10

15

20

25

1 IMPROVED HALOHYDRIN DEHALOGENASES AND RELATED
POLYNUCLEOTIDES 5 FIELD OF THE INVENTION The present
invention relates to novel halohydrin dehalogenase polypeptides and the
polynucleotides that encode them. BACKGROUND OF THE INVENTION
10 Halohydrin dehalogenase ("HHDH"), also named halohydrin
hydrogen-halide- lyase or halohydrin epoxidase, [EC4.5.1] catalyzes the
interconversion of 1,2- halohydrins and the corresponding 1,2-epoxides:
OH-HCIO CIJR ~>- R + Cl U.S. Pat. No. 4,284,723 describes the use
of a halohydrnepoxidaseforthert pproduciomof propyviene exisert. S.
Pat. Nos. 5,166,061 and 5,21,03desariyertises use of this enzyme
activity for the conversion of 1,3-dichloropropanol (DCP) and
epichlorohydrin (ECH) respectively to 4-chloro-3-hydroxybutyronitrile
(CHBN). HHDH enzyme%ﬁﬁ% W%@mﬁki@g%}Qb“ter and
Corynebacterium have be ad range of
halogenatecbsibstiarestviai! MosdravieMideh pdian. dolo:p epzstepid (200 L)
183 Pe SR dakamisa &Rk «ppl_ Environ. Microhiol. (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 trRACkoRdeSIChoeMIgE. ik asidresN demonstrated
that azidg, (N3, plfte (N02). andt, o avanide (CM) ean. eplace chioride ..
the opening o¥epOX|des Se€ Nakamura et al., |ocf'1em. iop SIRES!
Coram of 28®hyd:80:$2:4k:30; [NGkan Lirat dats, (etredredroersi(d064),.50:
11824-11826, bittie Spelberg ef pb. Qo Lett. (2001) 3:41-43; Lutie
Spelberg et al., Tetrahedron ASsym. (2002) 13:1083): O + Nuc OH [>~ R
----- Nuc-"~R 2 Nakamura et al. mtra_ngﬂérl(le 4) 50: 11821-11826)
describe the use of HHDH for™the d:irect:cgpvers nef DCP to

chloro-3-hydroxy-butyronitrile (CHBN) through :
U.S. Pat. No. 4,284,723 describes the use of a halohydrin epoxidase Tor the

production of prepylene oxide. 1.8, Pat. Nos. 5,166,061 and 5,210,031 describe the

use of this enzyme activity for the conversion of 1,3-dichloropropanol (DCP) and
epichlorohydrin (ECH] respectively to 4-chloro-3-hydroxybutyronitrile (CHBN).
HHDH enzymes from Agrobacterium radiobacter and Corynebacterium have been
characterized on a broad range of halogenated substrates (Van Hylckama Viieg et al.,
J. Bacteriol. (2001) 183:5058.5066, Nakamura et al., Appl. Environ. Microbiol.
(1994) 60:1297-1301; Nagasawa ef al., Appl. Microbiol. Biotechnol. (1992) 36:478-
482). |

HHDH also cataiyzes the ring opening of epoxides with nucieophiles other
than chloride or bromide. I has bceﬁ demonstrated that azide (N3"), nitrite (NO;') and
cyanide (CN') can replace chioride in the opening of epoxides (see Nakamura et al.,
Biochem. Biophve 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}:
+ Nug OH

?>\R ey o Nuc\)\R
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epichlorohydrin (ECH) as the intermediate: OH - HCI + CN- OH CII-'J~Cl
) CINC SCI + CI' 5 Some halohydrin dehalogenases have been
characterized. For example, 1U-IDH from A. radiobacter AD1 is a
homotetramer of 28 kD subunits. Corynebacterium sp. N-1074 produces
two HHDH enzymes, one of which is2 composed of 28 kD subunits (la),

Wkl e U0 15 Somppsgdabielert byl A0 36 andier SAKRAEN:

IS easi |nact|vate der oxi zmg con |t|ons

mfa émeéwmaﬁv@aﬂ%?di@gbmméﬁrﬁrﬂ%é@ubmmgﬂlqﬁ%ﬁ tofstisium
mb{&}g& @ﬁpaggmgm%ature of 50C (Tang, Enz. Microbial

Technol (2002) 30 1 258 Swanson Curt, Opln Blotechnol (1999)
10:365-369). eo t|m | pH uHD catalyzed €boxi or at| has
been reportedgahs .0 595 d th rréiflil tem eratﬁ(rge ra?nge of
from 45C to 55C (Van Hylckama Vlieg et al., J. Bacteriol. (2001)
183:5058-5066; Nakamura et al., Appi. Environ. Microbiol. (1994)

60:12975430%Ng: Mﬁ@nﬂﬁ@ﬂhM@&p@hr@@%n@er@%%e
36:478- 482) The optlmal pH for the reverse reaction rlng opening by

CHIBIHE 1ok b &a R tdbI SO WG B R Bt & PP N-1074
esymebaaiaisn20. 7\141()@) @b&l@h)n&tmdmethed}mbﬁagﬁlﬁ%ﬁwmes on

th((e)&%% Ja |0P§$ﬁ5€ Al un N 513 H in fje that OXIdatIV pagtl (?tlo u|ns1 due

tption quartena ruc ure of 1 engym y oxidation o
c?étermdé)ré@l&DéébQTa}igﬂéﬂdkorEﬁwnmwmallsFe&zhﬂohC(@@@@)under

302}t Sh Bisiad 5‘%‘:‘&'&%@%&’!@&% frem difierentsaw cesuaibibs 4 p
specmc activities on 25 DCP ranging from 146 U/mg(i Ib) to 2.75 U/m (Ia)

(NBkERTES BH B AEh Rt dFERTR s 89 T 28 ng dang. Microbial
Nm%@wmml3oﬁmszcmﬁdelgteﬁmma(E%9&h@6 61@@9%8@)?631@59).
activit IS aCCoMm e enantioselectiyit
o S R e e R e B o P e O
E%arﬁﬂ&didﬁ)fmelrtcmpmgngemeﬁhambe’éﬁqdemi*ﬁb@ b Ao battgkama

rg%%%r ﬁ%@?&g%o&gr&bﬁ%@%wm&%&q m?'%;_ Environ.

bactériutn s heA encoding 3 la and hheB encodi ;

Aﬁm&&a@té#%%@mé%?ﬂdéﬁlaﬁﬁmmﬁﬁémmaégmw

{1992) 36:478-482). The optimal pH for the reverse reaction, ring opening by

chioride, has been reported for the two Corynebacterium sp. N-1074 enzymes and is
7.4 (1a) or 5 (Ib). Site directed mutagenesis studies on the A, radiobacter AD1
HHDH indicated that oxidative inactivation is due to disruption of the quartenary
structure of the enzyme by oxidation of cysteine residues {Tang et al., Enz. Microbial
Technol. (2002) 30:251-258).

Purified HHDH enzymes from different sources exhibit specific activities on
DCP ranging from 146 U/mg (Ib) to 2.75 U/mg (Ia) (Nakamﬁra et al., Appl. Environ,
Microbigl. 1994 60:1297-1301; Nagasawa ef al., Appl. Microbiol. Biotechnol. (1992)

36:478-482). The high activity of the Ib enzyme is accompanied by a high
enantioselecti vity to produce R-ECH from DCP, while the Ia enzyme produces
racemic ECH.

HHDH encoding genes have been identified in Agrobacterium radiobacter

AD1 (hhe(), Agrobacterium tumefaciens (halB}, Corynebacterium sp (hheA encoding
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(hheBcpt). All enzymes have been functionally expressed in E. coli. It is
highly desirable for commercial applications of HHDH that the enzyme
exhibits high volumetric productivity, that reactions run to completion in a
relatively 5 short period of time, with a high final product concentration,
with high enanantioselectivity, and that no chemical side products are
formed. These characteristics of a process can generally be used to

ddtiREe Brnsading b irirekastriie driggrme) B K obrstgivm sp. GP1
Slﬂbﬁémﬁs)Ahlgﬁkpﬁ%%SﬁaﬁﬂWnd@ﬂ@rkhﬁ?@ﬁﬂiﬁs@@dlmtm da@ substrate and

productinhl%jpp nde%fé ditions Wh rec gggocna r s,are not 210
proceeding. Crrently avai arbe R Py AR o hort faimil At S tHEaEe

critaribils Fﬁcghmstamc@ cthedonversidntonadt2eporybutansciond cyaride oy
3-hyd W‘éad?‘iﬂﬂé“u}?ﬂpé{ lll"é'r\[?i'ﬁ'aﬁ’ W&&%@%&%&M?ﬂﬂ‘ Wi ﬁ@q‘)f 3

mmollhr and this rate is sustained for only 10 minutes (Nakamura et al.,

BIAGHAM OBISpHYEYRSE, e hshertgah Y dmeradu!s 3t) fesadedisit of DCP
araﬁaEaGdérmlés@h %&i@)&dfﬂg@fﬁbﬁuybéﬁseﬂmlﬁdé@hlﬁh@ ﬁoﬁlﬁ%ﬂm&gﬂs@x of

eSOfZSEmﬁy é Pat. Nos. 5, E f

F6H3T AR i K fé‘ h%* St %’o \ﬁ’é‘r%ﬁ‘ RSVERO8

thm mdbﬁeﬂhe%mﬁdemmd@mbhldﬁlidr tveiidgmevhas: higimaetivitethighire not
produgtiyity is-maintainee Iof. Q20 min aftel whl %IFHTIQ?EF%@é’eéﬁkQHa

curs atg rate th ?IS at least 50- fofgy slower, wﬁL the overa conversion
atﬁﬁfstné‘@éﬁfﬁ@% %KN@R&%F@@&KWE&%% é@#éﬁ MQ@HL) %0:

1184l 1A3R8dn AR dUresiornyereion af: BeBmwa Ricia Hidimracasts

at a reduced rate and results in a 65.3% yield. Thus, HBDH as described

|nf?ﬁ%‘ﬁt%%%%ﬁt%c‘é%@ﬁd%%éfﬁféﬁ@&%ﬂ%?ﬁéhaﬁb@%a%%ﬁw
canserciat Epplisatiansmvaster GNDYP RevHEHDhydon sleklogenases ro-

wolld b hio esieble, 25 ERIEESUMMARY OF THE DIENTION

erition 1S directed to apolypeptide, typically an isola
ammmwm@ﬁpo@p@mmww ¢l ChlriecS Hhh aprt version

PolyRertde)Nawng. haehydrin dehaleoenass Actiidnwheraln fhe.n

polypeptide comprises an amino acid 30 sequence selécted from the
grf CH ISttt Ay S Poibe At g THEtAR Y ARG SORY SBHTEHEE A
is xaiele}@%wﬂ%:l@teflﬂlﬁﬂb t@o\s&@m N@oxﬁbrali?ca:ﬁaeilﬁorﬁét 88, Ay 48792,

84,114 Q),gi g{g@ lypeptide havin
iblﬁgéam &L alu etra ﬁ % ! %Sas g/g | den Ii(): | t@)ﬁg et comveraon of
DCP, via ECH to CHEN proceeds at a reduced rate and results in a 63.3% yield.
Thus, HHDH as described in the literature does not meet the desired criteria fora
catalyst in commercial applications.

Accordingly, new halohydrin dehalogenases would be highly desirable.

BRIEF SUMMARY OF THE INVENTION

The present inventior_m 1s 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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SEQ ID NO: 10, 14, 68, 118, 164, 166, or 180; (c) a polypeptide having an
amino-acid sequence that is at least 97% identical to SEQ ID NO: 110,
162, 262, 422, 440 or 520; 5 (d) a polypeptide having an amino acid
sequence that is at least 96% identical to SEQ ID NO: 116 or 448; (e) a
polypeptide having an amino acid sefjuence that is at least 95% identical

to .SEQ ID NQ; 264,.266, 470 or 476; (f) a pal tide havi n. amino
el seni B R L R B A AR R
potAse BAdERA0idd.abBamihd Etidtserubiite that is at least 89% identical

to(SEQ IDNQ: At iV ReRalypeRlidehaying 2naming Reld SRAVGHER L to
that is at least 88% identical to SEQ ID NO: 702; 15 (i) a polypeptide that

is St e d2¥e0b delfifeattd $EGS NO2%, when optimally aligned with
SEQ ID dNexldhearidembicheconplises:al Jeasineaehanino lagidowesiiidatical o

se froq \t;l roup consisting of Tat (residue) position 2. Aor P or S
TR Ve el

atp position 4, D at position 6, either | or F at position 9, L
at{pbsitiorptOpSatefesitignr8nBaipbdsitiorntd Hktas pdsitibRSibidEnatal to

poﬁ@ﬁ)lﬁoj'ﬁgﬁ%@qsﬁ@igp@;& 20 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

pdéition 30CLYRARNYEiRANS R G PRGHbIF BENEE AP dsaidrrEA 3P lentical to
pasHIPIBSON Ajgposition 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,
T bos B B RS 5 T S5 & BORON SEegh o
D akfQadsithén: @4 2Vat position 63, 25 Rat position 72, | at position 75, P at
pogion 78, ALRASHION, £8, Y ALRQSIHAD 82, £IHLTS osdion.

A éﬁtjgpositiii?] JéDS,E;Eat phos?t%oén éri% [?%tilpgs“l’t*fgﬁ QE%SE%?Eqéigtta%@?;?%ﬁ 9?4
at Pa<ifione6 7R2at position 107, A at position 112, either T, S or Gat

posgifion 1 11,DeptiROBIEOR iosPsatpreiiiaitd 5 abpasition Adlekbaiy
position 121, P at position 122, Rat position 126, V at position 130, S at
poifBe 143! 26 NP 3 A pBKItuHE S8 NP NG S A FAT S aBL 36 st due
positord 38 the Rat:position idd, Satdtpakitipnodiddn 3, at poBitiod) d46sition

AT S SRR IR YA

pastEtion 8D, SGarobkiop aditib nt I8 kgl pésiticnsi®y: Y at poBitibpot8ERLL7,

aleliher Cor S or K at position 20, T at position 24,  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 73, 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, Sor
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, 8
at position 144, § 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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position 194, N at position 198, Mat position 199, Eat position 215, Gat
position 236, V at position 237, L at position 238, Tat position 240, either |
or AorV at position 245, Y at position 249, V or | at position 252, and V
at position 254; (j) a polypeptide encoded by a nucleic acid that hybridizes
under stringent 5 conditions over sulsstantially the entire length of a

nucleic ac res ondln Q D nd wherei ncoded
OB S Rty S ACR o B RESan A ds g von
an¥bo H(ﬁdp@@qmrﬁfé’ Haw mgs&tdeé&ﬁo’ﬁet anmiioragid.regidubossleciédt
frog@smsxgz%pycawﬁ%@g QIQT@BQF&'E&}@&P%%O%% ‘é\at%c%t%%?c?s'“on

V at position 4, D at position 6, either | or F at position'9, L at position

10(% at f@%gﬁmﬁ%ﬂcsdéﬁ Bbé.ﬂaﬁ%aq&débadyﬁaﬁiqes undst POSEIGR 16,
T ebRiAbROSI @Mw@i&h@&@ SHitife QbAoA ATQSHIRR 2 QcEalPREHIARIAHIIEQ
26, F OSI ion 28, T at position 29, A at ition 30, L at
oD i BB Pt sOLER it it RN Syt SBQ
poﬁﬂ@@% tHhappasition8inpDeat pasition G heat pasitton 44ink aaid residue

POSIION 4 R GINEr S, 05 E5RL ARRINeY 4/ (’réﬁlé'ﬁéﬁ%%él%n*sz? 9‘699%‘(1 é%lx%n 3,

R at 15 position 55, D at position 56, K at position 58, G or D at position
61V\Ptaﬂ§k§§m6nf63t PF(SWQﬁaF*ﬁb’élhéhFﬁz ppamaéubratwsm(at Kosition

76p&1§§1ﬁ)@§it$0ﬂ E@slt\{oﬁtm%igﬂ%sﬁ%ﬂeﬁig’@'f? skigh position:84, Eﬁs‘mon 17,
position 85, Eat Ebsmon 91, D at position 93, Q or Gat position 95, N at

0oSitsh D8, B pBFA Gtk hetssiion 457 & a?%%ﬁ.%% F12 POHRR 2, T
G or fosa oitional fdsi hoatpasitiqstddm Ratcp@sptb@md:i% I‘ﬂtat 28X ipesIBoL

120, Eat pasitiog 121 P at jtion 122 osrl‘trlgpup os!! ition
130, p%s tgf‘} poérjll(tjllgn]t Sfi&no%%tt %ﬁ‘sﬂﬂé%"?f L“tW oF g? p03|t on' I%%M P

at pastsionn #3osihor Ratbesiwen aud],. Nat pogiiion 24Y, SraspiosifiérR146,

TaL RASIHOR 152 ﬁ)éﬁd?}oﬁt'ﬁrbéién%rﬁ 8 Of B ALRORIHAR LA @s‘iuon 63,
position 168, Tat position 169 f;posmon 177,V at position 17

poRifi5R ERRLSEHIS posiftbROIETT oaf JoBRIHIPISA; SHOPat esitiory fseosr%@n
positjenst89.dr Blappsitian $944 ht pbpesitRe) E38pMﬂffor995iﬁi§)E\: @%xi&aﬂis Q

posn n215 A |t|on 222, ositian osm 7,La
posit ontzp§§'mil aEfpos 6K 248, Egt%ta‘?tlpw Or r%/ o &72\/ & ?%St‘mn
positlon: 282 T aidNoatt position)254A Ixt ammlwerlaépﬁet nmtmestehtN at

mv[%gm 'ﬁzg'rﬁ%mst&aqﬁehvafa%@ﬁyp&cﬁ% AR ISR NG osition 130,
ionally purlfled polysleptlde (more typically, a recombinant polypeptide L)

ha§uﬁ&fPﬂ“®H1 Whérei tﬁé"b%‘l%elﬁﬁd an?ﬁr}éé%pﬁﬁ‘%ﬂlh%ﬁa@lét position
seggencg E@Eﬁé@iﬂ](ﬂﬁ)ml@@ FRURIGODASENG Ssabn(Dd6(T) af @hs(@n (52, S at

(9), 0} (), and () a5 descrived above, gnd further gomprises an amio,
position 177, V at position 178, | at position 180, G at position 181, X at position 184,
Y at position 186, T at position 189, L, at position 194, N at position 198, M at
position 199, E at position 215, A at position 222, 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, Vor T at
position 252, and V at position 254.

In another aspect, the present invention 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), (D), (g). (h), (i)

and (j) as described above, and further comprises an amino acid residue selected from
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6 the group consisting of Q at position 37, Y at position 70, Q at position
72, Q at position 80, Gat position 99, R at position 107, T at position 146,
C at position 153, F at position 186, T at position 189, and A at position
222. In another aspect, the present invention is directed to halohydrin 5
dehalogenases (HHDH) having fromgl.4 fold to 10,000 fold greater activity
as compared to wild-type halohydrin dehalogenase from Agrobacterium
spRY P BRI 2 RfIR Al RAtHE aEpdct! H‘?élb?ﬁgé’nﬁﬁ{/éﬁ%i%ﬁ“ig%i%&ed
toraeiisalatedarpsseomBnant: potynepte havingiablepst, T 4dfpidigseatsy, F

HHDH activi compared 10 to wild-type H having the amino acid
se%ﬁ%?%%%“o g%aiﬁolﬁ)&? q,%%na“\% _e&r(gl %@? l(camp%| ypeptide is encoded by a

nucleic é@i@mmrmmmjz@mm_eﬁrstm'gmm conditibreshelpdiydubstantially
th&ﬁﬂﬂg@dg&gfdﬁ@ﬁﬁgﬂg@%ﬂgﬂ having & SEEMERSS Q%L%&I%&m the
group consisting of S IDNO: 3, 9, 11, 13, 15, 17, 33, 37,43, 47, 49,
5LOBBEH 191 gs ypegalehpdn dehpiogenasg gy Agsabapgeivrg s {85
1790161, 199, 261, 263, 265, 269, 421, 439, 441, 447, 469, 475, 519,
701, 725{, 729, 731, 733, 735, 737, and.come!eme tary s,eg[tle ces
thereof. 1 Aot EREECE TRE TE LBV TV RS Fecdire dled 48 bH
polmudieatides yHeat éncodespolype dtitléddharemer BEIBIYdreinvity as compared
dehalage ity till further t iRvention is
Gt o 1 present
inventionvbetativenpIiRed e aepromso s ainusteie reih B e cthader
presepiinvantiomisiiteatsdaiainestealsand, sethads iRl Piaduaing, a
HHDH polypeptides of the present invention from such host ceqlls.qZE?,? n
BRIBEBESERIB FRINIG ETHEBBURES Fic PSR 3041 Mp Expreddioh:
vextot  POKAY, G1067,of7tHe meseat indentin 160a53riSHTg 16 1BA, Qtifindsf
replicatign ofj lrepressor..a r r i |
g S 79103 R Ao e prenia T yend (I AR
2 d&hidts thdSpeérdemdonveiivntey. dmeferstiemeéctions of ethyl (S)-4-

30 chlore; 3:ayRroxodautyials Mith: a0Ha LS 1D vareeyRR e @i PR ucleotides

presence of various halohydrin dehalogenase enzymes that are

debi s adhPERATINES SanRsURc D3I FSRAFATEEESF BRISERIPTION

in a still further aspect, the present invention is directed to a vector comprising
an HHDH polynucleotide of the present invention operatively linked to a promoter.

In other embodiments, the present invention is directed to host cells and
methods for producing HHDH polypeptides of the present invention from such host

cells.

BRIEEF DESCRIPTION OF THE FIGURES
FIG. 1 1s a 3944 bp expression vector (PCK110700) of the present invention

comprising a p15A origin of replication (P15A ori), a facl repressor, a TS promoter, &

T7 ribosomal binding site {T7g10), and a chloramphenicol resistance gene (camR).
FIG. 2 depicts the percent conversion vs. time for the reactions of ethyl (8)-4-

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

halohydrin dehalogenase enzymes that are described in Examples 8 through 12.
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HHDH Polypeptides The present invention provides novel polypeptides
having halohydrin 5 dehalogenase ("HIIDH") activity, as well as the
polynucleotides that encode them. The HHDH polypeptides of the present
invention are suitable for catalyzing the conversion of
4-halo-3-hydroxybutyric acid derivatiVes to 4-substituted-3- hydroxybutyric

acid derivatives, using, fof)%;f?'ﬂﬁl;% B‘gs‘&}g&&]@gescribed in the patent
application entitled, "Enz IC Processes for the Production of
AHR 1IN okl

Hydroxybutyric Acid Derivatives," corresponding to
Attorney Docket No. 0339.210US, filed on August 11, 2003 and assigned
U.S. sehf ﬁ{ﬁ%?ﬂw%e@Hsy,dmﬂ&‘ﬁlig%ewgﬁﬁﬁé%%@awe@n by
referengaadheselinneniniipolypeplidesmain | alaoisititable foscatalyring
the c ion of vicinal halo, hydroxy substituted carpoxylic acid esters
e P R T R S T o
esampiecthel rbthods pésstibeoirin abid peieat egoplidatidntantided,
"'ﬁg&% WG RIackRssER LIS RIARCION e the methods described in the
4-Substituted-3-Hydroxybutyric Acid Derivatives and Vicinal %/ano,

HRAR BhAP BifBE AR fB chriayReaAC i Estess o dbs iasgbsitn § 16 -Anoiraipd-
ngisa&&l%&?@&ﬁ%@%ﬁgﬁmg;@n &%}Wéﬁ%ﬁﬁi}@t@@%?ﬂﬂéﬁ%ﬁ%@w U-S-0
serl er. , , WNICN IS re n orate ererence.
eichulia RN Rl )
forhmbrnvéetiby halohydristhodyanotipdnns, Whishiaventisefpblageptides are
e o i .
g&g&m&%&@%ctah&'i%mg%%tc?o%\J&s%ﬁ%?%ﬁd&%%?%@%%fgggﬁggmmd

olypeptides of the preSent invention are used _ he conversion
of &t lcEdE Ry SEhipd XYM GRSl AL B e fbe RNt GDd EAIaTR.

