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WD 2005/ 018579 PCTI US2004/ 004819 ENZYNMATI C PROCESSES

FOR THE PRODUCTI ON OF 4- SUBSTI TUTED 3- HYDROXYBUTYRI C

ACI D DERI VATI VES AND VI CI NAL CYANO, HYDROXY

SW> CARBOXYLI C ACI D ESTERS 5 This appl.i i on

S aﬁgiﬁﬁﬁguatlon in part of U S S. N 10/639, %g@ﬁ%&mgomwu)
filed August 11, 2003, which clains the benefit under

35 U.S.C. 119(e) of U S S. N 60/402,436, filed

August 9, 2002, both of which are incorporated herein

by reference in their entireties. 10 COPYRI GHT

pat ent -docvariaa HpctsshRcR Sﬁh.‘%»iw“ﬁf@%xﬁs?'@%t ‘o
CopYe Ins t he f%gglnrleQre régﬁ%¥?§2%®§ﬁﬂgx one of
t‘glgﬁ%gﬁéid%‘éw@n HPPRGEY, SJTE@JT@QJ%RB@(YMC ACID ESTERS

appears in the Patent and 15 Trademark O fice patent
file or records, but otherw se reserves all copyright
rights whatsoever. FIELD OF THE | NVENTI ON The present

inve ﬁqﬁ%gﬁ@éngh & (%)81:1&11%‘1&& m%ygta[g S8 t(ﬂ&g%l 53 nfgled August 11 ,.

conposi ti preparing

280%,eirielxstisignsyihé oenali midd‘éﬁlU/SiG Bdgo@pdf mscs Nabo/#002436, filed

t] d box
AR R0 O L SBIE,  PlarP A it i cntivetis.

-derivatives and vicinal cyano, hydroxy 25 substituted

carboxyl-ic acid ester commerci al |l y i nportant

internediates in thggigiiﬁggiﬁlzgigéﬁgiﬂaceut|cals

Nonr acgmiien 6fthe dikcldsubsliT it battR d alrﬁuﬁ&&ﬁéﬁﬁgﬁawehﬁ

esters may be %%8I|zed ioﬁthe gynthe5|s 8%%&ﬂssmgmx
RRTEEHFESteriino (The P yrghisE hasmorbirstion torthe facsimile reproduction

| bfy|aﬂ}/cﬂ1%to@t:]‘,lefbatenf SseMiaslof étéht d?seﬂ)sﬂn% a%qtc‘dzfp% rglritﬁg f’aterg foil)

exanpl e, an ester of ( - cyano- yric

%ﬂ’éﬂc Qo paignt flgme ewdebwmha@wee SchIVhyolt eopylightaiphisc

'v@ﬁﬁgm@fe key internedi ates for the 30 production of

the chol esterol |owering agent atorvastatin. Methods
have been described for producing certaln

4-substituted 3-hydr ﬁ@ | sbel |
al ., Carbohydrate report a

met h&he prosensinverios |relatmgtoaxnvel enzymatic methods and com 7posmons for

I pisen SR B YRR A% Bt R aioshomye aceony

swhatiwiedroasbekylicdcid d3teeoni ne Wi t h hydr ogen bronide to

produce a di bromo derivative of threonine, which is
then converted to a vicinal bronohydrin. The hydroxyl

group of the bromohydri BAckKGROUBE Ed prior to
reac s&m w th sodi um cyani de d. 5 Acta Chem

Scan fiared 3hydrexybpanic acig derivativesnandrdeingleyans byfeisng

mﬂ)sﬂtu&ﬂ%ﬁl%oxﬁicméiﬁ' QY Ynh& 1f¢1ﬁf ﬂhqﬁortant mterm?del%t{:ti in éhet %thems

- br ono- 3- hydr oxybut yr at e t I res pro
OWHFBWHH@% d¥prpdcemicephisl gt substitwigd grlrydmprut;mﬁc ztoﬁxl esters may be

€ e
utgl)?/&%tﬂ ‘Iérﬂeﬁsilg nge%t&&c VANG: g‘(ﬁoﬁgghlgc? s ngllchl 0S8, gg(#xeqs gtqrwgr% éluvastatm
rospeesiahin.cand fitpyasthtivh Bo axahple,mﬁhleﬁﬁf (Gif)—élacyaﬂobfh?yﬁibxyﬁftync acid

an‘h%a%mﬁgfﬁ @ﬁoﬁy%’- )lg(%o-g,% t i xSr é}%&@ﬁ\gﬁ; gzgeu ggy {n(t)etrgagcthértgsnfor the
prBguqbion difi thescholestami doweriap BgehP£t0BdstHine EMethbes RAS | bSeVI\lh descrrllbed for

N th?hu%%%é%w?%%dﬁréﬂé%@m

Rext, B0l (1979), Qs BethydoP 3ntiehivng 8 (RFh %g&cﬁ?—ﬁ %}%utync acid

"boiling liquids and vacuunrfractlona

required to separate the 4-cyano- 3- hydroxybutyrate
ester fromthese by-products. The distillation
conditions are prone to generate additiona
by-products and the distillation is 15 troublesone to
operate successfully. The use of a

4-chl oro- 3- hydroxybutyric acid ester as a starting
material in the synthesis of a _
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. mafe@:ﬁf %QQ%W&PQI{ é&sdt?f (@8%@%}%‘? é%/ r«aafybu%lﬂ; gpxsi?rtxa%l c%ntam

reaction with cyanide salts due to the | ower
reactivity of the chloro substituent conpared to 20
the bronmo substituent. Wile the cyanati onof

dvwodifizso hydr oxybut yrate esters proceeds led:l'/uszoommsw

-~ al kali cyanide and high tenperature, these forcing

conditions |lead to substantial by- product fornation,

requiring extensive isolation and purification
ult in additional yield loss. US.

%lqgedu%es t hat a
&t K n%thﬁd%o’@% giesaicyupanlyaf ﬁﬁeomwawﬂehydwgea aeingide to
psddace d d’[@r@nﬁiﬁieﬁ%@e of @irbiSiend, WRE é@'}hgﬁ/ LO(%F{% gllrtﬂ aé%cmal bromohydnn.

Tﬁ}F%} an- 3- h droxybut yri ¢ acl

v d(gsz’g)égyog}p Qf ¢ begraelosicnyd La‘t)@cte@pmram eatkion OkIAeIdRMe cyanide.
18- hydroxybutyrol actone, y- crotonol actone,

3- cyano - hydroxybutyrate | ower al kyl ester,

3, 4-&@@&%&9@;&@@7 Imwsmmﬂts £ALE6d B Y roducm%aél cyano-

t d ds. U.
SR Bl P B TS HRERR N Savresmroosina halortony

| gloapith a|pk<y¢ctzaglgm1$ poior {oRkactios Mﬁ@oﬁmﬂ%?&rﬁ&@/ %Ht'rf}utes fe

Vol ve dlstlllatlon of a crude mxture
4_@ ggﬁaeg 63 n]&fd y%?\?“?‘ﬁ@f’ohﬁ@ea‘ﬂ%ﬂbfﬁdgh%wphemnon ofa -
fons0 Gr 4-01ﬂﬂ}ﬁ9®-]’@ﬁr but9Fake estes| ti.on
ﬁgt hods, the decor?r];g& ?faoeneso M%ﬁ?@%@? ‘(':e{k sotfg}eﬁl Yyl group,
¢ SRR HIE * BT RIOR5 S BOWR, rezfetmedmuidetthobdser condisionsdreated by
the Bssid dyahife anioK, 3FREH &
4& %TE? cyano- 3-h hydr ox;gﬂ&iﬁg@?ﬂly %‘JOB%%F%"\:A&WBPMWE&e&md‘m
'4 ir:g}g gdé%sggﬁygte LS amigH\AEﬂﬁ@Gﬁwﬂ% 8y Qacuurlntfractlontal distillation
escr i an alternative
i E@Er oac h%/(r)r tr (]:34 atylaﬁ%%ég’d'g&%i’ugﬁﬁﬁ e?ﬂ‘F‘k@‘Pm by rdugtr) The
aisfl femenditingeisre pidety gineracidditionlbyiplyRiisaid RN M & is
trguggs(q@g%%%%u@é ﬂ{ﬂ?duct S, such as 4-hydroxycrotonic -
acid este by chemical reacti on, which renders these

- conpbausetaf aathdoro- stlﬁz,fdmbiybut@ﬂd 2@ L@ Gk 8RlaRing T—Eﬁi@% {in the
s utilize a readily avail ﬂ

0
Y‘Z‘%‘%ﬁ’%?‘?*%& agg‘?‘éwnﬁ%ﬂxy W] estgds Rpre |egpnoos<sallarauracnve than the

_ uspoﬁnj%btonmb&hﬁdrﬁ@ﬁiu%craeﬂlbht%le ‘Eﬁﬂ%&lﬂ?ﬁ%ré ﬁ?ﬂﬁ%ﬁndltmns in its

i al ndesirabl e. Accordin nore
rea%ﬁ{m\gagqfa&d% %&(ﬁ:@ ﬁ&ne,{@mrg@qgﬁy@y ofdhn ¢hddro4uisstibehi dontpackd to
theFrbaid mwdaemy Wikilathé an%%cﬁlfo?e:“%ﬂﬂﬁé U nl%gghug gﬁgg"sgaioceeds

desirabl e

|
wid ﬂ‘&ﬂ rcé?”é‘yer”é‘g e} tmpaNE tl@mrmmumgmm substam.al by-
T ibi] rEH; |
Pt T e 5 Sl et

Ilmnatlon of hydrogen
adcf

itiopal yielddossi i S'naﬂat ENDI 6}99&!,953}&5&@(3@111@@5&3&1&3 Bfreacted starting
ze

he reverse re tron.
hyc}wwagtmm, cy@pmﬁahn%yalmbhtwoﬁétoné ]391%%1 utyf’o]zﬁ:’tc%i%zr

of a cer ai n hal ohy dr|
. cro%ngﬁttgﬁe 3hg{aﬂod%th¥g;g§%bu6ﬂate ower alkyl ester 34- dwyanobutyrate lower

rogen
aikﬂﬁshf axrdchi - byt i ©uyoBlertal e Rdl o ink Sl
PEY oh?f) hégl Nakanura et al. b Bi ogﬁg% 9&%@@ %bﬁé&% further
A Torjigwery aligg ggter,g of (H)%G)daﬁﬁﬂd’()droxybutync acid
thafl"ﬂwlaéselﬁbtxﬂﬁhdtﬁﬂfa CNETLIN 118
'é of a haloh; drin h?&ﬂgg&égﬁ E?Vgggﬁ?BaEOng
PO‘Eta)cféP;ﬁz WOREC atyldakars. ddsing suck disailanion Mcﬂ@&hé(\ﬂécﬁmposxtlon of
[ t gones ondi,ng. bet a- hydroxynitriles.
umga\r?% sgﬁmgqut ea?]esn%gistoa dﬂ%‘?‘é‘h? theywisprrap zesult in a dramatic
overgdidanmin éi)e‘bcsam&ehwwd»@sayﬁc a@@mwepﬂkﬁfesteﬁpﬂoheémy%f $."bat. No
with alkali cyanide in the presence of a certain )
hal ohydri n hydrogen-halide 20 |yase to produce the
correspondi ng 4- hal o- 3- hydroxy-butyronitrile. In U S
Patent No. b5, 166,061, Nakadura et al. disclose a
reaction of a 1, 3-di hal o-2-propanol w th al kal
cyanide in the presence of certain dehal ogenati ng

enzynmes to produce the correspondi ng 4-halo _
3- hydroxybutyronitrile. In Tetrahedron vol. 50 (1994)
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(a) providing a vicinal hal o, hydroxy substituted
carboxylic acid ester, wherein the halo substituent is

sel ected fromthe group consisting of chlorine,
bix@soes1samd i odi ne, and wherein the vicinal

hydr oxy substituted carboxylic acid ester is ﬁﬁb%mmmummmg
4- hal 0-3 hydroxybuyric acid ester; and (b) contacting

the vicinal hal o, hydroxy substi t ut ed carboxylic acid

ith a hal ohydrin dehal ogenase and cyani de
632{}3&7 W%%‘tt}%e? Bhaliamrtiveiapproach ©bhvading crudelovies il estend of, (R)-
4féy£i{CD3CHydr§>%§ith WERGh AR !rén‘fov@ Ldné eth)\(r% f gbg “proghucts, such as

vi ¢ci nal cyano, hydroxy substituted car
4-hydroxycrotanig acig éét@wdbﬁaslmucal r¢ahigong whish pmd\ﬁs diesle domponents water

s&&ﬂpgﬁ &t Ra198 n"gf)iﬁss ﬁlﬂﬁméh {h% Sl etP u;s uéﬂlxﬁ %{eﬁgxlly fh\réx]lle)ble starting

dehal ogenase;
migtetiplo significans wetdjbmmnrmyjmrﬁicmzﬁe@ﬁﬁeﬁfents WRRE Beth

c&ﬁ}?erc}éilg Lﬁ'c%ltslra%?e %cqo%cg %@)3%9&% gffiplbqtyf t eglegsgfg)? gl)%lgclpgg chnlrgcemlc

