 Enz

80 C |
Pr ep OASFESH a‘?r%‘a’d%ﬂ qt tléjﬁgérltﬂ%arﬁﬁl%ﬁfg &ﬁme@tazowylmrﬁed
|
SRR LTl KON BB Oy BIEAS i v

thefiotlpifnggabioonl. atpps@afgtel P50 glofrdlariffedsceil ﬂysateSﬂrl‘OﬁhM Tris-
1)2,8 E)OHR/}?\I \Qﬁ\?hp%jfi ((:)evlvalls ml?(gctl (»evn\{lvalOmM ethyl-(S)-4-chloro-3-
hydroxybutyrate (ECHB) (Sigma Aldrich, St. Louis, MO). The total reaction
volume was 0.2 ml. The reaction was incubated at room temperature for 30 min to 1
hour. The reaction was extracted with 7 volumes of ethyl acetate and the organic
layer removed to a 1.8 ml gas chromatography (GC) vial. The organic layer was
analyzed by GC for presence of the ethyl-(R)-4-cyano-3-hydroxybutyrate product.
The amount of product produced was determined by comparison to a standard curve

prepared and analyzed under the same conditions.
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suspended in 2 volunmes of 100™™ Tris/sulfate (pH 7.2).
The intracel lular HHDH was rel eased fromthe cells by
w@aasiong4t he suspensi on through a honobgeni zer POT/USIN04/026654
passes using a pressure of 414,000 psig for the first

pass and 8,000 psig for the second pass. The cell

| ysate was allowed to co&&mpﬂi’: bet ween passes

A onc ot dyahotslin 1@&,«1;&0550% vv/v soI ution of

pol yet hyl eneimne (PEI), pH 7.2, (0.6-1.0%wyvVv final

concdhe FHAVEAS sien \a%@ed%a&%ﬁm reseaRi oS HEDE getivity.-
0} at. b

B e R S h o0 o e BBy

ORyrcodirting SO0 il DLBtagar + Theglacyses 3taagnil c%ﬁaxﬂ;ﬁ&ﬂicbﬁ@ere
concentr at ed @%r ultrafiltration, dispensed in shallow.
Pickpd uiRG 2 Q-betEhembAt ealony pigker (Genigtixyibih InF-2 Bgavestos, OR) into

t r
SAIPIS U0 NIBE Bl S Pl LEARIER TP g,
pJgLfﬁl&iaﬁl)QNﬁlgélNUnﬁ dntehRtiexd Rschese A0y HbVetnight %rowth at 30°C,
ehal ogenase enzyne was assayed accordln% to the

25Qurqvowtwgs p¢romeltﬂ (rpmbﬁﬁ%@ﬁl@avshymwy@& é @ﬁg'afiwe@bntrol

eI [ )

AT LSt ACH D REE e e Sl s e A R e

coiGinhg HISDERIzAGS, SEQ Bt NOL 8 L) vsere MidludeBh ahesd mbster well

reaction volume was 0.2 m ., The reaction was incubated

ke erﬁswmfﬁ epvared with dyirPore imicraporous sane, (Qrageny s Madcia,
}ract ed with 7 volunes of ethyl acetate and the

orgam c layer renoved to a 1.8 ml gas chromat ography

(GC) Oni daly. 2 ﬂfhanmt@qﬂ‘atecmlayﬁrwmgndﬂai ymedylon riEnbranes (Pall

C he eth no- 3-_ hydr oxyhut yrate

A6 SNyl é\&%IPrBYGH? 51C } %ﬂrayoldé&eagwas NpdgeeN Hhed
#QYOﬁgm%ﬁ LEREd btod Ghad ng‘é@é&t&l{ﬁslﬁ RE %R’@IQOI?%) Cﬁmtammg
anal yzed under the Sane conditions. Exanple
200 b idphaat +36% ekode0B0 Rgfad ehiearopheridoH Tod Qvura»s w&.re No
cvanohvdrin in a%arose The foll ow ng screen was used

incybafed at 305(r{orx $rd ﬁpé@éwebgr@wtw@w@tem. Egch moporypgmbrane
N R e P
)P G C3068/m3 Ghl@@ﬂeﬁfcaﬁpﬁﬁ@it@b/s wereethi ik abhtetbatr’3°@ or room
Q bot (r) robot col ony picker (Genetix USA, Inc.,
teRREVENIESYSARL. i nt o shal | ow 384 wel | Nunc plates

T

1omdA ’m“hg-SO4gpSI®\7Xltd‘l afd 1.8@ low2hélt agaredeltasqirspaped ard dvsled to

(rpm., 85%relative humdity (RH). A negative control
about 45°C. 5M NaCl was added to give a final concentration of S00mM NaCl.

Bromcresol purple (BCP) and ethyl (S)-4-chloro-3-hydroxybutyrate (ECHB) were
added to final concentrations of 0.004% and 0.3%, respectively. The solution was
poured into a 150 ml Q-tray and allowed to solidify.

The nylon membrane with the colonies was removed from the Q tray
containing inducing media and inverted onto the assay plate. The membrane was
imaged through the inverted Q-tray using the Alpha Imaging ChemStation (Alpha
Innotech Corporation, San Leandro, California), aperture setting of 4 with a 420nm

(+/- 10nm filter). Animage was acquired during the first hour of the reaction. The
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(E. coli BL21 with enpty vector) and a positive
control (E. coli BL21 with vector containing HHDH

wokésAEE#1 SEQ ED NO 31) were included. These PEBUSL004/026654

wel |l plate cultures were chered Wi th
Ai rPore(t n) m croporous tape (Q agen, Inc., Valencia,
intensity dhats fey eachyimgggsd spot Wﬁ%thﬁﬁ§?’§¥ialﬁp6fcéthé (YRkug 06 heypegative

ont
R BB el AR IR SRl inli 0N B, e A0 FDH
a¢tPB 3 8%t ve nbbmepfranatliseoteon sve@ furthyr o{lﬁem&trlzxd hlSﬁg tHemaethod
Beave al ni_n 00 Ml LB a +_1% gl ucose,
aSSTAES I AR Sy RGO oS et nebe e e agericed
u@hf;% fhedi@h tBrohghplR Wbty WBldribed itk smMaspdet ect ed. Each
nyl'on nmenbrane was transferred to a Qtray containing
indu0| ng nedia: 200 mM LB agar + InMI PTG 30 ngy/nl
chI ora eni.col. The Qtrays were then incubated at 23
Be or M@H&%ﬁ@e overni ght. On day 3, the assay
pl at ghiasiglp gdt sefeeh @ hsRWSihed i5i9deitedo redipfdr HHIOH

10 S- SO4 ..and 1.0% | ow nelt agarose was
pplvepRiides t@h@(m%%@&l ACtanbLn thimesage Rﬁ@aﬂﬂb@r@du@dmt(ﬁ g

o B 2 R e g brot KTl eSS e

s{rChiB)n paat A mm 3, ohef aseal platenmrliras;ﬁutedn?.sfokbéwﬁ a054%n1 low

S ahnsesab st Bl Shat b o B 1
I

B AR B P, QD AR TP DN Qran v pE ) 1

sqlhadrewas b lebtotR780 @ veraishi. n@gekdy tireqBOHB i@ 45 ml@(t]&@/lso ml
ray using the Al pha |nmaging ChentStation

SOTODMEH U Bt e RS oLt (5 Gyt (R)-I-cyano-3-
{4t F

SRy ol 15088 sBlucinint:® RudPlIR 393%&% b B0

emehﬁ%)rébnyanﬂikﬁehyctremutyyatd advlatibor Thasdlutiorngasimsedtandasured

t he lize val u he n atlv contr ol
l%s{iég HPH&F?‘%%H’WF Itﬁé"lbcﬁ@'a"’ts S‘i"ﬂ’ﬁ %ﬂdl cat ed

the PhesgIBA Snedfbritidvt R el bldn¥es végstrbmev&i 1‘?&%%5 Ot hi s
screen were further characterized using the nmeth og
C@ﬁ@omgbb‘dmdnm&g awdlaearﬂAnVaDed@eB) the assay Iplate. SErcomembrape was
; eg ﬁ 5)[2 “d‘g gcterlzed usi ng the nedi um

I??\gr l?& f) Rt P %ed in Exanpl e 5B. B.