Exanapleselisiatingsuab QRS BINAIR Brovidas R fsreinhglow. A
maore detailed description of such uses is provided in the aforementioned

paAtEAY AR e RS it PSP ¢ PHEcHLYES T YN BY BN EG S 1 6f
ArssribstituiedSHitysoRybutyFHe ddelg Dekvative shaiadyikcnzyiaters,"”
Processes.for, the Production,qQf 4- ' -3-Hydroxyhutyrj '
et Viersy B R R RS 0 e
Estwgocd|H. BocTihenpresentOinte At n phovidebembisolstag oierten rmlskeart.

PebpeRtide; haviRG . HEPH \RRHY Y, WhETRIA éngr kiR RRiRRREAe

comprises an amino acid sequence Sselected from the group consisting of:
= EBIERRRAHG ARG ALIE SeRee A PheTERSE S
identigabio S ER Db cdipbBe &n] BEEA 381ybApd&s 52 (G688 Ehdon
198 508110 Y30 B version of cthyl-4-chioro-3-hydroxybutyrate to ethyl-4-
cyano-3-hydroxybutyrate. Examples illustrating such conversion are provided
hereinbelow. A more detailed description of such uses is provided in the
aforementioned patent applications entitied, "Enzymatic Processes for the Production
of 4-Substituted-3-Hydrox ybutyric Acid Derivatives” and "Enzymatic Processes for
the Production of 4-Substituted-3-Hydroxybutyric Acid Derivatives and Vicinal
Cyano, Hydroxy 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 seguence

that 1s at least 99% identical to SEQ ID NO: 4, 12, 16, 18, 34, 38, 44, 48, 532, 66 80,
84, 114, 154, 158, 170, or 270 .



As used herein, the terms "I-IHDH activity" and "halohydrin dehalogenase
activity" are used interchangeably herein to refer to the ability to catalyze
the conversion of ethyl (S)-4-chloro-3-hydroxybutyrate ("ECHB") to a
detectable amount of ethyl (R) 4-cyano-3-hydroxybutyrate ("HN") using
the assay described in Example 5 5A¢ The term "HHDH polypeptide™
refers herein to a polypeptide having |-H-IDH, actiyity. The term "HHDH
polynucI IS RSEHL A R LIS G e AL B e Fedd
HHBH i gltivitysdisnsed dngeetry thectermréisolated abéfersdtoatahaeltic acid,

poi)éﬂU&JﬁE?ﬁ%‘?eﬂ%g'ra 99@91%&BQBS/E}U9§b%@?§té‘€'ﬁ€ﬁ%iﬂ¥&Q"’&fel&%ﬁﬁ?%um

or completely se ed 10 from components wit It IS norma
asSbeittbR{ctiferprotasonitiBitadidsY corg csate: Fesagbeddn dggnple
5 A BUCleik-agieh CHPOYDERHS I recRmBIER IRy b A ificiak oD i
engineered, or derived from an artificial or engineered protein or nucleic
actgt EbF eXaipe, EPLRACyhte e T SRS iR Y RSP 6 dirg 2
otherypstetologimsHotstienti €., in a genome of a recombinant
organism écheig#hat.it i§\ Dot 15.S§rsagecda}ep with nucleotide sequences that

Erel I . JTCIErS 1O B Nucieic ElCi.d.g OlIYNUCICOIIde
normally flank the por]ynucfeotlde asitis foundin nature is a recombinant

pohphvrsipodid erdieprotemhexprepsadniniitio rarillyivofopicchs sopatiitdnt

10 Polyncleatideissan&xamnle af R reeomRibant RAMREPde i KEWISE e ds,
polynucleotide sequence that does not appear in nature, for example a
vaffatit SUREEIFARG e Etfing GRHEICIEGE CoRMRERT I THEt@ignt” when
"pergest klentiy ¢nsiteidentiy derpercrahide atiesdi i andn Y cideneati ase
usgdniﬂ-tﬁemhf%\e%?!xnh%reinfER refer to the percent amino acid sequence,
ity st s obtaMel By Sl BTEIYEs (VerEish Wor' s SvdidpteY e
fromt&EulogreanBivimfegnatiegdnstikité 2 Gambbides, ddéhi coLmtihghttier is not

15 number-of idanticalmatehes.indheplignment andidividing srsh, pimber;of

identical matches by the length of the 25 refefence sequence, and using
thFeMdWiRe Hefa @I CRRREEY RRAYART BRI o R BBV XRHFaS e of In

pairwiseaptnahalignnsnisodzandnen Benaity d0; feambXensiofpeptide.
P ‘ﬁletle'o'lo; Proteri_p weight matrix; Ct;rannet s{eries; DNA weight matrix:
IUB S EEHIA iR 8%‘1’%ea?‘f\%‘i’§8°8|}5% SHHECL BPBWAIFEATL: FOATHARERE.

Theapresent inventlpoalso g geide s acpotypeptide having an amino acid
20 30 seauenicehal Inatinplalit OB eRlID - SERR Mokt 14 Py 118,
164, 166, or 180. Desirable HHDH polypeptides include those tnat are at
leaSeYoH ideniicdl e SRGEEP N (e, 0 4cfeBlo1h8 PIBAN BB r LG g ence
identity that is obtained by ClustalW analysis (version W 1.8 available from European
Bioinformatics Institute, Cambridge, UK), couniing the number of identical matches
in the alignment and dividing such number of identical maiches by the length of the
25 reference sequence, and using the following default ClustalW parameters to achieve
slow/accurate pairwise optimal alignments — Gap Open Penalty:10; Gap Extension
Penalty:0.10; Protein weight matrix: Gonnet series; DNA weight matrix: TUB;
Toggle Slow/Fast pairwise alignments = SLOW or FULL Alignment.
The present invention also provides a polypeptide having an amino acid
30  seguence that is at least 98% identical to SEQ 1D NO: 10, 14, 68, 118, 164, 165, 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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In another embodiment, the present invention provides a polypeptide
having an amino acid sequence that is at least 97% identical to SEQ ID
NO: 110, 162, 262, 422, 440, or 520. Some HHDH polypeptides of the
present invention are at least 98%, and sometimes at least 99% identical
to SEQ ID NO: 110, 162, 262 422, 440, 5 or 520. In yet another

embodiment, the present invention is directed to a polypeptide, typically
o solatBL P SR BT e RV G O XA R PR e
witd-typed-itlidootBE Qd0sNOe ) and hinvincp oo SRONDad sequeices?,
that i e 3% identical; .20 ic % identical
tog}SE %’SCS%I% ﬁ%ﬂ%ogc?% more g%ﬁlga% d%%g ﬁéﬁ%ﬁﬂ?&%g’%ﬁﬁ%%&%
m88TaypieaNyego%s et 4P6 | SEGIDNG LBONG:stiPanbihap2 422, 440,
erghggtiment, the present invention is directed to a polypeptide, typically

an isolated and purified polypeptide having HrIDH activity greater than the
wild-type HISTRCOIE BT d RIBY G RV B PANiHG SR S ddfindrregtide,
tQ@tpiisEaltyleaﬁdﬁ@%@iﬁmﬁ@b@ﬁ@@ﬂ)iﬂ%%fﬁgmpma:iw gsraEg/mr glan the
identical to I 442, re typically o identical to :
D A B A s Sl M
tyBicaligeoon idSntie Py SEQIDNCI WA 2S h davindremBadiién:, 206
Presentpemianis directed s apaly ReRtislsy, picallanyseiated.ands 1o
purified polypeptide having HHDH activity greater than the 20 wild-type
Hﬁ%@l%?%é&pﬂﬁm. 2, and having an amino acid sequence that is at

least 88% igerdicahdo-obRiReNORd 2;typicaly: O8% ddentical to,SERPRIe,
NO: 702: mor ty%iga(q%t,n%‘o/ identical dt?o SEQ IDNO: 702, even more
typiRATy YF 796 ISR dCaIRS SEF TR 6’2‘;an6§ Vpically’ 5o HatiEhi ™
to S EQyR NEBD0Z SR v itisrle mbdddiimeritn dhenpresd ntqnuemrtibat is at least

Proyigles. Ak %@ﬁé@%@?@%‘ﬁ?ﬁ@éﬁiﬂ AVANR-A4H §8948NE8 thabis
at least 96% identical to SEQ ID NO: 116 or 448. HHDH polypeptides of

tharpies@itaiiXehfioif ek éthBESethNCard4 fs see 0 rorsdurifiedy, 88%
identiehl angifP 9 identicel: o SEQIBINO dbL 6aer A481oTd e prBsent 442,
invention furth?r rovgd S an HHDHéponpg%tide haying an amirgo acid
sequencd VRV EFTRRSP LY, [BeRTEEY T8 SBeP D NG 2540568 Wra Bl
306D esiwide dHHD PO peptides daftthe iy eBthH nveritiopréeaciudien the
skt AriRast SE0EIaICa. AT AASICRl QB PSR R eas
identical'to SEQ ID NO: 264, 266, 470 or 476. 10

88% identical to SEQ ID NO: 702; typically, 93% identical to SEQ ID NO: 702:

more typically, 95% identical to SEQ ID NO: 702; even more typically, 97%

identical to SEQ ID NO: 702; most typically, 39% identical to SEQ ID NO: 702.

In a further embodiment , the present invention provides an HHDH
polypeptide having an amino acid sequence that is at least 96% identical to SEQ ID
NO: 116 or 448, HHDH polypeptides of the present invention include those that are
least 979% 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 NQ: 264, 266, 470 or
476. Desirable HHIDH 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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The present invention further provides an HHDH polypeptide that is at
least 80% identical to SEQ ID NO: 2, when optimally aligned with SEQ ID
NO:2, and which further has one or more substitutions selected from the
group consisting of S2T, either T3A or T3P, A4V, V6D, either V91 or V9F,
K10L, G13S, G14S, M15K, 5 G16C teither SI7T or S17R, either R20S,

R20C or.R20K, A24T, H26 28F oT H31L, E , S34R,
rseL R IRRP e et T R B O BOUBTER et teast
M8A%,i$B5R] ESHE ESSK: githbr EGE B hE8 Ry ve8VSIEY IR NG7S Bpd

L@Ba%%i-?erﬁx%%nee&h%l%§fh§t%z'?<§\ékal@é%&%%ﬁé%@&%ﬁ&?@ f
E95G, D96N, R 107K, V1 12A, either Al 14T or A 114G or Al 14S,

15RIsefirpl jA S0P I90E VR R1DoPY U 5 6RF1 530, A5 § 145 3MAE:
P@pé«z:, Eill%@? M&Sﬁ\ﬂl{ioéi%fﬁmsm&%rlpm]%l ,Q%/J-’Il‘t?fg_(lg-,”\ﬁ%% A29T,
e o S L R SRy M e e o
190MAKRIBE NW2B6G 5 SR I DNERTRBL cARA 6 16HbeEMRABB B QR4S A 6K,
M245Y . M249¥> V202V 8525244 ANk ERSAY, é?&%ﬁ?@?@g&i%%%m

HHDH 15 polypeptides of the present invention are at least 85% identical

to BEGID NG 2etiner hEAg DA IGRBrE b e SibsitdddRsiditatEd 21 E,

abpverSame kR olypentides 0bthe AreSEMdNve o e atileas!
about 90% identical tq SE%ID Notgé, some are at least about 95%

identicdl s SEQIb RS2 i dih af 1édstgossiitehtrat &5 'Set

IDIN®Y 25 b iaVitity Byiel 68 nSHs aif e Shibstitisions iBGatesbahave,

S | t 20rm th
e e S ah hoesa
hae B4edst 3 6t tndteoehtheMisridmentidgnéd - doisstitetiowedimaets, HHDH
opfinaty g Reth R SAAHEBLSoR ER ADNO 339 REARAMIREG m NO: 2 and

palypeptides of the present invention have a sequence corresponding to
SE®S RIS 29805 BUGARPSH HItH oA GBr o Shtti [BREERTSHT
thergreyp-consisingoal52: leithasolidsoar idiaRicAdY S¥6DDaitber Mhokre at

RIS ROUC G KEOR NI T B VABE ADBT TR, £ ©
SR EBND; RIBNw@ BT b OB r¢diithe AdBR{usithe Tt AR bePAFASome of

Kﬁ%e Mﬁﬁé’ 3@ tﬁl@@ Pavgggféas@ 'ﬁrlﬁrn%%-gf Q{egﬁ)}gn&@%}{e&zgﬁiwtéons,
V751, L76P, 30 C, F82Y, either P84S or P84L, E85Q, K9IE, A93D,

E956)6PE 9B SR FroplyPRONAE Daveaithrasial 9umpcsr Alitha ¢l semantuged
VI35A:5AdnEP, K120N, K121E, R122P, H126R, 1130V, A133S, T134A or

Tise oSk L E LR 0 2528, T
polypeptides of the present invention have a sequence corresponding to SEQ ID NO:
2, but one or more amino acid substitutions selected from the group consisting of S27T,
either T3A or T3P, A4V, V6D, either V91 or VOF, K10L, G138, G148, M15K, G16C,
either S17T or S17R, either R208, R20C or R20K, A24T, H26Q, V28F, A29T, C30A,
H31L, E33G, $34R, F35L, K36N, Q37H, E40D, F44L, A45P, cither T47P or T47A,
K52N, M54V, S55R, ES6D, ESEK, either E61G or E61D, 163V, Q72R, V751, L76P,
ST8C, F82Y, either P84S or P84L, E85Q, K91E, A93D, E950 or E95G, DI6N,
RIOTK, VI12A, either A114T or A114G or A114S, VII5SA, S117P, K120N, K121E,
R122P, HI26R, 1130V, A133S, Ti34A or T134V, F136L or FI36W or F136V,
WI138H, L1421 or L142R, T1448, T1468, A152T, C1538, cither T1548 or T154A,



10

15

20

25

30

11 1168V, P169T, Y177F, L178V, 51801, E181G or E181l, P184K,
F186Y, T1941, H198N, V199M, K215E, V236G, F237V, W238L, A240T,
either M2451 or M245A or M245 V, W249Y, M252V or M2521, and
E254V. In some embodiments, the HHDH polypeptides have two or
more, and sometimes three or four orimore of the 5 aforementioned

S itutions, .Typically, in this embaodiment, the resulting HHDH

we i BT SN G i e e YR SO
MErs §pisaRYMakleHE, 90%6 Se oahiceWisslitys 2yeT sbee Xypically w45A
le 9 i ity: et re typically. at.least 98%
R B D TR e T A e
hadVeloHa o ppiiges) irepiim e o sl snstimesabiréeor fihe growpe of the
Cqmjéi:éﬂ{agz%@@«L&%E@i@ﬂsﬁrg}{iﬁnﬁ%iﬁ%eﬁ@oa@ﬁ!&r&?ﬁiy%ﬁgng}ﬂ@ﬁ
position 80, Gat position 99, R at position 107, T at position 146, C at |
pOSIHERPISS Nes 4t (FASIACH PEBSHACHELRON 188, Hrfd W A Fositistic ypicady.
samen30adimeniss identityl-dHrpabrpepiidasyol tbapyesentinveatianty;
have two, three, or four,or mor hese selected residues. Of these
reasrll? eevg,c ‘(’55?’@67893@55@?? Si(ﬁf)%r f}al‘gfﬂg?%iétf,né% F186 appear to
correlateltidFEBYY mitpeiHBHIzctivity h<Otiners p pptwr tocorrelatenore
fayprabhcwelwith resistange o i @5@&&9&%&%@/&&-@9&9@%@% byt

discussed in more detail below. Two sequences are "optimally aligned"”
wheH ARy hie HIRFTE P for s ee SHng HiaPgtRHe i dtastieratsd. T at
Sbrbﬁl'tﬁ!dﬂqlﬂﬂ’!'@':ﬁ%(;@i-@@n Bﬁ@ghkmﬁﬁgxoghgmf%x&gn@ﬁ r%;lr,laﬂa Aﬁ@l @aRion
exfension penalty so as to arr e highest care possible for that pair
o Sty A0S R 2810 CITATCHR LS Ang A Catgnon Have
quantifizieg théosmoil aritye bé these Retentes ecpidince Od tBenratbi e IBTtHET O,

arhSeg fd-r RAYApihel Alpik Egﬁeéﬁtﬂ’ﬁs%%'z at ?é’é%'té‘i\iaj’gl‘ %%g%%%?%ic?g&y.

proteins"; "Atlas of Protein ‘Sequence and Structure,” V¢ _
M N IFRIG Y [ PpPrgds s pomiY Yool Bidhiesisress. (Rt on/ashibgtdn,

D Giordariel] Alalc(dR92) Rrae dlaflvhead. Sci. USA, 89:10915-10919.
The BLO,ISUMGZ matrix is, often used as a default scoring substitution

matrix in'SEYtRHERC KT GRmEN OISR S L B s oe ppetl oA &oF oy ilamiy
gapoeistefogepifialty isnimpase duferiteointhadixciion, Gla0SIYIE BMino
acigk gap.in one of the aligned seguences, and the extension penalt
isceilrﬁ poste&) or e)éc?l %%(?(gﬁolngl%%ap&%grﬁﬁg Bé%i\ag[%optshl%ﬁ]ﬁgqecr%% ‘?ﬁ%gg ble
arfalfeddyibpesradegaps PHaraligithiehttis defimsagrisystird abainosadids
p%&ﬁ&ﬁﬁg%&%p%@t%mm dsalignment beainsanchends . qed o
optional }( by the insertion of a gap or multiple gaps in
Dayhoff etal. (1978), "A model of evolutionary change in proteins”; "Atlas of Protein
Sequence and Structure,” Vol. 5, Suppl. 3 (Ed. M.QO. Dayhoff), pp. 345-352, Natl.
Biomed. Res. Round., Washington, D.C.; Henikoff et al. (1992) Proc. Natl. Acad. Sci.

USA, §9:10915-10919. The BLOSUMG62 matrix is often used as a default scoring

substitution matrix in sequence alignment protocols such as Gapped BLAST 2.0. The
gap existence penalty is imposed for the introduction of a single amino acid gap in

one of the a}i.gned 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 1o arrive at the highest possible score. While optimal



one or both sequences so as to arrive at the highest possible score. While
optimal 12 alignment and scoring can be accomplished manually, the
process is facilitated by the use of a computer-implemented alignment
algorithm, e.g., gapped BLAST 2.0, described in Altschul, et at. (1997)
Nucleic Acids Res., 25:3389-3402, and made available to the public at
the National Center for Biotechnolﬁ y Information Website, 5 Optimal
TR OB LR S Mg B ECEAR o P SRR AR Fukihy e
avadablecprograrmispische sis RS EBhaASAIgovitioh, is gesanbe d by Ft&chul, et
A, LAV0) NUASIRAGINE ReRy39:3RR9:3 A% Withurespech e anARIRD

- acid sequence that is optimally aligihed with a reference sequence, an
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arrdehisitPibsiBvidiccsiredpBinas toenive op Spseeinoine 1 bnferarsinael ebsite.
?Q?Mﬁﬂﬁ%%%%&?hﬁhﬁﬁﬁ%&%ﬁﬂ@ 9@@%&&&3@@&9@@&@% FRg RAdlion”
IS ae

noted by a number that sequentially identifies each amino acid jn the

refuttile PR CUCBASER OIS o bR R e N iR E: (1997)

Owinttio deletiogs, 2 fisseions?2. truncations, fusions, and the like that must
be taken,into account when_determining an optimal alignment,.in general
the amins o R e et A S TERa b e
sirnfshzmsuaang to A tal - teidisalugilcpoe meods sarilye pesitiensathe as
the RHMREE AL COIR SRRNMINSPOSIIOR IR e FefRr NG R SR HUBNCE o & 95n"

example, in a case where there is a deletion in an aligned test sequence,
thisrdEMAIP Y AG HARFIHERFHHER GO ELPIGHES 1858 HBRIRAR Hthkereferetrce
seggence aktdesite pisideletian Wibere therers an Deeriendaianajgned
reference sequence, that insert'og %Q{Wi}u not correspond to any amino
insertions. runcations, fusions, and the hke that must be fakey o account when
aci posrl’tlbn in'the'reéference sequence. i the case 6t trundations or
fummweﬁcaxptbeasméguhestthnr@lahmﬂmeizk:!iérrﬂa@we_femhceinartest
a'@%&&&%}ﬂ%@%‘i@@b@g’ﬁ%]§%5§E§9@}90I9 ADNATNR AU IS cessarily
corresponding sequence. In a further'embodiment, the present invention
profuitieseEls PHIBHYBPEON pé SRHESHeatia s aiaen IBsheiFdpiiass (6 BEOLD
NE:r208nibR, 148 edsteweraming s acid diffeiances aseampareehte Sk i
NO: 200, whené) timally aligned with SEQ. 1D NO; ZOO%Some of these "
HPED FBIHRARAIEY SPE PRSI OBIS IS o' SEES TR S0t Angfte ©
saivietare &Y deasthork, 198n arse9n ivhemtidadiied SEQcHDNL200, thatdestaiivn
e%%?%m&‘)’?%és t&e(f%.ﬁ 'é/ RUdeR Nave gne BlmeLe ofthe Il%!!E’é’Y'E;]Qme case

residues: 30 Tat (resi position 2, A or P or S at position 3, V a
positiBAcAI DB EsitionBesith & PopiFhat Pogiion T:ids &t pasitigs 10cSnae
PO itiofhdBsea RhPOIHOM 1 ¥oRspond to any amino acid in the corresponding

segquence.