- cHiiad é-lsw;isatd\tddﬁ-lwdi’r@t}lbﬁ@rikled%@ﬁuﬁﬂﬁgﬁlﬁieﬂcﬁﬁﬁfbﬂs %ould be highly

m%% oxybutyrlc acid ester or amde froma
Fo- 3- hydroxybutyric acid ester or am de, the

met ﬁ@ﬂol@ﬂﬂﬂ btel Sp@nases aldd 1O Ed 3% Baloalcohol ccliehalo mases or
hydroxabutyrlc acid ester or am ﬁﬁ

ha?%%’éb@@%&#‘ kyages; eatal edhe dinifidtiomof h}adrggmdphde as proton and’
hotia8 fnSfrbm $iciat ﬁe!ﬂ@ﬁyl'cﬂﬁs to gé@gx yeb ?ﬂg%on(%gl gd‘%%f d{hg%ei),enzymes

contactlng t he 4-hal o- 3-
alsgRatpdyzgitheroversearastipar Nagasawh N aigggmkhcaubiobmwﬂxﬁo 1. vol: 36

' (19@13% £RNEH! dh?cnésesdgtfl%tfé a”éeggnﬁygg%gﬁpﬁd{ygfq%%ﬁ- g}c{fn lg%grég

conver
4~drlor@rﬁ hbeimwbatymmylmc&g’rqumr oicyUhalsliyaring® AgkafkLdt aD! Biochem,

%@i%;gef{esl:ﬁcﬁﬁgmm Vol gﬁf{ﬁg{t he, 2 3?3%'53%52'5;@%3&%1 %toy(%ﬁu

porBRbU 1 826 isdlesic ragnwgm’ﬁa mmdm cﬁ‘@%eﬁ ﬁnd@?s&% ¥4thiGze the
ster or - e|n the hal o subsfituent is

m de, whe
reaac%f)% of geitain, Bpﬁn ng? E)leﬁll (5?, g?l'gjtthq]rg)n@pp%]ﬁ]ng Petgdiydroxynitriles. In
thdse wﬂemmes amdiUiso B‘tt@@t 5,203, NOBhAed 4thy d%j‘. ﬁs\c;, a ﬁaaction of

ﬁlg$-$ %ftggutyrle acid ester or am
ep Yot aJgah cygnide i thetpsysencsd a gertadrt hedehyidrin hydrogen-halide
Iyafse gepemak 'tl%o&)ésﬁioﬁﬂ?n? Q%ﬁo VA (B?&po&% Bﬁkﬁroﬁfﬁtx ' ‘il‘ll 8 phnt No.

orm a _reaction ure for con
5 lzﬁﬁﬁéﬂd“aé@%t%ak QﬁPI@S%re@Ctm@n lcﬁFdlha}od@rprnbhmth alkali cyanide

in ﬂrefﬁ?ésaw% Og&r‘ameﬂélﬁg%}{a%%é ansr?xl&u topr IeSt Filce gre c%rrpespondmg 5f%alo-

di Scl osed is a net
3- WW‘MM@W‘QXM@@QWDU 5eéitoen) ﬁ;f 082 B-11826, Nakamura et al,

I d h
i el 5 e T S Byt ey e bdptdrin

hy@@gm-hahaalwm@mmhe -chith®-3 Siybskitusabhitils. sel ect ed
of chlorine, brom ne; and

h r ou opnsistin
| od |H]HE « §%"2ba“% gt)a? @Fﬁ—i@h %@ £ KR001) e o4 disslostsiaeijvibycof a
halahydiuﬂﬂhaﬂbgemieho BatkISLONReHetiSS 65 ceﬂazg ny%te ggczdeé‘wﬂh azide to form
cof acto ?ggneratlon S sten1 cyan
ﬂwﬁﬁﬂﬁﬂ@%ﬁm& ﬂﬁ@oj@ﬁ%&% an9l.f orm a reactlon m xture
for converting the 4-hal o-3-ketobutyric acid ester to
a 4-cyano- 3- hydroxybutyric acid 30 ester. 4a WO
2005/ 018579 PCTI US2004/ 004819 Further disclosed is a
nmet hod for produci ng a 4-nucl eophile
substi t ut ed- 3- hydroxybutyric acid ester or am de from
a 4-hal o- 3-



%? %? ric acid ester or am de, the nethod

co P ﬁﬁeé (a) providing a 4-hal o- 3- hydr oxybut yWATguS2004/004819
acid ester or amide, 5 wherein the halo substituent is

sel ected fromthe group consisting of chlorine,

brom ne, and iodine; and (b) contacting the

4- hal o- 3- hydr oxybut BIYJOE SEH INWERTION W th a

hal ohydrin dehal ogenase and a nucl eophi | e under

In ﬁﬂé’léi:b&dt Qhi§e ﬁshb‘r&vﬁi&h% rheBhold %x‘(};’rr%@cﬁlg ,Q Q/IC!IIQIP a)mn&( thgﬁr%)éji; subst1tuted carboxylic acid

co%a_)ertl ng the 4-hal o- 3-
estixiipm 2 yicipahbalpdyeonn 'P“Pll?u 3 afzid este, the method comprising:

| .(aﬁydrlﬂ%ﬁhﬂig)ﬂwh&inﬁ‘hhﬂ g’ﬂﬁsutaea éétséyaqlc aRidesiet hod

for produci ng a -nu
subst i t ut'efran ﬂydlab»@abmrmt & stricgtd dtreths gosupawhsisiingtdfehlorine,.

brofidaosh & EI sing: (a). providing a

4-hal o- 3-ket'obutyric acid ester or ami de wherein the
hal o subshi whersin the vsaiahhﬂle,myﬁrdxmswﬁtxtt&éd)cti}‘b&@ns hé&illle@r is not a

b di d (b
cont 2R 2 Ao Bl B SR Bt yr i ¢ aci d ester or
- (blami dentastiny the {deinalriail, by &5y substifRidaaitdkylid a&@és@tﬁixﬂﬁ] a -
‘ haltfhzgxgtpgéh% b Efamde %nﬁ'éf‘féag?&hc!oh(%nm?{é cogwigerah mal halo hydroxy

ogenase to torma reac
subssmﬁmarqughq 4eisl estchtm| a0-idndl eyamby Hyyraxy salestithteelstgboxylic acid ester. -
am de to a 4-nucl eophile substituted-3-hydroxybutyric
aci d ester or .am Al so di.sclosed is a conposition

hlaéS‘ﬁPﬂi‘S&FPr‘?@t 0k 4 i PO Rr S nace. ().

nuc - hal o- 3- hydr oxybutyric acid
ester gﬂ?ydm%dgﬁﬂgé %ﬁ’ler di scl osed are conpositions
(b)t hatyaarde; arglef ul i n the production 25 of vicinal cyano,

hydr ox stituted c cid.esters , as well

{© a5 %&‘8%‘??‘3’?‘&&%‘@"&? ?E'ﬁ%‘i(%g@y? 15pcid§8iGtar t i ng vi ci nal
hal wherbiydh@wiyinsl i, hiydiorg sEriRRYdatox3hé Qcﬁé&&f it n&& 4-halo-3-
vicinal, cyano, hydroxy substituted carboxylic acid

hYC‘&?JWQP@“CBP&f’EF‘GDESCRl PTI ON OF THE DRAW NGS 30 Figure 1
depi cts the amounts of ethyl
- 4- c Pisclysastiga ngthod for Iprtdycing £4-Codnbar ohydri n) and ethyl
ano- 3- hydr.oxybut. te (cyanohydrin) analyzed in
hy?4'r g BRI RYe ‘% ‘K“yﬁo g?‘@‘ %’W@@W@EB&SW or amide, the
meBGH/ chidpzisiag/ 004819 3- hydroxybutyrate with cyanide in :

aqueous,.sol ytions at various pHs in the presence or
(@) apsBRuHing 2 4l -SHydRoR b IRt estere aHBDH) , as

cxpr 6551 o e IR Sira &f’ﬁe"oﬂbﬁ'&%ﬂ? Satisiig efptlorine,
bmgg%lapg;qq@q;apql 5A origin of replication (p 15 ori), a
| b
O 2 e mERRE BR3P e Bt of i s v el
dehglogenase (antR)jlranEIegmﬂa tﬂ)fnd?tr?lnﬁ E;\Sfﬁ%leﬁ?t%@‘oﬁﬂ a?é&ﬁgﬁ #liQtre for
0 e.present invention
°°“¥§’% RS 5*3 % ﬁ%ﬁ ’%9’ Pugme #5id i3 o7 emidedn adpaBnenHydrexybutyric

: ._acxdawdmreﬂﬁ@ssor a CAP bi ndi ng si te, a lac pronoter

ri bosomal bi ndi ng site (T79g10 RBS), and a

| chI g%g %‘ﬁ’d%qm fhesialoddydr ¥y T{cesidRpter 40 Fi gure 4
 amideRl ¥ g@g} nvs tinme for the
. ﬁ(aBikeprQﬁEl a%%g ? ord’g3 “hydr oxybut yr at e

reactions of ethy
wi o Hans ulshﬂyérk%qlmtmwmdebtmbrhhﬁd@r esence . of

vari ous z s that are

descri bed&?KL Rgig{r% %q’s@%@?‘ﬁ g’ ')‘/‘%H"EEBOHS‘SUHE of chlorine,
DE@GﬁmﬁﬁﬂaﬂdlaﬁnEHﬁdlNVENTJCN 15 The present invention
provides enzymatic methods and conpositions.for el
produci ng various 4-substituted 3-hydroxybutyric aC|d
esters and am des from correspondi ng 4-hal o- 3-

hydr oxybutyric acid ester and am de substrates. The

present invention also providdes nmethods and

conpositions for produci ng vicinal cyano, hydroxy. ‘
substituted carboxylic acid esters fromvicinal halo;

hydr oxy substituted carboxylic acids.
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20 |. HALOHYDRI N DEHALOGENASE- CATALYZED CONVERSI ON OF
4 HALO 3-HYDROXYBUTYRI C ACI D DERI VATI VES The present
i nvention provides a nmethod for producing a
4-nuc|eophi|e substituted- 3-hydroxybutyric acid ester

or am : - 0-.3- hydroxybutyrlc acid ester or .
ani d8°“q? %qu‘?l’réf’ﬁ tohlg?G A gster(oa pmidevithi i drgtogeductase, a
cofadtat, anda ByfdeR Ry Ation s?ﬂbﬁ’l ﬁﬁfcﬁ%onﬁft:o?ﬁls%me%rfgi‘m a reaction

t he leo substituent is Selected from

MU, 10t faryeries the-balpdeketohvgminasid estet qrtaﬂudreto thm@hélm}}
3wayﬂa&ﬂJ@w§op 53 hydr oxybutyric acid ester or

wi th a hal ohy r|n 30 dehal ogenase and a
| nucl ééﬁgidnslcbsaandememmﬂ*moamﬁngsml able to forma

c)%ﬁ%glt ﬁ(}{agq’%é{?gxy %§}Fr ﬁ_o ¥ e{rhglgf% #.ettg}?utmﬁ arad ggtergthe methoq

cowthhmﬁophile substltuted 3 hydr oxybutyric acid ester

i fi,cantl he_ invention method provides
@f pr%S‘é'?gl '3%19@6@;% Ctht@szoom 004819 for the

manuf act ugigr&f ﬂ{’e'lfahtbﬁﬁ! i c aC| ‘
esters and arlmides in V\hlltltggﬁqf/gelg‘%{%{ z’%‘k{# {chglhm? glg of chlorine,