Cyanglay ¢ tlondsTrax @i s@echwére udier chirasehpidt usiz t8€Bad S
used when it is desired to screen for HHDH
chyemangimnhy aacthehdesesibaddn Expmple H& (Vedipp thipugheut assay).
presence of cyanohydrin product, e.g., ethyl
(R) - 4- cyano- 3- hydr oxybutyrate. The protocol for days
one and two are the

Example 5

Characterization of Halohydrin Dehalogenase Activity.

A. Gas Chromatography Method for Detection of Product Ethyl-(R)-4-cvano-3-

hydroxybutyrate
To a solution of ethyl (S)-4-chloro-3-hydroxybutyrate (10mM-100mM) in 500
mM HCN (500 mM NaCN adjusted to pH 7.0 with phosphoric acid) was added the

halohydrin dehalogenase enzyme as a predissolved solution in the same buffer. Over

time, aliquots of the mixture were withdrawn and extracted with three volumes of
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same as in part A. On day 3, the assay plate was
prepared as follows: a 150 ml | ow nelt agarose

waeodoabiTm was made up as follows: 10 M Tris, pkCTUS2004/026654

2.0% | ow nelt agarose (nelugd in mcrowave), 0.004%
bronctresol purple (1.2 m /150 m ). The solution was

ethybpcsipte- oT@ezoream é%r yas themndagﬁdtfﬁr ehyl @oreyano45 m
R SR 1 daetheddepgpbclow n Erample

6( Rpmples wemotaBen htydlrmuybmb)ppattse and fils(@enk aalofitieqrddwer e
add d

cfionsas sths! TR Ry ane b iy FoR gt b Aoty as & Byngtipp af time.

TIRS phinkede §’é1é’ct&95’cr1§6$ cbmé?s@n ]fgtoe)&‘mpq% tlés@Yhantﬁ@ Bonversion, to
allowed to solidify as described in part A The nylon

ap@iditheaeféechpt produet infubitinn €288 %, d Mifeld> For 2074, B % 3.0%y

ntai ni t he inducin nverted on t he
o n i AP AP TE SRR ihd IS L s A Bty
trﬂiﬂ Wwlas PrephRd €or the kihyB(FOLPBRMo3-pyarbXybutyFate e QetivRY f the
further characterized using the gas chromat ography

hatehydiin drbslogeiase Wag deteamiped irbwni (s vk dlrnmh(QMandugtmnp ut
PRk e RE ot PyTRAUeRhpidaed Pouflin SR ABME abvirig of

sbraE oDk @ dnk® BreGhoWh a€lTSHle B dithputdd as‘h@ti@t'?‘bf%nproved HHDH
hydr oxybutyrate To a sol ution of

eth
EqtymalACRYIEY 0 ASIpaesiy sbyHEDE CEG NGBy i n 500
HCN (500 mM NaCN adjusted to pH 7.0 with phosphoric
acid) was added the hal ohydri n dehal ogenase enzyne as
Tablp2e deda e \HHIDH0A etiviyrof impidved SEIBH BNz @Es o OFSOHB Silistrate
aliquots of the m xture were withdrawn and extracted
with three vol unes of ethyl acetate. The organi c | ayer

was then anal ysed for et gfdﬂ,ﬁ} A3 HA
hydroxybutyrate by gas cErorra o%vra y ( thltyOf
h i 1D Nak®n

at various time p0|nts and the peak area of the
product cyanohydrin, ethyl

($E) BNy aNo- 3- hydr oxybut yratej swas plotted as a
function of time. Time points are selected at | ow

(TRIRNQN, for exanpl e, Iessltﬁhan 5% conversion, to

ef f ect of product ibition (e.g., 0.5%
@ﬁ’@w%@@() 2.0% 2.5% 3.0% Tgt The peak ar eas

(SEOEDNOVENted to concentrat i orn un| ts usi ng a standard
curve that was prepared for the et hyl
B 2 NG:a30- 3- hydr oxybut yrat e24Activity of the

ehaI ogenase was dgtermned in units of
(%ﬁbﬁan ydrin pr oduced)/mg'tr?/ ng (total hal ohydrin
(SkEQabagenBe catalyst). Relatidve activities of sone of

(Egérgm‘b&g_\e/i@arﬁtﬁhom in Tabl 62%' conputed as Activity

(SEQ ID NO: 18) 2.7
(SEQ ID NO: 20) 3.8
(SEQ ID NO: 22) 2.5
(SEQ ID NO: 24) 3.2
(SEQ ID NO: 26) 1.7
(SEQ ID NO: 28) 2.2

(SEQ ID NO: 30) 2.8
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‘Wwepmgner4pn ECHB Substrate Fol d | nprovenent

Enzynme/ Activity of Agrobacteriumsp. HHDH (SEQ I D NO

2). Table 2. Relative HHDH Activity of | nproved HHDH

i NPE#ADBL004/026654
Activity of SEO Il NO AsroBacteriumsp. HHDH ( SEO |

NG 2) (SEQID NGO 4) 1.5 (SEQID NG 6) 1.6 (SEQID

NO 8) 1.8 (SEQID NO 10) 1.7 (SEQID NG 34) 2.4
(SEQID NGO 12) 2.5 (SEQID NO 14) 1.4 (SEQ ID NG

16) 2.0 (SEQID NO 18) 2.7 (SEQID NGO 20) 3.8 (SEQ

B! D NJedRd TRroRgk ds[@CHNEmatdddapBy A s§aSERQPrédeMNd ofd8)andhydrin
(s QTD‘NU‘ZS?M“Q D 30) JHgEtchie ofdbiandhy

Thr oBrgdieit - Gas. Chr omat ography Assay in Presence of

%?IFSSW%/I‘% &)LICIIFEE rgrf%grg citS{rg(i; g&ssélls ;hlplof: é(ueft%r 9 He eré%cre%q mersfer

rescreen

1%1&& MadrahteRed a6 aR wats@ftdﬁavalecobla% (¢&@Ihl wéllUNC
pl ates (each well containing 200ul LB +1% gl ucose, 30

cmrgamimlgcﬂOin}ibB il @oglu@san@() ng/od Cbl@eamphgmcog@@mwoapvqmght

2% I tive h Th t
syt Ao R R S LS e RSP R RIS s ke
ﬁ’@hﬂh@?res&’@@nﬂﬁé&érﬂ@y plafld. m al i quots of the overnight
growt h was subcultured into 96 deep well plates each

weTHe reghdayi, h) phalBpotsdf ke WemighGrvviamaPEbzrsurppb@te9§ deep

gl D o pREes UL o 1RO LN A QYo EEGIEIE S, 1
g
rdlatRetuinadiay, 24 his| d&ﬂ(tlﬁodé(l})de{lat)greacl@ﬂahm I600im a034 Thd

llgiggc\;vesrcta ?h%lifl 1r?d(:1|cgcti Iw?tﬂ 101;M3123er/op§1|- —Dotfhlolg%larg\gsldlz-lil%'l“s(t})o(%ifg),
10ul/well of a 3¢ mM IPTG stock solution or 30uL/well of 10 mM IPTG stock) and
incubated at 30°C overnight, 250 rpm, 85% relative humidity.