In a further embodiment, the present invention provides an HHDH
‘polypeptide that is at least 93% identical to SEQ ID NO: 200 (i.e., 18 or fewer amino
acid differences as compared to SEQ ID NO: 200, when optimally aligned with SEQ
ID NO: 200). Some of these HHDH polypeptides are at least 95% identical to SEQ
D NO: 200, and some are at least 97, 98, or 99% identical to SEQ ID NO: 200. In
certain embodiments, these polypeptides have one or more of the foliowing residues:
T at {residue) position 2, A or P or § at position 3, V at position 4, D at position 6,
either [ 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, (3 at position 26, F at position 28, T at position 29, A at position 20, LL
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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 13 at position 31, G at position 33, Rat
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 gt iti V at position 54, R at posjtion 55, D at ition 56, K at
oL 8 1 B et AT S B3 AE SSMGhPotPaCS: H
posiftewtTs, B Wat positioniPel. @ appbseitibh 781 Matipodifiait!8? PeithenS
orﬂeﬁﬁ&?@iﬁ@@ag?\?ﬁti%k EPQSJIQ% ' aﬁ%?ﬁsifti%s%n%§’}t££’9§i§%9f?i§n3§é?l%t
G at position 95, N at position 96, K at position 107, A at position 112,
eitfSIPNS Al peisrtei Gl A’ at Ps&ios P31 Ratpasitisasidohat pysiieafs,
DoB@ﬁms}%h ’Eﬂ@ﬂqiﬁsmom% Fx;ai ;ﬂ\ﬁ/@&iﬂmi,?_a?m%g CPLQ%SEQS%/%?(’)E\‘{,@I at
position S at positi ar. position . L, Wor at,
ORI 8 o BN 238, P850 2 oS S S giar &6
at Kpdgitioh ob4B) 7T &t g esitioen 152, Stlatr fositionGlE3osither 1S40 n Augiosition
Posit V. at it r;l' iti .1 15 sition 17.7,.Vat
oo a7 o e hion P8 Do) arnaan 2 f e A
at eife F86) #t BPPBAILIY 1D RsiiopddRidhordBannasipositih 10% BaVy
posifien:hi.36 Bt PeSHIenn236, Makpesiiohad 235 & Aiaasition 238, Tat
position 24% qjther | or A Qr.V at position 245, Y at_position 249, V or | at
poSIioRLES Al RPEE B R 35 SHR hrésstitsinahtol BRSEipRoTteY, at
HiHBHipolyeptidesseootidd byt acnitcieit? Aoichthatiyhridizasundaron 180,
stri itions.o tantiglly. the entire lepgth of a nuclejc acid
co e e S S0 o s o o
optititny BigRddipitk SEOIDINOPS o3 fis6s anaitino2atid/ sequerioe
hayyng ak jeashbane amingacidseskluarelesied Jram dBe.ararpGoYsisting

of T at (residue) position 2, A or P or S at position 3, V at position 4, D at
pdSHERE> Eitner ‘ot BstipbdttoAnd, { 4PpYERbAE0, S at position 13, S

at positiamd gickeattiposition d& foatdpOSHOM 161 vb@tBatdesiiam 14 nucleic
eithe at.position 20, Tat position 24, Q at 25 position 26, F at
o P Ly Lo e SR T i B iy B or
pasitisls 38 dRearpowition 84S EQEpbEHidn BBk tht positiehB6yddpatie, when

PQSRRAIR 2R3k RORIERR 49 N ALPOSIHRNA4, P8k ROSIY. éen%!e”ﬂ%;ﬁa%oa&

A at position 47, N at position 52, V at position 54, Rat position 55,
pd&itiotS BT LRS! At plrselicsr! foatisouitencessinios ¢§ ArpbstidinT2, |
atgpesition, Z5oPratrosition:#6, L \akpasition 3078, pésalpasitionS2sither
S Sskidt BOSIHON 8 23! RPN 8Dy FA ROSIN Ok R 4t position 15, C at
position 16, T or R at position 17, either 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 43, either P or A at position 47, N at
position 32, V at position 54, R at position 55, D at position 56, G or D at position 61,
V at position 63, R or ( at position 72, T 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 pesition 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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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 Gat position 114, A at
position 115, P at position 117, N at position 120, Eat position 121, P at
position 122, Rat position 126, 14 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, | or R at

position 142, S at position 144, S at position 146, T at position 152, S at
DJsHiIBASTERS, 1Sitherasngpincat dsition Y Bupsrisippoation P6er ¥ at negsnion

1696 Frat: position138/1 M RLpOSHiGon 148,  at pasition 418G & @fchidh 146, T at
position K at ost 184 at position 18 position 1

pbSiti tlon?éf p05| 5]15'£§h e béR)s.%.B"St‘@é‘qéé |?%Sﬁt’ﬂ§%§étm
posiiom222, E"atppmmmrhm% a\Vbatipositith P8 poki tatrpb%itlﬁmQB& pbsaion
p%t“‘i{'a%éﬁ?mﬁt}h%i OF £ BbsViih ﬁ%sttgpp%ér%gx AlPpsft r?&ti%%%’l‘a'zt?gxt' A

position 252, and V at position 254. The present invéntiori also provides

aﬁqgaraté%Méé@ﬁtmﬁaHPBo%a@ﬁa@nJ?éﬁaat/m%ﬁtt@asp@.@rem@#éater

Htts@waa@tt\éttmaﬁmaf%estgaﬁiMYmtlﬁbmtdn havingither aming acid
uenc %E Q ID NO; %9 hereln the Eolype tide is encoded by a
B ARSI %&ﬁﬂﬁ%ﬁ‘t@ cittio s%@@?‘gﬁ‘b&sa“ntlally

the entlréhmngthmtwmeiele}acwdvakﬂ@ assmmﬂammecsmtectad prmjgrpdh&te

9'%%8@91{‘%'%%91?%%5% 12 N&h gnl%%% %érﬁggg%ai w&f

9,51°65,6/, 79 9 113,
1raving 1helgging GRS 02§§Q4ED1N@3@ 4wl 447, 469, 475 519

701, 7289,1628n th3bolb Pl 1§ 3f a0 S9mRleRRYEL FAGHBREER hRseT

Nucleic acids "hybridize" when the assomate tgplcally in solution.
NEIEREE GRS YIS LR AV PRty 6F VGERLR RARRYB Fetfid having a
pb@@e@celaamtealfteme& Stich @Qsaﬁﬁywewmqmjmggg@tveﬂt 15,17, 33,

exclusion, gs 152%‘:‘8’7‘975‘;%] ‘t‘?&%’llse}f% é?ggg;dié%% 165, 169,

hybtidization of nucleic’acit oUn ljssen oratory™
TéchnifuesIn BidcREMIHHy 2 Mbléetilat BitdGggePlybiidizetign witkf, 729,

NygleinAcigs Pranes . FardmChanie 2ElsauigLNew York). As used

hereln the term ' strln ergg)h brldlzatlon wash conditions" in the 25

context BIPFIISEIéﬂdéc"lﬁlyﬁ?ﬁﬁ-’@iiﬁﬂ%‘%ﬁ%%tst%%lé§8%Wn%‘C
N&f%ﬂ?bﬁ&@éldtﬁﬁmrﬁf@ 5?%1@@5@51@9%@%%%&@5&%@5@5&%@&

different enyironmental param it ex“tgs"’e ggg k. % sive

hy% iZa8on of nleeie adde' ouhda i gI"‘q] g%ﬁ‘ﬁ Bl%t%?yl

Techigubs ixthléalaemlsfryaatmhMo@wfann&mlé‘grysbtyﬁ@é@dﬁahm&tbry

N%Q&ﬁtﬁcﬁ@@rﬁfﬁ?ﬁéﬁtﬁﬁr Bﬁd@f‘é?&%@éﬁlég\ﬂ%d}tﬁ%ﬁon with Nucleic Acid
Probes,” Part I, Chapter 2 (Elsevier, New York).

As used herein, the term "stringent hybnidization wash conditions” in the
context of nucleic acid hybridization experiments, such as Southern and Northern
hybridizations, are sequence dependent, and are different under different
environmental parameters. An extensive guide to the hybridization of nucleic 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 (T} for the specific sequence at a defined ionic
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30 York). For purposes of the present invention, "highly stringent” (or "high
stringency") hybridization and wash conditions are generally selected to
be about 5C or less lower than the thermal melting point (Tm) for the
specific sequence at a defined ionic t, strength and pH (as noted below,
highly stringent conditions can also he referred to in comparative terms).
The Tm is the temperature (under defined ionic strength and pH) at which

Sousefisadest e queddelaybhiihbsstorggue ferdijionatenedphsbefevegdyo in
stipganterndiiensaieselegied-o-bacauakhie therifny ferR particHlaid pr)

probe. 5 The T, of a nucleic acid duplex indicates the temperature at
Wit e Y GE R L8 RIS R BT RAT & RS GROEY, BaARMRS nd" ey

repiegsentsaddirestaneakdraiad theegiahdityeof tHernyeteicudaigrbydrid.
Thus, t g?‘m%?g%% Fé{]cdz'ls %’ﬁﬂ%&%%%&?&y{ﬁ_ Aer: Qﬁdél‘%%ﬁ*?!f duplex
midpoint In fransition from efixo random coi: it d pendson 1ength,
nifcheGtiden sormposito ticagitian Av dtertrhdfor fongativtchess toheasure of the

ne@kﬁﬁadashé%féﬁrAzy@ﬁgwlOﬂ,d«;nmm%%@s%&%%Q&é%?ﬁﬁ&%{@iecan
be removed by a series of washes, the stringency of which can be
a&ﬂﬁ“ﬁ%&?‘&%’b‘é&?&ﬁ?@’ﬂﬁ%ﬁ"th@ HERFEEN fEey I’E:i?.hE(SW%‘EﬂP\‘@éi‘P& J\Fv%@’?ﬁﬁj on
congitionsc(@@deusingiigbersdliandstioweh femperaitieldnereasotides.
sensitivity, but can. produce nonspecific hybridization signals and hi
ek o B R A R R B e B
(egicusingdbwerhsattiapehbigher temparbturditkad ikeplodergoptbrethe desired

hybridization stemperature)lowsrsiiig dackarewad,signal; ivpisally pith

only the specific Signal remaining (i.e., increases specificity). See Rapley,
RICHHE ARSI NE 68 L VIMOIEEtHE PBIOIF IRBeR HER Ah TR T IR ER Al
PEa8%i #85di98)nd @%nﬁlﬁf.a.,nbbé_g Ddﬂ&fﬁupbewg&mrﬁfgtm@t%gﬁés%c
852 Wl TS0 IR BT 81 RO B et
(ustahyaiiey o oSt G)dkghe pkrigprtage of Guerosite (16 yandicyitodine
. R i . ;
oL e B o e BT R s Ser P
RN A dtiprastitsls BendsartatéBycnsifigEduatibt®as follows: Tm
(C) = 7918CT, dB.DHOQIDMA 1EhRS (¥eGetefeiknalel B6Wort i DRGA¥D) s
820/ Rt N e I R NPV L YOS ey 187
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. See id.
The Ty of an RNA-DNA duplex can be estimated by using Equation 2 as
follows: _
T (°C) = 79.8°C + 18.5 (logjoM) + 0.58 (%G + C) - 11.8(%G + C)* -
0.56 (%f) — 820/n,where M is the molarity of the monovalent cations (usﬁai]y Na+),
(%G + Chis 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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(%G + C)is the percentage of guanosine (G ) and cystosine (C)
nucleotides, (%f) is 30 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. 16 The Tm of nucleigsacid sequences shorter than 50
nucleotides can be calculated as follows: Tm (C) = 4(G + C) + 2(A + T),
where A TABERIRENUEISE fFgrifin sRaheriardie imberddst fie bs
corsespandingdnaeleotides. An example of stringent hybridization

conditions for hybridization, of .complementary nucleic acids which have
more than 100%6&1%5&% rew;tgr(y;srgrg%és na filter in a Southern or
northern Whotds\564¢rform Siidewitnd) . ¢ hepheinuab2Cof with the
hy&{}gg%gﬂ]ggm%gggggd out overnight. An example of stringent wash 10
conditions is a 0.2x SSC wash at 65C for 15 minutes (see Sambrook, et

al., MoletUfreRh g A e RteRANE faBM {oustyy bvtd dmiing #farbor
L aheiplonénézpkhSpingidarhen Newnwekhiararessprien @ 3Siues on a
blffer)._ Often the high stringency wash is preceded bléa low stringenc%o
waHIF RIS DALY Probe i AT S5t le v SRy *2C:
wasthish2x 6 5Gzati Oz far dbrninutes.chBdn ganeralmpisighalti:fAnisash
ratio qf 2.5x-5x (qQr higher) than that observed for an unrelated probe in
BT F TR AL, M o TutEtigh SFaTTapBeer
hyliiattizaitiofl] ddeteetiv b afoadtten 3t strind e R ayTidizSion: Hetweehavsentory
se In f the.present inventiondpdicates relatively, .
e Y P ST MR ST B
preiSEgensyeriibhs provided in 2 20vtieiseeeriveslistngscthereipk geundtengbe
“highly stiingent sonditiansaie,Seleried Ia e aRHES & B Ipssdower

than the thermal melting point (Tm) for the specific sequence at a defined .

ionic strEh&tACEhdE SN AP SeylienEds thar ErehisbsBihreldiepbrerved for

identieaditatheopriciaptidasasents: ok itarest(eifdic REeBed-6an bt
identified }qunde!r highly Eriné;ent 5 i{gnditirgngp. Lower stringency conditions
ard S propITAtE 61 e dUHCRE tHat &6 SLE seBhprEHEHt &gt
hyderdipatom (bs ovet-ashighlystnngenttiskiradighestalgenigystamg structural

similarity or homology to, e.g., the nucleic acids of the present invention provided in
the sequence listings herein.

As noted, “highly stringent” conditions are selected to be about 5° C or Jess
lower than the thermal melting point (Ty,) for the specific sequence at a defined ionic
strength and pH. Target sequences that are closely related or identical to the
nucleotide sequence of interest (e.g., “probe”) can be identified 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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ultra-ultra high stringency hybridization conditions) and wash conditions
can be readily determined empirically for any test nucleic acid. For
example, in determining 30 highly stringent hybridization and wash
conditions, the hybridization and wash conditions are gradually increased
(e.g., by increasing temperature, degreasing salt concentration,
increasing detergent concentration and/or increasing the concentration of

orjaffCEBRRAtE Mehc KU S ToTR SIS i BRRe My albatigntion opdskystuntil a
selarigddsarsgtalenianaaediat! horearoplepthei sH o gRIEYONO: 3, 9,

Ao 5 SERIOND: S 10 3 L 03, 3roa o et
630671679 1683,1009] W1 36116991291, 153, 267 20612 1.689165], 189, 490475,
1615190263 263.A5R, 200 AR A3, Wt 458 470,509, TOTOr

complementary sequence thereof, binds to a perfectly matched

CORTPREMSAIR, taFdel SYeRHicHit ARyt ARP ¢ spbndailzsypAdEbe
t%@cﬂlf&th%zd’\ﬂﬁ@lﬁ agt@hw%mau%bmﬁ@mé&a@bﬂd&% Wektgethe pyobe

as to erfect matched comeh mentar tar et, i.e,, with a signal to

naffgscﬁfs?. O&He SRR &s A bR ThERPGhE! rﬁﬁgeg%ﬁs
uﬂnglbnmomnhn@]ﬂshmmd’u@kntﬂne {aegéeuﬂyeiﬁmtatﬁhednpmm biagsrfecthe

gaga g}ga%hs dg%fm x&m C%MQQLF%%%&Q%QCV

ation and wash c |t|o saret osel tringency of
hybnduzaﬂéﬁ Ma@wmwﬁmhaﬁgﬁmuw&m@mﬂrme sfghabecmoideh the

redinrfembincingueiaingiprobe teathe RRtiReUAIChed COmPIRIGRRAYo noise

target nucleic acid is at least 10x. A target nucleic acid which hybridizes

B Op B TR PSP B R B AP ShG A AP TEPH R B Ay e At Fa et
1/&matanf1¢m perfestiyriratahede aamplaanet}mﬁyhﬁaﬁgewpﬂslﬁleramoh@h

said io.oind {o{he REabe under dlua:nigh FYNAET ybcond htions. 2imiary.
even Rervfevéals %? stringency can be (]ae ermine ¥|

|nmeaﬁngmmygmggmcymfmybndmém@hlaﬁdi@hwmstbﬁ@mdghm&}ogme

rngl\@g@;]g)QCgMgrﬁq%atlon assay. For example, those in which the
stringency of ]ybrldlzatlon and wash conditions are increased until the
¥

signal toHBIEE Y afitF fot BIREIRY SIAHETRIBBEN SRS et hiatersaally

ceﬁnM@mgmharyﬁaggﬁ&m@mﬁmﬁh@ainleaistvmma(a%o'@@zsf tﬂ@%v@ﬁt
tnucl c a(:ld whic brld

é( \ tar ! %/ gg robeuoggrsu 4
COIX rflon‘§1W| SSgySI na am FSe roas 100 eagts e per cm/an
mamhedrgﬁlecmmemmmrg@b mguléimamdasa@alﬂatd)mmdg@ﬁhe probeto
unglerdtuary iaRion. SHNGeneY SoREANS eic acid is at least 10x, 20X, SOX,
100X, or 500X. A target nucleic acid which hybridizes to a probe under such
conditions, with a signal to noise ratio of at least V2 that of the perfectly mafched
complementary target nucleic acid is said to bind to the probe under ultra-ultra-high
stringency conditions. .
Specific HHDH polypeptides of the present invention include those having an
amino acid sequence corresponding to SEQID 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, 34, 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, [18, 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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Specific HHDH polypeptides of the present invention include those having
an amino acid sequence corresponding to SEQ ID 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, 30 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90,
92, 94, 96, 98, 100, 102, 104, 106, 1,@8, 110, 112, 114, 116, 118, 120,

R e N R s e S
1785, 180 2682118250,865 18%), 268, 2482240 A6E957(.982 250, 208, 2184280,
298 208, 2340083 2ol Dok o308 80 36704 S N8 A 3n 51

234,236, 238, 240, 242, 244,246, 248, 250, 252, 254, 256

2620783, 386 32683 247820 28 W, 375,183 X830 8200811, 346, WEs348,
T g e o T vians e Jpass,
btk ORI R Gt i o By ST
378,378, 880 43824238430 388, 338, BG04 3D 248944 B384 398, 400, 402452,
4 , ,410,.41 416, 1 420,.42 4 , 430
aay PRSI D IR i 158 G
A608.489, #E4 18661 9868 U P00 L12, 404 965083 1 48D 4824 484, 485,520,

4882 490, 492 5394896341984 5005, 592, 5394590642085 598 Sd) 534554,
516, 518, 520, 10 522, 524, 526, 528, 530, 532, 534, 536, 538, 540, 542,

5320528, 0fB 5850 B30 G598. 356, B8O B 1665 HER5HE, 568 Bhp3s8,
57,504, 5¥%6 550883606882 584, 666,d688616901 K924 504, 596,6398622,

o380, £ e o £ e B4 OBl Bl B0 e 6o D5
665, 668 C6BOBE6GEHSEED), 663, 05 BY276765 6162678, 630, B82690,
684,036, 8578 662050b289209406 90509 A9, 702 779471%99%%0@%;9'94,

712,714, 716, 718, 720, 722,724, 726, 728, 730, 732, 734, 7
7480748, IP B2 AIR6f tResERIHAEHI8I9p & il HakesuERBApelwwgptides

aBkivitylen Jh@r&%ﬁ%ﬁ\d@ﬁﬁrib@hgséﬁﬁ&@mﬁt%@lbﬁ @f&?@m kY dH g DH
polynucleotides t ode these. HHDH polypeptides are provided
Peronn JOBERSTD ML B g G4 T Qi (o DHLSY pporpiie ar

38102085187y 39S B, 143NG5; 375.499511.83, b5, 57 182 K23637,65, 85,33,
695 7k, €3, 415uf 7457978 83, 85.8758%09%41 93, 93, & 297104, %1933{7, 79,

105,107, 109, 111,'113, 115, 117,°119, 121, 123,125, 127, 129,
185 853851 87, 893811991 91 4%/, P45l 1034951 697, 163 11451 5719507,

1619 163, 165,126 7156920113 1153, 175,1877135 94181431835 185, 1487451,
205, 207, 209, 211

205 206 B 50, 395, 535155 10358 Sk 348, $ 37 958 5 A

245,249, P9 12511935837, 199, 201, 203, 205, 207, 209, 211, 213, 215, 217, 219,
221,223, 225,227,229, 231, 233,235, 237, 239, 241, 243, 245, 247, 249, 251, 253,
255,257,259, 261, 263, 265, 267, 269, 271,273, 275, 277, 279, 281, 283, 285, 287,
289, 291, 293, 295, 297, 299, 301, 303, 305, 307, 309, 311, 313, 315, 317, 319, 321,
323,325,327, 329, 331, 333, 335, 337, 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, 433, 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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255, 257, 259, 261, 263, 265, 267, 269, 271, 273, 275, 277, 279, 281,
283, 285, 287, 289, 291, 293, 295, 297, 299, 301, 303, 305, 307, 309,
311, 313, 315, 317,319, 321, 323, 325, 327, 329, 331, 333, 335, 337,
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, 30 391, 393,

3 , 399, 4 03,.4Q5, 407, 409, 411 415 4 , 421
A5 s S o a8, 34 A g et oA A ed, T8 A
454,453, A55 S4B BEASI L AT, 63,4655 46 FIA6E 34312, B735a 5007583,
4485 433, 483 cAB%ABH 4887 Ab, 61936 021491 A8% 231, 293699%27,
507,509, 511, 513, 515,517, 519, 521, 523, 525, 19 527, 529, 531, 533,
562,837, &30 68210334635 841 Sui7, 4D 0481665855555 35670,459, 6681661,
o663, %65, 85 68657278475 635 57h, 57,631 % 285858875880 FB1, &8993,
91, 593, 595, 597, 599 603, 605, 607, 609, 611, 613, 615, 617

5 : 601, : , , : :

6137631, '5&‘3,78%5?%27;‘?76%; 651, 83376391837 638! 641; 643, 6hs /2%
6471,649, B ,769.374855mbBBB, 165%c66dy5 663, 665, 667, 669, 671, 673,
675, 67 : 687, 693, ¢ WA
705 706 0 BRI R A oL RO Primacic
781e7a3, 47l gregtey WHINAacrAB e pepavey HMDHYpe i deying the
prasephinyeienLitesiaye NODH skt thahitalleaskd-Adaldgreater
HHDH activity as cg_mgared to wild-type HHDH having the 10 amino acid

sEG A6 SETI BN B R RISES OF i RFEAE HOYET B LEHILPINOS: 740,
Exampie, 54, Roare bl i yrolypHplitid s of the presgnhinventien(SEQ@ 1D

NOS: {40, 742 99,92, 94+ 96 and 96) haye HHDH enzyme activity
and.oft en ht ugé' %%félu \é; 280 fg 9 §éfia lzfiggpgl%e actl‘fbbo r}sz ,cuucfeu "1y

that'is at I1eas and often af le up to told greater than -
tHetHetVBEDS 1P, S0 b2k tori bHISH. pHH DR {SEOQIEIND NYStHEH HBH pbhnd

y9?@ﬂg@éfﬁfiﬁﬁanQnNQ§ka%%i$¥f7§ﬁ ARA 50636 haeHHRH 802Gy

activity that is from 100 to 500 fold I:Sgreater than the activity of
AtroBsRaaserEpPHNBH GSEIMDNC 3 dHY B R
oIS EQs DM Q3. 7286.ardFEHhave htHBHienzwme sctvitottatig50R4er

1000 times greater. than the activi %ta% jum.sp. HHDH (SEQ. ID
N e e GRS

Ek@'nm@greﬂonﬁhe qasesémcmwmﬁmmdq)ﬁ@vides HHDH polypeptides
that are-mar ?@wnm@mms%wo@& ﬁﬁ@é%'ﬁeg‘n&g%a&%@m%m%@
18, 20, 22, 24, 26, 28, 30, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56,
s&hearlszrbde 86568 09247, 576078, 8, 182! B20sE.84; 9b 523944,
96698, 1004102, 4104:166,52084 BE059.162, 81464116, 45180,12074,28, 18240,

189 36367580076, b10d. 3%, 1051080104 208 Hbs! 00 115 1218713,

120, 122, 124, 126, 128, 130, 132, 134,
154, 156, 158, 160, 162, 164, 166, 168,
188, 190, 192, 194, 196, 198, 200, 202,
222,224, 226, 228, 230, 232, 234, 236,
256, 258, 260, 262, 264, 266, 268, 270,
290, 292, 294, 296, 298, 300, 302, 304,
324, 326, 328, 330, 332, 334, 336, 338,
358, 360, 362, 364, 368, 370, 372, 374,
394, 396, 398, 400, 402, 404, 406, 408,
428, 430, 432, 434, 436, 438, 440, 442,

136,
170,
204,
238,
272,
306,
340,
376,
410,
444,

138, 140, 142, 144,
172, 174, 176, 178,
206, 208, 210, 212,
240, 242, 244, 246,
274, 276,278, 280,
308, 310,312, 314,
342, 344, 346, 348,
378, 380, 382, 384,
412,414, 416, 418,
446, 448, 450, 452,

146, 148, 150, 152,
180, 182, 184, 186,
214,216, 218, 220,
248,250, 252, 254,
282,284, 286, 288,
316,318, 320, 322,
350, 352, 354, 356,
386, 388, 390, 392,
420, 422,424, 426,
454, 456, 458, 460,
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25 154, 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, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236,
238, 240, 242, 244, 246, 248, 250, 252, 254, 256, 258. 260, 262, 264,
266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286, 288, 290, 292,
294, 296, ,.300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320,
595 308 B0, 430 Mgt s SR 98, A5 360 e AOB 20
3505, 392, T4 SBEG0RTBS3603, 362, RA4s B 187618 2037, 376,539852s,

RN BRI Ml
435 588, 180 54025734 874466 455, 48D, B35 %6 4845834580460, Bt,468,

4645 460, 498 61 bk 804 60475, 418, 4806 1822484, A864 488, 490630,
492,494, 496, 498. 500, 502, 504. 506, 508, 510, 512, 514, 516, 518