“WPHWHW%B@'“NU@NeophlleS suitable for use in the

O pabnaBa ab Kok PREBby AR Sl St aleioaictphes cotator

cothotea Iregetaeﬂayoht ws;elmj eyatiide, aﬁ%dthMI?%ﬂlfadﬁgﬂg@ﬁasF o form a reaction
rate u iles utilized In
m%#ﬁ?‘? i Wé‘?ﬁp%ﬁ “hafosS-piobpivaic acid eslepi #é@)’a@céﬂwﬂmybufync acid

eﬂnucleophlles i ncl ude cyanlde (CN-), azide (N ),  and
nitrite (ONO). In a specific enbodinent, the present
i nvention provides a nmethod for producing :
4- cyano- 3- hydroxybutyric acid esters or am des from
4- hal o- 3- hydroxybutyricacid esters or amdes via a
hal ohydri n dehal ogenase-cat al yzed reacti on, the nethod
conprising: 10 (a) providing a 4-hal o-3-hydroxybutyric
acid ester or am de; wherein the halo substituent is
sel ected fromthe group consisting of chlorine,
brom ne, and iodine; and (b) contacting the
4- hal o- 3-hydroxybutyric acid ester or anmide with a
hal ohydrin dehal ogenase and cyani de under conditions
suitable to forma reaction m xture for converting 15
t he 4-hal o- 3- hydroxybutyric acid ester or anmde to a
4- cyan- 37hydr oxybutyric acid ester or am de. As used
herein, the term"cyanide" refers to cyani de anion
(CN-), hydrocyanic acid (HCN), and m xtures thereof
Cyani de may be provided in the formof a cyanide salt,
typically an alkali salt (for exanple, NaCN, KCN, and
the like), in the formof hydrocyanic 20 acid (gaseous
or in solution), or mxtures thereof.
4- hal o- 3- hydroxybutyric acid esters and am des
enpl oyed in the practice of the present invention nay
be prepared according to the nethods described herein,
or alternatively, using nethods that are well known
to those having ordinary skill in the art. Such
net hods are described, for exanple, in U S. Patent No.
5,891, 685; Hallinan, et al., 25 Biocatal ysis and
Bi ot ransformation, 12:179-191 (1995); Russ. Chem
Rev., 41:740 (1972); Kataoka, et al., Appl.
M crobiol. Bioteclnol, 48:699-703 (1997); and U. S.
Patent No. 5,430,171. Suitable

~ 4- hal o- 3- hydroxybutyric acid ester and ani de :
substrates enployed in the practice of the present
i nvention include those having the structure I A and
113, respectively: 30 7 W&a2005/ 018579
PCT/ US2004/ 004819 RZ HR3 0 R- OHRa O
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XX OR NRRa RERGRR RAR R4 |AIB mherein X

i swe 2b@legen sel ected fromthe group consisting
chlorine, bromne, and iodine: .5 Rl, R2, R3, pnglug}paauomsw

R6 are each independently selected fromthe group
consisting of hydrogen, fluorine, an optionally

subs an optionally substituted
: cycl g:gt%trﬁgdos Isa%ﬁgg%ﬁéﬂogu%%t ituted | ower
damickaop Jesanbtctmed-o ko NSV WP gnal 1y
hé&%§%l!’ ttut edS nﬁ ygtin@?’g agﬂgneggﬁﬁrr%]d? ﬁ # ‘Hlﬁc‘g"
hRUY ea(f gy gmmﬁhofhwmisngn ally
(®ubs bidvitlifela 4%610@11}‘6{-5%‘?@1 $£ro?gl§ldl y substituted
S :

| ower al koxy, . an optional
cycl oal ko¥yereithebale substityens uksslcctbwfreﬂ the MG M@nsib'ﬁﬂ% @Pchlorine, -

opt i beﬂ{lhé/aﬁ&lmmetégded aryl al koxy; and RS is selec
fromthe group consisting of an optionally substitut ed

®owe Foaqa%ylg th%lﬁhalgr&-hmrakj’butﬁw&ld dsték 8Farfhiiie lue@.' d¥Hlohydfin

ed d t
dés?ig%)dsg?f‘a?h %ﬁéd da?%éok)f)#%( det rgﬁﬁd] pggéﬁg:tﬁé g,'a;%? ga@pnc}n mixture for

cqrwe@pg meﬂhhalwslwﬂmybﬁyﬁb QbidichRr & AMBe @%&i@é%g lsubstxtuted—?a-

ptionally substitute yl,
an 38 ti onaﬁgp)?rgrﬂﬁlgt ituted cycloal kyl, an optionally-
SubSDlstlkjieﬁds @fythod RR odfki@P) i onal |y subst i t ut ed

céeo bﬁ%/ %I onal y substituted" refers herein to '
(@ Pa} Sibstity o 4 drQReybymie aidtdsteas ornaibdry fliegﬁ&th?d comprising:
ay adipeaidin®W UliR —?kéﬂé 4.0n |nc ude or
exanpl e, hydroxyl, E%E%d ta}é&aﬂﬁ an al koxy, a
~lover al R&Kiein Ga hdbrseb@muemxd Weted aﬁlohﬂﬁy ouglctmmﬁ of chlorine,
e

br@mn@oandq&gﬂ@,ango hal ogen (i.e., halo), i o, and
ke. Other 'suitable substitution gr oups i ncl ude

| (b)c ar iseRtpeting the 4- hdoéakdndmdnaé £i®Estah BRI ith Q%egar@dugtase a

& r boal ko §y . an ester group),
:"% R corkle r g ysteg @ Telpppigle, end A Ipdotiydgndehalogenase to
Omamaajqnﬂixauéﬁfr%nﬁeeﬂ&?gth@ N ed herein to
3{? 1.0 %ﬂan%ged or strai g%ll%%g&r?gg ¢ fieid ghter gyamide to a
Pylersbiitesps3 hyduonpbntyse acldasthmiaﬁﬁdum that are
| Unsﬁﬂl@@&l&&b&%@ga%m ycgg,ﬁ .6.g., 25 wth one or
nor e r ox roups i ncluding, e.g.,

(a)metﬁ ?0 l@lﬂﬁy%halmpsﬁt i sopropyl, n-butyl, i-butyl,

-(b)t by;nyélﬁgwé fLgoromethyl, and the like. The term

refers to carbocyllc al kyl noieties

© hava ﬁ@alforbhyd%oxybu@hela&d%s&%?&lﬁnd@t ons, as well as
het er cycl ic alkyl noieties having from3 to about- 6

at OHEnrer diselpeed are dompetitions ¢har amgsﬁhlﬁmlie m@u&f&ler oat om

o500 AR S RALFORL Y by otk s

- metggg%gﬁ conyesting yisinal balo, &ydifouy subktigatddedaBox yVEdid @ét@l%‘iéf bicinal

30

_cyahé? Hﬁﬁgx)hs%&ih e Qarb S ﬁga&% a branched or " strai ght

chai’n group aV|ng 9¥F% doubl e bonds and from
2 to about 6 carbon atons. Lower al kenyl groups 5
enpl oyed in th 3 tlce of t he present i nvention may -
‘be optional AN Y $ EN@8scri bed

oS 3 ol e

a¥ira {uJ 0

: ﬂhyzr*;g&%p-? ﬁrg}gbqt)gatemavmby@ﬁamﬂmdllmw{ readtionk oPéth?l 4-chloro-

| ower al kenyl . Suitable-|ower al koxy groups enpl oyed

in the practice of the present invention include

met hoxy, ethoxy, t-butoxy, trifluoromethoxy, and the
like. The term 10 "aryl oxy" refers herein to RO,
where Ris an aryl. As used fierein, the term"aryl"”
refers to nonocyclic and pol ycyclic aromatic groups
having from 3 to about 14 backbone carbon or

het eroat ons, and i ncludes both carbocyclic aryl groups
and heterocyclic aryl groups. Carbocyclic aryl groups
are aryl groups in which all ringatons in the aromatic
ring are carbon. Heterocyclic aryl groups are aryl
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Exenpl ary aryl groups enployed as substituents in the

present invention include, for exanple, phenyl,

pyridyl, pyrimdinyl, naphthyl, and the |ike. The term
refers hereln to an al kyl group

sﬁ%ﬁ%@%ﬁ%ﬁ% with an aryl group. Exenplary ar yCa{URgf04/004819

groups, include benzyl, picolyl, and the liKke.

Substituted aryl al kyl 20 groups nmay be substituted in

either or both aryl and al kyl portions of the

3-hydspabiriyratgwish BYanA? in agueduhestwions ataeiotsgsHy in the presence or

bl B KK o SR el e PO et R Gl o

i s digwop? ldqmetb h)’wéﬁljhpsdmpt'askzed vem‘@k@mlo%ﬂﬁ(é presefi€invention

to the
cohffghe A8 grh R GTa R o, hE-Frek et Pt
nlioh@n@ rbmdimz;-sMRRT’T oy aed chamh%pﬂmg& ResPfanfe LOWREanRKY!

mer al kyl he term

. "cy %n%%%( 9?%%? ﬁ t?PeEP‘EFeéSIﬂ'é Veater (Kl H20grofike mrsenhigyention
coRRprisifig aﬁl DR bH SR kaplisaHn i.‘p(;rﬁd gb 1e8r, 8 ('ngltnhﬁ‘lg site, a lac

radi c having from 3. to on at ons,
promgfer ‘% Al 7@?%?%?1&1’59@ 51@ @?E Mﬁﬁ)eanﬁmhlwmﬂpﬂmol resistance
lﬁﬁyﬁghkbdlno pi peridino, and the like. Specific

al o- 3- hydroxybutyric acid esters of conpound |A

t haigves depiatnibe ogreent comverdien v timb ifarahofeadtivns pf @Bgnt
LR B Oy U b B AR RS S s
halphytirialehnlegdwystr angmanes thatdirdRbestisbedtif EL@mpl@ZMough 29.

4-chl oro-3- hydroxybutyric acid ester (i.e., where Xis

~chl orine, RI R2, R3. R4 and R6 are hydrogen and R5

i s net hyI) lLED]bESGRIFi‘Ib ©xHBuNYENTION d ester

(i . ere x s %o 2005/ 0185 4/ 004819 .

" br oﬁP%E”es‘*ﬁ‘ ‘“V?%’z‘“’“rﬁéo"l engypptingnesiods pRipasepesitionifpr RS ducing
vam&lseﬁ-d’m}ékt)tutemihbﬁﬂox I&ste@é’ﬁfd%ﬂ@é%go gﬁ%gﬁ%tﬁalo*B-

vvhereX|s rom ne, ,
hy acyéirﬁ.gter i qr@dwhqymys The plesent mventl on aiso provides methods

and ccbhﬂdﬂtroﬂs foR Eﬂfdﬁclﬁg Wﬁ%P&%Rg& thX/%Ey %ﬁ)'sﬁltmeegt E\%\ogg#rliu acid esters

wher'e is chlorine
fmﬁywawaﬂéﬁlo BydtoRssubgituted caryoxylic acids.
t - but yl - 4- br onp- 3- hydr.oxybutyric acid ester 5 (i.
V\,hereX|sbromne R, R, R3, R4, and R6 are _
AN REHA N2 SE%CA’HKIUYZEDMQNVERSIONOF 4-HALO-
(i.e., where Xis.
hydr ogen, and R5

is Thtb]nrbgphD mvénmoﬁ @fdv&ie@ a @f@ﬁﬂl foBfbducirila 4 ﬁ@cﬁéopﬁﬂ@s%gtltuted-
| ower al kyl, such as, for

hR'df %?@1%@%? er o&:i idp frog;ra %—p@lm}rhydggqy whrieacid ester or amide, the

meﬁmhabmpﬁaﬁydroxybutyrl c acid am des of conpound |IB
that may be.enployed 10 in the practice of the

pr e€ént Hrﬂ‘{}gﬁ’iﬁ|aé‘ﬂ13#91%1hﬁ‘éréx¥b%mcd\c&@tehymmy,but yric
amde (i.e.,

R7, and R8 ar e ﬁ{}lgtrhgggfr?%ugwyr%gd%% &%;Eheb%Py? fd@SﬂGﬂg of
arri de (dhlesing, bipmine, sudiiedis;endne, and R, R2, R3, R4,

Exy bc%@féftﬁgatﬁg 4- Xl(grBOQ)?d’] ))Xy\’;\)g{élng ac}‘{d e%e %'&Fﬁ‘ée W}_{é‘l a hﬁghydrm
m};)germe ard mR¥eophite’ lmdascoadmohwsﬁﬁtmgem foth a&ﬁchah ﬂnxture for

‘conqgi?%geﬁgef$io P%tyd Suf.s%r?cn bcf) esteI gr %tQRélﬁ.bq %4 “H@F?Rhﬂe substltuted-S-

‘ hydzoyphtyrioacip mtaydr amchhe HAelifidmtl§) LtHfShkr&ri!l%ﬁtrnéi’ﬁodtﬂ}gwdes a process

4- hal o- 3- hydroxybutyric acid ester and.amn de
substrates is preferably selected fromchlorine and
brom ne. Particularly preferred are 4-chioro-

3- hydroxybutyric acid ester tand ani de substrates.