The next day, the plates were centrifuged (4000 rpm, 10 min., 4°C) to pellet the
cells and the spent media was discarded. The plates can be frozen at —80°C for one
hour to aid in cell breakage.

The pelleted cells were lysed by adding 200 ul. B-PER® lysing solution (Pierce,
cat# 78243) containing 2.04 M ethyl-4-cyano-3-hydroxybutyrate (“NH”)
(320g/L)(fw=157, d 1.19, 26.8 ml/100ml lysis mixture) and 1ul/10m] DNase
(~200U/ul). The mixture of cells and lysing solution was vortexed to resuspend the
cells and then incubated at 50°C with shaking for two hours.

A reaction solution was made up in a fume hood, preferably using a plastic
(polypropylene) disposal container. The volume of reaction solution was determined
by number of plates screened. To prepare the reaction solution having a 1M final
concentration of NaCN, NaCN (fw=49.01, 4.9 g/100mL) was added to the desired
volume of 100 mM sodium phosphate pH 7 to give 1.47M concentration of NaCN.
To each 68 mL of the NaCN solution was added 24mL of 5M stock NaCl and 8 ml of
concentrated HCI (~10 M) to produce the desired volume of reaction mixture that was

1.2 M NaCl, 800 mM HCI, and 1M NaCN. The final pH of the reaction mixture was
7.0-7.2. To this solution was added ECHB (fw= 166.6, d=1.19) at 280 uL/100 mL



10

15

20

25

30

w@ 20801mpm 10 mn.,

i ncubated at 30 C overnight, 250 rpm 85% relative
hum dity. The next day, the plates were centrifuged
4 C) to pellet the cells mEmus$sivet026654
spent nedi a was di scarded. 4§he pl ates can be frozen at
- 80 C for one hour to aid in cell breakage. The

repeffanenicfoablain a ge meM fipgbepnsgnteaion nd he finakgonpentraReny in the
t
reké’czdr{%f%\} ;nlg\@ g{cgﬂ? dﬂ\g )?ﬁb 1 t%iyr xﬁ%\/lg %p§8ﬁhﬁe$mﬁ.o%o 9%, %

mMEQHR.) (f w=157, d 1. 19 26 8 m /100m |ysis m xture)
and lul/] OM DNase([ZOOU/ . The m xture of cells
arf§O0IM}sofre Earian BktygLYas @F‘@%&édhq lysecbcells prprehrwidl. The

plﬁ{%g I\&%r@%@letd%gﬂl "tHE Vgﬂ%hﬁc‘ 131228 Mgﬂetapsesf‘ii@klrﬂg selfa?crdrélmg

react on SO on was
wp:reethm sthaksn atsbog tempdratstd for awhymrtenqoyAﬁme;haldn g1hs plates were

Th cti.on [ uti ogn was
unsgs 63 ‘ﬁé&‘lbﬁ}fe m%@wmaf %P%’?@ ig ewgﬁféaateh%asmdés%r%each
wei eTﬁ%ﬂlﬁés WerS @séﬁlécpﬁkugfﬁb %1&1tyh i P%L%Lo&gg qgg%sfeegkk QWaken
v1gh®uelesuhcedllmm¢dmt§1tcfbr 1 DOinm%e Enoldt uhlmlpkms&q@pata@ pH 7 to
“itﬂﬂ?M co centratj on of I\Ia ch 68 L of the
PSR AP S 3T Shecin At aHoTE TR R Liog o GO
slﬁflo@q’ﬂfﬁﬁ?ﬁl? gﬂeme rea@tid ?ltafés @@8@‘3@852)( &%ﬁﬁ'{y&%m mltlve

vol une ion nixture hat was
disighcenzemd hqmlmax@mwrm@pfmml ANH 5% Aﬁhéﬁﬁoeaﬁ FTBO0,TWH BT 39,

7.0-7.2. his sol u was .ad fwe=
WG Wigh 75 55ales v it et MR U RER R P i ¢
Sl@ng@ wélfpla@g concentration. The final concentrations
in the reaction mx are ~ MHCN, 2M Nadl, _50 nmM sodi um
ph os“ﬁlhm lad Wero S@&iﬁd?usmg the ViekacRgHRPlazd@c Y hestt seler and

dto th
Bt RS ULl SR o b R BB T bongie B
Pl ateLoc(tn)heat seal er. The seal ed plates were then

shaken at roomtenperature for 120 m nutes. After
CshakMss agdhsomategrapby Assey for Inhiyitionig the

t hynpje #?‘éé%ﬁﬁlhéﬁq @Iﬂor%%&%ac%é%t(g@ARV\’aS added to each
wel |~ the Velocityl 1

PlHitselsre pickpd fain desirb@wellsstlak@nofdutare) s the présdfen master
allowed to sit for ~1 mnute to |let the |ayers

welb plaresraad 119osfﬁaﬁecamicqthlét“§llépf Phwell ENC| pégtesf (opglt well
conqurl?l%}:; 296 ce}‘héeg ‘%%916 ILwaZmpg %)ramp haI %l (gérgm@)fJO{J %veﬁréiggt

grblwm a(imtp@m fipiy, 856 férakla@ ROty ITheipdsifiae ebifold &é& picked

node, AV 150, AH 2650, EH 3780 VWH 3730, W/ full
fromdhe QFSCYWP%@TW@’r@a&eFanSferred from the deep wel |

pLI%% %e)l(tnc}a%)/, 1(51 ﬁl ﬁcll}?]%lols QW c;vlemD glﬂ growth was subcultured into 96

deep well plates, each well containing 300 ul 2xYT, 100mM NaH,PO4/Na,HPO, pH
7, 1 mM MgSO, 30 pg/ml cam. These plates were incubated at 30°C, 250 rpm, 85%
relative humidity, 2-4 hrs, until the cell density reached an OD 600nm =0.6. The
plates were then induced with 1 mM IPTG (e.g., 10ul/well of a 34 mM IPTG stock
solution or 30uL/well of 10 mM IPTG stock) and incubated at 30°C overnight, 250

rpm, 85% relative humidity.
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These plates were sealed using the Velocityl 1
Pl at eLoc(t m heat sealer and stored at -20 C until