5507 635, 6945356 6081255, 630, B845306 533055 666 5668, 64 626564,
58, 550, BBR 6554735676583 560, 662, 650438668H680 550, 5I2.6084598,
,H80 8 8, -292 96, 5598, 600, 602
R e ERi L e e R
689, 334, 63676381 B4bh 64Ty 64uhs6460848;1650), 66&/0654e656 0658 to
660,662, 564 ,.666.568, 670, 672, 674, 676, 678, 680, 682, 684, 686,
688, 690, 692, 694, 696, 698, 700, 702, 704, 706, 708, 710, 712, 714, '
716, 71827555 959D b0l ypmplides of fiaoprersat in3e)tizsgnauis ge e 2ied
hawingsubstiktian vigletionnapnaierinsamionafanaita HAsi%2aAMiNR.res
ac:tl'(%ihresi\(;lues.t q\/ari\galgts of theﬁ? HgH polypeptides of the present invention
may be JEnETARE” JSiRY FREthSES thEERr WEIB KR oWR S TAGES Hastren for
ardistary skittiiDHeaitityibearidsdof theseplediants sway: besgensratadyand
S ' i ro t screen for_ presence of HHDH activit
pE s It S R N
iGEHAYIRER BIREHR dEHBI By engiseib thebekiaitsioadtivig on the yres e ceebf

Oy ydria REACEEIBRIRIAL S IR -Arovaners fsionyhutyrate. A
high th ouigh%ut screen f$r identifying such enzymes is provided in

Example®dBOEBRRTEF TS PARRAN & CRAHYRS. P B sREsHY potyplstidéowas
eladnaied whadeietimisk yahielatioas bipwHeany: exisiodgbreemihge
S ; . esired function (increased HHDH
e%gygyaﬁ%%%?/ﬁ%%%%%o so, t eenz erazﬁlecn%éﬂé@hggs%ﬁ ’fé’%ﬁﬁ%‘ﬁme
SHAPASE HetivAsy i EneIrieT SBvALY br argnofene pdteibbyr Yhenenetiidy the

deserbedsin WO RN42b61 were,exalvated using.the meihadidissloged in

10/379,378 filed March 3, 2003, entitled "Methods, systems, and
R r]é) '{9,3'78 filed March 3, 2003, entitled "Methods, systems, and software for

identifying functional biomolecules” and incorporated herein by reference. Based
upon this method, codons encoding important residues at certain positions that appear
to correlate favorably to activity were identified and incorporated into the
polynucleotides of a subsequently generated combinatorial library. In other words,
the polynucleotides encoding the desired change were generated, expressed and then
screened. The method is again applied to the resulting sequences and the enzymatic
activity of the hits. The results are again vtilized 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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identifying functional biomolecules" and incorporated herein by reference.
Based 25 upon this method, codons encoding important residues at
certain positions that appear to correlate favorably to activity were
identified and incorporated into the polynucleotides of a subsequently
generated combinatorial library. In other words, the polynucleotides
encoding the desired change were generated, expressed and then
SEPARFRS A THI M STRISHIP AN BRI HSten rdliRf e SErTRHies bRty the
emmatmzm\amyye@r{me}hm difetosesulie A eh agaiBqutitizacia spleatere

trglgsge 8%!3 ue chan ﬁ d[_tzgﬂ,e n%%nce enzyme activity for programming
into‘ the nexﬁsbrary sing tlhlspme od, the functionality of various

sequen@é@haﬁﬁg@@ﬁ(aﬁbﬁ@ﬂhs@@pm@%&ﬁﬁ&ﬁ&d@pmjzemlé;iesimubwral
ca@ﬂgﬁmé@fyﬁ s, shbiset tormpiediae @e@%@a F% é?ess%le«%&m that

ch anF(_i;es at various residue pOSItIOI’]S that pI’OVI e for enhance enzymatic

aBHURY HERE actly thd Wila RY5seRHD Rrotde trensdedie freh HER) 4-

segercasiand elspubeneas pisferradirudues atidentifiad nostions. iy

T ose nts exhipi the resence of HHDH activjty can be further 5
S R R N el

Aractérize
\A@haﬁm’!ﬁhacsmd’uimmmd@t-irmmmm inlths, presentibrofigrodydic readily

CY2RQRUINR 8= 8 1NLLRI 4 1RXBRC3r ?é%{?&@é%&ya%%tmam&fu%@ms

characterized using the assay descrlbe Example 5B Exampl
dSSE B Avet BEARICa88HIRY ﬁf@fi%ﬂ@@‘fh@ﬂfﬁréﬂr‘dﬁ%fmﬂ

resReebtrdreduskinhitiion dhvsivayantibrares:may:bersadily: 19ny
sgﬁzened and assayed to identify HHDH polypeptides that are active

under Comditons TiatHimE Bt %?éicés%”z?dﬁ&“tro%%“ﬁ*ﬁé%ﬁé%wﬁm 1D
iMN@ALIoR, pasyites HMPIgs pilypettides, teat exbibitsignificant eetivitg, 140,

R Y A T,
188 @@8 2902002192212, 0514 286, 123@ %R 2236243820 40,81830423 21 434,

1445, 248, D00 4D 244604 H4g 174, 398,,5887 300549250194 129@ %?@ 082,
200, 202. 204, 206, 208, 210, 212,. 214, 216, 218, 220, 222, 224, 236,

254 350, 89298 295381030, 3y 030 £06130% 280083, 354 3164318,
251, 258, 28032 3227831802 282, 284328648881 1904 29, 294,3386352,

o e e S e

38, 386,43882899: 3930394, 396, 39844004402,.4044 406, 498 4%0454,
412, 414, 416, 418, 420, 422, 424, 426, 438, 430, 432, 434, 438, 4

46 435 FRa A48 U465 45D, 48 474, 476, 478, 480, 482, 484, 486 488,

490, 492, 494, 496, 498, 500, 502, 504, 506, 508, 510, 512, 514, 516, 518, 520, 522,
524, 526, 528, 530, 532, 534, 536, 538, 540, 542, 544, 546, 548, 550, 552, 554, 556,
5538, 560, 562, 564, 566, 568, 570, 572, 574, 576, 578, 580, 582, 584, 586, 588, 590,
592, 594, 596, 598, 600, 602, 604, 606, 608, 610, 612, 614, 616, 618, 620, 622, 624,
6206, 628, 630, 632, 634, 636, 638, 640, 642, 644, 646, 648, 650, 652, 654, 656, 658,
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,
128,730, 732, 7734, 736, 738, 740 or 742. Polypeptides that exhibit the ability to
convert ethyl (S)-4-chloro-3-hydroxybutyrate to ethy! (R)-4-cyano-3-hydroxybutyrate
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456, 458, 460, 462, 464, 466, 468, 470, 472, 474, 476, 478, 480, 482,
484, 486, 488, 490, 492, 494, 496, 498, 500, 502, 504, 506, 508, 510,
512, 514, 516, 518, 520, 522, 25 524, 526, 528, 530, 532, 534, 536, 538,
540, 542, 544, 546, 548, 550, 552, 554, 556, 558, 560, 562, 564, 566,
568, 570, 572, 574, 576, 578, 580, 582, 584, 586, 588, 590, 592, 594,

596, 598, 600, 602, 604, 606, 608, 610 612 614, 616 61 622
Y D LR e %§4§ 83y C?Gaf%) %@%%teéﬁ%ﬁm@ﬁ% %ﬁ% w5t of
652654, 666, 658, 660, 662, 664, 666, 668, 670, 672, 674, 676, 678,
680, 682, 980,525 0) %@aﬁ%ﬁiﬁﬂzﬁ% Q300 1PRE- A%, %Q%r?%ﬂ%

708, 710, 712, 714, 716, 718, 720, 722, 724, 726, 728, 730, 732, 734
7967, m%&sfl%szanﬁdiyﬁ%ﬁaé%hfﬁaﬁ W%ﬁ@&tﬁﬁﬁ@%ﬁy @aﬁwﬁ%mw

(%)ﬂ@r@ia lecsgd%sny@tfmyhu%ai@;m sl (F3)- FEaysnendodid puyuiEatRIor
in the a%%l Ie 5B, would alsq demonstrate .HHEH act|V| in the

ag%ealiP “é RS HL Y SP N &Y TRV ARE T PR B P Wéﬂl be
kaopwessadt heran e Eondxanypliegsing thg entisisl add dtibedteet @wo vbidazenesis

“%%@8?&%%%9‘%11&%%8@3'E% oep Bu%'%@‘%ﬁ'ﬁ%%ess(e%”‘é%a%ﬁ%r etal.,

example, wild-type HHDH encoding polynucleotides or th

pof\prietebtited B Anaysraerasisi-Afentiovpto gbpt ciochanmn? idiied fHat
Cavh; expressed, soreensd-And.assaxed:Waing e mehnads deseribed

herein, Mutagene5|s and directed evolution methods are well known in

tHEGREBRI G MR e Aok piebates b ORA ARy erigdis; dn vito
OM&M@M:SIATIaJmBIREh&BﬁanSHQZi)Zi@BQ?@%Iﬂmz%iaaﬁlef Alrategies and

cleotide- drecte random uta enes h "
PR b MU G e oS Mol B 7 Y o TTady e
" dingitted WMQM|MQQ1§@\/23G<§HH19$§)4§$%2 ¢1985 ), Butbtemawh

a ’epgﬁratég![e%a@% g «!Qnﬁfglf 4N VEHO"@EJ&QE@E@%&Q ENeSfficient
229711931201 (1985); Carter, "Site- directed mutagenesis,” Biochem. J.,

2Fpipod f?@%’?f%}%r%ﬁ“ét% ¢ BHHHPT @ﬁﬂafm%drstﬁe";ﬁﬁ"— Cap1s-323
381879;83in{1984) ,aWeﬁ%t@}h&lvoT@ﬁbasglﬁﬂmtﬂﬂeﬂe&l&ag’iﬂ@fft@k&rﬂ)mmon

method for generati f ti tions at de ined. sites

RS EReY. I o e e e e of

breedidgy¢ l@zumfrtr@@’rﬁlphpsph@hémwoalsa@l@@w &@84«2@@%399@&1‘6
B[&é%ﬁio@t&ah? Bg%@@%ﬁl%&%% UPBéW'd'@ﬁK'EH%ﬁ% é bafza-]%armly of

phosphoryration using DNA family shuffling,”'Nature 20 Biotechnolog gb
12ep59trEm{ivouo SreTigRTsFcletas UDRALSHGHIIRD o R fasiRP O }eh
from:Hiverseispecies accelelaies diracted RYORHION {IdMaiHButhway by DNA

STL2R8 20 Cramer, ot ol YRR NN 1 P AR e

evolution of an effective fucosidase from a galactosidase by DNA shuffling and

screening,” Proceedings of the National Academy of Sciencess, U.S.A., 94:45-4-

4509; Crameri, et al., "Improved green fluorescent protein by molecular evolution
using DNA shuffling,” Nature Biotechnology, 14:315-319 (1996); Stemmer, "Rapid
evolution of a protein in vitro by DNA shuffling,” Nature, 370:389-391 (19%4);

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 87/0078, WO
97/35966; WQ 98/27230; WO 00/42651; and WO 01/75767.
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shuffling," Nature Biotechnology, 15:436-438 (1997); Zhang, et al.,
"Directed evolution of an effective fucosidase from a galactosidase by
DNA shuffling and 25 screening,” Proceedings of the National Academy of
Sciencess, U.S.A., 94:45-4- 4509; Crameri, et al., "Improved green
fluorescent protein by molecular evotétion using DNA shuffling,” Nature
Siotechp i SRR 800K SIPE AR LIBION AL o e
protein in vitro by DNA shufﬂlng Nature, 370:389-391 (1994 temmer,
BRI BRAPRPYREF SSersRoR AgTRe atinn HHIPFeamie !3?9‘ mawﬁfeﬁeb** fold

regemhination fnimelesuar svelition.sProgeadgsaithe Natianako: 2) in
ademy of Smence%f?gu S.A., 91:10747-10751 (1994), WO 95/22625;

A
WS 8707 4 RS 07735085 B 881 H2 S0 BT 2 6B - i R Peptice
ObbraYH7 d@&idn afifothel enshodiment] the quesenhimeaniiorn alsarprovides
a m h t scrlb he in:havi HD
R L Sk Anine
sp{bvifd-tysa)pHDH (SEQ ID NO: 2) in the assay of Example 5A. As
used herein, the term "fragment" refers to a polypeptide 5 having a
deletion of from 1 to 5 amino acid residues from the carboxy terminus, the
a < th. Preferably, the deletion is from i to 5 residues
from thefmapb@xmﬁammtjﬁ priiviod Mﬂd@kﬂﬁkﬂ@ﬁa&@nﬂs& prESENt
inv nt|o rovides nucleotides that enc de H eptides of the
e S R R A
HHmﬂtmlyﬁH@I‘émwﬂslebmmswmsﬁ@l ote:drdCthraﬁ liyds izt agmdeder
StipgEok conations vl suBsiaNUaY dheeitliedeaathof.a gugelc acid

corresponding to SEQ ID NO: 1, where the polypeptide encoded by the

HEASEFASHBE RuTFed é\%ﬁquaé@ﬁﬁaﬂlﬁ'@spa@me@éa%w% Ht

lepsity ang-aMiNeoagiel seesichin seleaiad iamethe groun cansisting «f Liat
(resi ue) osmo 2,AorPorSat p05| n 3 V%‘fﬁ; sition 4, D at Bosi jon

6 S Y 57 L YL RFoR Y 3Rk %%%8 6t (esidushanbirt s & Gi ¥ or
pq»smnm]%l Magpposition 35 Gatipositiehd6] dr draRpatiposition adposétithet 0,

C§£ 8%&&!&@1?%% Bshfbn i 2LPABHRMAH 8 ALPYSUON 36, F &H?QPA)%‘B%M
Tat position 9 A at position 30, L af position 31, G at positio

R laYt BIORSHGrPrauon et osifion 25 TNUAOSESTGH. 3524 pei s Ao 3700iven

pqaitipra:%@ah%tz@oﬁt&@o%oﬁ’a@pm@tmtﬂé‘ @i%ktg@gpwxﬁoatsgoﬁé%p%éaon
osition sition at pOSItIOI’] at pOSItIOI’] at

R B ot S b BBt U ARSI, D & poshion 40,1 posten

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 83, E at position 91, D at position 93,
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,
A or V at position 134, L, W or V at position 136, H at position 139, T or R at
position 142, S at pesition 144, § at position 146, T at position 152, § 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 ét
position 186, L at position 194, N at position 198, M at position 199, E at position
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63, R at position 72, | at position 75, P at position 76, C at position 78, Y
at position 25 82, either S or L at position 84, A at position 85, Eat position
91, D at position 93, Q or Gat 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, Bat position 121, P at position 122,

R it] : t ition, . t ition AorV.at itio
e s O P38 A g o e
SUhEGIiShPPEEOR HdpEstinpsitien, 23t Y esiltierpesios 8L pusitivnt PeSition
eitier ehex dp@hpositiamdbdily atpasitien 168hI Htaasiion:469fat

positio 177@%;’)?5'“0&1 178, | Ebpgﬁ%@n 180, G or | at position 181, K
af posttion 184, v &0 FELitisHFas! itfori19i CRAGR PBYIHGRCISE, M
aepwsition k0B, delat Positidypeeti @knetlat positiarpd3tepd ateasition 237,

L ition iti ither | ,or.A or.V osition 245, Y
) o R A e P T T o St
afigtiet-with SEQ ID NO: 2. The present invention also provides an H DH

polynucieqtidRionkie FANQ dvdhaliseodrn QRimized for.rexRiession in
E. coll. The polylgﬁ%tide encoded by this codon optimized polynucleotide

CcORFEEEERUL& S REB EPdtypeptide’from AgtSbhbtétiit 28: 15EM B9, NoS,
2R7irBadditieh sthe hresent 1ventisn pyosides, esesilicpaymiclestiteso, g1,

SR e S R MR
672592711273 17%, 129, 791,433 88385387389} 911,193, DS, 977 98191041, 163,

1 , ; yeyi 71 , k2 12.7, b3l
s o S A T

1645183, 1955 1957 97669% 7011203, 295 207724%3 1162131 8251839, 18% 221,
1893,193, 293219%3197311995 201, 203,305 20420972349 23, 235,055

o T3 Do 0 P ol 1 e B T8 a8 5, 360, Bra2,
073,298, W7 29739981) 2883 285, 267, 32893 1291, 2935295, 297, 299323
3935 303, 533043309 3415 313, §}?’3§%73<?5134§%n9g§% ,555’%%7357,

329,'331) 333, 335, 337, 339, 341, 343,345, 34
38, Yo 38k 1363625 BE8I3FA, 389, 33713 B7 378788 13393, 349, 381, 1893391,

383,387, 8893891020489 39908%00390), 402, 403440514075 4093445
483 s S AT A, 465 MEr s g1 4, 465 deriss
441,443, 445,447,449, 457 ; 453,457,459, 7461, ; 465,467
468, 412166730 A ABIAYT, A 793,483, 483 4485 AG7328%854947,498, 491, 493,
495, 457, 499, 501, 503, 503, 507, 509, 511, 513, 515, 517, 519, 521,523, 525, 527,
529, 531, 533, 535, 537, 539, 541, 543, 545, 547, 549, 551, 553, 555, 557, 559, 561,
563, 565, 567, 569, 571, 573, 575, 577, 579, 581, 583, 585, 587, 589, 591, 593, 595,
597, 599, 601, 603, 605, 607, 609, 611, 613, 615, 617, 619, 621, 623, 625, 627, 629,
631, 633, 635, 637, 639, 641, 643, 645, 647, 649, 651, 653, 655, 657, 659, 661, 663,
665, 667, 669, 671, 673, 675, 677, 679, 681, 683, 685, 687, 689, 601, 693, 695, 697,
699, 701, 703, 705, 707, 709, 711, 713,715,717, 719, 721, 723, 725, 727, 729, 731,
733, 735,739, an&i 741.
"Those having ordinary skill in the art wiil readily appreciate that due 1o the
degeneracy of the genetic code, a multitude of nucleotide sequences encoding HHDH

polypeptides of the present inventicn exist. Table I is a Codon Table that provides the
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495, 497, 499, 501, 503, 505, 507, 509, 511, 513, 515,517, 519, 521,
523, 525, 527, 529, 531, 533, 535, 537, 539, 541, 543, 545, 547, 549,
551, 553, 555, 557, 559, 561, 25 563, 565, 567, 569, 571, 573, 575, 577,
579, 581, 583, 585, 587, 589, 591, 593, 595, 597, 599, 601, 603, 605,
607, 609, 611, 613, 615, 617, 619, 624, 623, 625, 627, 629, 631, 633,
635, 637, 639, 641, 643, 645, 647, 649, 651, 653, 655, 657, 659, 661
66 SIOBRBORS W8S (G A FRIne A G TEoTerg Ml thsrd 8RB AR 46
691G B89BBYE, @Y, /an6AG TV 178 TRDrd b, af(0gr gihinel Thué L4, ek,
7 3 72 1271, 7 731 0 733,735, 739, and 741._.Thos

F Roniohf 68 e ela S e B WRer LS i B
dé@éﬁ@ré@;ﬁ@fi%éﬂgéﬁéitére@aeawmﬁ}hﬁ@d@r@bm&m@e@mmmve
enmcangaruﬁPﬁhhpemagmgmﬁegtr& PIESRALINMEBHAN OXIH - AN LR Rence

Codon Table that provides th synonymous codons for each amino

AR EBP R R COHGHE"ABA, AGG, CGA, CGC, CGG, and CGU
all encodetihelamtml@rﬁcadlargmme Thus at every posmon in the nucleic
acids

codon
5 With(:”u a!tenng the ”U |\II’\DI’\‘|'I{‘IQ H‘ IC ||nr|nrcfnnrl fhnf L] ln an

RNA se8u§nce cor }Jo sﬁgién se(a%gncgc'}'}able 1: Codon

Table A al?gamd eCAIa A GCC GCG GCU Cysteine
Cys C S@é’rtlcEac @% D AC GAU Glutamic acid Glu E
GAA C:@@nﬁhmﬁ!alpﬂnefh Glycine Gly G GGA GGC

bve

GGG (:@Hd@llstldln%ﬁls e CA(%(;AU lseleuciigdle EAYA AUC AUU
Lysine Lys;lK-AAA Aﬁé Leycine Aeu L YA UUG CUA CUC CUG CUU
MethigniaeMet M AWG Asparagine ASAINRAGAAU Proline Pro P CCA
CCC (CwifeCU Lys K | AAA  AAG

Leucine leu L :UUA UUG CUA CUC CUG CUU

Methionine Met M | AUG

Asparagine Asn N | AAC  AAU

Proline Pro P | CCA CCC CCG CCUu

Glutamine Gln Q [ CAA CAG

Arginine Arg R { AGA AGG CGA CGC CGG QU

Serine Ser S | AGC AGU UCA UCC UCG uCu

Threonine Thr T | ACA ACC ACG ACU

Valine Val V | GUA  GUC GUG GUU

Tryptophan Tp W UGG

Tyrosine Tyr Y jUAC  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 nucieic 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 tripiet genetic code (set forth in Table 1), as

applied to the polynucleotide sequences of the present invention.
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Glutamine GIn 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 Val 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 1gordinary skill in the art will
recognize that each codon in a nucleic acid (except AUG, whichis

ordinarily tBEYhRF BRIBhreFEtRTBHiGREariEE Misaitiaes kediaibasgme
teehitiguesitenennode @W%ﬂ@@%&@h@@%ﬂ%iﬂ@s AgeRIFRG1S

eac S|Ien tio cleic. cid which encaodes a polypeptide is
R 2 P VRO S R A iz
prividesaach m;evmwl@dsstm%msmtmmcﬁhﬁfmgc%relpcﬁiymdcft@qmlemtxe
eneading %MP!XE’%BH%&EH&%A%%QQJ'QM %E’?éﬁ%é&?&‘g%g AN,

combinations based on pOSSI le codon choices. Thesecom natlons are

maBER AHeHidhe e tsecsrirritrd whNte rye AEKE Cirten(se ProMisire
Tqb&ee;e)m@snﬁnmi@rt@ov@»m@éyﬁugmt&@a%m%@lﬁ§m@ﬂr§§@r§ee eg.

ntion. roy or erent codons that, wh

AT DR ORI AR e BT IRICRE dheEs
refb‘ibéd’tesh%im@o@r@r@ﬁ%@mdd@hﬁﬂ&dHDH polynucleotides of the
present i i expression in. artlcular
host orgéQr}l{l%?ng%%] ?E%%O\t%eqp%%r%%‘%e%tﬁ es to'b cont orl% [ptﬁ the
optiMsniee sl st SEMREURESd oyt brgariss THbsethaginglhis
orginaycRigl dB the-ar il reeegnize dhatiablss and otheticirrences

providing preference information for a wide rang'e of organisms are

rea‘?fflf/’avﬁﬂ%l@ SER PP OHpHam ‘arﬁﬂ’lb%‘r?cﬁ’fﬁﬁﬁ'@éﬁérf&ﬁ?&i%&héﬁ@a“

Sahamanella; & Hﬁﬂihﬁfﬂiﬂﬁ‘im EOs0: ASM. PraspWastingiopoR£uc(&906),
PR, 2 }ﬁ]ﬁ xemplar HHDH varjant polynucleotide sequence
of fhg%rgsrgr%tvﬁnven?o% IS bg d ID NO: 31, which expresses
well in Elrcgitnd ﬁ@nglwwattécm@jerﬁg@tvamanmt SEGH DoliOs dr¢tpaticrred

e%@x%%?éfﬁ”ﬁ:@&'%@&%lfé@ JFOLESRORAING Lo R R IR IRy ZifTosp tﬁ%gpe'ée%&

a level of about 4 1/2 fold higher than the amount expressed from

NEYgng ﬁﬁbw%&&ﬁ%eﬁa%@d&ﬁ@éﬂi@@ﬁ%@@.ﬁgﬁﬁa@@wﬁmgiysme
frap AR baetesitBsPs)- ATT encading Isoleucine at amino acid position 63; GAG

encoding Glutamic acid at amino acid position 95; and CCC encoding Proline at
amino acid position 188. The amino acid position referred to above is the
cotresponding amino acid position in SEQ ID NO: 2, when the invention HHDH
polypeptides are aligned with SEQ ID NO: 2.