4- substi t ut ed- 3- hydroxybutyric acid esters and am des
produced by the nethods of the 20 present invention
i ncl ude those having the structure Il A and |1B,
respectively: R OHR3 OR2Z OHR3 O Nu Nu ORS NWRs
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When 4- hal o- 3- hydroxybutyric acid ester substrates
havi ng the structure of conpound |A are reacted with
cyani de and hal ohydri n dehal ogenase, 4-cyano-

Swhymonogydt yric acid ester products are genSE&ﬁﬁ%mmwmmsw

that have the structure of conpound I11: 10
2005/ 018579 PCTI EJS2004/ 004819 R OH R3 0 NC ORS R6
R R4 11l 5 where R, R, R3, R4, R5, and R6 are as

defined for structure 1A . Hal ohydrin dehal ogenases
far bearppnipad: ofv-substitpred Stiydexgbutiricadit Q&R nd AYERTA Fhich by-

ﬁr[-}%u gotr%g%&ﬁsmg conversion of a

roxy%ﬂ% fic acid ester or anide to the
corr d@w@mﬂhiiﬁg sditdbicioe ﬁfé‘lh k€ practice of the present mventgm are those that are

BHAAL LTI BY B2 R oh - frte Sty omid inor amide
mib:hﬂalteo dBpaaEiuckidghildsBtbedah ﬁle%%gnt]lgvén %r? L& '331‘891% %chgophlles

ﬁereln to.refer to an enzyne

ey ?é%‘&%?OPM%H?IP%:yamég(@try,za@siet(ﬂej,camuﬂm.(amoo)‘ a
vi ci nah spalm, erﬂ%@fn@e’ﬁy ! gﬁts%ntt gtvgl% apé‘cgﬁ :alt]ﬁ?tg%it for pra pmducmg _

am de to a vicinal C an roxy

CompeRyioxEkitEc aid @Kﬁrﬁe almdmsrfrcms--zl ----- hhlor3-Bydomibatyric acid esters of :

I ster d/o m de to a.
aflmﬁhﬁg% e%%%%ﬁg )S%IE?& gt\é &d g@yﬁg}ﬁ' FEsAB ?/Heﬂmg SOPRIISRE er
and/ &) ammb@l,clurm{ahaibﬁvlqldmxybﬁtyﬁmm@éﬁ&%ﬂ eRidRf a :
nucl eophi | e sucﬁ c 15 Suitabl e hal ohydrin
dehal ogenases | %f’lﬁtﬁlé l??i]ﬁ %’Sﬁﬁt}’?‘t Scelsrtedl fgnythe pioup gensisting of
haIohydrldﬂmﬂehahmg@ﬁaﬁﬁﬁdma&mmel| as non-naturally

occurri ng ri ehalogenases generated by human '
mani pUl at f 06"23 ?éﬂﬁﬁl‘ 3-Rydigrdiutyicaeisiaster nlgalmddwﬁhahalohydnn

dahlﬂeg&ﬁisld aad byanQRGHALH cﬁﬁdlﬂéﬂs%tﬂffﬁﬂé A ff)lqlﬁ E gagﬁﬁﬂﬁﬁﬁl‘cﬁ: and converting

i ‘{U)f’ﬂé'g dehal ogenase-encodl ng

et ES% utﬁ%%%cﬂ PR ohamisle fo a g@ym:uhwrb:yybutym acid ester or
afgdelr i ng hal ohydrin dehal ogenase encodi ng genes have -
been identified in Agrobacteriurn radi obacter AD1

(hhe®s ﬁ&ﬂ@f?&bﬁl@rfﬁmszlﬂ@'hefewn emlqermca) (cm hydmc,yamc acid

(ﬁ‘emy RRY ﬁﬁit@feb fiﬁﬂe [ﬂ{e%g Vv %q:(f%\ﬁl n B(Zt%nn 05?,] ayarude salt,

encodi ng er ’sp

tﬂw@aba@glgah ml]t (ﬁp ex@i}ble,(lﬂd@B(HEI‘)I andeig: M ?" ifthHe Gk REF hydrocyamc

tje Spelberg, T.
sl t@geoug E—i‘\El 3] -I;b]ﬁnkfl)a Iﬁg%uresftﬁ %li'_)furm A . E’J. van Me rode,
M W 4-haleei-yelrdk yBitykc. Brid 28erd anbsmides eritbRAYA e r?cltlce of the
y

pgf @b&gﬁnases are structurally and nechani sti

{08 TAR ePreRgfrg aGeading ma@ Biethods fleseribadthersins or
al(eZﬁHﬁﬂ@:ly,JmHgﬁﬂéﬂl@cfs tiRA afealdDLRAM td ﬁﬁswﬁﬁﬁ&%ﬂﬂ :

i d_sequences for these
Sﬁcgﬁg‘%géfg Crfbﬁ I oty S Parerg No. AP 1,685; Hallinan, et al.,

B il Bi6H BRBAM: . Bave hee . .

M%éﬁ%mﬁw&@‘eﬂw 41:740 (1972
Kalgpisw sl e ApplaMierabivh Binteohnol ABR:602-763 (KSOD); @ihd BIME Patefit 198

5hﬂ)ﬁqbun|ts 1 WO 2005/ 018579 PCTI US2004/ 004819
Cblynebacterlunz sp. N-1074 produces two HHDH enzynes,

one Bitablky |4dhlq~3-h§fdrn10ﬁﬁlqdmaﬁld2?er .'k'%a agmgélmbg§atés{ eﬁﬁpl?yeg én the
rel ated subunits
Py Sy 1 GrRistThyshion AERAP v dheveied A ancbiis regectivly:

|nact|vated under OX|d|2|ng conditions in a process
that |eads to dissociation of the subunits, has a
broad pH optimumfrompH 8 to 9 and an optimal 5
tenperature of 50C (Tang, Enz. M crobiol. Technol
(2002) 30: 251-258; Swanson, Curr. Opinion Biotechnol.
(1999) 10: 365-369). The opti.mal pH for HHDH catal yzed
epoxide formation is 8.0 to 9.0 and the optinma
tenperature ranges from45 t@ 55C (Van Hyl ekama

Vliieg, et al., J. Bacteriol. (2001) 183:5058-5066;
Nakanmura, et al., AWM. Environ. Mcrobiol. (1994)

60: 1297-1301; Nagasawa, et al., Appl. Mcrobio

Bi ot echnol . (.1992) 36:478-482). 10 The optimal pH for
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two Cornebacterizan sp. N 1074 enzynes and is 7.4

(la) or 5 (Ib). Polynucleotides encoding the

hal ohydri n dehal ogenase from Agrobacteriu,n

r s Wogeisefo ADI are provided herein as SEQ | :

13, 15, and 17. The pol ynucl eoti des correspon?‘;ér?g&tz?)04"004819
SEQ I D NOs: 13, 15, and 17 are variants that encode

the sanme ami no acid sequence (the transl ated+sequences
are 15 provided as SEQ I D NOS: 14, 16, and 18).

Non- nat ur al Iy gfrhng hal ohydrin Qe qgemhses can

be genera}{eu i qusifngjlknown et hods | g, for

exanpl e, {)F gcted t he
li.ke. Severgl _ill ustra ve met hods ar SCri

her ei nbel owgtThe ghzymes can be re |d:§/scr4eened for -
activity using the method described’in E>5arrp| e 4. Such
screeni ng net hodé&my al so be 20 , readilygapplied to
ﬁ‘@ .fying other naturally occurring hal ohydrin
ogenases. Suitable non-naturally occurring

haI oh¥ds 4 aloghatlegehAsnahé felis eensish @f&l iodine:
HHDH Bg’lgs 28 GS ( ern@sc?&ﬁfgng "Hd iodine;

to S
(&HDE}Q Ebb'ﬁ '\@é‘"% g‘o 1558458 epende D@Mﬁ@ﬁrte@ﬁm the3moptyeiisting of .
WIOSEAS)UOrﬁB dpHipbbhaly Shvskitted I%gvel( L1 ( Wﬁ@lé)ﬁbﬂ%ed cycloalkyl, .

{HH % ;) 2{? (HHDH Mzl / 4H6) ,

rm_[ﬁgn Ycsapstityg @)1 ag@p(lp;p{ljm sﬁl@)ﬁlmt@&rﬂﬁar( dtohhily
$ubStjtuted :

coog) gt i ST Gyl e it
s(umgq & ino, P0@ptiphdbiy sﬁmﬁﬁléﬁr):r alkd§2ar( sptihhlly substituted

03%%)2}}5%3%)1 p&&h l]g Eﬁgﬁ}u?e%ég)ggﬁsm gwgymtmted arylalkoxy; and

. S007 AR89 191ecte_d1ftom mm@@bﬁ%ﬁ@&)fan aﬂﬁbnlﬂfrsdbkﬁi@éd lower alkyl, an

Iy | eoti.de sequences at
@ﬁ%@fﬁ@ﬁﬁggg %fmﬁ'ﬂ‘d % @K SPtstitedes 4W@a@anb§@smuted
&Eﬂﬂﬂx&bp@dldl_ng to SEQ I D NOS: 23, 25, 27, 29, 31, 33,
, 91 93, 95, 97,

: 8,75 77 79,81, 83, 85,57, 89
‘;I%fnd % ea%‘gZ epg nt X%ectqgilﬁ:om mq_@gconsmtmg of hydrogen, an
crpasmé]grtsumdtmed Bedi 41k RalAsul
gy denal ogenﬁéi“s°‘?ﬁa% DANBERL SRFEHOR 5 gionlly
52 HBE@U@P%M&‘@)&M@W] use in the practice
of t hepﬁ’dhﬁﬂ? Bﬁbshﬂl‘t/e%n £dfER heef 8 E%Vﬂggﬁ&ﬁ{ A éfh%d%%éne&}m a

licatign entitled nmprove
l@ﬁg"lﬂ &ifieabsSuitngl eﬁéb%‘ﬂé@n%qwlﬁ uc:ﬂtebt ﬂod@sunple hydroxyl alkyl, a

lﬁﬁérraﬂ@lp,%Qlkﬂgy,tﬂowétaglgﬂgge% e ‘ﬁ% d‘ﬂ‘@“é mtro ammo cyano,

filed on August
halogen @56 help), thierand therlikeb O)thed @mua% saBéhtutamcgrwps tdfide carboxy (i.e.

ed d Hal ohyd 5
R} @RE LSBT ok, Sy kO G siter srobe), canbarmide Gi.an
a@éﬁﬂ&@pﬁmﬁdﬁgﬂ(tmfﬂhﬁmmb@toﬁ)cket No. 0353.210US,

fileg o Oqﬂ%ar% l;l, 4, and assigned U. S
app! i b3 eng PHSH R AsBLRerein S Fefesito panehed gr atraight chain alkyl

| graupohpdugfrad ohefoalbﬁuttkyx EaBbN RRE Rt rd J%Pstztn?@& b sﬁfaétﬁﬁed e.g.,

}—!ﬁl ohydrin d? gcfgenases that are sul
RS BE’PW&? Bityqrivey! oF atbergroury, inalnding o, mohgl, bthyl plopyl
nmtowlahibm RN sl ABYT nd the g&%fe' B rSRBARSI" refers

ving ordina

i %3(5'“ I %( entif by those
tq ;ggylﬁ@ol@tpﬁg hmgmﬁgmdé mhoble@carb‘orfatam Ia@wéll aslkterocyclic
.aﬂc?ﬂnoi\éilé‘sllﬁ@#nglﬁ%!npa t@m%(w’g'gﬁ %Ha easgg%;q? X r%tge negeroatom,

nucl eophil e 0f 1 nterest

enployed in the practice of the present invention
typically exhibit an activity of at |east about I
nmol/mnting in the assay described in Exanple 4.