 W@pabysilist by Gas Chromat ography as descri bed i PCEKS20p4/626654

6B. C. Medi um Thr oughput - Ga&¢ Chr omat ogr aphy Assay for
Inhibition in the Presence of '
Et”lfh;tlnem dyl the phatest were eeattibuged CAO0 pint, $0vwine 4ffr ciReagllet the

cofs @ PRSP p G 1 i n e aehE e Podel S SR PE R

h&ﬁta\lﬁidhnl(\)élll\lgra@k es (each well cont ai ni ng 200u| LB +1%

gl ucose, 30 ngy | or anpheni col r%zg for overni ght
grhatpielleted gl s@verg tysed pyad@Bg2p@ MhtB R@Jhis@gtsylutlm gPierce,

cAR S e Ty D SRR OB R R  E ping o

s&M@memOr&&@aw&eM§em§ uéltstbrnadhmheu&@emgpf’wldh shaking
pl ates, each well containing 300 m 2xYT, 100vM NaH P

fZRao HPOSH 7, 1 M MySO 30 ng/ Ml cam These plates were

R o PR W

dfgb@apdzcﬂﬁzﬁﬁer\/(&dsleniehﬁtmmnﬂd (bg?dmmbbhoﬂptMet RTéened). gl prepare the

O / |1 f 34 mM | PTG k |
regROTUSOMIcP hoV Iy ALC IR AR ! AECS NSy P L. 4.9
géﬁgltntz Was R4 6 lt}%t e¥§ech%{fbﬁb 184 16(?“&11\? S&rhuﬂﬁ%hozﬁl%?e ;%I-(I) 7 to

were centrituged
gwe 11145 toreceaehtion cfMNhANheTs panht68mebliod tiwalYa@N sokutida ovas added

24t P BpecRiagbindd B flsePeenpicithcL Cy g i dsnd ©

d@s%@a @elu%%oomac%o}?%ﬁkfu}e ThYSWRI1 3 M WaCPrBOORARI HE], af @l K
78243) with lul/10m DNase (~2 OOU/uI). The ni xt'ure of

Ne€N. s Tamdinlal piof theokagtion minase 180kQ-éxe d o thisrseltiop éhalded

[ 1 d 50 i th shaki f :
L3 i ot LIBT SRR e e s B g Bcon
nl?@ hd E%E&I\G(f\@b hys 4SADE2 ) tB'sexﬁM findl F’B’}lceﬂtrﬁ@&ﬁ@bo uL/100 mL
ntai ner (vol unme determ ned by nunber of plates

reacti@emed) . To prepare the reaction solution haV| ng a M
final concentration of NaCN, Na

g/2p@o+IdL9>f thia seagHer BittBre was added Cgl ft/éFﬁhﬁélSdF G%Fé‘oww The

e SA

wafe thdh shakek aNaGm tam@exatuné farf60cuinoent Adteeshakidlg, the platdd were
TR R A TR

\&IeQ.e TE]@ %ﬁﬁés%rﬁé%%bﬁ@@ uélﬁg %e%&o&tyﬁ@lﬁt@i&woﬁéﬁ Séler! shaken
adde CHB (fw= 166.6, d= t'o 100mM fi nal

vigonms ht, theniatiowed 409t fvlc/-l mnntt t@ e thtei layers separate

150 pl aliquots of the upper layer were transferred to Costar round bottom

shallow well polypropylene (PP) reaction plates (Cat# 3365) using a Hydra™ positive
displacement liquid handler (Asp mode, AV 150, AH 2650, EH 37800, WH 3730,
WYV full, Wash 3). Samples were transferred from the deep well plate into the
shallow well plates. These plates were sealed using the Velocityl1 PlateLoc™ heat
sealer and stored at -20°C until analysis by Gas Chromatography as described in

Example 6B.
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m x) and ECAA (fw= 164.6, d= 1.21) to 5 nMfi nal
concentration (100 nL/ 100 nmL reaction mx). 200 nL of

wo bsoeaat i on m xture was added to the | ysed cet1/8S1004/026654
each well. The plates wered4%eal ed using the Velocity
11 Pl ateLoc(tm heat sealer. The seal ed plates were
then shaken at room tenp&xamplecd for 60 minutes. After

shakj.ng, .t he

Ar hy PR Y e ' ~
vel | Thelly I%Raiéﬁ@ya“@fﬁhfcﬁﬁmh%@aw§tdﬁigcéchﬁa Bleilrmd: 53& was
Pl at eLoc(tm heat seal er, shaken vi gorousl gg t hen

anglyzedwsing gas ghromgrographyivyith flameyiopizatiem &FIP) dategtion using an

AHRERERF oo ol DU IoRatad By HRRELRRAEE N 5 um, sing

tIEQI)lY(W/lﬂ%SE@g?%n( RRhinLRAE 07T, BPeingfiute €8t HO Mdfifeds; 0SIQYEhiute
dra(tmpositive displacenent |iquid handl er (Asp

far@deinuky: the0? mikb@S5L00RE NSCHd oWlEt3Z@Peratires wete both

Wash 3). npl t f d f the d
S5 e e RN F BB I?Iné?re@es%%%g@%m b Skt

I t n I
S LA ORI RS LS ebossal er
hgdrooytat prgre@plys @st. SjﬁmmtesbétjemmaEpmitp bEthé Bp&oieaphemeasared
Det ecti on of Et % ;}/ x1¥butgr ate by
u@&tk@ﬂptgg@f a ﬁvagrﬁ)e psc romodtograpHy resl
(R)- ﬁn&mﬁae&mwﬁwmwdﬁh %eMl@éEﬁﬁ?ed(mmDﬁ? VIR 1Bspedt to

was anal yzed usi'ng gas chromat ograg with flane
ethgh({R)at-¢ smo{FhRiroxidiueyrate ovas wesasgred hy Agd ¢hepmatography and FID

RIS R e IF TR TATT SRR (80 DR 022 Fraber ay
dgagq%ter) g’s%%%@ l‘f&]ZO\I']?l% 8&%”95% uégg’? '@55’<§taﬁd el I%te at2

et and outl et

rﬂlﬁl‘ﬂ'ﬁe![rﬂétlﬁnﬂfbu%trtEm etaturé&dPer€bothind 280%C.f Uaderrthdse comrditidns
m /m nute. Under these conditions, ethyl

- 4-
ety heRO-“Beyapar oRydsax yhustrate sluiessy 186 ingtss ﬁm& 2hé1§(33rfbcyan0—3-
cﬁrQX{'buQ)%)atéﬁéhﬁm 419 23mu{h¥é1r oxybutyrate elutes at 4.5

em cal of the species was neasured
usi ng the integrat ed peak areas fromthe gas

chr ormat ogr ahy r esul ts

(R) - éﬂ?ﬂ s droxybutyrate was rreasured by gas
chroéh? g nd FID detection using a Restek
gammiiaéohyig tefalegenases of ﬂfemrd:semtgnv@ti@ﬁ timatienibrted activity in

di anet er usi t he f I I 0 ram nut t
emeseaR ot s e taedst i hiBrSerpel Bfthaf af ByipRE e were
flRP ERRAUESS MR KR £04ydedéritedGh ExaPREB. tTIRS@maining ethyl (S)-

conditions ethyl (R)-4-cyano-3-hydroxybutyrate elutes
4ecthlore-3hydrenpbutyraindn dehgdctips)nixturs forg Fxample SB was analyzed

using gas chromatography with an Agilent® 19091J-413 HP-5™ 5% phenyl methyl
siloxane column, 30.0 m long x 320um inner diameter x 0.25 um nominal, and a flow
rate of 2.6 ml/min. The following program was used: 1 minute at 100°C,
50°C/minute for 2 minutes, 2 minutes hold, with a 10 minute cycle time. The detector
conditions were as follows: 300°C, 40 ml/min H;, 450 ml/min air. Under these
conditions, ethyl (S)-4-chloro-3-hydroxybutyrate elutes at 3.12 minutes, ethyl (R)-4-
cyano-3-hydroxybutyrate elutes at 3.06 minutes, and thymol elutes at 3.21 minutes.