The terms "conservatively modified variations” and "conservative variations”
are used interchangeably herein to refer to those nucleic acids that encode identical 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 wiil 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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In some embodiments of the present invention, certain codons are
preferred when the following residues are employed in the HHDH
polypeptides of the present invention: ATT encoding Isoleucine at amino
acid position 5; AAG encoding Lysine at amino acid position 36; ATT
encoding Isoleucine at amino acid pesition 63; GAG 20 encoding Glutamic
acid at amino acid paosition 95; and CCC encoding Proline at amino acid
DRSSREBF RS HEA TS BanrdbeiBAe A LTSS Q& &rgneth of the
carcespbrding@mind ractd peisiion éss SRQ IR NQ e nbeprthRliny entian
ul—gilal]QSI-!hB%lI\QD & ntslxd eseﬁ rcer?slfl: .na%QFeV\éﬁgsﬁé%&!}[s)Hélpdng'a-rl;&%érer@ %q}]E OWN in
conservatively modified variations™ and "conservative variations Bare
usediinterchangeably herein to refer to those nucleic acids that encode
identicatafeRseftialyddantical amine AClHSEaHANGE 3 Al BAbAitatgN
where the nucleic acids are not coding sequences, the term refersto
RSP LR AT B EN SR DAY 2BHARARAS KT e 2l aspartic
recaynizathaiiodivishiugl substitutionsedeletiansoiradditionswmbishalter,
Lo delote.a sindle AP ACid o 3 Ak RELCSRage of 50 AR ACiR
in"an encoded sequence ar)é consideted Corisenativi ﬁraﬁl(i)ncﬁﬁé}ﬁp ophat an
viariztionsavhere irenaiteraido Ng yosaltilarome srimo tbrefihe. fpltdiningytieae
dﬁl@‘i&?&h@énﬁ{éﬁ*ﬂ%@%@d aadiHanet AN, A 0L BYRRIIYHO géﬁ@

amino acid with a_ chemlcalg?;asmilar amino acid. When more than

ARFNE atiE FaQe e, e wap Srcenbaga s typiaalty hedd MewasosutR.L.
amina ssidiregiRbipfeves the Jeasth mt ihevencpded srRaRRRC AE:KOore
typically less than 2%. Refere roviding amino acids that are

o BB 0 LTt O Aoy L el i i
tiser&tns Axampes /0l ¢ohséthative Sub Stitations A th incthkegreupy af,
basi ' i ink In istidine), acidic amino acids
(5%%%%%5@@’%%%@%%@ %_%g%%gr%ino acids (glutamine and
asparadtaessy VA bGBIcEHiYAs! aEdes of ErciHEDE alelreimidasd Vidkimeysent

AL, apine acids (pRenylalanine plryatorhan andi JYLasing) sand-srpall
amino acids (glycine, alanine, serine, threanine, proline, cysteine 10 and

nhERISTERINES ARG 018 SUBSERIBHS MR Gt &P aRabaatide

speciiceactivity aredmaival indheadtandoare destibat:fesexample, by
LA O 575 DL . A Frp e,
ASHCIFHE S enuAlegly, NV Thihe Sédiien o MavaluBaivelyo TyrniRiweing
As'&{ﬁ)d}%el,-bésé&{gdé@@ﬁ%ﬁsérﬁ‘t’i/\l!ﬂ?vz{rﬁaw&%f the HHDH polynucleotide.
Polynucleotides of the present invention can be prepared using methods that
are well known in the art. Typically, oligonucleotides of up to about 120 bases are
individually synthesized, then joined (e.g., by enzymatic or chemical ligation
methods, or polymerase-mediated methodsj to form essentially any desired
continuous sequence. For example, polynucleotides of the present invention can be
prepared by chemical synthesis using, e.g., the classical phesphoramidite method

described by Beaucage, et al. (1981) Tetrahedron Letters, 22:1859-69, or the method
described by Matthes, et al. (1984) EMBO 1., 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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15 Ala/Glu, and Asp/Gly as well as these in reverse. Conservatively
substituted variations of the HJITDH polypeptides of the present invention
include substitutions of a small percentage, typically less than 5%, more
typically less than 2%, and often less than 1% of the amino acids of the
polypeptide sequence, with a consexatively selected amino acid of the
same cqQns rvatlve 20 substitution roug The addition of sequences

avnich a0 EE AT e RHREH BUCoI/oh B I EO BTGB K6
aswethaﬁdi:hucmmfcaahmmcximhedsdfhnMHﬁadd@eséwmsm Conmspidgred
a aansarYarke yadalion afihe HRREL Q%é@%%eeﬁiqﬂgs YRy ARAINES A nc.

the present invention can be prepared us a known

in(trdcage. Fypiepmoohgeneksesades bﬂ&kaméaa&ms &WW@ 25
individugly,avbthinsizesahatisingdiesgedyanaymalicae ghemisal

Ilg tion methods, or polg){merase -mediated methods) to form essentially

GGRRTALY OIS a8 6 SBIReIS off Alicteld asing biasbor
p&semt@mm%m can:.Hel -prepeeen bydchﬁmsmzsynmea@ Qs %g” the

classical d e scrb ucage et
Tﬁ@d%%gﬁzz%rs% g %@S%@Q értﬁw mrﬁ%t 3§§ &'escr thm ﬁgﬁa{%é)
et AMA8ag EM@@UE@B@W@B&H@ ad a@@tymce@mytwmbttee@thm under

aytorpted Svnthelic neethods: AR ing tenthe.Phasphoranydite method,

oligonucleotides are synthesized, e.g., in an automatic DNA synthesizer,
plBH]fY@EFTaé%Wé‘ﬁIéH aﬂ@%ﬁ‘“ﬁﬁﬁ’@ﬁﬁé&”ﬁi‘%ﬁ)propnme vectors. 28 In

add|t|onmmmldymym@lam@@amﬁﬁauwwdﬁ@@kf&@mamfe@;ﬁ a
varl t ommercial sources such The M gCertlfled Re?ﬁ %gget

clé‘r%pa‘ny "“é?and’%%ﬁs f’ﬁ %%‘% rﬁ“é‘%f“
CiY BipressG - 2D a0
C&)»umd@wa%nﬁ@rés?@w %L%EQD%S @@@L@%&Aesm@a%ﬁ'é?ﬂ by

well- knownctechnlques as descrlbed In the technical literature. Seé€, e.g.,

Jusuel CodBdduiak, BloCaly Springigrbor
(Jl%a}a&mgi A}é@drzﬁ;rﬁltg@qm%oAmb»Ciﬂ@m 909.(: QQ{&M@@&S&:LQ@WG
ande a% epts ma Iggn be taln d ejither nthesmng the
rotﬁcosm loles Eaﬁgi ;%gg I"?\%Slf mféistogémg}t ﬁ?fgf(ﬁ!h ajoint
apmamlatew@@ndim Ibrbbyla(nggoﬂneesommenmmarmmaﬁdmng@ NA
POYRRIRSRAR,30.ANRIUABHES! BRANBNSE BERSIAL SR irccr

describe molecular biological techniques us herein, inclu Ing the use

oPvEsersrel %ﬁmfé@amlwmnaﬂ%@m@|mm4@pr@éu¢mgua@ﬁsbﬁ@eﬁase

chain reaction (PCR) the ligase chain reaction {(LCR), QB-replicase amplification and

other RNA polymerase mediated techniques (e.g., NASBA), e.g., for the production
of the homologous nucleic acids of the invention are found in Berger, Sambrook, and

Ausubel, as well as Mullis er al., (1987) U.S. Patent No. 4,683,202; PCR Protocols A

Guide to Methods and Applications (Innis et al. eds) Academic Press Inc. San Diego,
CA (1990) (Innis); Arnheim & Levinson (October 1, 1990) C&EN 36-47; The
Journal Of NIH Research (1991} 3, 81-94; (Kwoh et al. (1989) Proc. Natl. Acad. Sci.
USA 86, 1173; Guatelli er 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;
Barnnger 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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and Kimmel, Guide to Molecular Cloning Techniques, Methods in
Enzymology 15 volume 152 Academic Press, Inc., San Diego, CA
(Berger); Sambrook et al., Molecular Cloning - A Laboratory Manual (2nd
Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, New
York, 1989 ("Sambrook") and Current Protocols in Molecular Biology,

F.M. Ausubel et al. Current, Pro s, a oy ure betwe
e e B A oy s for
(Sopdibrne et tvdeiglcigoey PRUsuernExeavpidshofiprotdcCi®o4) Nature
syicient s Airpch PrreRASLTLRKH tRroudh inyitro-amplifiaation pethedsws

including the polymerase chain reaction (PCR) the ligase chain reaction
(EE35PEstEde IR m ciktibih HRrothe refiy perrista derrseumitally
teeRritLesatehg cINADBAN e gddianéhe pmdusiionsefthe homalegous
n ].clgzitcoaci;jazof thz%ip%enﬁticpne are foundi.in Bee‘regreé,{s,arybrtook, and 25
Auéusoief,]’as Wl AS MUIRE et gﬁ, QT@é?)ﬁ (ESS Fatent NG %@ﬁ%; PCR
Protpooissh $3aide to\Wetbds mibd@pplicBtinns, @hsiget al. eds)
Academic Press Inc. San Diego, CA (1990) (Innis); Amheim & Levinson
(Qetahersloh390) GREN 36:dds Shgedoumnal Of NIH Research (1991) 3,
81-94; (Kwoh et al. (1989) Proc. Natl. Acad. Sci USA 86, 1173; Guatelli et
at. (199O)FHGECN Mt} CRAAH IS PR COmE B SRS et SEPAIP (TS OF
Glinrnewa BEDI836lyhandegienalahc1083) Hojanceriddd s L7 -108Rrm
Van Brunt,(1990) Biotechnology 8, 291-294; Wu and Wallace, (1989
g B S o5 BT U A7 st el Bl
MialeRe3 998 Bivtathndloyed 310568664 alimprovetl grestironisoc clonibheen
e ARG pUaleledOo Ario 1R eRFLREN IO WAIBGT ARl ableRuice
Pat. No. 5,426,039, Improved methods for amplifying large nucleic acids
bXBOR HfEsuATih ATZE A HE IEhefig etralad guyNeriireous69iowe- 688 and
thexipfeirRncasseiteduherei iicwhich Pl @PIEANM OfHIR daANKE, @FR es
One of ordipary skill in the art will readily appreciate that

generated.
e%%‘é‘ﬁﬁﬂﬁ%%’%ﬁ?ﬁ%&%% OBRE ST S b St SR BIGA
suitabletior pestrictiorndigestion; PGR expansRivancsequencifigdising

"IHSFSE SAIRCIDIATE AL %re%%’l)( PNt §§f§§ﬁ§lfﬂﬁ’g&%b§ér§r%&gr00k

and Bergef, all supra. Vectors, Promoters, pression Systems 10
Theapided irmidsitiote sdgtipe Ridesy recopibinsesdrsearstsiebriprising

0BG,k IHIEE ifidRedH RiRobIE eplide seaupRes seasRreadlydeseribed,

above. The term "construct” or "nucleic acid construct” refers herein to a
N QB AR a6t FoUBI A S A BARRA M6 1 REMIRY F6m a
npdiypdlyideofitingreeneiovenivah Bas besirol sequence may be native or foreign

to the nucleotide sequence encoding the polypeptide. Such control sequences include,
but are not limited to, a leader, polyadenylation sequence, propeptide sequence,
promoter, signal peptide sequence, and transcription terminator. At a minimum, the
control sequences include a promoter, and transcriptional and translational stop
signals. The control sequences may be provided with linkers for the purpose of
introducing specific restzicti@n 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.



10

15

20

25

30

modified to contain segments of nucleic acids in a manner that would not
otherwise 15 exist in nature. The term "nucleic acid construct” is
synonymous with the term "expression cassette" when the nucleic acid
construct contains the control sequences required for expression of an
HHDH coding sequence of the preseft invention. The present invention

also proyides an expressjon vegtor comprising an HHDQH, polynucleotide
of the prCE IR DRari T B Bradidi 0 ERHbA
pmmide@da @qswtptimigﬁ Hovetly mreakéexpressionacahstquetsdof its protein
expgssion efalonyrn dehalegenas el e LM SR0 bl SRAHENSES, open

refers herein to all the components that are necessary or advantageous
fortHB efpressibir b pyypeptdétiofih s Progerthirantibie @4 cottrsre

segensa Ay DAy DNAlelgnotetigRvueRatide spAUenssancoding
the polypeptide, Such controI"seqYuences, include, 25 but are not limited to,

a leader DA ST IatisresBy FARESS BRopsMHRS SoytIEREEY OpFhbYS
sigmahq:mmﬁetmml@w@ﬁammamgcﬁmm Iﬁmh&iﬂua_tmfaﬁdcapﬁhﬂnpum, the
CONirol-SeANENLES Mglidea promat %@ﬂ%ﬁﬂ%ﬁ&%&% aland, g

translational stop signals. The control sequences may be provi
liIfKEES98r the purpose of introducing specific restriction sites facilitating

ligation of,the-coniigkseanonses with3Qihe cPding Aegion ok thGear or
nucleotide sequence encoding a polypeptide. The term "operably linked"

réTETY! e Rh R R e g RS SRR e YameRside afthsrigaepgion, and which
apprpatstelys paceddt oposiionerpiativetovilie Roding=sesienge of the
DNA se uenc hSlTJPCh mgtt the ,%ongrollse uence d‘i!re Es‘;he egqc) ession of,gl
polypep%“ée.S When usselglhe'?élr(f,e't%emfé’r“rﬁq'%%dicrieg éel“qﬁu'e'r'fc‘e';slss”‘lsmptl ©
intehdedomeove winusledtidecségerstioe;: which directly specifies the
amino acig,sequencenliis Rrateln 595&9!9%%%%&&@{&%@&%}%9@9 g,

sequence are generally determined by an open reading frame, which

uBlETR haghisifith Thaca TG Sttt Eadbal tHE EBd g sRGEIRce Ay pivas!
inglries anENAsGRINAAaNdRiHeGRANbinant RHGlRGtdR seauensacAsiuaed
herein th%te m "expression” includes any step involved in the production

of the BNyisE Bticte TheTt, BOT HBE RS 6 “HENELApuidh2 pogETed 2opect
trahsdriptiopdihmadificationruranstationposetragslation atqnadific atidnding,
apg SGARUON, L JE LRy EARIESFIB Y SEIREnLEaTS DETEinIO & PNA 11
molecule, linear or circular, that comprises a segment 2nco Ing a

pORFHED A RSP PrECINASH B BERITIASRCP, S50 peratbiy kb ares ooy
segaenits that provide for its transcription.

Polynucleotides of the present invention can be incorporated into any one of a
variety of expression vectors suitable for expressing a polypeptide. Suitable vectors
include chremosomal, nonchromosomal and synthetic DNA sequences, e.g.,
derivatives of SV40; bacterial plasmids; phage DNA; baculovirus; yeast plasmids;
vectors derived from combinations of plasmids and phage DNA, viral DNA such as
vaccinia, adenovirus, fow! 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 replicablé and viable in the relevant host
can be used.

When incorporated into an expression vector, a polynucleotide of the

invention 1s operatively linked to an appropriate transcription control sequence
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As used herein, the term "host cell” refers to any cell type which is
susceptible to transformation with a nucleic acid construct. 15 Nucleic
acid constructs of the present invention comprise a vector, such as, a
plasmid, a cosmid, a phage, a virus, a bacterial artificial chromosome
(BAC), a yeast artificial chromosomegy(YAC), or the like, into which a
nucleic acid sequence of the invention has been inserted, in a forward or
réDETROSrieh titfs hi S piEfdees aspdct pefatiserfibonintent heh

CoRsitEBA hRECOIANSeS eaHRAIRNY, seaKeRecas. INHYNIPCHi201Aks include

example, a promoter, operably linked to the sequence. Large numbers of

SUlfaBVREBRASHG HrEfOREYS AR kASK S I8Se BPSKIMEY th& B and

areccammerciatytoavailablepRelyniicieeticas pfdke yoresentikueotio st
PRUCORaLAIEd IiR0Y A18A0 %, Yare ohaxpIessiPD Yaciors Sutanie

for expressing a polypeptide. Suitable véctors 25 include chromosomal,

n§Néﬁr@tﬁt@gﬁ§m§| eaidi_@cyﬁtﬁ@tipf@wmrseéqmn!@e&de B. pderivativies plomoter,
SWQ&oQ?&EEQﬁBRI%%m@%&B&Q&%&é&@&&ﬂ%&w@ ¥&RASHRIASILSme
vectors derived from combinations of plasmids and phage DNA, viral DNA
SOUEKIES V4 eIran Aot iR DB X iGE PPSR LB aRis Sedetovmds,
adeao-assaniatgliovils ifeliav nisesyand fanmnaihRisaApyactorikation,
trans%u%eﬁ (ﬂenetic material into 30 a cell, and, if replication is desired,
whith 1 rneﬁ%l icable and viable in the relevant host can be used. When
incorporatediiinte . dneexpression sectorf &hpplysutlectiokdcofderinientianin

isoq9%;%‘3{1%'yclwetelmé@ﬁ@ﬁ{@gwagﬁgm9{}519@Jgﬁ'fﬁf«g&f 0685 3t

(promoter) to direct mRNA synthesis, e.g., TS promoter. Examples of such
trHAREARRBhN eI FoF seqlighne SpaFRURIYSUIRcH To insknm fratrsigamie to
plapiminghudepibenealifiovesasaie Mvs (GaMY.aRdoNos RSk n

virg§ I{:}MV). Other moters knov%/n to control expression of genes in

r | I

ORI BT Pk AT dE CACEIS R R OE AR ATEH B ISETONGR in
sphospembodimentBTThezimeentiof in duden SVi40 promaierestooit |aeor
tr r P, er maoter, T.7 promoter, and
B A o PR, oo
fordFarRIAtISTE IR SR deacy ardediptibrdainmated cueh @ariniycThe

vesien.alea.RlivRgirdneludasADRRAREIRS SBALENGRSI AL ARPUNIRG in £,
exp[_ession, 10 e.g., an enhancer. In addition, the expression vectors of

tHf& present invention optionally contain
An exemplary expression vector for the expression of HHDH polypeptides of

the present invention is depicted in Figure 1. Vectors of the present invention can be
employed to transform an appropriate host to permit the host to express an invention
protein or polypeptide. Examples of appropriate expression hosts include bacterial
cells, such as E. coli, B. subtilis, and Strepromyces. In bacterial systems, a number
of expression vectors may be selected, such as, for example, multifunctional E. coli
cloning and expression vectors.

HHDH pelynucleotides 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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one or more selectable marker genes to provide a phenotypic trait for
selection of transformed host cells. Suitable marker genes include those
coding for resistance to the antibiotic spectinomycin or streptomycin (e.g.,
the aada gene), the streptomycin 15 phosphotransferase (SPT) gene
coding for streptomycin resistance, tfte neomycin phosphotransferase
(NPTfl) gene encoding kanamycin or geneticin resistance, the

H BHf priGYp® %‘Féﬁg@‘tlﬁféﬁ%sgéh@%%a}&%%%%%ﬁ%&
renistaplae: rAgdivanrhsedg cabie markesgenes chde dilnydeefalatestop
"educiase or neorpysin, fesisiance o spkariglie cel cultre, and
tetracycﬁn% or ampicillin resistance I, 20 coll- An exemplary
expessignpegtor for the expression of HHDH polypeptides of the present
invention is depicted in Figure 1. Vectors of the present invention can be
employddaETEHALTOYRTE0T APPriPristéorBsinerrerhvt trelhibet tecdxprduced
afrRNHRD piateinatPolypeplidtsoranptescobppprapsaiengXRIession
hosts include bacterial 25 cells, such as E..colié B. jubtilisl,i ang duct
SOy R i’ Baltetial syStEe, & RGmEr “of EhpresSion veidrs iay"
bef seleptetdsudhitaspfenesampie;ambltifuhttibnalugs. cohie elotingrante, for
CXRIEpRION pYEs%?(li,Sa _HF&P%BQI’X,W?Q&%%%Q ﬁd%‘_é%ﬁ%%ﬂ AN ARG

fused, for example, in- frame to nucleic acids encoding a .
setetitsh/fs datizatich sédisEity ety thFgOE B P oA B BXpRES Sitth 184 23

desited callularcRmparimantnemiranshe g anels ok arcelbobio
direct pol)épeptide secretion tg the periplasmic space or into the cell

O GRTHRE AR &8, FARS KRS R RS AR BRSNS HHBRE BP LK %hd include
seleretipordeader peptidesnanganelejtasgBting, deqDéneesMeagd Bacieal:

|0(9§§$?gg§}c§% %B%?Ew?ﬁeceu@egr%'g"’}%m%y(if. ‘Rliculum (ER) retention signals,
mitoc U : plast fransit sequences),

nsatibedie doreitamehiarhomasipendsisdeyapatopiaiafuferbatoences,

GRanehotsequensastoanshthé ke, FxmresaionrHnsts R TheBrese tlture

invention also relates to engineered host cells that are transduced
(FEMERATHEY O 4 STTBRSEABET Withe BV BRI o EoRSTURE SIAHE iFREhtibh the
(ught, @M SHIYQBEH ElpRiBg e aiar it lak ipyentiv eXpressitst Ve atoa)k asd in

Well as.ine proguetic %mo‘}?c‘?%’d%? té‘.’ge.ss%ﬁn‘@%éﬁ}’%ﬂ%‘&%b%é%&%?'”S‘”teﬂ as
tech T it e, Tor e’xampfe, ap

article, a

niques. The'vec asmid, a viraFp
il echmigkantiged.

phagéretyeTHeRbsCailieat hnima Ayl BusihTeshmig
Aligriativelyy theshost cellcrader pRkanticeethsueh as

HHDH polypeptides of the invention can be produced in non-animal cells

or may

such as plants, yeast, fungi, bacteria, and the like. In addition to Sambrook, Berger
and Ausubel, details regarding non-animal cell culiture can be found in Payne et al.
(1992} Plant Cell and Tissue Culture in Liguid Systems John Wiley & Sons, Inc. New
York, NY; Gamborg and Phillips {eds) {1995) Plant Cell, Tissue and Organ Culture;
Fundamental Methods Springer Lab Manual, Springer-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
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a plant cell. Introduction of the construct into the host cell can be effected
by calcium phosphate transfection, DEAE-Dextran mediated transfection,
electroporation, or other common techniques (Dauvis, L., Dibner, M. and
Battey, I. (1986) Basic Methods in Molecular Biology). The engineered
host cells can be 15 cultured in congentional nutrient media modified as
appropriate for activating promoters, selecting transformants, or
P HITHoD AVER IeoBiE C MorE b ERlohd, SHEHRgsic Methods
tempeieatise Bphband the like, are those previously used with the host cell
selected for expression, and will be apparent to those skilled in the art and
i@(.ay%?j "FJ rences, 5 gupj%rgai&'ncluding, e.g., Sambrook, Ausubel and
B‘é—é‘l‘*ﬁ%gmgﬁe'f‘?“rlhrg , .g., Freshney (1994) Culture of Animal Cells, a
ManualtBiBdsie! TsehAG 98 (hhipecserfiiveniiesay jiso Rretyprendedppieot
refatencss gl dbereipn b G pelyRaRides é?fcﬁlﬁdﬁlfﬁb@{)ﬂo%%ﬁﬁie.