Hal ohydri n 15 dehal ogenases enpl oyed in the practice
of the present invention may ®xhibit an activity of at
| east about 10 pnol/m n/ng, and sonetines at | east
about 102 pnol/mn/ng, and up to about 103
prmol / m n/ ng or higher, in the assay described in
Exanpl e 4. Hal ohydri n dehal ogenase nmay be provided to
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25 a desalting procedure prior to |yophilization
(e.g., ultrafiltration, dialysis, and the |ike). Any
of the cell preparations nay be stabilized by

g using known crosslinking agents,
as ?%érld]gg;gnpl e, glutaral dehyde or imobili zatPCJﬂ’SFQ:?‘”S""s”

solid phase (e.g., Eupergit C, and the like). The
solid reactants (e.g., enzyme, salts, etc.) may be
provided in a variety of different 30 forns,
aridrthé ottieregornoneesrbos a@ms. I'HepfvatonzaetorsRfahyY todﬁ'ygéiil m%gen or
S&&e like), solution, enmulsion, suspension, and %
. The reactants can be readlly | yophilized or
Spr aphettémebows AMeenyM8E Bﬁd%eﬁﬂﬂo%gféf fér‘ﬁe&&nchg@wsr sﬂ'ﬁxﬁ&t chain group
kpown to those haV|ng ordi nary skil
haying Ao or mpre dyublEdpsdpardsyan PETARISY 6 oarboatems. Lo alkenyl groups

lﬂ]ﬁ@}&%‘ i tlfe(ﬂré’(,ttib&’ Bf {B@greg&t At lﬁh' B?&)Q oy Ff JEFI tlzttgfted with the

uot s, hen ad to a pr e
greméqnbeﬂ berlemlu@ylgt foe cxquiie. dalo byﬂmﬁyl,dowermlkyﬂnand the like.

Afte L. Ofu s t
L SRRl R e AR I GRS s o o
IOWelf dkenyt fuiable 1@\fver aﬂltmey\ga;mpm amplogled @tthd pmaice of the pfesent

O s oSG B OB

"agyidost’ reftd hewit thGR&—Q rwtesepm IMHM)M -AUtERREL/ Be term "aryl" refers to
subst.i t ut ed- 3- drox g ester or am de pr oduct, :

moREY @w&? PabE s wvs BDBEPEG GiabpntgiAdackbone carbon or

hefbat!)e(mﬁﬂ ahd indBdad l&ﬂl@ B@ﬁ@cy@ﬁkgaryﬂgl%{l}?s%h 'hlet%rdc?clﬁ apfl r%}’cglpg

%61e sol vents for carrying out the conversio
aryl grouns s ok §rPvRs inhiphedkréng atemsinithicarematic ring are

cafbt)ﬂu Heg‘r?hcﬂbgl:ﬂlcea SURSEstW 891 é’roﬁﬁ/s%{&)iﬁbéi 3.{1{1' lcco Q%dug 4 8t Datoms as

10 or e i nclude wate organi c so
Ting s @@étaﬁt@tlcmwltlﬁbermaendeaobmt ang laf,onia dping n&rbon atoms.

| E}&ﬁ-k leELIoH})@ erh 19%&13&% s@sﬁ&{e&tg Wﬁxapreieﬁ% ivelifon mfr:lude ?or

e)’ |on|cI|
exppleyPlienyldpyridyl, myntredmsslf lllaphﬁxyb anat}e Jike.

1-b i Iuo bora
but b"f“:’é gt qﬁ"%‘% f%%g %3&3 y %iesmhaﬂ e geoup-
E)denipbl)'y ara'h&kyd: gro&ap& ineltle Bgmylepﬁolyl iané kmdikeg SaskdeRddSarylalkyl

e R oo ot s Sh b Sroup. 4
| usemhemh whmtenﬁyatymmyﬁewmioaw- WHHE RUS af BryRdlyy ent

sys ms_.have ter a? gne or nore_organic solvent.
R &Ry CY%\ Friters Berpindn R Q: owhern B a@ﬂptmalémmé@iusted
C cmg MRUE TSR hﬁn&'% geh
“co cg/|61|c=(:’te y inactivate the eﬁ;greﬁﬂ}é%lggﬁef 3%?%'5(;&81@%9”@“3“’1 |
iot“f?é alioilaring dpfersdiereinto thmsp@ R&{ whese Rsishydngensy s flens alkyl,
ganibe N 5 act |
and RO LPEIHEPANLY T et by ASENadREP MRS H AR IR A R Ynere R
s @bq’memllwatémed dtvalentzahpgattdredleai ihymag mﬁe@/tmwr& dastsbn atoms,
nt_c onent of an
so ke RXAAX for 2 3R SURIORY ForRAntEIE. e QREP hbeing: St tike.

aqu épmﬁ@‘ﬂ)-hpio@eh]stdmmmd beid egterSiof @dnﬁpddnﬂ UA Ghap Ha§ Be e@ployed
ci bl.e ar wiith the aqueous

in et B the ook g motvd e rvdle S g eyt s cstr
G. ez\,fmlneraﬁ leaﬂaﬁme BARCRY, RO dRE a5/ 15cREBeh Sar@TO i OB, n&efthyl
5%’ s ﬁted to be |ph%s|c w th water dIS erse
PR Y REYUR At 3T (15-chsyesis ochlagns Ray Ry R \A?nétnd Bhare
hy@QgpaOHE 1Cs ﬁl@ﬂhy&rgth)& M%@rﬂb-'?;shyﬁffdxlyb&t?gc ac:?] Estér% €., here Xis
desirable to select an organic solveéent t i be
readily separated fromthe aqueous phase. In genera
the ratio of water to organic solvent in the
co-sol vent systemis typicalPy in the range of from
about 90:10 to about 10:90 (v/v) organic solvent to
water, and between 30 80:20 and 20:80 (v/v) organic
solvent to water. The co-solvent system nay be :
pre-formed prior to addition to the reaction mxture,
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pH of about 9 or below, usually in the range of from
about 5 to about 9. Preferably, the conversion is
carried out at a pH of about 8 or below, usually. in
t e 266 f fromabout 5 to about 8, and nor
preferggﬁvgin the range of fromabout 6 to abgﬁ? 2004/004819
This conversion may also be carried out at a pH of

~about 7.8 or below, or 7.5 or below. Alternatively,

t he 1olcqpversion maybe carried out a neutral pH

bromine, RAHYUR’, R*, indr R Trge hirtrogem arsieR G ethoh)\ia6tE110brofBS- pH

i i Xt ure change, . T of .the
B R e Moy 5 R et By 1o Boand B4 opiyiosen, and
Riistrhethyln o] edlop3annanyBuyrd e aldidd Ol xa0edehi R', R,
Or,4a rrn € urse Or conversi on.
RA&IPt e?"%szfa\r/%#{fif"ﬁ%ﬂemﬁﬁcsqé Frg%j@’ Ry ltfebremat -y dreg byric acid ester
(s iwHgrea isAORRISR § R VIR R LA RS SR 0ES agﬁ%fg{]tgx@gy%a%d t-butyl-

u-taﬁhﬁ.%% buffers to maintain désired

YROXYRBLYEF poidkater el wherrioistinding Re, R, AR et R® are

h; 6€ﬂf'dﬂﬁr§£aﬁﬁﬁjﬁpé i i 1 12 p3 pd 6
%gn%i n%nti ods of ~ buf f. e%@ﬁ%tﬁg'{néegﬁg&%ﬂ?%fs@d%i’ﬁ ,ol}],andR 18

a jaer alkylp suchas, farerample, thsthutiehol] onpwpsl, when conver si on

to 23 I i C id.derd vative, is
oS B g P g POV gt pagoe gployed
indheprietise ofithe prasyptiinentiyn aclud kahlors alhlydick Mutyr@Oamide (i.e., where

, nd e like), in the formof - )
Xﬁ%@?ﬁ“&aﬁ?@‘%? g%sa e&‘&@ Rof‘reihﬁgé’&“@t ﬁ'-%m?o-%ﬂls’ﬂaos@hm@ amide
(irhehentX isHydninewadiRC, RG R, RS RE R/?/te;a’ﬁﬁ Ifﬂﬁﬂe?}ydild%e@qmr%do—?a-

LS PLL LS P

L ut i i 1 al pH L (pKa =
R Bl U S, Pl ok BiioR. g wttgen,

InagtthihiefibbdimeAB)E Gk i RS, RYARY, R éfﬁ|R¢Q§?_%N%%’eﬁ%y@\%%§tas, for

ani.de i s predom nantly present as

9
. extaﬂ’é’f%g}’ﬁwldéthiygobl’r@i?ﬂded by a cyani de salt, the

I eaCThe@hald ibktitBerit Sf IERILIGRL-B %gd%g&gu‘gjrﬁdaacgq esthy 'alqulnﬁg substrates

. or both to provide the desire apbl e acids
is Rrsfyally seleqteshfrein chipeng anddyemingde Pauiculer!y pefiriednse 4-chloro-

3-h?(?‘b%ﬁtyﬁ5géﬁie§telaﬁ-1$%ﬁﬁ  QlbsExaml e carboxylic acids,

sulfoni¢ acid phosphoni ¢ acids, and the Iike,
i nérabstifutedd; hyfimxybeatsmphcid bryals aftbdridesirbdiied B4 €2 nid@hods of the

L i LT

di hydr ogenphosphate salts (e.g. KH2P04), bisulfate

salts (e.g. NggSO4),and the like, as well as
hydr ocyani >a¢l dR®* The acids or acip? sed to
aci di fy,t hg cyanjdeflsalt may o al so
provi de a ¥ rTesul tin QR7RE
exanpl e, ation wi th phosphlori 15 WO

4
di hydr ogenphosphate salt nay be used toEﬁrovi de a
phosphat e bufferfed soluti-on of HCN i nlfhe phosphate

- wiew:f er range (about pH 6-8). Wen the cyanide is

provi by ,hydraocyani c_acid and a higher pH than that
o) Y%l’?iagf{eﬁﬁié!@‘gs ﬁé‘éﬁR e ag defioed &or strivcttugs 8A sd IB; and
ty pineak bafediidl fh s 9] _pfing a 5
- base._ to %rovideg?ﬁg&gggﬁgggﬁga.eghibgﬁgé ggg%s for
neut'Yieni4zpiq-3dyéox viyuyriccasichister sudisttatas kavingyhni stubage st

: y . ' d like, d
confEuRIATR: £al8 ORf oyl R I difonriSariones g

3-hydopybutyre ixidhester psadubts afesgeperaivd HEER)ve thé GaGEERAT@ompound IIT;
salts (e.g. K2C03), basic phosphate salts (e.qg. '
KZHPO4, Na3PO4), and the like, as well as cyanide
salts. For pH val ues bel ow about 9, at which cyanide
is predominantly present as MCN, 10 equation (1)
descri bes the hal ohydri n dehal ogenase catal yzed
reacti on of a 4-halo- 3-hydroxybutyric acid ester with
the HCN i n unbuffered aqueous reaction m xtures. COH O
HHDH OH O X OR + HCN NC~~I\ + (H++ X-) OR (1) 15 The
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15

20 base concurrent wth the course of the conversion.
Such addition may be done manually while nonitoring
the reaction m xture pH or, nore conveniently, by
USDNGsAMgsadIt omati ¢  titrator as a pHstat. A perucancsnodsio
conmbi nation of partial buffering capacity and base
addition can also be used for process control. Wen
the pHis maintained by buffering or by addition of a
base over the course of 25 the conversion, an aqueous .
halide salt rather than aqueous hydrohalic acid is the
product of the overall pracess.. For exanpl e, equation
(2) represents the over &l %ra%e s when aqueous
sodi um hydr oxi de ( Najt i $ afjded over the course
of the reaction to nal I ning pH bel ow about
9. 16 WD 2005/018579 PCTI Us2004/ 004519 OH O HHDH CH O
XOR + HCN + (Na+ + OH) gNC ORg# (Na+ + X-) + H20 (2)
In the -enbodi rent wherein a cyanide salt is added as
the base to neutralize .the Hydrohalic acid as it is
produced, the neutralization regenerates HCN and
intaips sthe total cyanide 5 concentration (HCN +
e BsRndl | Rad’ya0d Rolars a6 defibed fongsnictme M xt ure. This
can ' , t.e .of conversion . .
ot el LRI Sed he YRS R eafPL B G Blhsentinvention to
clabyreths sanverinn efxafiibklo-3-byfratyibotyri¢ 3did estpr @amitistotie - .