Activity may be characterized by the quantity of ethyl (S)-4-chloro-3-hydroxybutyrate
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hydr oxybutyrate elutes at 19.2 mnutes. B. Detection

of Remai ni ng Et hyl (SV4-chl oro-3-hvdroxybutyrate by
wa@msCmenat ogr aphy Hal ohydri n dehal ogenases ofC1/ti£2004/026654

present invention that exhu®ited activity in the

presence of cyanohydrin product in the prescreen
remreiinginaimalizedisl the aBraciien efffcignchidre. . drga Bz Thynol.

d b hyl
%)gﬁlolaialsl |a8%§9€;éﬂ§gsrtgwgc¥ f r‘r‘g a&rac?%n egth ?er{c g@{tﬁ%&&t% y
cothpdneh® fon® Walex 8@th a'é&at@as anal yzed USI ng gas
chromat ography with an Agilent(r) 19091J-413

HP-5(t m) 5% phenyl nethyl siloxane colum, 30.0 m |l ong
x 320mm i nner di aneter XFQ[ ﬁg e noninal, and a flow

rate of 2.6 m/mn. The g programwas used: 1
nViatuifectate cf®h Q@ (RPACyahndtheydfoyb@yratenfromsEth 21 (8)-Aedhésro-3-

hold, with a 10 rﬁnuteM. The detector
condltlons were as fol DYGEOX a8 40 M /min 450

al feckNACketd S Ba QORI Jpe@Rdth £hBManical stirrer and
(S) ghl oef;o ﬁhyedroxybﬁtyrate elutes at 3.12 m nutes,

ca@mbgttd (R)n dxoroytaniit Berthydr phl gleatrgdeans feediog tulte for ilition of

o 20 T MR e i 53 0 bl e

sc‘lﬁ on‘ko‘ﬂﬂ OF PrSwhkdERXRBE ¥hPdcR (AT RGN 0 ﬂ“ﬁﬁdtése HalbRydrin
e extraction efficiency, i.e., Area ECHB/ Are

défajagphase BRYITD NG 3dsiedelatysam (250 mihadas sddudd dihe reaﬂtlon

t t ffi f the.r t
R asGTRpRY o SuaPa) BT  EE 5 RENETRF e Cu SRy
c}{lg‘%o ﬁh?&x@??ﬁtﬁ%ﬂﬁb@tﬂ@g}’ Rt YoM eadde@dv&t hibur. The pH was

| or o- droxy butgrate To a -necked jacketed
mRintdinekatdchyi hp @dtomatlh tisratee by thei additiogaf AP &M (27 mL) over

1gﬁ§1§]rg(:$ d 8{:1%&1?19“%? ﬁg(?rrtll (ggltai)ﬁ E)n aglr ang%naSa}%HleeJhgﬁfteﬁ %grgpﬁte
c&avers?iioBrdductaClitt 3ib 25w 4h)adaeditoNaLifIRER, (hadch @)s then

bring the solution to pH 7. The water circul ator was

cenmected tpdigphragmeumpp W%@%@UNH%PWIPW QI L),
SEQ 1D N
SERbPRR, 76 PGB AT S PR v

1Hsid s@lﬂné&@@(ﬂ hir 8abble Wy added hyﬂhe (s&)mén to aid the removal of the
chl or o- 3- hydr oxybutyr ate (45 % was sl ow y added over

HCModfter SrheurpanddGN dgiestos indientad less thyn ﬁema%%rfatﬂpecoff-gas
Th ¥nr )?thpeém%yallto%d%?g&;l 1&fbd %Mt&l@% ﬂﬁ?t r%h)thrmf@{ (1:<,711te

gas c tograp a reaction
p@c&”ﬂﬁ&ﬁl&’ﬁ&vm ﬁ&ﬁﬁb@b@th&mm ataatei3s S\OQde).d and theCehibired

was added to the f] ask, th
HEDRINER R XR G TR S—
uRARRE &N 9§7 ﬁ)tarﬁjyl N@pg?'at ALy p‘ﬂ'(‘n)lde 28.5 g of ethyl (R)-4-cyano-3-

hydroxybutyrate. The purity was 98% (w/w) by HPLC and the enantiomeric excess

was >99% (by chiral GC, the S enantiomer was undetectable). As used herein, the
term "enantiomeric excess" or " e.e." refers to the absolute difference between the
mole or weight fractions of major (F(,)) and minor (F(,) enantiomers (i.e.,

|F(+) -Fy | ), where F,, + Fy=1. Percente.c.is 100 X IF(+) -Fg | . Enantiomeric
composition can be readily characterized by using the gas chromatography method

described in Example 6, above, and using methods that are known in the art.
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to renmove HCN. The m xture was heated to 60 C under
100mm Hg pressure. After 1 hour, a subnerged air

whebbben4smwas added to the solution to aid the PENDYAD4/026654

of the HCN. After 3 hours, 4an HCN detector indicated
less than 5 ppm HCN in the off-gas. The m xture was
alloned to cool to roorﬁztﬁmiﬁr_&i&re, then filtered
thpough .a celjte nad. ' _ ]
buty \ge ev3 { L ' 0 & COND -_q; %&_E_
| ayers filtered throughyéoRashtafteacti vat ed charcoal .
The sol vent was renpved under vacuum by rota

evapbrrerbaf Exampples $-dé. tog 5 0ployesgsl ﬁynnemfi-ta;% PHieF1a4C
. t T L
A S B 10 A A e iy SR o

(1ehg 1 mmet) andsvaterd 80 edt)afhe yvessélswassedled @ané the, pH hvas adjusred

"enanti oneri c _excess”' or. " e, refers to the
toghRY i 80PN P& F e B2504 (LAY 1 IS RAgiiof mpriyas heated to 40
°C BREHEREPWRA o'W 6n 87 B Bh 2R dohbiokenasE A EARIF I, waten)
THORA1h |drin dehkoggnakes. uskh fortthesaEixamples pod gietpobypepade seguences

readil har act er j ~using the gas chromat ography
g‘?f%‘!%&ﬁ"déé@?’i“!fe&éﬁ%%pl e 6, above, and using

et hpds,IBRt  agEoNPONE 320 the art. Exanpl es 8-12
Conversion of Ethyl (R)-4-chloro-3-hvdroxybutyrate to

Et hyEx4qi)le 8- cySRQ-IB-Nénfr oxybut yrat e For each of -

Examl es 8-12, 7 vessel connected to an

aut gﬁﬁ?r}’]&letlg)t rgﬁérlﬁbéo‘%H el ectrode and a feeding
tubeEf(Qflplgq(ji t §po fN®aRe was charged NaCN (1.5 g, 31
mrol ) and water (50 nL). The vessel was seal ed and the

pH wesampleugt eQEQIDMNGY& he addition of cone. H2S 4

The SR ARG ST PR (P gPa P AL M Bace AR
syrfhgd. Thé Autbhatit tivateempintaihel thalpBiut drbyrthel edditiog efvida$aCN.