produced in non-animal cells such as plants, yeast, fungi, bacteria, and
th R ITREHE RS0 SuHbIoR BRYGEPUARCARETRRE Hitsifsared safinpee
nofapimndhgel aultipKaabestoemnditnoPhynecedalin2en(ikPOR)Rignt«dell
crInTifc,sue % ]!:talge i ijIthaﬂd Systems Johr]ge 'Iey & %}ontsf Ing. N?Wt.York,
oo e e s e
Cudtlivasin Ederaimenstatsvietivds: Bphirigesdiatbs ezl Sprfnge palartag de o
(Berlin:Heldelhers, oW xaro.ang Slasans Radsdensler s Handhook
of Microbiological Media (1993) CRC Press, Boca Raton, FL."The host
caftEine e B WRA eHE eih 2k HieAPaRUE Ber PR TcENARERS 4 t0ERIS the host
celherndencprakaryatiesrie UG as e bagtetiakicellidntragugtion of the
construct into the host cell can %

ffected Ici sphate .
T A P i B R R I 33

offidsooemrh GHotE0 RigLASS I avis: HoseDibriaig MotaindeBatteys, th1GBEI
Basi [ I i 1S) I ides far Purification
T B R i A AR R T,
peiatoe. & fusisi petyeptide tectasintnbagtiftreatior vfate rimpied HPHIH
%M&%Q&ig&wE&'M%%Q%%Q@%§%®}W§@Dp‘%@%§9ﬁm&%§é@mRfise
a nucleic acid sequence corresponding to an HIGH polynucleotide of the
prESEALIRYBHABIPthAL S FIBEGSIRM SRR ?8%56%??8858%”%6%5{%@
domainitiAausechieied dierierahiptinificatidas Iorfagilitatiog darmaioh

refers to a domain that mediat urification of the pal ide to_which it
it s G

separated by an enterokinase cleavage site. The histidine residues facilitate

purification on IMIAC (immobilized metal ion affinity chromatography, as described

in Porath et al. (1992) Protein Expression and Purification 3:263-281) while the

enterokinase cleavage site provides a means for separating the HHDH polypeptide
from the fusion protein. pGEX vectors (Promega; Madison, WI) may also be used to
express foreign polypeptides as fusion proteins with glutathione S-transferase (GST).
In general, such fusion proteins are soluble 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 Recoverv of HHDH Polvpentides

The present invention further provides a method of making an HHDH

polypeptide, said method comprising: (a) cultivating a host cell transformed with an
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histidine-tryptophan modules that allow purification on immobilized metals,
a sequence which binds glutathione (e.g., GST), a hemagglutinin (HA)
tag (corresponding to an epitope derived from the influenza
hemagglutinin protein; 15 Wilson et al. (1984) Cell, 37:767), maltose
binding protein sequences, the FLAG: epitope utilized in the FLAGS
extension/affinity purification system (Immunex Corp,_ Seattle, WA), and
thETHRET ARSI BRY prBtiis-JEa sy Psippupitenividar H
seqligreadcine ) the puniloht Grmaily pedidhe FipiH petypegtidefism
usefuyl to facilitate purification., One expression vector contemplated for
e s R e S BT R e e
expressioeibkerfusionhprotéinledmprisireglespobpddptivte of the invention

fused tog, palyhisticiog.Fagiost SeRaed R AR-EME %‘f&ﬂﬂ%@uﬁx‘%@%{@% the

site. The histidine residues facilitate purification on IMIAC (immobilized
mistE BRI RIS s et rted PIRTpYTath BEucd Yo 2)
PepigispExprassion-anddtipsficatanid 26ahadlewhiecthe 2herigsokinase
cleava ite provides a megns.far separating the HHDH pol tide
R (A ST P Cotore (SR AN B Ut ey s
baligsetktbyexress fordignipdlypeptided ks fesisimprotdimnexwath retained for
OIHEAHIONG: R RRSTRIRSS P STk HLURRETR! SR USIg RIGIRING AR

soluble and can easily be purified from’lysed cells by adsorption to
lighHEPiRsEPY S8 oeauEneng M eindtoHe s s hrheye iR snEaieusQ
fugienshiellanesiynebitian dndh e pirsanesofdretdoapthoRy ot areangh
Rgcoveréoj HII:IlD]g é??'}(Pthides The present invention further provides a
mé&tRod Bt HERifG' 'I'—|H'[5Fft‘polypeptide, said method comprising: (a)
cultivatings adiostroaditrefesiorened: withl @nic3ér HEBHupo miystebiidenustder

C%gig%@ﬁssﬁﬂﬁpdﬁl QLG PEed dﬁ&ﬁﬂl?x{&'&l‘ﬁiﬁ'ﬂ R &?AM?%P&Q%@ g &R

recovering the HH polypeptide. Typically, recovery is'from ost cell

culteirebaseditimrigie Rest del PoPbERX LSIRBOSFotRhBREEB Al tetianigies]l as
that.argayeloksapwa indhe atvnaluding thase dgassibedbeige Shird edition,

Fallowing transduction of a suit{able host strain and growth (cu.ltivatinlgg of
th st 4t altFd Bi Pt Tt P B R SRl i ot > 7)
indeed Divinaproptiaie Means|(EaghnigmepdhtuiéislyifindrSehemitaltiumason
in iQn). and, cells ltured f ditipnal period. Cells are .
e R T TE e Lk PO O I At 8 B onc

mB&issraell- therreSUHBRY I Mide esdrRey rBigin 88 I8t d0RHE piaafication.
Micriehiak cells, epRIYE B8P SioR PP RIRIEIS,68M RS e Culwre in Liguid

Systemns John Wiley & Sons, Inc. New York, NY; Gamborg and Phillips (eds) (1995)

Plant Cell, Tissue and Organ Culture; Fundamental Methods Springer Lab Manual,
Springer-Verlag (Berlin Heidelberg New York); Jones, ed. (1984) Plant Gene

Transfer and Expression Protocels, Humana Press, Totowa, New Jersey and Plant
Molecular Biology (1993) R.R.D.Croy, Ed. Bios Scientific Publishers, Oxford, U.X.
ISBN § 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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disrupted by any convenient method, including freeze-thaw cycling,
sonication, mechanical disruption, or use of cell lysing agents, or other
methods, which are well known to those skilled in the art. As noted, many
references are available for the culture and production of 15 many cells,
including cells of bacterial, plant, anignal (especially mammalian) and
archebacterial origin. See e.q., Sambrook, Ausubel, and Berger (all

SGBHIPEHE WdIFURPIREERASY g mirern Rigm At hal esdiB LowtaMRl) of
Basighegatigus, third edition, Wiley- Liss, New York and the references

cited th le an ths (1997) Mammalian Cell Culture: .
EseontiE SR ESR oAU B3 B SR o T Fesaa b epried
AtrimakFosgueafecihnigliess foustly etitmmbaHh Fredniarweal drGempaihy ;art,
aménﬁ!ﬁg el ShRlnAORW DMt £ elRey: %85%53%9%&%%%% For

plant cell’ culture and regeneration, Payne et al. (1992) Plant Cell'and
TRsEIE Cliftrecia %ﬁﬁﬁﬂ%@ﬂéﬁ@%ﬂ*ﬁﬂ\%ﬁ@?@@éf@nmrw York, NY;

Gamhateand 2hilipm4eds) ik 99k et CollerkissHe R LA GaPHG Uiy
|_é|damental M thods Sprin eééab Manual, 25 Springer-Verlag (Berlin

TR RS bty JOHRLO b (2EBAS BIAT ARG TFAHETer Wity spatie
ExtpressionaPhotacdischiuchamsPrzssh T dtowen Mww.ﬂzegse:pm E’éarsed as

Malgeniar, Biol %(%%%39% nPaz%rrPéffffx 108 9 é‘ﬁ'f'% PHP"

Oxford, U.K. 12 198370 6 ture |a in genera %re set
fmﬁwﬁ!mﬂaeiwpm@a(empﬁméﬁ%ﬁambk @ﬂ]\?ﬁd?@bm‘lbﬁgf@wl Matfigation

(1893) RGafltese BORZRARI nbikd ‘Q'UQHé}MHF%HﬁE%M%UﬁS are

culture is found in available commercial literature “such as the Life

S¥RhEPRR S e AciEf Edifere £t ip1898) Rafangiginl Rlasakraten
(St Banesp QR (ERigrecisSREGR Bandg e: @l Thed Iaﬂa@uuwmoaé, 224

%?tl_%ﬂs“% ?nd Sgg%'Wﬁ%?ﬁ@g @l%gef r(r)rtlelsl r@?oc lgrﬁ nd 00 ﬁ'?%jg’
bBrces;d%rﬁmmﬂémwlﬁam sim BirmHintatioh Aulblicatides: 2o P ot
g_%#@_égﬂf fRetbads wellknawsy rerwwfané ingluding ampna@nsu'fate

or. so vent (e .ethanol acetone and the I|f<e) pre ﬁg(tatlon acid

fpAdepinsediubag
CBE@B@IQQEB[?W@th&ﬂf@ﬁh&biﬁdﬂl’eﬁﬂﬁﬂﬁﬂ @hr@@@twtlaﬁlﬁﬁﬁngc;

S ft etag mg S steg&s nole gereln
y ro l%%[ a{f)%ngogh?g(rfh Ig&fgl; g §%¥8? Profein pari cay
Fol Mrethodn 4o A0 desireddnaniplering et onfiguvéatibe:
OHB@SWH*J&%@%E&B FdH@BM Humana Press, NJ.

In some cases it may be desirable to produce the HHDH polypeptides of the

invention on a large scale suitable for industrial and/or commercial applications. In
such cases bulk fermentation procedures are employed. An exemplary bulk
fermentation procedure for producing HHDH is provided in Example 2. Briefly, an
HHDH polynucleotide, is cloned into an expression vector, such as, for example, the
vector depicted in Figure 1 (PCK110700). After inserting the polynucleotide of
interest into a vector, the vector is franformed 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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performance liquid chromatography (HPLC) can be employed in the final
purification steps. In addition to the references noted supra, a variety of
purification methods are well known in the art, including, e.g., those set
forth in Sandana (1997) Bioseparation of Proteins, Academic Press, Inc.;
and Bollag et al. (1996) Protein Methgds, 2d 15 Edition, Wiley-Liss, NY;
Walker (1996) The Protein Protocols Handbook Humana Press, NJ,
HEFiEcH e APR) aFo0D) B rdiein faskifebtisHomp phiedtisals: o Prectiads

ApRieaehidRtRreEa A axiords Gxard-Epaland, darisandeAn.-aliRmtein
Purification Methods: A Practical A Eﬁ%proaCh IRL Press at Oxford, Oxford,

E ALY SE SR PP S ISRSRCE BfEshtioh SB kIS ped ARt 4Btk 3"
Editiaitcop dlmgam@(ﬂWedgmNda dabseapand RycEor (11(919&)11:’1' Béeiifltivation
Pltlrf(flca 1on- Prln'wgll)qs h Re olutlon Methods %%m A catlons

SeCOHB g&ltlon ér%c\ﬂlalﬁ?e nFéil’o ein %th%%héfgso%ﬂd
C DRt Hmsn@mgmres@dwg iqrrrpy@metitea@esSmmalp pedesirablalable from

pregiice:the HEIRE N RsRIdRs Rfth s di %g w}ge&aﬂ@a%rﬁ{;@éﬁlé,&y’@bge

for industrial and/or commercial applications 5 such cases bulk
fePhFaIHABETH Brobedmeicars dra SolRg. Aot esiompiay KGRI s mRbmERids can
prﬁm&dweréardp&dy@mglkﬂelahh@p(wtdﬁql hieBxample 2. Brlefly, an
HHDH nucleotide,. is cIo ed into an ex SSIO vector, such as, fo%
examplp%ées\‘}et(‘:%rp deps ncf in®igure tf%rg ). Wﬁ"é’rlfh%gr?‘ﬁ
pokaugdie dtidpobfpéptelestinte malgctoiotheheattoreis madfmmlneetontmrm onai
DagtelalboskiBHE: 3% oh AR RAAINIE.Fr &Laﬁéﬁgﬁtg,%?%%bk%g}&ya’
) after passage through E. coli TOP10 (Thvitrdgen, Carls A
usthtPEtENaRTa MR8 tH B CTHE tPan SRS rifeticdans wrerddrparedian e Authent

mﬁgiwm switahladigropprdstien elithe inalknepida usina meathedsthat are
ggwn in theﬁﬁ? For example, 36 the cell may be cultivated by shake
fl

KOCHRFEL %rﬁaﬂo&“‘é@‘N%%ﬁ@%‘é’af&dﬁé’ﬁ%‘ﬂfaﬁmmamwg and
conttrirolisjdatelecfeginatch poscadlitstate, ieupentatons)dariabanatapy, or
industri rmentors, performed.in.a able medjum and
e e oo pesi: I e
cutiatichab (ARG Bat i Ble pditipan tYnletibies cOMpitsiigr é47BonIhe

aﬁﬁ&?%%&gy'ﬁ%m RRORRIE-SAIIRI BN PIRGR A0S Kagws In the
art. Suitable,media are available from commercial s%ppllers or may be

prf5HIs dee GG 18 HibtdRed ot PSRkl Sof the
Am&%aﬂ%@iﬂﬁw@mﬂ?cmm@c@dwg%Eﬁ@%ﬂﬁ@’ﬂﬁﬁﬂﬂﬁﬁé}ﬁﬂﬁ@ptide
overed dire tl¥ from ti}e nutgent}gf:ujture) medium.
I‘OID d Celi lysaleis 1 ustraied n Exam
It is believed that the pl of the wild-type HHDH of SEQ ID NO: 2 maybe too

low for polyethyleneimine (PEI) precipitation to be used to purify HHDH from DNA.

Applicants have discovered that they could make the following residue changes
relative to the ali egnment in SEQ 1D NO: 2 to produce HHDH polypeptides of the
present invention that have a sufficiently high pl to allow for isolation by PEI
precipitation, but without loss of HHDH enzyme activity: E40Q K, E42Q.K,
E46Q.K, ES6Q.K, ES8Q.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, E50Q.K, ES8Q,K, E61Q.K, and E64Q,K. For
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40

10 The resulting polypeptide may be isolated by methods known in the art.
For example, the polypeptide may be isolated from the nutrient medium
by conventional procedures including, but not limited to, centrifugation,
filtration, extraction, spray- drying, evaporation, or precipitation. The
isolated polypeptide may then be further purified by a variety of
procedures known in the art |nclud|ng, but not limited to, 15

clRalb TR 8 U 98 asaprlido ATy Bpbiraliie, of SEQ ID NO:

chematofocusing, and size exclusion), electrophoretic procedures (e g.,

&ﬁxfi‘&fs“ [ferentigh H;Efc{%% %QLI
'\g%@%% '}%9 %Eﬂé}% %ﬁ%&a ?%é%ﬁ 5P§QI?A’E}ASALAN

ProieGals Hapipeok A'rlaamﬁeﬁ@@w HRFREETAQ Or
Me@mm@temmwwﬂmwmm@@%ﬁu@emn

Protocols Handbook, Humana Press, NJ). A procedure for recovering the
HEIRBolpeRiidentamiasalklysnivdsiiurteteddmBrempies3. It is
believed that the pl of the wild-type HHDH of SEQ ID NO: 2 maybe too
loatdegmiygtintigheamiaacRez) pretivtatorato digame toguatiigkddDaaget
frogidaNecoREIA vicdapddeargdiscaratedabatcims graddatiddeahaacctace
follavdngi gatiocratiringes reIRRCEE ARG 2aiciomityna o RGN C R tggtca
pregiceatelpingiseBiranusdal¢nipdoerE AoRERaTReICarapaiasgrigicgagga
sdmmﬁ@tﬁ*ﬁg?@%m%ﬁﬁmﬁ% IctapteeipHatBry BlnorARIgRag
|o§§9519?1¥1ﬂ§i? BRI ARG ICRIEYSP5 96! IGEREEr RITEBREYFICtatcgac
53%%9%%’1 3 9@99@&@9@&? tﬁﬁ‘&ﬁ@ﬁﬁ&%ﬁﬂ%ﬁm@ﬁ@a@%@%mam

et HAS 8%""" i i%ﬁﬁ%‘f%%ﬁ“ﬂ@%%@f@&a
ol %ﬁé‘ﬁ éﬁ%g

e s

E61Q,K, and E6 or 3 xample PEI preC|p|tat|on was applied to

the HH%IP—?{'&’@@HQE AoRFEIBNPsyslAf can also be employed to produce

MSTAIVTNVKHFGGMGSALRLSEAGHTVACHDESFKH DQLKAFAKTY
PéﬁDH polypeptides using the polynucleotides of the present invention. Several such

P M S EQERA G bkl &M 115Advé @M \AL WS B R 1Y PIEWR R HRK AV ¥ RGd V

EAL 5 . , _ . o .
QIRBEA RERTAL RRARSTE A AN TS e
L/?NNOCO s: Methods in Molecular Biol 00\;, Volume 37, Garland Publishing, NY.

ALSKELEE Y R RM KAl PSR % YeR T B SRERVAVRISY TA
LQR LGTOKELGELVAFLASG CDYLTG VFWLTGGFPVIERWPGMPE.

TRISPOR pepadesldhtyddumsyisns %&ﬁ@cfb&iﬁ@éoo} Sy rpPNrsatp ABCHB).

The ECHB is then used as substrate for the HHDH reaction. However, the ECAA

starting material is a potent inhibitor (K, approximately = 70 uM) of HHDH. Because
the KRED/GDH catalyzed reaction may go to 99.9% completion, instead of the
desired 99.97%, then 0.1% ECAA remains in the ECHB matenial 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



10

15

20

30

10
atgagcaccgctattgtcaccaacgtcaaacattttggaggtatgggtagcgctctgecgtctgagcgaa
gct ggtcataccgtcgcttgccatgatg aaagctttaagcatcag
gatcaactgaaagcttttgctaaaacctacc
cacagctgatcccaatgagcgaacaggaaccagctgaactgattgaagctgtcaccagcgctcttgg

gcgt%éﬁ&g‘f“é%{g81%%‘&&38&%&%&%?&%&%%‘&&&6%Sg%é£%1‘t’c3¥?a?§éra%ﬁ"c‘%5tcga

g§é248Y, M2521. Thus, in another embodiment, the present invention is directed to an

ggﬁﬁgﬂ%@&%{?&%%&%ﬂ%ﬁﬁ@88%5“%&%@%%31%%9@%&9{% R,

g . :
aabetbEictd dBiatchtdrr Hie aeaen Frageetdytietder ebpericgliatdtiem
Oa HacHLRAAGicosORIDgJaiagigeaciagCiafociciicyaagt 1.178v,

a agagtacaatatc
cgggggcggé}zgg{%%agéﬁgé\é@%mcgggggattcg ccgtactattaccccactgagecgt

gga A method for testing the HHDH polypeptides of the present invention for their
Zg%%%@"‘%gcﬁg%%%%%9%%CEE%QC;?@9&9&%‘%‘&&%‘?@?&%‘%&? Jogagicaaaa
getgenegaErhngytendtiotatenaTibagaitanydoyytoay Sty tigacay

988termining the amount of product produced, is disclosed in Example 6B herein.
gctttcccgtcatcgaacgttggeccggceatgeccgaataatgaggatccggcecaaactgttgtcegtc
tgca tcacctctaggtaatgtgagcggatacgatgccc. Cell-free

transesiptismMiian HMioN Sysipepsdean also be employed to produce 25
HHDH pplypeptides usin polynucleotides of the present invention.
Sevoral S R B RS SRS ST RO G e
viteaarapsription andotrahéibtior? protosgtsiiy:founc ifeiyaris (1995) In
vitre,Tgnscintign aac Hransiakion Rratacalsi ethodgn Naleeplar .
Biologys,ﬁklolume 37, Garfzc{rild u_b%sﬁing, Nsté\éhéﬁﬁgﬁlgé\gglc%e%gfgg%e
(EehRIRpTaatts SLbstPatectd i il bon pled e deetibim Bo pextesbfrusiagmatically

KRERAGDHTR arodpies: Slia ) Hrshlriand toydroxuhutyraie. (R GHR)anibhe:
ECHB i nél}l]sed as substrate for the HHDH reaction. However, the

the )
ECR RO A SRR TR o R T HBI 5 BO a5 Fo X ASATHIY e SAFHR of
HitbitteBriguse the kR B GoHicatalyredreadthohanayl goitdO9. 8%n a
completion, inst f esired 99.97%, then 0,1% ECAA remains i
ot e S Sl
Irilotier sperds IeaeaAiPM s ansehatkifrtn othe firstlieattion Bamanner
inhipitaeinthareans veadtigsddence. it isidesiraple dhatdhe, HERE e in
polypeptides of the present invention have resistance to inhibition by
EEAR Y ABplicants have discovered that they could make the following
residue changes relative to the alignment in SEQ ID NO: 2 to produce
HHDH pgalypeptides of 40 the present invention that demonstrat .
ncrensal AR e AL SIHE A Oh ) O EER AR A KPR,
GLB6wL @ Y8eMhe Td PR ind T8VIIWERSE: aBAOT, W249Y, M2521. Thus,
in another embodiment, the present invention is directed to an

EXAMPLES

Example 1
Construction of Expression Constructs for Expression of Halohvydrn 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 Agrobacrerium sp. (SEQ ID NO: 2).
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HHDH polypeptide is resistant to inhibition by ECAA, the HHDH
polypeptide, when aligned with SEQ ID NO: 2, having one or more of the
residue changes selected from 5 the group consisting of A4V, F82Y,
T134V, F136W, F136V, L142R, L178V, W238L, A240T, W249Y and
M2521. A method for testing the HHB®H polypeptides of the present

[ ion for their. reactivity in.the presence of ECAA i disclosed in
e A S AR oo
rd¥chidHOpPad denisdin Egarn pleuB®r dvbe0dmmihing thrdeanBimtasfor

produetronticed dadisstospddniExaniele 6Bl AMethods;of Wisindd
HHDH Polypeptides As described supra, IM DH polﬁg tides of the

pIRSENY HVERRTGH i e Tty ZTHracer Lo as then transformed
4ihml @341y BICAYIuytigeac) d dpsivatives te: 4 dhessiclenmiilging standard
substituted-3-hydroxybutyric acid derivatives. The novel halghydrin
R R B e P L R ety
ezyeaatidatiy tesolvigasrsisters st eeabBoneiets dotiddstby)ieadtingnd to
the mixtye with 20 Anionigmscleaghenp the presence of the halohydrin

dehalogenase, wherein the enzyme preferentially reacts one of the
epoxidef@harBRIES Grtrding Ratciuehinid-is esrcaco of ik Riss Bt thgention
ressiingnERdntiomancalyeenresd Micinal ausieephilersubstituied aloehakd

nd th sted epoxi riched in the other enanii r,inthe
P B S ah T R L o

hershody reference in its entirety. 25 The foregoing and other aspects of
the invention may be better undergtood in ,connection with the following
non-limiting examples. EXAMPLES 30 Example | Construction of
Expression Constructs for Expiea¥igs £ drin Dehalogenase The

gene forA\GrebacienumsPrhalaiydn0 sebalagRnasR WEs 9 ing.
ogtgy'z d (SEQ ID NO: 1) for eg&ess_ion in E. coli based on the amino
act

FEHER BT RATShydr aRHAIBG ERSILE frETHoAT SBARBRG R ysirate:

HanaT B HY

 (SEQLDAvaR)uddlifhkagenehyash synthdsiattusing 60-meeiteligasters,

2ngeipnedinio.cxpessionesiol, PEKE 10100 Wepicted i Elowre l) oc
under the contro ar promoter. € vector was trans?orme %n

EcelsiTORINo deriitiden, Callsivhaine ) fromoptalotd plastrid/ IDNA svesse
prepaies deingisiandard.methedsi kb e Rlanud B NA MES 88 borate

transformed _
decahydrate and 0.5g/1. EDTA, was brought to a temperature of 30°C. The fermentor

was inoculated with a late exponential culture of Escherchia coli BL21 (Stratagene,
La Jolla, CA) equipped with plasmid containing HHDH polynucieotides as described
in Example 1, then grown in a shake flask containing LB, 1% glucose (Sigma
Chemical Co., St. Louis, MO), and 30ug/ml chloroamphenico! (Sigma Chemical Co.,
St. Louis, MO) to a starting optical density at 600 am (ODgpe) 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 cuiture was controlled at 7.0 by addition of 20% v/v
ammonium hydroxide. After the culture reached an ODggo of 40, the temperature was
maintained at 30°C and the expression of halohydrin dehalogenase was induced by the
addition of isopropyl-f-D-thiogalactoside (IPTG) (Sigma Chemical Corp., St. Louis,

MO) 1o a final concentration of 1mM. The culture was grown for another 15 hours.
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5into E. coli BL21 (Stratagene, La Jolla, CA), the expression host, using
standard methods. A clone was found in the expression library that
expressed active HHDH. The gene from this clone was sequenced (see
SEQ ID NO: 1 (HHDH.1)) and found to encode Agrohacterium sp. HHDH
(SEQ ID NO: 2). Polynucleotides engoding halohydrin dehalogenases of

the pre ent| ventio were similarly, cloned into vector PC

e e T B R R P e i
afteﬁﬂﬂazswgermt@s@h@ beGHTOPIO. u’ﬁmg:@ﬂa@diarwamsﬁdaﬁi&cExampﬁe 2
PaHRIAnRL IR dadnal asaiphagiaiddepenion, 10.0L of growih

medium containing ~0.528g/L ammonium sulphate; 7. g/L of di-potassium
hydrogen phosphate trihydrate; 3.7g/L of potassium dihydrogen
phosphate; 2g/L of Tastone-154 yeaghpudract; 0.05g/L ferrous sulphate;
and 3m1/L of a trace element solution_containing 2g/L of calcium chloride
dihydrate, 2.2g/L of zinc sulfattZePaRIdIAI 59/ manganese 20

sulfate nibechygeate fmmmpmgmmme@t@mﬂpat@;@ Tig/bragiurat
borat d dr fe a erat e of
30w 1 Ie fer%aﬁ %?nwgg iln%c ate§ W fa%%?é;%g(gr%ﬁ#é ture
Eseherettiriico itB000s (Strilagentss o Jolleal AR Bqlisped willvglasmidvas
cantainingk H%lmgéwaﬁﬂﬂﬁ??@ﬁsgﬁ%r{?% ). Eample-dn e gmeyn

in a shake flask contalnln% LB, 1% glucose (Sigma 25 Chemical Co., St.