N T AT NI P

~ ofiaimdleiphila riThentetmsihajoblydrifdehflopdnag:" ai@ MHHBH"Srdeg ent

. omi hant | y. as in the reaction m xture, the HCN -

"@%rﬁgaé‘ ar@’tn‘?e&%‘“ ?‘bfﬁ%'}l?rﬁ? RIS St e reases AidhR@iessmbis vention,

caelyzaahseueearsion of a ditad] bﬂ&,i}@d@&@ﬁﬂéﬂm&@ darbox$it &ebbihide to a
QO X OB (Mt L, Q0 - Ney QR w(lar + ) TN (3) 7

HEh LVt TBRitEd sarbpegie asterrrismins: ardbss, fonexample, 4-halo-

ydrorbidtiric @sd eddran@er sidk B Ji-hﬁclergilQ SR hydroxybutyric

dﬁhalogenase¢catalyzed reaction of

agid sferAnd/oF aupidsx (eBRACH Y eY A Estpegscrse of ainudeqnhile such as cyanide.

ShitaARDotIARY HEOpRHLKS Hlualh: | ;
progreséggf t he converéﬁwgih%ggﬁiﬁ%?gﬁggagg%ﬂﬁ%Hgd]Sﬁl

dglalqpgaases; agiwell apnonanamrallnodehming HaloWydyinodehhlpgenases generated by

hRASESWE _ rtially buffered . . . .
react| oﬁgrgnlg?(r{ ﬁxgg{gga\lg{ééﬁ{‘%gy g%ﬁﬁ%‘é “8 ng% REBFAlY sCugying halohydrin

dehpdregndses anddalobpdrirsddhalogemse-eBdiig pol yiidedtided @ohid these

LS, jugate anion of a stronger acid, having a

d%%EBQQFéﬁﬁficantly bel ow the initial pH of the

' r eacNatorally obatriinghaloyeirin deflatppitist endoding & Have Eeen ic_len;:]iﬁed in |

redom.nant L.y, in i iQnic formso that, unlike wt
Adhecig gy itpactr AT (RleSdgabereisumians diald)

Cheebdbtanghysp. (Hned eRadingaR anh B UnodhE | Jﬁ%wc‘?@%p.o(ﬁzkmmz),
be maintai ned W thout

sy ucl eo,iles m _

o Yreahneirrat o GRK heRang. e 8o lokorah Miis, 1 E:5s L. Tang, 1H, Lutje
SpHBR| e Snlilig, I > BG4 0 L AGe 3% G Sari ;
gciedgghas all pKa (rﬁdé%ﬁ%ﬁlg Bt%ﬁrheg&%]Jﬁédgggerggi&&d.ﬁ.oﬁrgage&Dick B.
Tapsgen; thialohyritin Bghalegsnases atvaucuplpanet mech3nisteatlyreatad toyshort-
cfin H&%ﬁ:gén frﬁ&&%ﬁseﬁa?&lgg& 1|8 BadliSo1BL ejlﬁg.%%qas (provides

predomnantly in t |

 thecaypine néid e¢quenceh fur these Halvhydrinudehalbgenasstin am aNinmane

COMDSISE SRS AT oS brmriered o sme

exteite BEHH Fraii Afpobmidiunt @ dfobbdRrADERUShddtéteenc 3F BS k1D Slbunits.
aqueous hydrohalic acid. 17 WO 2005/ 018579 : -

PCTI US2004/ 004819 Those having ordinary skill in the
art can readily determ ne the quantities of HHDH

4- hal 0- 3- hydr oxybutyric acidlkster or am de substrate
“and nucl eophile to use based on, for exanple, the
activity of HHDH as determ ned by the nmethod in
Exanple 4, the quantity of product desired, and the
like. To illustrate, the amount of



10

15

30 g of hal ohydrin dehal ogenase. The stoichionetric

anount of nucl eophile can be readily determ ned.

Further illustrative exanples are provided herein.

Swia mbd/essendi tions for carrying out the PCT/US2004/004819
HHDH- cat al yzed conversion of the present invention
include a wide variety of conditions which can be

readily optim zed by routine 10 experinentation that

i ncl udes contacting the HHDH, 4-hal o-3-hydroxybutyric .
§éwelé§teewmcsp Mrtiodé pmﬂlbsctsrt‘ab EIHIHD enayeek 2R 0 WhicBlis RBiposed of 28

{ nd. det ect
B el Op B ot SRR el e b mdlr FHD (),

. HIHEDPEﬁamrpbms squrcasiisl eﬁl]f,i @faefivited UAGer oﬁm% ARk HAS g’xra process that

r,si.on: .of 4-hal o- 3- hydr oxybutyric acid ester
Fe%‘s g dpsgocpign of E’ﬁﬁ H]PLf”étS hsf‘ﬁ B@fqaf] Hi‘/[@@ﬂ\mnﬁyﬁimp%uo;&and an optimal

mﬁﬁ‘"é‘?i‘i O iR A e T e

e
| é@@m—n»&%l&gbu( E99) w 365869 e At omimal pHofar HHEH eutdlyRH efoxide

fo%gﬁﬁﬁl% ¥0% 6.0 afl %ﬁgml %ﬁfffrrat%%%?%%t@égﬂ% Eo%g?‘lg (()%g{ylckama

and typica oma

Vb%é;ptl abnl. Bagteribls' (ﬂmdi) M%S&QOW‘NaMﬂﬂ@lra &1 £PY1. Environ. Microbiol.

_ @%66’12% %QIO%E'%D%,%? Z?d Converﬁf o 0 L1(3992) 36:478-482).

'leiempohmhﬂ_ﬂl Ifdrehesl'dbéi-bé iedétﬁﬂ &Mﬁiﬁg 389 gfrnl)giélgg gﬁ%e?n %ﬁér?erd for the

Ko %g IS r al | owed to
g 8s é? htq gftfz’jz" g 6“’371 “d]zy’f‘ié%?ndéb?rﬁ ((fed er & by Radyrmaleatides encoding
thel bﬁbﬁ’yﬁhﬁ delfafipéResS it 25 oﬁﬁc‘ﬂrgﬁ{){ i%gg Db PAf)q %ﬁe};%{g]?i acicgmrem as

%; ed_usi ng known net {6t i 'ng
I, Ospﬂ%déc%nd 1§U|]fh&kplobmhétdtldchscmqmmdmggaSEQ ID NOS: 13, 15,

ﬁthHﬁR@ggﬁp “Yields of th :
4- nucl eoph JEeméts%dgst it ut@ﬁg éﬂm a‘%‘gi ( t@B?]W%%?ﬂces are
RS?V‘%eﬁ’iaé§ M@ﬁebﬁ,llﬁ, arkdd 8).eaction m xt ure are

ene I W wa al so be greater
- ? han ﬁ\g%gétugégga}k%rrnél%g g?‘s%bc%@ IZ %‘?’E?f? Fart lfc"f’ag?n% ysinglgown

25

30

 aijedsdndudiog, fer ramatesmutdgasiaiiidtted @%luﬁ’clﬁﬁ arid e Bkd. Sfbveral

4- | hi
B8t Pt et B Rl o oty armgnc

abtev:tyoising dtcadethéd d)em::ﬁﬂiba ih BRARHION. Muth Y&Ee b4 aIs\é be
ds that are knhown to ose

si.n
, r@aldf #'g zed %-dFl’%l 'ﬁ‘gto 1T Batprally ecopeing hgk)hyﬂmgéefdbggrasdseﬁntable

nnmnhthﬁllﬁhadﬁnhmaléi@dfﬁ Siltﬁgigt%ggés 1Ht§hﬁeet’ﬁ0§yc%§1%%96%1n¥ (d §EQ ID
Iﬁgv gﬁ haé) 8323 kP (HHD G104 28 (BH@@@EM&; 38t ( $01056858), 32 (HHDH

285
PSS D ST DAESEL 1°%s OISERNS) 3 gy ),
7 %%lesMé]r/‘“rIﬁ)e TH(BEPR FM)J %(HH:IaHmoypsz QREDPLEDY 94 (HHDH F9),

Sggfﬁgﬁgﬁ)gﬁ/%% [} yr I C ac|nge@5’e$‘?gﬂﬁ§%$%‘9%%i"hgﬂ%?{e

. SP%&%&QID,&& (BHHDHh §0&$9$)654J)t 28 GIHDR @00@211530)r yo@(m&bﬂ S01018044),

' QLEIOICaT s i e S TesBET el seosusson nammn

sawsm;f) ddﬁ(ﬁﬂﬁﬂsmamsmgtnagugg;ésro@?uzég)y neqna §ﬁ1 ¢

d
SO AR ol oindiol Somiencar Gpencody thewtaldiydnp! os
deﬂatmgemmG@hlmnh&e%rrésl@@ndxﬂy%@ﬂq;fb RV bei 1941 gh 31,33,35,37,

T T Aok B2 BREH, 96155, 5186, niom10REIOTONDOR Tyknd 15,

refpetivedy. OA dtitidnsf ed S t he
egi:r‘1anterpjfarr\9r et hyﬁ&{%@%gﬁgécgﬁﬁ@%? ﬁﬂﬂ ?ﬁ%g é%?é%*qgﬂéfee?&ﬁable
as (R have the identical stereoconfiguration at the
3-position.) 10 In other enbodi nents of the present
i nvention, certain hal ohydri i dehal ogenase enzynes
maybe stereospecific for one stereoisoner of the
chiral 4-hal o-3-hydroxybutyric acid ester or am de
. substrate. The process of the present invention using
such stereospecific enzynes nmay be used to react one
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tn

30

legshpbayt 1

20 products generated in accordance with the nethods
of the present invention are at |east about 80%
usual ly at | east about 90% and typically at |east

apauteoD&ss79Pr oduct purity may be determ ned Berus2004004819
conventional methods such as HPLC or gas
chromat ography. 25 11. KETOREDUCTASE- CATALYZED

PRODUCTI ON OF HALOHYDRI NS The present invention
f& l’hrsé ﬁ'ﬁﬁe %&&Yc‘e %?ﬁleﬁﬂ%q%ﬂé%%hb& argg%yv?c?edﬂn e@ﬁ{ﬁ%ﬁ)ixc(agyn entlt] ed,

"- hal o- dr ox ric acrd er o
bmweduﬂa@ohadm h)ahsde@nms ofzliRslated Palyintkl@%itiey," regidhdigg to

h t ed f th
ANt DRARRiof 1.3 R it PR s s 3 4D i s Cesmgticaton
smtjm(dﬂ)er 60HP4381, rad irhhe atbra Iapplfcaﬁ@i by [r&pra@édq{a@&{ﬁhn

tore c!(guctase cofactor and a

DR G 5Fs Pl B PrBndsrio s comamontonn Alvbmey Dorkeblibe

0333.310U8) filed 6ATEbBro8y 1392008 2QQ5H8L3TTE. appii
PCTI US2004/ 004819 m xt ur e { or LM o g serial mumber
£ 3ath ef which aé‘?‘:iﬁlé?fp'@ﬂﬁtedhﬁmm Wyoefetrmce in their -

e;&irétwso- 3- hydroxybutyrl c aC| d ester or am de. The
terns "ketoreductase" and "KRED' are used
i nt SRdAkge dehalogearsss that are Slefab}e fbnusalm the [pzaptme dfhm present

YERioR! cat aI
mr o dllj)C t?lgeﬁ&z P&Braﬁlpﬁagﬁﬁ-ﬁ@ge et o br c%urggg & ?1&51 1&1dent1ﬁed
bithpsediavigs ohtinap skildptinditging %el‘lﬁétﬁotﬁdebmﬁfeﬂ)hybkﬁrﬁjﬂé £ and the

B o] o ALdEr o RUER B8Rt e BF e Kk

dehalopenassis NWICQW‘ infhe P&eﬂccft&‘ 16 presehfi8vdnBbMtypfcRfl RELHWit an activity
Ofragerts t? nop- R)rotel conmpound t hat oper at es in