used for these Exanples had the pol ypepti de sequences
Tht progress Pl the geacpnovpsTgoRtred byrssording hespmufptigepplupe of

] D No: 90 Exanple 10 SEQ I D No:
t%@ﬁ%ﬁ@%@eéﬁ§ﬁo&%6 Exanpl e 12 SEQ | D No: 98 Then,
et hyFiglife) 2 dhowl the perderttydnersibndly edtye (F)5t-Clop-3-BHdidx y-

mmol s. added vi a syringe. The aut ic.ti t,
YR (R AL ) i VAR S Sk for

each of these Examples. Example 8 used a halohydrin dehalogenase having the

amino acid sequence SEQ ID NO. 32, which is the amino acid sequence of the native
halohydrin dehalogenase from Agrobacterium radiobacter AD1 (hheC), expressed
from novel nucleic acid corresponding to SEQ ID NO. 31. Comparison of the percent
conversion vs. time for Examples 9 through 12 to that of Example 8 shows that novel
halohydrin dehalogenases of the present invention have greater activity than the

native halohydrin dehalogenase from Agrobacterium radiobacter AD1 (hheC).

All publications, patents, patent applications, and other documents cited in this
application are incorporated by reference in their entirety for all purposes to the same
extent as if each individual publication, patent, patent application, or other document

were individually indicated to be incorporated by reference for all purposes.



The progress of the reactions was nonitored by

recordi ng the cunul ative volune of the NaCN sol ution
‘waedediust tinme. Figure 2 shows the percent CcOPWVEUSI004026654

of ethyl (S)-4-chloro-3-hydeoxybutyrate (cal cul at ed

fromthe cumul ati ve equival ents of NaCN added) vs.

t i meWhale peefeiredémbdrimentEwf thelineentibr ayd leeeg illgstigted and

e O i e e B L L
wﬁ%ﬁt‘é@pﬁﬁhg’ e the sﬂﬁh ahdEBPsLtht iiveEnfai.obact eri um
radi obacter AD (hheQ expressed from novel nucleic

acid corresponding to SEQ I D NO. 31. Conparison of the
percent conversion vs. tinme for Exanples 9 through 12
to that of Exanple 8 shows that novel hal ohydrin

dehal ogenases of the present invention have greater
activity than the native hal ohydri n dehal ogenase from
Agr obact eri um radi obacter ADI (hheC). Al

publications, patents, patent applications, and other
docunents cited in this application are incorporated
by reference in their entirety for all purposes to the
same extent as if each individual publication, patent,
pat ent application, or other docunent were
individually indicated to be incorporated by reference
for all purposes. \Wile preferred enbodi nents of the

i nvention have been illustrated and described, it wll
be readily appreciated that various changes can be
made therein wi thout departing fromthe spirit and
scope of the invention. WHAT CLAIMED S: 1. An isol ated
pol ypepti de having HHDH activity, wherein the

pol ypepti de conprises an am no aci d sequence
consisting of: (a) an am no acid sequence that is at

| east 99% identical to SEQID NGO 4, 12, 16, 18, 34,
38, 44, 48, 52, 66, 80, 84, 114, 154, 158, 170, or
270; (b) a polypeptide having an am no acid sequence
that is at |least 98% identical to SEQ ID NO 10, 14,
or 68, 118, 164, 166, or 180; (c) an am no acid
sequence that is at least 97% identical to SEQ I D NO
10, 162, 262, 422, 440 or 520; (d) an amno acid
sequence that is at |east 96% identical to SEQ ID NO
116 or 448; (e) an anmi no acid sequence that is at

| east 95% identical to SEQ ID NGO 264, 266, 470 or
476; (f) an am no acid sequence that is at |east 93%
identical to SEQID NO 200; (g) an amno acid
sequence that is at |least 89% identical to SEQ I D NO
442:
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(h) an am no acid sequence that is at |east 88%
identical to SEQID NO 702; (i) an amno acid

weemsermel t hat is at | east 80% i dentical to SEEEDSNO026654

2, when optimally aligned wtth SEQ ID NO 2, and which

conprises at | east one amno acid residue sel ected
M&ansi sting of T at (residue) position

2, Aor Por S at position 3, V at position 4, D at
position 6, either | or at position 9, L at position
10, $. at posisdlated pdBpeBdidethapmgi HHDH ddiyity veliergiashd i on
1E, C,Bﬁt osition 16, T or R at positi op 17, either C
PERYPEPUSIe cRMpFisGSAD; 3miZH agig sequenee ¢SIStingRt24, Q at

@PS! lah QfhirePaci®beqRORCthAMs £east 964 iRIRichl (0 ISE@ID Ry, 12,
position 30, L at position 31, at position 33, R at
1poks, Bito¥8, 34, 48. 531t 60.0%), B#.0M43634, N5&t170pei 270on 36, H at

osition 37 at position .40, L at positjo , . P at
(Fosi eiobfyrasiccd Ping S feid fequn 1B ableBi o5 idenfat o
SBQBID NO 16214, ¥r 68, 1185164, 266,24,18% at position 55, D at
position 56, K at position 58, or D at position 61, V
(@t pespminracghseqrene thadds atilenst Y% idantigedp SEEHIDYHO: p 164 162,

N C at position 78, Y at position 82,

2§gﬂ122r£’4@ %SZI(_)’ at position 84, A at position 85, E at
(Posi tan amirdlacidsequenpeshitiion 103t 96% edenGacaltio SES) ID BO: 296 or
N at position 96, K at position 107, A at position 12,
448ther T, S or Gat position 114, A at position 115, P

t posiii e - ot Lo ' ’
@ oW ARk gy MRRIEN LT e 1o BRI RO 26k
20@0t709rd76;position 133, A or V at position 134, L, Wor

.3 B Eld S5 0 R 2,
BPSi bh AMinboid s2qBéndR At lid élﬂea%@?%_?_&iénﬁ@ﬁl tSSEO 1 Nbé 442

gosition 154, V'at position 168, at position 169, F
(A} pewsminsracidzsequancatthay asattl¢ash88% densicaljo SEQ BhNCB(02.G

r 1 _at position 181, K.at .posjtl 0 84, t [t 0

s, of bafistd om0l halédlyn Sefl P RD: 2 Shen
hlly QIznd8NithESEQ IIDORD:t1, @Rd Fhich doniplis@Oft l1ddsOtneZatRino Yci

Ogtmﬁpo};i {glnon 2“37,&2& position 238, T atS posi tsi on 248,0\5Cld
residup selegted from the grpuptcopisting Bl stABsidyehposyinsi 3, idoar Raos at

. i ti - \ it . : r (..
Py 20 BREILO0 A58 A0G Mik 1 BEPUEARTIET, il 1
Shiy podidorz E3 Sungesitist 14,1 anpositindist Canposivied 16, T or R at position
iUb‘;t antially the entire length of a nucleic _acid N
1661 éfs%@ﬁéiqﬁé( gtposjtion 2B, Ney positiog4. (dat pesiHon e, Ralregisien

280F YRR S0, Whe EOQQ&{ SR ¥ L@Liitigﬁlﬁ@, (Wiaf Bosﬁﬁgeigg tﬁ\%g'r?é)gition

conpri ses an am ho acl d 'sequence having at
34, mopoaitiod 35eNiati pesisel 26 tHeat fosoiwh37hDeat gogtign 40, L at position

A R e hoR e BTN 8550 8, Sholios 4,
S0 3 1 B PS80 e S, BOFL o, 0 posiion
65&, At pasiiiond’ 2, Matqosioat’SpB ei pasdienl/p, Ceit pheitiom? 8, et pdsition
83%eiRO%8 bt Lt fkition £ APRLi1iSH 832 at position 91, D at position 93, Q
or G at position 95, N at position 96, K at position 107, A at position 112, either T, S
or G at position 114, A at position 115, P at position 117, N at position 120, E at

position 121, P at position 122, R at position 126, V at position 130, S at position 133

?