LGS FHRESE LRI G PR ANOPA AR SRS PR BRICRE RIS in two

LataiseM@) fou @@ﬁaﬁtm@fontm)@l shensibrt (6e0pRE (LRG0 RIDES: ek ond
The fe[lépentﬁ\) was ag at 500- 1500 Jpm and air was supplied to the
t

fePAientatfort §§§él B9 fifh'ts ma?ﬁfé‘r?%p&@%f\l?éﬂlg‘}(%%
IeVemfgaﬂ%xsatmamm mﬁeto?mnarqfetﬁamﬂmemas Toninahgdat

209% v/y 30 hydroxide.. A h It
o B A D T eSS A e e
expressidhiof Rtorydir! d@ha%g‘ém@mehbbysm@awmm:i fofr 30
isapremd-(BrDritirgalartoside.dR &M%ﬂ%ﬂ@é&#@@%aén%%o% Loyis,

MO) to a final concentration of 1ImM. The culture was grown for another

LR AEPTRRS: FETRTRO ROt L aME Ve Hisrvstaat sy was desalted,

ceptiftgaterbantwmshadivitnidiseavh peiassivmrheap e bufferpfting
7.0. The cell paste was used directly in thecdownstream recovery process

or WREILESHE AP (MRS ored at-80°°

To assess the quality of the preparation after fermentation, cell lysate
containing the expressed halohydrin dehalogenase enzyme was assayed according to
the following protocol. Approximately 50 pl of clarified cell lysate in 100mM Tris-
SO, 100mM NaCN, pH 8.0 was mixed with 10mM 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
fayer removed to a 1.8 m! 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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5 Example 3 Enzyme Preparation The cell paste from Example 2 was
washed by suspending 1 volume wet weight of cell paste in 3 volumes of
100mM Tris/sulfate (pH 7.2) followed by centrifugation at 50009 for 40
minutes in a Sorval 12BP. The washed cell paste was 10 suspended in 2
volumes of 100mM Tris/sulfate (pH #t2). The intracellular HHDH was
released from the cells by passing the suspension through a homogenizer
in two passes using a pressure , psig for the first pass and 8,000
prig for the sedandlipasshpuhSethlfisabe veascalfdé@i orcooito 4C
betwee sses through the homogenizer. The lysate is warmed to room
t§mperaﬁ%§%%ﬁg]n%ﬁp§r%%nso4 15 (50-350 mM final concentration),
or a 10%hafolsunininsrsEpBIyEtRsIcAaReira PR prosence. of [EEEL 006w
fipgl concentialiaphyas.rEded iRdke lsaleprekaiiiieddar R BURHES,,

The homogenate was centrifuged at between 5,000 and 10,000 gin a
stalrbere s 8NrELRAgGE 167 0850 Mg shirramphisaisphtipiewas
dgsabiedsinsonceriratachietisrafifeatio G aisnensed inshaloweentainerso
frozen at -20C and 20 lyophilized to a powder that was stored at -80 C. To
2SO AR QUi BF A DrE P Ao BHET FEPrEAton: Yok iffssltwose. 30
caphainngthe.edessasdalabysir dabalpgenaser enzns wasassayed,

according to the following protocol. Approximately 50 | of clarified cell
| é’tée?’r?%}ﬁﬁﬂwr:‘rﬁ@%&?%o%‘%rﬁiﬁ@’ﬁﬁﬂﬁ%’.@&%@m&&%ﬁmﬁ TBHRA

ethyt4s BAAharh <ndby Rycroxyditysatai (E ChiBy(Sigrna BidrichiiStetouis,
MQO). The t ti o 0.2.ml. The reactiop was incubated
e e el HECTE s B e
7hloRurmberet weny Cavutdte idnditRerergani okyery éapoldid genalics Millepmsa,
c@%g%%p‘g_raphy (GC) vial. The organic layer was analyzed by GC for
presence of the ethyl-(R)-4-cyano-3-hydroxybutyrate product. 30 The
amount ot B‘i‘éﬁ&u W&‘ﬁ%@’&t&/ﬁ&ﬂ@t‘e}‘ﬁ%%H%‘f/‘b%ﬁfb&ﬂ%&ﬁ“ﬁi“&%f&ﬁ &2l
CBIVEy R BRavash anchanaly pedaunderdhesame condiiens, ¥d sExample 4
Hi hput Screen for Presence. of HHDH Activity A. NP
S PR oy ot o R e s Qsainine
pEd8eniceRodddHDMeadtivity., B Ourdbshibrfreghdyitrdn Sfoe edkgolomnies on a

q;)tgt?yage%eavg}]%fg- B%o%resau\{&{]t%pdwth was detected. Each nylon membrane

was transferred to a Q-tray containing inducing media: 200 ml LB agar + ImM

PTG, 30 pg/ml chloramphenicol. The Q-trays were then incubated at 23°C or room
temperature overnight.

On day 3, the assay plate was prepared as follows: a solution of 150 ml of
10mM Tris-504, pH 7.0, and 1.0% low melt agarose was prepared and cooled to
about 45°C. SM NaCl was added to give a final concentration of 300mM NaCl.
Bromcresol purple (BCP) and ethyl (5)-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 2 420nm

{+/- 10nm filter). An image was acquired during the first hour of the reaction. The
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OR) containing 200 ml LB agar + 1% glucose, 30 gg/ml chloramphenicol
were picked using a Q-bot(r) robot colony picker (Genetix USA, Inc.,
Beaverton, OR) into shallow 384 well Nunc plates containing media (70
pL/well 2xYT+1% glucose, 30 gg/ml cam) (Nalge Nunc International,
Rochester NY) for overnight growth4at 30C, 10 250 revolutions per minute

ﬁé\ é785% relative humldé I_r‘i!t) atlve control. (E, coil BL21 with

15\ 2ty At PBsHivERD ?Ef‘ze SHPBIZA [hihe et o' BRERRIY S

Hed DO IMzHR GB nSEEQiHadIN@ 1S Eearer éhimohud edt)iThes henasterce of| HHaE
CHIES, WEIR LK rg%wmfgw% JANGIRRr HEERG AR Gerod

Valencia, Californi > the master plate cultures were ar

OHES RS TIRIHBN S (BHINCBIoRIpriBi B Uy IB Do shes chemsterized

Omsniray. i 18-mBhpialae,NunGi #4520 88 akhesmplaced onto a Q-tray
(Genetix USA, Inc. Beaverton, OR) containing 200 m] LB agar + 1%

glucose, 30 gg/ml chloramphenicol. The Q-trays were incubated at 30C
de.8-12(lmut$awﬂH greythsa/as detected. Each nylon membrane 20 was
transfer -fra ta|n|n indycing medi ml LB agar +

PTG, 38 G e e PRl B R e e
op@@mwtmmﬁermeibﬂé’fﬂ@ AEL@Y daihe ptheeassalicplats wsis prepiated 2.,

agifollowss aysaliian bR el Jﬂ{@y&s&ﬁ%w 3 00D AW

melt agarose was § epared and cooled to 25 abouf 45C. 5M NaCl was

affRAD Giva findn Brice iF TR SfasbbaivIRRsesH srfierssalislmpldow
(BeR )} girdse §ayh (5 43@%@-@%%@5&@UWDWE%§XW@YQ EEAed 1t
final coneentr tlons of 0.004% 3%, res ectl |uti as
GG R N e L e o Wi
WitHutie mionmee:ww%moveﬂ]gmrrﬂhez@ ftieae JOCCHRAIA NG BAITRAQSO mi

d t to th Th bra
throu{a%n ﬁellcr}]r\ll\%/% : fgé?g : ayeusm Zk?p%rat?ngglg:g f(ffﬁle gfa‘%::)nﬁgg,&lpha
Iﬁn@rees hb@cvre@r/atﬁmmsmuLeahdm @dtiformniaye apeitare(deRing 602 with
2 A4RAN . £o10nm, filieR R imaggvas asauiredidhting fhefirsthourof

the reaction. The 42" intensity data for each imaged spot was then

nEHRAIZEIYRHE YRS BHHEHEGALITEY ARt ER8E Bhérmalized value

greater thamone nditaied dhe presepsrON MBI vag ity ufativenglones
from this sc een were fur 5E1er C aracterlzed sm the met d de crlbed |n

contau ing Jie nducin and vegted onio t 2
Exam C':rfones rom IS sCreen may a Yfllj)rﬁ'] ha?éc?i’ F?ilg
zmdged as dcscmbr::d in part A above.

Active clones from this screen were further characterized using the gas

chromatography method described in Example 5B (Medium through-put assay).

Example 5

Characterization of Halohvdrin Dehaloeenase Activity,

A. Gas Chromatoegraphy Method for Detection of Product Ethvl-(R)-4-cvano-3-

hydroxybutyrate
To a solution of ethy} (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 velumes of



10

15

20

25

30

5 using the medium throughput assay described in Example 5B. B.
Cyanohydrin in a agarose This high throughput screen is used when it is
desired to screen for HHDH polypeptides that exhibit HHDH activity in the
presence of cyanohydrin product, e.g., 10 ethyl
(R)-4-cyano-3-hydroxybutyrate. Thesprotocol for days one and two are the
same as in part A. On day 3, the assay plate was tg)rfi?ared as follows: a

180 hiBR e mET AGRHOSSYBTIRBHRRRETHESE (F SOYOIRWEITHf Tris,
phidufk 0 9atewynpedtc agarasgr{phglied inamdesovilandd)e i 00484 in Example

b | 1.2.ml/150 ml). Th [t led.to 37C
e R S R T TR PR R
ety oRydisyranG-E hi arpogbiiyrdites {BIRG 416, etk PR agyrelfipcgon of time.
h By EaLe dealim i8Rl weT e added ie aive a £ 3% EGHRaNd,

400 mM ethyl (R)-4-cyano-3-hydroxybutyrate soluti%n. The solution was
nixed DG ESE PR LB AP G-Fal) e h Gifoed 1S 88y Tas’-0%:
described prpasicds Vo pylearaembsana vathihaeicolenigs wasiieniomed
from the Q tra cqntaini he induci edia and inverted onto the
ek o B e RS R ACe
Altivbclomdshirionrthis seetemeredintherscifarmoldryaduging the gas

c I ' [ jum t -put
B DI T i
Agtiviy! feclpseiare Aiattyrap b \fetioPisrdredetiviy of Prggeiad HHDH
Eﬁ%‘é‘y@ﬁcﬂﬁ#@f&xéﬂo@x&%ﬁ% TRIgRIY (E@@)ﬁ@'NﬁPQ)@f ethyl
(S)-4-chloro-3-hydroxybutyrate (IOmM-100mM) in 500 mM HCN (500 mM
NaCN adjusted to pH 7.0 with phosphoric acid) was added the halohydrin
dahilege Rage enpyDelasca precisapheedSaianontnztitcsamMEC HIFSuHAVRE
time, aliquots of the mixture were withdrawn and extracted with three
volumes of 43 ethyl acetate. The organic layer was then analysed for
ethyl (R)-4-cyano-3- hydroxybutyriaes! by grasechronmatddidpiy GG )pfas
degesipedipereinbelow in Examplg 6, 5amples weteriakesms yargysjme
points, and the peak area of the product cyanohydrin, ethyl
(R)-4-cyano-3-hydroxybutyrate, was plotted as a function of time. 5 Time
poims arengelagted at low conversion, for. gxample, less than 5%

COMNERIONAOg,y 16
(SEQ ID NO: 8) 18
(SEQ ID NO: 10) 1.7
(SEQ ID NO: 34) 24
(SEQ ID NO: 12) 2.5
(SEQ ID NO: 14) | 1.4
(SEQ ID NO: 16) 2.0
(SEQ ID NO: 18) 2.7
(SEQ ID NO: 20) 38
(SEQ ID NO: 22) 25
(SEQ ID NO: 24) 3.2
(SEQ ID NO: 26) 1.7
(SEQ 1D NO: 28) 22

(SEQ ID NO: 30) 2.8
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avoid the effect of product inhibition (e.g., 0.5%, 1.0%, 1.5%, 2.0%, 2.5%,
3,0%, etc.). The peak areas were converted to concentration units using
a standard curve that was prepared for the ethyl
(R)-4-cyano-3-hydroxybutyrate. Activity of the halohydrin dehalogenase
was determined in units of tmol (cyamohydrin 10 produced)/min/mg (total
halohydrin dehalogenase catalyst). Relative activities of some of the
clones are shown in Table 2, computed as Activity of Improved HHDH
Enzyme/Activity of Agrobacterlum sp. HHDH (SEQ ID NO: 2). Table 2.
Relative HHD b Enz mesIg)nSECHBféubsthaCF

HHDH @ ID NO: 2) (SEQ ID NO: 4) 1.5 20 (SEQ ID NO: 6) 1.6 (SEQ

ID %@&%’6‘ b r%‘_t%v%(%s 1 Q%?QJPCHQ 24% et &%5%&%&%

12) SEQ 1D NO: 18)
ZV%H(S‘E@? @m@aqm@im@mw@eéwe@ y@@ﬁ@@%s[@em@ w2l) 3.2

SEﬁlum %&%o%@é L1 FRIR MO 28 SfodRhi RN LAY x%r%é”m%m

roughput-Gas Chromatography Assay in Presence of

Curarehydil CPesRliRns 3 fisTaleizcpieradi HrorhPa@SFEN S FeNE gip0MsTe dfcked

c%y@é?@%wﬁwﬁma iewell plates and transferred into the wells
of 96 well NUNC plates (each well containing 200ul LB +1% glucose, 30

/I B GfaR3feHiddI TLaHRT) For RSRITRIBR SFOMAR M S0ES286° oo dBgisep
refafiveyrtditn The Mesitive 00 pirols WersORSK SR, PO./Na,HPO, pH 7, 1

mM MgS0,, 30 ug/mi 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 isopropyl-B-D-thiogalactoside (IPTG) {¢.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.

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 puL 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 m¥/100m] 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 HC, 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 pl/100 mL
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from the prescreen master well plates. 10 The next day, 10 | aliquots of
the overnight growth was subcultured into 96 deep well plates each well
containing 300 pl 2xYT, 100mM NaH2PO4/Na2HPO4 pH 7, 1 mM
MgS04, 30 g/ml cam. These plates were incubated at 30C, 250 rpm, 85%
relative humidity, 2-4 hrs, until the cg#l density reached an OD 600nm
=0.6. The plates were then induced with | mM . o
i§6?5‘1‘6f5y11‘(§-‘9-(t‘?1‘ﬁ3@él%@t‘@%ﬁ@‘@ﬁ?@?’(@?&?‘&ﬂmmé\ ISP EERARHADP P Tes
stagi splutionor 30uRdwetaiNZmbd INEGoatasiyangnhiacpiiatedeat. 2010
oV r%ZSO rpm, 85% relative humidity. The next day, the plates were
c@ﬁfm uged (4000 rpm, 10 min., 4C) to pellet the cells and the spent
medidiyds digeardedoT ingxpletescanibbtdriedysat S0Cifaraone cHouthto

aid jn_cell breakage. 20 T glleted cells werge lysed by .addin

R T BB lA e S e B Pl
etreye- hery slrGeB-Hyidroxyaupyrakad R TR0 820es) (Rt Birakdne, 1Be pigigs were
a1 0fuml s s AR TRNEDE A Qb RS crRPQMILHY, The SIS QEn

cells and lysing solution was vortexed to resuspend thg, cells and then

intdibatds REShERTT SRSKIRY TR FvEIRie DY setesc ot dittien halken
mateduphinteefunevhriad sprizterabiyhucing e phasigeripepapiapylene)

disposal container. The volume of reaction solution was determined by
it SR S A
fistall corveghnpragionpyiNaGiv) Nadbh (flueAod, Y5y EogmIHweas adcedve
tQ. lred volum 00 mM sadi e (o] .
R R O s Y TSR <ot
attoed 24¥iasind B NFastoss Nae FansfSad) bime grsciasa ateld Rt eEot) to
pepdise e segired volume of reaction mixture that was 1.2 M NaCl, 800
mM HCl, and 1M NaCN. The final pH of the reaction mixture was 7.0-7.2.
To this SBRIESH TRERSRHEE LN fi L oleael il tbyat J86! Sratlo AL 45
reaetiom rad¢touahlaimg2Obnikiinateancenipatian dddhe fnalh Example 6B.
concentrations in the reaction mix are - 1M HCN, 2M NaCl, 50 mM

sodium phosphate pH 7.0 to 7.2, 20 mM ECHB. 200 L of the reaction
néixture Metiuar dbrpsahpi-yespdcetiatocesabl veshy TowlngiblHond mibe
sealed wsing,the MelRrilHhRIBIELAGIM beat sea) ,

were then shaken at room temperature for 120 minutes. After shaking, the
platddii&ide pitkedfEernAes ey dr { RN AN SoRmREr fRcEtpy rmaster
ageteperWasAddRELIR €ARH the wells of 96 well NUNC plates (each well

containing 200ul LB +1% glucose, 30 ug/ml chloramphenicol {cam)) for overnight

growth at 30°C, 250 rpm, 85% relative humidity. The positive controls were picked
from the prescreen master well plates.

The next day, 10wl aliquots of the overnight growth was subcultured into 96
deep well plates, each well containing 300 ul 2xY'T, 100mM NaH,PO4/Na,HPO, pH
7, I mM MgS0Qq, 30 pg/ml cam. These plates wére incubated at 30°C, 250 rpm, 85%
relative humidity, 2-4 hrs, until the ceil density reached an OD 600nm =0.6. The
plates were then induced with I mM IPTG (e.g., 10ul/well of a 34 mM IPTG stock
solution or 30pL/well of 10 mM IPTG stock) and incubated at 30°C overnight, 250
pm, 85% relative humidity,
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well. The plates were resealed using the Velocityll PlateLocTM heat
sealer, shaken vigorously, then allowed to sit for -1 minute to let the
layers separate 10 150 L aliquots of the upper layer were transferred to
Costar round bottom shallow well polypropylene (PP) reaction plates
(Cat# 3365) using a HydraTM positiye displacement liquid handler (Asp
mode, AV 150, AH 2650, EH 37800, WH 3730, WV full, Wash 3).
Sanipleswne i transfetre vroreettidlidgasy 408N matelihioithe “Shapioslicheie

pl%llﬁsan%ﬁhmtgéﬁ Rlateswerssqalad ’9@9%]&@@ MelacinybPlataloec TM hieat

sealer and stored at -20C until analysis by Gas Chromatography as
dBue e ERLRIEAL#6B. C. Medium Throughput-Gas Chromatography

Assaprfosnhiition ndkesresenaaini Eibyli4FChiRoagsianaiie (BEAS)
20 Hits were picked from desire Is (10, of culture).in the prescreen
n?&&i&ﬁ%@t‘ﬁlﬁtégléﬁa‘kﬂaﬁﬁsr&%@d‘%ﬁ@ R \f/vceeﬁpﬁ\ﬁf{I *Plates
(earhivwelacontairing 280ubdrB tht 8diglrcbdben30:thhrichitdarhphexiesing
(%arr%& Of% l(I)Iyernight growth at 30C, 250 rpm, 85% relative humidity. The
po%ritive controls were picked from the prescreen master well plates. 25
The Aexediy) siuligliquotmatate tetiieéwmivel subearuret htee
N DN o T 2 PV VoS04 30 Sl cam. Thacs plze.
anz a )4 p LM gS0O4, cam se S
WEASHARIRRIERD AR 9HED é%f%?%%%‘fﬁ‘arah%Iﬁﬁﬁmdﬁﬁ?gi%g,gémt‘hg
cefli densifyreachediatOR HRAMIFR: 6f THE npihtesiwe rhthsimindticee
with 1 PTG (e.q., 10 fa34 IPTG_ sto alutian or 30is
e A R T F S ARG B G300 Bura St e
SB%xﬁeﬁtﬁ_M Hurkithityl 463 Find nesardayisaind plaids Wére wepreifuggedc(4000
P £ TR d GO0 dRelishie cells and ihevirentmediavasdiscartad:

The plates can be frozen at -80C for one hour to aid in cell breakage. The
pelRsidl c&he ety sbdbiF ARG ol sls BPER(HayRihePibinhdhadded
(Riefige, (Scalh 68243) with 1abl@mIsRNasaEReAA) 4Bt armintLrg oaction
cells and lysing solution was vortexed to resuspend the cells and then
inBimbaAed fé%éfv{mﬁfs‘h%ﬂ&ﬁd%}%%WFM&&%&W%HHB#%@G ml.
magde ¥R H.a.fume hood, preferably using a plastic (PP) disposal
container (volume determined by number of plates sc ?enedght%l?r%%re

the 200 pl of the reaction mixture was added to tl?fl ysed cerl § 11 ea

ptates were sealed using the Velocityll PlateLoc™ heat sealer. The sealed plates
were then shaken at room temperature for 60 minutes. After shaking, the plates were
unsealed and 1 mL of 1mM thymol (dissolved in ethyl acetate) was added to each
well. The plates were resealed using the Velocityll PlateLoc™ heat sealer, shaken
vigorously, then allowed to sit for ~1 minute to let the layers separate

150 ul aliquots of the upper layer were transferred to Costar round bottom
shaliow well polypropylene (PP) reaction plates (Cat# 3365) using a Hydra™ positive
displacement liquid handler (Asp mode, AV 150, AH 2650, EH 37800, WH 3730,
WV full, Wash 3). Samples were transferred from the deep well plate into the
shallow well plates. These plates were sealed using the Velocityll PlateLoc™ heat

sealer and stored at -20°C unti] analysis by Gas Chromatography as described in

Example 6B.
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10 reaction solution having a iM final concentration of NaCN, NaCN (fw=
49.01, 4.9 gl100mL) 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 producerthe desired volume of reaction
mixture that was 1.2 M NaCl, 800 mM HCI, and 1M 15 NaCN. The final
pH of the reaction mixture is 7.0-Exampleis solution is added ECHB (fw=

166.6, @eﬁa&&)ntef%mmfm@ldﬁ@@ﬂ%ﬁ@ﬁ%ﬁ(%&ﬂnﬁ@@@l{mﬂ@ agtiony

dE 164.6 to 5 mM fi tr 100
rlrjll)i)ognrﬁ‘_ﬁ ?Q&E%ﬁ%%&%%g‘{‘% onu?%rggl%n T Ptul ureﬁvsgs %5? (gv’fo ‘the
Iyssel@zmﬂlksmng@eluhmﬂatﬂimpmwlmtésmmmlseaﬂmdmhgdhetzwm@aﬁl
TARlenRaiIeAacalc hE,RE 100 RIRl eV AIRINED SRS AL,

r%perature or 8

mlnutes shaking, the plates were unsealéd and
].t%mliodimeg/bthgrml (Ulssnltﬂsd W@mw%mpmg@mw% SHEH Rl

e plates were | fsse%'&g's ﬁ%«tée M%# ﬁ{@/&hﬂﬁ%}ftg&m&%ré%%lﬁr

shaken wgorously en allowed to sit for -1 min o let the layers
smtatma &ismxlvahtqums bﬁﬂw@uptpe Ungarthpereraitisforrethyd @ bdtar

do %ﬁ%}g ;Qﬂ AL 9&%9%&9&& BRLE mg@m Plaies {Cat# 3365)

ositive splacement liquid handler (Asp mode, AV
1@@%@@5@%@%6@5 wwm@ekaawnwaéwgfp%?ﬁ Blasapared

translented bame Q@ﬁ@a\@/ﬁ{b@la@gﬁu@m&a@ém%w%@{ates These
plates were sealed using the Ve|00é% &%teLocT 1(::aler and

stored &t BHESHATHYRAR NS B 5y SESBFEpHY A HeLtRbEdsh ©
Exagph pke- &J:@aMBEyafmméuﬁyﬁud)eiemﬁamoﬁEihglas chromatography and FID
(R)-4-cyanq-3-h dro hro ograp eth

E%{ ¢ %H%‘@ ﬁy&?oexy%d r:\]?e produce i Qgrrr% 85 onggg r%hngsyzed
usmgm L(shfgmatf@gbapiw gmtgrzﬂarr% mivization (610 getdetvorngsing an 5

nt(r) P-5TM column 30m | 2 gler, film.0.25
o AT S A T B0 ERORmIEE (it o
nutrhyte&) Zsﬁmmte/dfox@mrmmumm P oimitelsstr2000] [Gledaneno-3-

o;#@%;%@ggﬁg%g&wﬁr@ Bath, 300C, and the flow rate was 2 ml/minute.
Under these conditions, ethyl (R)-4- cyano-3-hydroxybutyrate elutes at

6.25 minutes and ethyl (S)-4-chloro-3 10 hydroxybutyrate elutes at 4.5
mpnutespaRemcsH Iyt ofthe speniesias Meastiedbut yrate by Gas

Chromatography

Halohydrin dehalogenases of the present invention that exhibited activity in
the presence of cyanohydrin product in the prescreen method of Example 4B, were
further characterized in the assay described in Example 5B. The remaining ethyl (S)-
4-chloro-3-hydroxybutyrate in the reaction mixture from Example 5B was analyzed
using gas chromatography with an Agilent® 19091J-413 FP-5™ 5% phenyl methyl
siloxane column, 30.0 m fong 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 mi/min Hj, 450 ml/min air. Under these
conditions, ethyl (8)-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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using the integrated peak areas from the gas chromoatography results.
Enantioselectivity of the halohydrin dehalogenase (HIIDH) with respect to
ethyl (R)-4-cyano-3-hydroxybutyrate was measured by gas
chromatography and FID detection using a Restek gammaDex SASm
column (30 m long, 0.32 gm inner 1%sdiameter) using the following
program: 25 minutes at 165C and flow rate at 2 mi/min. Inlet and outlet
tEPETRGPeEHRrEcB ther oseiton it e dé- cORTIOTLD ErRA Thymol.