S IeRT AL 4 AU AR 1B.6Bs AR ReEHveg i agidast { Helohydrin
delhﬁlagéﬂaﬂe@ e ﬁ)ldyed 81 88 hraciRid Jrak ;ﬁ‘es%ﬂg iRednRbR rflag eﬁﬂp ngﬂf%ﬁ‘}.y of at

‘in the (gr actice of the present invention i
%P@@D#@érﬁnd gomefimgscit @astlaumtnnopmhmm)mg,l\dﬁﬂ)epho about

108 form o ni..c e adeni ne
?Jﬂﬁyfné%ﬁl'?é%ﬁ%ﬁ a% ayey fﬂbe? im E\am ¢éot i nam de
ade Hahdaydhiim deﬂamgbmaﬂe Jnay b8 ﬂroNRl@Jﬂt({ fhe Soactior Mk HAEE fbrm of
e. The reduced form of the

P““%FPS‘%ZE’P% %%ﬁre%%‘ﬁ’e(ie;[{?%sﬁteb wholtierdls ansforened xyithi gene(s) encoding
hampam dﬂhawgéﬂﬁsé{s)c OWRE Bdlls I’tﬁﬁﬁ&%{ea%@{ha&ﬁlgaﬁpheh%ﬁg%

ess, the ketoreductase yzes

resent
o bR A L st ta s omeel rsatst gt maa b dmployed ingrvariety

of diffeként Bymb hﬁclﬁcﬁﬁ% G (EQr Wo gfm&&? . 9)( ﬁﬁ?é baa tEg gg@'ﬁ? Semi-solid

4) descri bes e ket oreduct asé
(e85 2 grude pagte)- Lheseld priraptsias cdbly@at@snarbdq;aumw patifiedADPH,

prél&gjsl,iﬁg% am&lﬁfm D?ﬂf&l-(fe ggl‘g’fgth%g]tte%n@%t llagag & ea%?%og_tmlbebﬁqowed by
a qegal RO cedOR PHONRDY EPbiliZaddn (etgemraeﬁmmwmyma&hd #eQike). Any

FRLI t he uct i.on_of
of ek Bl bnsi B o6 B350 oY SRk i ey crosstinking agents,
such-dsafooeBmipj ghﬁ@thidé}w‘db or MhebiRatienh ol soﬁEﬂpﬁ@se e.g., Euper glt C, and
the]ﬂicll’ ude?-both naturally occurring ketor educt ases,

as non-naturally occurring

ket @heshhd&%%%(@.@@%ﬁdyﬂﬂ: Qts, 2% THEREL PRIVidY, {i’vé}ﬂety of different
fo n‘E]]u? natural |y occurring and ‘non-natura :

IB’éc'B I POWLH £5-Bol f¥arhdized, sp@Y Heed mw@th&s)es@nm emyjsion,
suspehsydiygAdaat Iike STH IS

S‘I%Iat udrﬁajll 'y occurr Ieﬁgi%%gaggéﬁa@?%gﬁﬁ%d]tb guﬁ’%{) (fiedpsing

mefjodpandaegipment thatare ke dhoge bavting orimuer kil inaheisral For example,

occurring KRED. gene and enzyne sequences have been

reported in the literature, such as, Candida

magnol i ae (Genbank Ace. No. 4C7338; G :11360538), 30.

Candi dapar apsi | osi s (Genbank Ac. No. BAA24528. 1;

G .1 2815409), Sporobol omyces 20 WO 2005/ 018579

PCTI US2004/ 004819 sahni col or (Genbank Acc. No.

AF160799; G 6539734). Pol ynucl eoti de sequences

encoding the ketoreductase from Candi da magnoliae are
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variants that encode the C. maknoliae protein (SEQ ID
NOS: 2, 6, and 8. SEQID NO 3 5 (CR1-2) encodes a
variant that differs fromthe C. nmagnoliae protein by

ow® ;nd/es7aci d change (SEQ I D NO 4). Enzymatlicc:r,,US20%,004819
reduction of O-keto esters has been reported for

carbonyl reductase from Rhodococcus erythropolis

(Peters, Appl. Mcrobiol. Biotechnol. (1992)

38 334-340; Zelinski, J. Biotechnol. (1994)

the poge3n g:glzt)on cah ba fidednate80°€ducmak ellcfubt%mhen added to a prechilled
Shim zu,

]2 lﬁgﬁ {?aﬁo%g%;)t %%pp@lg ioRg; aVé('@u;Qp pi}fter thevemeyal of water
fidro nlmmamples,(taa@ameﬁ@raﬁzﬁplaﬁlzmmeﬁezwm toH T‘H‘é"%’? m%x%ase of

‘gerl ved fr cerevi s| ae

BV a“%reé%%val ofghe lvephilizes emien  (1994) 58: 2236)

S
(S90g) 1000 1SAGRORER BB PRI ABAC ke cdfif e

BpYEtrimihe cogggpnding Seﬁlcleoalpmmmpai E&Wdrpldjiﬁult)&&tdsﬁﬂor amide

R borris TR BR1 AR B BTt e R EhirPfiG e ands
riseplalinin Bddpini.s Suitdde levaﬂmfoﬁ BN yingGR0 Sleiceidddion of 4-halo-3-
14: 731

_ hﬁ’?&q&@gﬁga&s@%ﬁ gra I{lﬁg ?(g é dld@fz?lgﬁle étrbsé%ifg?girz -hydwxybu?ync acid ester

ot amflednadu®-vertat or@at %leelftf@%)athyl adetate, RAY1 achte, 1-octanol, heptane,

il PRI RS, 5aaisad e iebiie b (Lo, i o -

nateiyfioktidgelias GethARbbEkRM - -Eﬁﬁi—ggﬁs{ﬁﬂglus@elzkiﬁrg [té%falﬁhbroborate 1-

E‘é’fgs hgp?{ g éO? 4028), or Sufolo atari
pehrligndazolivm hexafhigrgphosphatg anddhe @), Red ud@dmlasystems
1ﬁt¥hdn€&~b eous@b- solN@nt sZst@iﬁé ’a§§ ﬁw 1ﬂ<y Q:e?erreggﬁlaentg are aqzleous solvents,

Sui tab on- nat ur al occurril

526
' “kcl‘{ i‘ge‘éiﬁ'éltaé@éﬂu@éiﬁ“b@oIV%ﬁdYﬂtqns dentified by appl yi ng

k nowgx ORRGY; ﬁueo‘uﬁ c g F téée}g S?H engSI %i- lg(fc [EG S??ﬁe prganic solvent.

evolutlon

Iy gemietsil tap opgspisgolviet avetphoeht dém.’iqub@d cb%olﬁ%ﬁ@?&t@m‘k sekeRfed such

can be re plied to
R Py MR TTRARYRe oSt o dulliip e eapenmetiod
Agpropriaty ed-sqﬂﬁem systins calbbe n@dﬁgﬁeﬁﬂﬂe&w rHéa%hﬁﬂ[/% 8%5 aétn&y with
ereln as

€ a i.de
tl%:ﬁ % 331 ﬁnﬁ Flkgéﬁe %ﬁy@igﬁstenagtﬂeme @nmsaymscnbed
in( BEaRiplk4. h287) 48 (KRED krh320), 50 (KRED krh326), 52

-

| -(KREBlkrh408 54 (KRED krh417), 56 (KRED krh483); 58
E o’lv

(KR %megltmf A aBieous|cpAsOl REISEM may be miscible

| with 4438d0us l&rﬁ dRER o ?%ﬁg%ilnga #ﬁasfe égt Iaargbe %ily(sr%?szlble or

and 120 KRED S010 4648)

- ingiseiblecdh the a‘iueémwoﬂﬁémrw@mg v ligwd pheeei Tya@$Een an

u?%lNQ?isgﬁ%itl %Jtexg;}%er&élgyed? gt §S séeg ctegécl) be glﬁmff‘t’ gﬁgn'ater dispersed in

aTh‘é’fﬂam%l‘éQle,loy Vige-oramse.i ngerklly, oihexl m:ic@Sﬂﬁ; cobdtvedt stem is utilized,

I ctl e prese nt
e e Brlisavehl B4 chiPo Sedlreagped fom the aqueous
PIRGT| lOS2084/ %Mﬂ}%f viadhe 1 aig@ﬁit: s@P§lt itk b@@ol‘%zléﬁt 'sszétéﬂ is typically in

ek 8t Fi PP 204050 A S NG e a%g@ngf; TR teveen
S(IBZ.(Bﬁldl’ZD mﬁlv} biadib el eent i Waflr. OThe d%% %%tfﬁéﬂ%éﬁg Formed

30%21 appl i cation seri al
P réoﬁ itjqndo gﬁf gAtion ByPRee oftit By bﬁfqﬂnbéw sititlimpheaeaetion vessel,

Ket or eductase Pol ypepti des and Rel at ed

Pol ynucl eotides," 5 corresponding to Attorney Docket
No. 0190. 210US/ 15077US02, both of which are

i ncorporated herein by reference in their entireties.
Ket or educt ases enployed in the practice of the present
invention typically exhibit an activity of at |east
about 1 nmol/mn/ng in the assay described in Exanple
4, using the 4-hal o-3-ketobutyric acid ester or am de
substrate of interest. Ketoreductases enployed in 10
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XORS RL 41V where: X is a halogen selected from
the group consisting of chlorine, brom ne, and i odine;
20 and . R1 , R2, R3, R4, and R5 are selected as

deechishegk;d or structure A Specific
4- hal o- 3-ketobutyric acid esters that may be é’%(USZOGO(m“Slg

in the practice of the present invention |nclude

ethyl 4-chloro-3-ketobutyric acid ester (i.e., where X

is chlorine, R, R2, R3, and R4 are each hydrogen,

and Rie |a§u“@t1h§ﬂl\)6ﬂt (qutﬁydl aquertul 00-solBenk eﬁsceb:gtrygy I8 ;g{:b&tfel ed or
and

ubBuAGEE! ThY COEVBJSIM &f ﬁe)é d'ﬁ‘hg I'i]iyg Oﬁ.gflwmc)amdeqsfw pr armde to the

R4 are each rogen,

%nwmbﬂesuh@mwﬁmmxabu@ne i@ estér or @mide W 1R ciric out at a pH of
and R4 are each hydrogen, and RS

a:Béth ‘ﬂ‘eﬁ]bs)"%l eqeﬁyrl‘allﬁhe CRILVETSiqR: 15 FRTFigd ot ataebplé ahqui 10 orbelow,
ushally. in thetvange oXfrom dbodi Ny abidds 10, R?{plﬁ@ly, B0 GorR4rHi8s ga@ﬁgh out at a

RS t hyl th
Pﬁ ‘g‘i ﬁ@s"”@’%@%ﬁ%‘{? Y gl ‘5% F%flgég)? @Pm abputd. to abgs e Pxefersbly, the

e i i 9 T 0 SR W s
oqth%n% 8p%ﬁg@f§}y in-thg sangeof fiom a(bputé to abdne8e Thid ®nversion may

also @k Bﬁne&ut aRQ H%@abcﬁl@q ¥ Rl gv ?obu 3r oQ%ﬁgﬁnﬁaég}f 3:

is utyl - 4-chl oro-
c?‘?"eém“ Weéaqu§uéhnmﬁah§H = abléh?w R3, and R4 are

each |

ar utDs}m F&g ‘régurl% kﬁ? 1u1[1,ytll)e éllti %ha reagtion mixiyre gnay changee The pH
o§<thp sedgtierninixdure Ray meangﬁnecaﬁtgi daéire’ﬂr;ﬂi &fa\ﬁzﬂuﬂﬁ AeRaADH range by
t}érhgg1 23181 'ogarI etcpc%ry l)a\slﬁ,'cg ! ggéh?s goqlf'%?oqf ﬁgm!e%o% @te%}:qgwglg(x{hg ;:)I-I

clmgan@y éacdmtrolig/cﬁb)om araﬁtﬁlea% do‘ﬁreﬁt‘tﬁéitc&lnbnse's 3. bc&%lt aSu‘i‘tabIe

st one of
b ovver aqugqn deglﬁfgwi-g%ang?s(ﬂre g&%méhe %Qqqunclu@q,ﬂf’gn example

plosplmté bu% aﬁetﬂaﬂWnﬂn3bKﬂ$IOM tHE tife, E@dn%n?a?l‘bgg (Puffenng and acid or
bg,suba%éat es the structure of conmpoun are
&d %“’6‘64‘?% dBRED- cat al yzed conversion of t he

pr esAfllestiibed RbdRNwhén Ssversid tﬁ 4%5{{0-3%2 E)}Yxl?u?yr %Qeg%ative is

rs are generat ed having t

' d estsée
G0 Ereeyamds may bsproyided én the ftR'm offi;yailR@e stSty@i’UillRE!n alkeli salt (for