Aor V at position 134, L, W or V at position 136, H at position 139, I or R at
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Q at position 26, F at position 28, T at position 29,
A at position 30, at p03|t|on 31, G at p03|t|on 33, R
_W@tooposilti on 34, at position 35, N at positi onPGBUSIH0E026654
position 37, D at position520, at position 44, P at
position 45, either P or A at position 47, N at
pgaaint i4@nS BRpositicat 1408 iat pasiticU146RTat ppuaen 1%h S56 posmam 153,

el 56 g gisian T sston e, St e e bt Bk 137, v

at%%llubh qng, A6t aim&mssd 6y 178 positieh 19DK &d lt&a 18_&I Yher
or at posi |on 84, A at position 85, gosulon

p@itionD &4t Lpw position 198 N @ mlt@ndﬁgp%attpp@ﬁ% 59 1 aiposition
96, t 0 _
2B R 5 Lyt 01 Bl Bt iBBbE g i

or9A op¥Sdtpbsitiod 245, Watglositioni2ub ovi ot 26t pdsitain 23Asartd Yt péition

P at position 122 R at position 126, V at position
5ﬂ3@r S at position 133, Aor V at position 134, ,Wor

(])1 45 lgﬁﬁftn'b' 2014 st3&enc 1e1§’ctod%&’ % 5{ L nBBeit3Rid tﬂﬁt }@bﬁ‘duﬁ??ihdéron

positron pOSItI on 14
stﬁﬁgdnt tarditl&R, over mbsqamx;allyl tberedts8 leneih tblfernlEleoc adid at

osition 15 n 16 tio
oditesprnchnh Hroha 1D N oo Sad bRBieihs shedtbe BSRere (B e, o
oLy i gROS Lth SR NOY 20 coRBesl ] acid sequen oo hivipat

led@Qne Emano zp;axtrelsnd@n sedaded @mtthfpé@uplcomlgw of\J a(residue)

oS Sit 238.. T 42
7o 4 ook o5 B SRR, Lol 45D GBRELTE, i orgom
pokitiin 9, L34t poSisibh 1015 2FpdsitidAd 3VS at pasint 149K @Ppdsidion THEC at
i sol ated pol ypept| de of claim1, wherein the

pwqxphqotT AR peposiiondii eithen€iar Sserdkiahrasitionr3de Iy Resitien 24,
t

S5, 15 o W0 TSN B 31

GQit pdsifion 28L\R at\faitioRi3uNE at MBiticar 35VHFat pléhl@on 36‘;]HSt p&ldd 37,

ML5K, G16C, either S17T or S17R_ejt 3\20 g
Dy psitigpats L aipseitioydde appagiiondippth qt@’fﬁ PoEitiog] F@LJ at
iy T B s o g5 o
DEff) j)&sltld)lﬁell V QaRitiod Bl R alt_fziﬁsﬁ’l;lmSTBdi at p&2tvon 89, ﬂmrpoﬁﬁchs%
1E, _A93D, .E9 E95
Ct P&Szwm %ﬁﬁ%mﬁaﬁ%@% gheRs Oiigt@PSlk\Pn %1399 Os{lion gﬁﬁ at

|
o oA 01T BABRE N PR K i

107, 428, position 3,12 Teithe ST, A5 LTat poskies 1 1éi A abpositieuld SoP at

p%@%p‘lﬂl }lgai\léosigjﬁz@, szgl’tloh%ég&‘ at\SP]loggl:QP 1%%% 85sition 126,

V\QEQQUOIFZW\Q atﬁgﬁﬁbm 132408: Veit pbetiolVERIR L 0N dvRA&/dosition
5V, W49Y 52V or Me521, and E254V. 3.

The
13641 attmaltw IjPekariRiat positiondit S at ResBios) 144 $at position 146, T at
tll(yrp Fi’zt IS a? pgsat?orﬂﬁ, either S or A at position 154, V at position 168, T at

position 169, F at position 177, V at position 178, I at position 180, G or I at position
181, K at position 184, Y at position 186, L at position 194, N at position 198, M at
position 199, E at position 215, G at position 236, V at position 237, L at position
238, T at position 240, either I or A or V at position 245, Y at position 249, V or I at
position 252, and V at position 254.
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least 1.4 fold to 10,000 fold greater HHDH activity as
conpared to wld type HHDH having the am no acid

woesmsermael of SEQ ID NO 2. 4. An isolated or PCT/US2004/026654

reconbi nant pol ypeptide ha¥dng at least 1.4 fold
greater to 10,000 fold greater HHDH activity as
conpar ed The mlatbdtmb)eiepﬂ*@-bﬂmmg wheeein therpelgpeptide has an

f h
SRR Ratens; drvienane CofQ PG s bR A oERER '

s&atsﬁﬂuﬁg@mel&waotkdm mr@u@éorﬁmbﬁg an tszan kiyher rIeAecnt1r3Pe A4V
| ength of a nucleic acid having a sequence sel ect

VePeeithard/ 9§ 0p YIFc b hh-¢13% GdfS SHBS KOs, gthenS17T QBS IR,

o s G ot 0, Soge g lonoffprif, 9, g

FA3519 K3, Q37613 E4BDSF446 N4582dithed IQ7P 44 T47AAR S2MAAS44 /S55R,

Eééﬁmﬁé%%m P eI RS 1670 e L4 ST 86 iy, cither
B4 2R 5QOKY NECAGS, I%@%@ HIRe Rnebxpemm &ifbr

aim1, 2, 0f 4.6. The isolated or reconbi nant
ApM’E/DUAﬂéftiﬁlodélcb#S,chhSm S117hd& 180N, KHe 1BoR 123kc B @6R dld 30V,

ATRERAR P AP T GO R BT EEN O LR e dEptRe.