(R An6y anRe3-hysh exybutyaie-ehias i k9 Snreintites paidietiydction
(S§-4-cyano-3- hydroxybutyrate elutes at 19.2 minutes. 20 B. Detection of
REMBIARG gﬁ@%@ﬁﬁcﬁ‘ﬁo&-@fﬁ?droxybutyrate by Gas Chromatography
Halohydrin dehalogenases of the present invention that exhibited activity
in the presence of cyanohydrin pﬂg}ﬁﬁﬁé"; the prescreen method of
Example 4B, were further characterized in the assay
Exavipidsmraeidiam dnifg Y CPEX A DERY S-S O SR,
reaction mixture from ExamplerpB-was.agakszed using gas

chromatography with an Agi t+19091)-413 HP-5r" 3% phenyl methyl
siloxané’ %8|ém?{k§656%ﬁ‘rognigix%§%%ﬂ“ﬁ?ﬁ $ il en o Sg%rer%/omr“[r% nal,
afhietlowto ate b Zh8imitmier. Byhepid| kwingiprodrafrediag wbe dorlaadifiobeof
100C, 50C/mi f in inytes hold, withha 19-minute.cycle,
e g B e T BT s BT
mmmw&jﬁ.mqﬁegémd@miﬁ%@;tmmﬂ °C. After 10 minutes, halohydrin

(RUA1SPIRLe: TN dIOXMUY ate. fIIES. 26 S 12 Pite Rt R on

cyano-?-hydroxy utyrate elutes af 3.06 minutes, and thymol elutes at 3.21
MARREIEEE W A AR et By e Sha PaistEFy S thie ARt B ity (8)-4-
(Shdrehlorand-Nydropduty 3t A8 JRating dvermatizedrie: thie exéraction
efficiency, i.e,, Area ECHB/Area Thymol. Thymol i internal
B o BEIE A 57 N O o kbR A A
ta ethydracbiateqbekikamypleho Manpfadtyurd ofdathyh sample showed complete

RASANTINOVDHYENS. o Fi Shéailo0hudigybubrate

To a 3-necked jackete equipped with a mechanical stirrer and

copseted R ainpbremaiE R aterh A Bloehded alkd M iadi§2bel).

for adhitienein1Rase. WS eharaed 26 2 MbhaNaG N3 2. Il frer
and NaH2PO4 (125 g%to bring the solution to pH 7. The water circulator

whB¥Et t6 Weres e 2P NS HaigRyBRiAivtion (o aid the removal of the
HCN. After 3 hours, an HCN detector indicated iess than 5 ppm HCN in the off-gas.

The mixture was allowed to cool to room temperature, then filtered through a celite
pad. The filtrate was extracted with butyl acetate (3x 800 ml.} and the combined
organic layers filtered through a pad of activated charcoal. The solvent was removed
under vacuum by rotary evaporation to provide 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 (Fy) and minor (F(,) enantiomers (i.e.,

| Fey ~Fey f ), where F,, + Fry= 1. Percentee. is 100 X | Fyy — F(_)] . 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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dehalogenase SEQ ID NO: 32 as cell lysate (250 mL) was added. The
reaction mixture was allowed to stir for 5 minutes. Using an addition
funnel, ethyl (S)-4- chloro-3-hydroxybutyrate (45 g) was slowly added over
1 hour. The pH was 15 maintained at 7 by the automatic titrater by the
addition of 10 M NaOH (27 mL) overyl7 hours. Subsequently, gas
chromatography of a reaction sample showed complete conversion to
product. Celite (16 g) was adde 1Sk, which was then connected
to a dinpbeagsn PUBIR IS RxRaISY s dybbledinte i NAOH-(266 Tl ),
to remove HCN. The mixture Wgsdp&aheq trotgo C under 100mm Hg
pressure. After 20 1 hour, a su T bubbler was added to the
solutionfor aiditied Feavaved dfltheo HORMAftessBlkourscian ti@Neletetiior
indicated 1255 than spmy H ebhintne.off9ak:bhe MEAsNAs-alowaeho

cool to room temperature, then filtered through a celitﬂe&J)ad. The filtrate

Was extrhare Wabtptair e fate: (3RBUBHYReRG G siRE T Braditted
layers filteraditisaugbapadss aotivaley ghareaation e aotvents Waged to 40
removed 25 under vacuum by rotary evaporation to pr vide] 8. 9f thyl
B B P R B VRS S (O Ky e Bt

thenenaintigineriziexcassswascd 30t by Ithirap BCGathe< epprticimerguas es

un.ggge oﬂ?leei)'lﬁ:s use fﬁi% e term "enantiomeric excess" or " e.e."
IhsolLtE ditterence between the mole or weight fractions of

réfers {0 the a
major (Fpinalsdd minBFEQFeENmaAtiomers (i.e., 30 1 Ft.fj -F(.) | ), where
F(+) + %Qaﬁgle@ercqggig 15,169 X | F(+) - Ft_t | . Enantiomeric

[

composition can be readily characterized by using the gas
chromatotfiaplsy: hethBE ‘4&8eri5&d in Example 6, above, and using

methodgthabhare Knesmnimthe .. 49 Examples 8-12 Conversion of Ethyl

(R)-4-chloro-3-hydro rate tg Ethyl (S)-4-c ano-3_ hydroxybutyrate
For eaclﬁxoaf%}(%rilngple%]%%a 70mL vessel connected to an automatic
5Titeaterhy & pHablect-ddedndyadfeeding tite 30riadaitonwef kisd was

charged MaCN (ki itk PRAR AR WRISHRO B nd DRIVESSEI WA aCN,
sealed and the pH was adjusted to 7 %y e addition of cone. H2S0O4 (0.9

t
mie PIREFSaEhioF fERaitesWas nestartdnrcerding thestsrivithea Yona6h
ofihalehydeindehalegenasarf@d.4 gin 10 mL water). The halohydrin

dehe}lo _na§e% é&f%‘g f% theseEExa\gn S!gs g‘tﬁhF (g?_gpgptidﬁ_ﬁ? u%l_ces

10 give for (flo%ngpgﬁ'a BN s..nl':oxamrﬂe EQIDNO:
butyrate {calculated from the cumulative equivalents of NaCN added) vs. time 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 Exampies 9 through 12 to that of Example 8 shows that novel
halohydrin dehalogenases of the present invention have greater activity than the

native halohydn'n 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.



Example 9 SEQ ID No: 90 Example 10 SEQ ID No: 94 Example 11 SEQ
ID No: 96 15 Example 12 SEQ ID No: 98 Then, ethyl
(S)-4-chloro-3-hydroxybutyrate (5.00 g, 30.1 mmol) was added via
syringe. The automatic titrater maintained the pH at 7 by the addition of
4M NaCN. The progress of the reagfions was monitored by recording the
cumulative volume of the NaCN solution added vs. time. 20 Figure 2
shows thifreperintredambasion oif SfP (SYeatEH ey SLRSHHORS Bidtghate
(caleHiied: framuthe £ Qé%%%l{h@@mé&fchlﬁ@é\i adoedhyse timeifor

each of these Examples. Example 8 used a halohydrin dehalogenase
h&HHY tHEP A S AR S SR EFEES &R ID R &V $5 Bhich is the amino acid
sequence of the native halohydrin dehalogenase from Agrobacterium
radiobacter ADi. (hheC), expressed 25 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 Agrobacteriunt radiobacter
AD1 (hheC). 30 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. 50
While preferred embodiments of the invention have been illustrated and
described, it will be readily appreciated that various changes can be made
therein without departing from the spirit and scope of the invention. 51
WHAT IS CLAIMED IS: 1. An isolated polypeptide having HHDH activity,
wherein the polypeptide comprises an amino acid sequence consisting of:
5 (a) 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;
(b) a polypeptide having 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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(c) an amino acid sequence that is at least 97% identical to SEQ ID NO:
110, 162, 10 262, 422, 440 or 520; (d) an amino acid sequence that is at
least 96% identical to SEQ ID NO: 116 or 448; (e) an amino acid
sequence that is at least 95% identical to SEQ ID NO: 264, 266, 470 or
476; 15 (f) an amino acid sequence %hat is at least 93% identical to SEQ
-"ém'l_ﬁll :ino agid sequence that is at I(_aast 89% identical to
~ 4477 (f1) an amino acid sequence that is at least 88%
identical to SEQ ID NO: 702; (i) an amino acid sequence that is at least

80% identical 10,SEGR NSO ENAPHRBY AloRed With-RER ID NO:

2, and which comprises at least one amino acid 20 residue selected from
tHROYRSBIESREIBHAG BF TN eSSV FRSIBRSBIREGP or S at position 3,
V @b positiam#hoReat ROSHIRS Haeitherhardbed pesitian:g SEatpostion, 10,
S at posjtion 1 osition 14, K at positi Caf position 16, T or R
atl%’ogél)tis(j)gﬁ 7%%182%% c%ir(g g%’:%a{tl%’o{;%bi]ggoﬁﬂa?rpgtfgfl)’[ion 24, Q at
pdsition®2®) fpaitploditiong 28 aTatpesiisqlacAtkitpositienst3B % dentical to

pgggqﬁ,%:q(ptlgo&i%gpﬁ%’, Rat p@&igp{@gS 34, L at position 35, N at
position 36, H at position 37, D at position 40, L at position 44, P at

p&RitionWSIERAEEP GARE Pt A7t e psaitient B RHELDSHidH 5402,
Ro@t, poesitian §5549; at position 56, K at position 58, G or D at position 61,
Vg position 63, R at position 72, | a posité'on_75, P at position 76, C at

pSBition P8 VRAGEIBITES MAHEH ST VOSF j5SHEH B2 ER A Sl 88,
E&tfosition 91, D at position 93, Q 30 or G at position 95, N at position
96,.K at pasition 107, A at positjo gither. 7, S_or itian 114, A
st B e B e B A S e S e
p8&fidANeA7R; at position 126, V at position 130, S at position 133, A or

VBt POsitamhddcls 4G Qe 4 AGSH 00 38041 RIRESIHORES I 1y R, 52
position 142, S at position 144, S at position 146, Tat position 152, S at

pd&hion PHEINGiA SBERCaIb&S 0I5 G Kepbstith>Ess ™ BPp&iion
169) Fatpasitiondd éedeatposition: 148 35k pasition LSRG 1or Nat 702;
pasijtion 181, K at position 184, Y at position 186,.L at pasiti 4, N at
D on T R o Ton s BT aNs wral ISR e e
pogition!23% zhcdvptisitisn 2ZBYOT anpdsitioh 240peidser leatt AporMato acid
POsiiQR 24 eY ALRASHION 24k 3 RORHAN Ard pARHY AL RASHQDS 4

254; or
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 Cor S or K at poéition 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 pesition 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, [ at position 75, P at position 76, C at position 78, Y at position
82, etther 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, §
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, 1., W or V at position 136, H at position 139, 1 or R at
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(j) an amino acid sequence encoded by a nucleic acid that hybridizes
under stringent conditions over substantially the entire length of a nucleic
acid 10 corresponding to SEQ ID NO: 1, and wherein the encoded
polypeptide, when optimally aligned with SEQ ID NO: 2, comprises an
amino acid sequence having at leastone amino acid residue selected
from the group consisting of T at (residue) position 2, Aor P or S at
msition B12vSaatresition WADSH Posiiioh 160 ekie PPOm db oo <itiBrrgion ki3,
RQSILon Oy R BLRASILCN I8 . S8tiRes TN T4: foatiBRsinn Abp&eidbd 577, v
position 16, T or R at position 17, either C or S or{g at i.;i)os.itiorhiog Tat
FOARBHS4 Tl 4t POXihi e, B Ao 8RRYCDe Bal BOBRISIFBG A &t™
pasiiion B8k, LLat positian 134, Naap@ositidd B MRt ab positithd 38 at pakition

iti 5. N.at ition 36,.k iti 7. iti X
R et e R e e
\wabpositinSEi®R & posSkar D4R, poshioH BEToREpdsiiB 38pesiben
2012 at position 61, V at position 63, R at position 72, | at position 75, P at
position 76, C at position 78, Y at position 82, either S or L at position 84,
At poéﬂiﬁﬁ%%?W%E%&?@f?%bét%?ﬁb%a@‘é RONE S0 &R 95,
N@th:pasitien Sonkoatpasitianti 110 7hdeati pdsiiigh dl2yeithendidS or G at

position 114, A ition 115, P at_position 117 osition 120, Eat
oo iote s TR0 Ik R b IR S o
pogition! 1 88 nador Va$ PAdRIFOL 24 compriss\Aaapoisition st@e:risediaving at

PRSUIANL3Ind RiFakpasiinn ddgom alREsitionAdding st PasiQudds. T
at position 152, S at position 153, either SorAat position 154, V at

OBRSHI 268 CTRIOTDSHRSR 1603 £Vat' FOSHOM 4 77 AP pystiGH P 8T et
pesition $80.Gevitat MSitieposiBds Kot pOsiiona 84, ¥ AppaSbONS] BG: L
at position 194, N at pasition, 198, M_at ition 199 ositian 2
o 358 AP oA o3 g ol pesion e 1A aSh 2
eithepbsitidh G6\F at positior2245 AvbatiposRRM249péton 38t Ipggitisiti @63,
V,ti it 4--0. ' e yw' clai '_
apd,) 8?};)%%?553% 204334 3HNe A_%c?@lﬁgn@cﬁ, ReRtide of cairg L 5[%“37,

the polype as an amino acid sequence corresponding to SE
ND2PBUCRTR brit RAsHBRH s ES PRI Se RBtEFRSH Bhagiboep? 7 N at
copsigingrol 8 bsaibher i34 pbsid t?f‘rﬁ,at\{ﬁ)@{i@ﬂh@[ygﬂ-p%ﬁéy&{:i& Gor
K1OL, G13S, G14S, M15K, G16C, either S17T or S17R, 5 gither R20
ROGE e RSO0 SR ADa | CAGAPRUITE, Esac JESHH 1O

FR5 plBEN, 737 bt, FodiliDy BA4kth&dbH leithprsTATRAOrATA HAsiKG28E, E at

MEAY, S35, B0, E99KG BHSI04R POFRR AR G 2R iBhon
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, 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, T at position 180, G or [ 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.



P84S or P84L, E85Q, K91E, A93D, E95Q or E95G, D96N, R107K, V
112A, either Al 14T or Al 14G or Al 14S, VI 15A, S1 17P, K120N, K121E,
R122P, H126R, 1130V, 10 A133S, T134A or T134V, F136L or F136W or
F136V, W139H, L1421 or L142R, T144S, T146S, A152T, CI53S, either
T154S or T154A, 1168V, P169T, Y1¥¥F, L178V, S1801, E1810 or E1811,
P184K, F186Y T1941, H198N, V 199M, K215E, V236G, F237V, W238L,
A 240T Zeither NPPASHEst RADBSRIEE RASIER Lurauenin R RONpaayififiss £0
aﬂdlﬁ%c‘id/sdqﬁeacél' herisplaidid ol gpepHnsiof 2laim itwhrereinie

a8 at, least 1.4 fold to 10 OOO | rea D |vt S
N B A R e o
NGILR eRDed Vﬂhqsbﬂﬁeﬂ BHrebbinkd® pblyleptide raliergSat least 178,

f%gf%@é @d@&%@‘ﬁdﬂiﬁﬁtﬁzh@%8@0%\@’1“3@&9{“&@&@ 183G, SR,

wild-type HiDH having the amino acid uence of S

| m:érem%aw& @@%thaeﬁ a?eazﬁm%mfm%\é SnaBr
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Emmergﬂsgm@itm:e@»@bs;qu?ﬂaw If]merenwellangih aff s wsleys adidr
R e s Qoeiias ki D s it
131;453; 1874G6T AIG3S185] 6951178 KIRDN.§0 2281 R282P, 26962’69130V
§5§§9rﬁ3% S AROFH &, ?3}?137&%"0?%@33‘%917\]7% LS EIN e

complementary sequences thereof. 30 5. An isolated or recombinant

palgﬂﬁ@cl'éb‘lftﬁe Sheobikd e E&%Ebﬁ‘&%%ﬂé%ﬁw K63 Vo K% 6L Re
ISQi«'md Q1 fecembinantmaynesientida of ¢laine b, wheskinviieM, K215E,

po nucleotide comgqses one orm cted, fro & gLQup
cor%(s%l%ﬁng“d? WITE ﬁ‘aﬁqélﬁesm%u (}f@%{ %% %glt% |2ﬁ9 an
eMutaddiMDI paldigsiéde; AAG encoding Lysme at amino acid position
36 in an encoded HHDH polypeptide; 5 ATT encoding Isoleucine at

amino acid position 63 in an encoded HHDH polypeptide; GAG encoding
Glutami8-acid Bhaisikica okl wesitisdddirah ehesdeticRobipspride has at

PelyRapiidg, anthGeiTancading Inmelineal A AcEPOsiioNdl s maD H

encoded HHDH polypeptide; wherein the amino acid position is the

cORBEBAARENBGSHfioRAH Be ¥rtddddd Y& Bolypeptide with reference to
SEQ ID NO: 2.

4. An isolated or recombinant polypeptide having at least 1.4 fold greater
to 10,000 fold greater HHDH activity as compared to wild-type HHDH having the
amino acid sequence of SEQ ID NO: 2, and

wherein the polypeptide is encoded by a nucleic acid that hybridizes under
stringent 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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7. An expression vector comprising the polynucleotide of claim 5 operably
linked to a promoter, 15 8. A host cell transformed with the polynucleotide
of claim 5. 9. A method of making an HFIDH polypeptide, said method
comprising (@) cultivating the host cell of claim 8 under conditions suitable
for production of the HHDH polypeptide, and (b) recovering the HHDH

polypeptide. 20 10. The isolated polypeptide of claim | further having
resistante to HHibiaGHEGYECARDIHAAR BFoIAsepiel s angred With

SERARNG 2 DRYING s 8RE RBRIEcabibe Iesidle shangas griesind fsam
the roup conS|st|ng of A4V, F82Y, T134V F136W°ﬁ41%éﬂ{§ id

1 Ia\ERSBE SUBIPE AIHBY SHPRIZEIT B F7CPE s
clamﬁhnmdmﬁgmm polypeptidit posnjnisysi ann amindEHBEquiyeetthat

o BT R o D i esa s (R0
mmb@#pttde w@@m@g@w@sﬁaﬁ ap AP AEIE BN ithit wacgded

' 5 S 16%%“9@' 104t UANGiolBolifle OF £8ind 185a $6411dH0z0M1B0.

peptide of claim 1, wherein the polypeptide comprises an
affirfsiett ayd)é’t\%?tﬂg‘t 'is at least 80% identical to SEQ ID NO: 2, when
optlmallyv}ah@nech\achSEQ HasiNion R, tanchyyhipbndarp prsesrainld@astronéed

aml (‘9 r\%lst e?e selegoegE OIIBSN;? \%roup consisting of T at (residue)
pos

NG Por S at p05|t at position 4, D at position 6, either
| or F at position 9 L at position 10, S at position 13, S at position 14, K at

position 15, C atROSHARA e QIR A-ROB IR SIS Qrchiar K at
posmon 20, T at position 24, Q at position 26, at position 28, T at

p@ﬁﬁfeﬁzb‘“ﬁ%ﬁﬁb‘éﬁﬁ’dﬁt% L at position 31, Gat position 33, Rat position
34, L at position 35, N at position 36, H at position 37, D at posmon 40, L

at position 44, P 10 at positiqn 45 elthe PorAa itio t}
position%Z \% Qt’bégct? tr@ eap\(’glstl o1 ggliyﬁucs[d%%asmon%]éh
position 58, G or D at posmon 61, V at position 63, R at position 72, 1 at

position 45, P %BQ&'&@B{%@&% LPRSHAN f7 g fﬁtd%oﬁtwﬁléﬁed%

L at position 84, A at position 8 Eat posili D at position 93
at(&féiti&ﬁt% the é@ﬁdgﬁ&@ﬁ%m@ aﬂ%sﬁﬂwm S tatﬁﬁégmsﬂdﬂtzofe%@ﬁ
THDH polypeptide, and (b) recovering the HHDH polypeptide.

10.  Theisolated polypeptide of claim 1 further having resistance to
inhibition by ECAA and the polypeptide, when aligned with SEQ ID NO: 2, having
one or more of the residue changes selected from the group consisting of A4V, F82Y,
T134V, F136W, F136V, L142R, L178V, W238L, A240T, W249Y and M2521L

11, The polypeptide of claim 1, wherein the polypeptide comprises an
amino acid sequence that is at }eaét 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 I, 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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15 Gat position 114, A at position 115, P at position 117, N at position
120, Eat position 121, P at position 122, Rat 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, 1 or R at position 142, S at position 144, S at position
146, Tat 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, 20 | at
position1280, Glsrachtnsedfsor T8I K- 3BEIRIBK RRAPPRADTERRSITLES, L
ainRRSKIN bederl¥eah RQSHi0R: & oM Rh pasi e PELD B Batl: position ottt

O R LD i hpien a0 e

atgpasiicinoBbrh@Broup consisting of T at (residue) position 2, A or P or S at position
3, V at position 4, D at position 6, either T 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 43, 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 posttion 76, C at position 78, Y at position 82,
either § 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, § 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 173,
T 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