TPRS, tmes 5&\15@18@193@ Qstaek T Ral1¥p.PLEY; PARE, Y177F,
enco In%H SI ne at am no acid osition 36 in an

LEroded m&lﬁmrﬁiéﬂ)k Pa8AK ATTBo&n ddHInH1P8NI ¥LIM KAl SE,
,ce)l?]%gyj W %ﬂO’? 3ext'hg dm4§f10r019§951§| HPNIZ‘%%'VV bgg

amc acl t ~am no aC|d posi ti on

szza!rbrwmsmeﬁ]dﬂtﬂzﬂvpol ypepti de; and encodi ng Proline
at amino acid position 188 in an encoded HHDH

pol ypepti de; wherein the am no acid position is the

corrspon it i . : j ) &

ot ponce 1o ReBEHHg! Bl Spfuif EANRIRMARTICHE, '
leasiript fodd rg10,0@0 fodd yreatet HHIDH ectofitycls @bmpared pe waldl type HHDH

linked to a pronoter . cell transformed with
havige H@I%%P‘é@??%n‘iﬁd&wgﬁé@ A met hod of making

an HHDH pol ypepti de, said method conprising (a)

cultivating the host cell of claim8 under conditions
sui tdbl e ﬂmriscpatodiucteicmnbimfanttméypdpmﬁe holiygpagedstié 4 fakdgreater

< B R GemBr B Ao AR P ERALS ity BREE B fog the
amiHd Rid geqne&)é oESAO BNNO: heareo! ypept i de, when al i gned

with SEQ'I D 2, having one or nore of the residue
chan@éeresethe @pb'@eptrd@ms eipoded by p neelpisiasid that lnbridizes under

stﬁ%é%t conditions over substantially the entire length of a nucleic acid having a
sequence selected from the group consisting of SEQ ID NO: 3,9, 11, 13, 15, 17, 33,
37, 43, 47,49, 51, 65, 67,79, 83, 109, 113, 115, 117, 153, 157, 161, 163, 165, 169,
179, 161, 199, 261, 263, 265, 269, 421, 439, 441, 447, 469, 475, 519, 701, 725, 729,
731, 733, 735, 737, and complementary sequences thereof.

5. An isolated or recombinant polynucleotide encoding the polypeptide of

claim 1, 2, or 4.
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T134V, F136W F136V, L142R, L178V, W238L, A240T, W249Y
and M2521. 11. The polypeptide of claim1, wherein the

_W@ologpenti de conprises an am no aci d sequence REEUSI084/026654

at least 99% identical to SEQID NO 4, 12, 16, 18,
34, 38, 44, 48, 52, 66, 80, 84, 14, 154, 158, 170, or
270.6.12. Theisplaledmepedogwingnt polanvaldotidgieé claim S5t wherein the

ol ypept.i de conprises _an am no_aci |
oL SR oL ot el s A 1R Bup PBlyihe o
ATY&ncddidg Isbffucinelat 4Bfholadid pdIRiodd YR@RntstedEHDHpolypeptide;

wherei n the pol ypeptide conprises an anj no_acid .
Adsyensadimetliystneias amgino asikposgoy 36de spicagdded STRIRE notynqeyide:
i I ' i I a’IP%Bﬁ whi ch
A?gﬁqu??@gg ngé é;ﬁlggigétt Q%ﬂnrg)rhg% féﬂ()s Mezljg |%§QP él SF,P iegllg%edes el ected
pcgym/gtiﬂh;e%gﬂmmsoﬁiog le@ingirgaodn% aﬂa\r}a'h? @cielsp!o?i!ﬁe)x 92dm; At br;mmded
or 0 at _position 3, V at positjon. 4, a
HEiRHE polynciideeimierCiongoding Priyar of gnns zoid BB o
er?cgdedSH?ﬁ)I@ §1iyg£;9ﬂie,13a S at position 14, K at position
15, ‘at position 16, T or R at position 17, either C or
S or wKeratn the siminari@positioneaits theosintespomding, pa@itmn ip g ancoded
6, at, positjon 2 sition 29, A at position
pé@ﬁ?eﬂ?dﬁt ! ofgfef‘?“&ﬁ%?::‘r‘lg[b %@s?‘ti on 33, R at position
34, at position 35, N at position 36, H at position
37, D at position 40, L at position 44, P at position
45, @i t heAnpxpressiomveqyrsiompsising the pelypucieesidejopplagn S v/
at .nosition 54 t position 55, D at position 56, K
0%?“@@?%?“8‘8 aég?mgteg'r D at position 61, V at position
63, R at position 72, at position 75, P at position
76, at position 78, Y at position 82, either S qor at
posi Bi on 8dospced tragstormpd Witgshe polypucadide olatn 5. D at
position 93, Qor G at position 95, N at position 96,
K at position 107, A at position 12, either T, Sor G
at pOsiti ammdiod Af mbkipganh HHIDH o] ypepiade, paid intatlood dompriNing

t position 120, E_at. pgsition 121, P.at position. 122
oafivaing B gmstest of Gl Sipeerconitipapsui@ble opBrodrig of the
BHH a rddoO&t r abieosi tion 136,

H at pé\lggiégti}éghsnl&é%?k%PQ%%ﬁﬂ%g%w?ggwﬂgt}&g at position
144, S at position 146, T at position 152, S at

posi tjon 3 i ther S or t. i tion 154, V at
Posi 0on Thgisofediueptifr dua Brdner Bdid restboro |
irMibiReS by EOA ALARY the palypBiidet wAen AiBkhed @il SEQAD NOS2,t hadiing
81, Kat position 123,4}? Y at fposltl on 186, at position
on@ar mirezf throehidhe phanges selactad fpas the graup omsisting pf A4V, F82Y,

it iHon hdy at
TRy B vegget. ElS s EvaaRL. KR RRASY A SRS S
position 245, Y at position 249, V or | at position
252, and V at position 254 _ ) .
11.  The polypeptide of claim 1, wherein the polypeptide comprises an
amino acid sequence that is at least 99% identical to SEQ ID NO: 4, 12, 16, 18, 34,

38, 44, 48, 52, 66, 80, 84, 114, 154, 158, 170, or 270.

12.  The polypeptide of claim 1, wherein the polypeptide comprises an
amino acid sequence that is at least 98% identical to SEQ ID NO: 10, 14, or 68, 118,
164, 166, or 180.
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13. The polypeptide of claim 1, wherein the polypeptide comprises an
amino acid sequence that is at least 80% identical to SEQ ID NO: 2, when optimally
aligned with SEQ ID NO: 2, and which comprises at least one amino acid residue
selected from the group consisting of T at (residue) position 2, A or P or S at position
3, V at position 4, D at position 6, either I or F at position 9, L at position 10, S at
position 13, S at position 14, K at position 15, C at position 16, T or R at position 17,
either C or S or K at position 20, T at position 24, Q at position 26, F at position 28, T
at position 29, A at position 30, L at position 31, G at position 33, R at position 34, L
at position 35, N at position 36, H at position 37, D at position 40, L at position 44, P
at position 45, either P or A at position 47, N at position 52, V at position 54, R at
position 55, D at position 56, K at position 58, G or D at position 61, V at position 63,
R at position 72, I at position 75, P at position 76, C at position 78, Y at position 82,
either S or L at position 84, A at position 85, E at position 91, D at position 93, Q or
G at position 95, N at position 96, K at position 107, A at position 112, either T, S or
G at position 114, A at position 115, P at position 117, N at position 120, E at position
121, P at position 122, R at position 126, V at position 130, S at position 133, Aor V
at position 134, L, W or V at position 136, H at position 139, I or R at position 142, S
at position 144, S at position 146, T at position 152, S at position 153, either S or A at
position 154, V at position 168, T at position 169, F at position 177, V at position 178,
I at position 180, G or I at position 181, K at position 184, Y at position 186, L at
position 194, N at position 198, M at position 199, E at position 215, G at position
236, V at position 237, L at position 238, T at position 240, either I or A or V at
position 245, Y at position 249, V or I at position 252, and V at position 254