\ {
ci2h p@kemt:NE§@yg %d tﬁ% g;gfé) ngtgf DGt Jpdrogyanisacid (sasra gLigg

sofRfion), ot Rt thateph sléyckscyaaicaic;dae d wesldanid. i g @éiluﬁéns within

| th di d
oy v e RF BcE 2l el ik eseds e o pod HON i

eqyﬂ@@@mconm@amm nAt EHrvameaBﬂb@,abéut 9, cyanide is predommanﬂy present as
gHRl 0- 3-hydroxybutyric acid esters correspondl ng t
structure V can be used as substrate for conver3| on

o 2t Syt v o Y R, ARG fpfire i upically
b“[h[‘ef%lccir &?*8&%3 D%ﬁ)@ﬁg‘"@e theclesired pip Osmblazacidis forskklifecation of
ballc cyiide f2Bs soﬁﬁmnﬁﬂﬂiuag ?%aﬂlcaa%uﬁ eﬁpéﬂagfppe %?nongl < #¢idls, sulfonic

act or regene ation

}dgn@,o rl% V. The term"co
- acjissRiosphonic apifss epd thedike, mfneraéa@ﬂammmhﬂb hy@x@hﬁlnc:acﬁmt(awh as

hytlfbcﬂloﬁ@ﬁéiﬂ) Qﬂfuhb @Elg‘:}ﬂ-ﬂ)ﬁﬁlﬁﬁw algffi %4 tge lzl?e acidic saﬁs ftrheiample

cof act or .
dlhydrogenphosphate salts (e. g- KH2PO,), bisulfate salts (e.g. NaHSO4) and the like, as well -

as hydrocyanic acid. The acids or acid salts used to acidify thie cyanide salt may be selected

‘to also provide a buffer in the resulting solution. For example, acidification with phosphoric

15
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25 NADPH) . Cof actors oxidized by the

ket or educt ase-cat al yzed reducti on of the 4-hal o-3
ket obutyric acid ester or am de are regenerated in

I RoUs m by the cofactor regeneration

2005/ 01és7§9 PCTI US2004/ 004819 system Cof act &C /US2004/004819
regeneration systens conprise a stoichionetric

reductant that is a. source of reducing hydrogen

ui val ents and js capable of reducing the oxidized

acf‘ P Bhyqipeenphsrbate palt maybe vl dxprovide @ ghosphatt bofiered solution of
HEWSInehe saYoHa gatal yst, for exanple an
enzyme ﬂ?%ﬁaﬂﬂﬁﬂﬁimﬁgge%g?§1yzeg t he reducti on of the

oxi dVaewithe syanidstis previdedfoadiydioc papic doid avdAUsARADL tgan that so

£ [ t.ens ner at.e. NADH_o
crgﬁE@& dQ%u(-)e% %%EW%BEX? tg%’ﬁ%‘b’%‘-\fé%@ OF jade k:ﬁ%%a,mp hy adding a
bqsn@o providathg dna;cdrpér L&mdbne bagel GorRle@SARbIdN BRI anic achd are

orRHbl BIReE 5o o ey P e ko gyl

| h;girmmm@tgzmaoggmmnaﬁe@m@(te% ﬁBﬂCbW m%%onate salts (e.g. K,CO3),

an P.b@pHG@ﬁié Bdlyw @ Oat Q€ onfASTIR BlisEnt 38 CN,
I I °%§$neﬁiéﬁ%ﬁ?&;&&n i
3-BRIFDLYBALEe QmW'eEth Wil g rH(beWF' a%ueou ﬁeﬁcéion mlxﬁlres

cofactor. Electrochemc regenerati
hydrogenase may al so be used as a cofactor

, regen thon systenr Se ., U S t Nos.

, BSQQE%band QZBﬁ_EbLh,of ?2 +
|nco po atémRhereln by reference. oS cofactgr a)
regeneration systens conprising a netal catalyst and a
reduci ng agent (for exanple, nolecular hydrogen or

THeQoAF }101@6 e on :
oo aRsRonh s aELe S8 oy RIS o

acidep é‘F‘éﬁ@éld (rhe <P panses' th¢ piod élededtyldn ag:etnase dm@ﬁﬂthe %ous

' hyﬁfoﬁal&bgfcﬁi (e Let hang %ﬁl@{'\%s%] eé’u?r ngeﬁz ggé S g)rf &htg%g%:?lgp B-thB;e may

endent "enzyne

e
_be Dnagmt@ggga; thadesir@leABy etanME?uﬁ‘mrgl tebbiiyues, dbkdire buffer

e I uation (9) describes
"rhe gﬁq&c ose lg hyd aga% g‘hﬁ‘& Z’ gfgli“hgl WY PERIEad: erPyothe pgidition of a
basprcomz\m%nb\ylt@ the &Omee oighd:l eafersionNARIP) dHi thlll_Ilng b ddne manually

+ H+ (5 25 d ucose
Wh%e Eﬁ: 8‘ g’é%atg% beéctrmr%afrapgar TS )émeGrneatbe by ysing @n automatic

titrptoaed 4 plé staf. ARRMPIRGENST pariil %ﬁﬁhﬂﬁ; daﬁ&'rt?qu Q&te I'Addi dditipn can also

ally occurring glucose dehydrogena
beﬁgw%hﬂFﬂ¥ﬁ § 3™ bccurring gl ucose dehydrogenases

Nat Wih ke LBk IbHGARLINE S g gﬁfﬁ%ﬁ@%a&ea S Ovder HR course of

genes have been reportied in rature.

. *heé?ﬁaﬁﬁsf*@n ap pguephithalidg saltiabier fiag a@lbﬂﬁs?hy@lﬂbﬂahg e@;e lsums product of

theVRFaB sl 'Foﬁexa % @{%ﬁ’ioﬁ‘@% sgét ige %v%gaﬁé?é«%lﬁ%when aqueous

sane physi cochem
sodiyrs ydretide N4 t'sOH3tis vdded ostr t(aé/a:ﬁmtdf dhe 1@dctidh to mBIn®Bn an initial

Rl . Sci. USA(1983)80:785). The gene sequence
PO A4GES

'subtilis GDH gene, which corresponds to 24
WO 2005/ 018579 PCTI US2004/ 004819 Genbank Ace. No.
ML2276, was reported by Lanpel, et al. Q Bacteriol.
(1986) 166:238- 243) and in corrected form by Xamane,
et al. (Mcrobiology (1996) 142:3047-3056) as GCenbank
Ace. No. D50453. Naturally occurring GDH genes al so
i nclude those that encode the GDH from B. cereus ATCC
14579 (Nature (2003) 423:87-91; Genbank Ace. No. 5
AE017013 ) and B. negateriutth (Eur. J. Bi ochem (1988)
174: 485- 490, Genbank Ace. No. .X12370; J. Fernent.
Bi oeng. (1990) 70:363-369, Genbank Ace. No. 01216270).
d ucose dehydrogenases from Bacillus sp. are provided
herein as SEQ ID NOS: 10 and 12 (encoded by
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lelr?énts@g%?}%H%ﬁ’e CPBEEIgHD peiaepFEnes thag!

(GDH 2331), 66 (GDbH 2279), 68 (GDH 2379), 122 (GDH
S01024744) ;' "' 124 (GDH 15 S01052992), and 126 (GDH
501063714). The pol ynucl eoti de sequencest hat encode

t WeyBgod1§s9r ovi ded herein as SEQ I D NCS: 61,

67, 121, fgs, and'] ' 25,-respectively. Addltigj 004/004819
non-natural ly occurring glucose dehydrogenases t hat

are suitable for use in the practice of the present

i nvention are provided in the patent application

ent ti &4, "Inmproved . d uco§ﬁ“ﬁ@hydrog§ﬂa e
Q%SHWFR@EM&M Pot-yrere N OFgolf(lNa§+X‘)+H20
ondlng t 0 Attorney Docket No. 0352 11 (2)

OUS/15076U801 filed on August 11, 2003; and aSS|gned
application serial nunber 60/494 300, and in the
h?pta? evbogipsnt whgrein A cpavidersalids addedrps the base t@hmm the hydrohalic
2B VA 'isoﬁ'@&\?c% hOhRERalidE R gﬂegatg% %le{\l%ﬁi 8}%%}11%8% ota! cyanide

Pol'ynucl eot i des, ™ "correspo
cqeentoRivn (H@&isﬂmg sgB@g thepr edherea&&inmmafuye Thid&8%e

lication serial nunb; bot h, of
Rt L el ‘?&P’é‘{%%p Sheniie efrenys PLrepdh ginepation
deckraies. dior exaptpile SquaGbu @)S@rét&h&é IhOGRRATREceS WheRbGfedud sodium

sentltivention ma exhibit an .
oo PR SFE B el Sy BB oot pen Hon gaiatien s ntil DH. While
ths wmﬁdle”lie presat predominatddP HER3n k4 dlibh hifBuR! the co]'xgghtratlon
to about 104 nDI/nlndgg or hi gher
bwcgllyaméealtand
gl ucose dehydrogenase are enpl oyed as t he cof act or
regeneration system as the 4-hal o- 3- ket obutyric acid

ester ofPfhriRde is reduced 5P he ket ctase and _
NADHK o Rt"tﬁ'éa reShi i v 7@3 +@hieed) by
t he coupl ed -oxi dati on of 2B 2005/0185 . (3)

PCT/ US2004/ 004819 gl ucose to gl uconic acid by the
gl ucose dehydrogenase The net reaction is described

by Wherabaserdditijn iswhphied ® ﬂeh&al&!émi@li)#dfﬂha@cf a(ﬁ‘d%@éakéaﬁﬁmng the

ha@yﬁng %uli i%ﬁeeasgtcpté{_ly‘ﬁ%eﬁnﬁn (Oéji 4-1@5#]%—3?30}5%%&%; ;ster oramideto a

-kﬁlomﬂjcdtb:@&ﬁt-yﬁahﬁh yst@hr BREIES tHeQRoREss of the conversiansmay I?
ketobut¥||c aci d ester or amde is generdl

mgi ey {6 EmoRR gt bEF o o AR REHL. Tepjcabibiesaadded to
ur®ofreel G PArtiSASERY edsréh%hoﬁﬁnutlﬁﬁ ovée XRIRhRe of‘gm%’!ldt%g YR added in
co-sol vent system Suitable solvents (inclu
aquePUS SPIRERRS- syst ens) for carrying out thls conver si on
ﬁl Ir_lgHngnt. g@)ﬁ}gg@@nﬁ@ gg}ﬁev‘%r _E.l“gﬁfek?iﬁ%n%?g\ﬁ&on{g%l acup $aving a pKa
signifigandy belaydhoiuitisliph of ﬁle acictdorestlaticn, tie ducleoptiils. 1strmesent

an1des
el dn Y SAONY PO . Db N B HEOT oG af i Bapon i
reantipnb e‘&@b#dmgﬁ, elllﬁadacmbn nimbtﬁf}ffﬁfrﬁdactﬁhﬁommﬁfcﬁq@lﬂle@hay be

hal, o- acid ester, or anmide to the
miffufy e V&"g@l ?L}P%Pﬁm&&"a bagrgtitin EeRcyunpayhpeonjugate
acﬁhdfralzﬁié Iodirazaic adidak OPKRBOHY apd e c@ﬂggeﬁe a&éoﬁﬁﬁ‘ﬁé HNithois acid,

he COI}I§ rsjion js carried out at a about 10 or

haB%P&ﬂ/O udMCHUIEL Aenerta gaL. drese B?Cé?ﬂph%@fe mWeseat prodnreinantly in
thdiPanidipiféral, Ny addNG? Fb‘éﬁ‘écﬁ\z&? Tﬁaﬁﬂ ehd RAAYE ﬂ? ﬁ'n\mﬁle
of about 9 or. below usual in the range oF
CORREISES agueis 4By pndgpitrity @ftelieatﬂcyvelr h’éhfnvnacelos firosuch mxxtm es
reledde wal Ly in
RS bl ith 1B Bt pE R S Dbl gBlgriiiGiend 1"
preferably in the range of from about 6 to about 8.
Al ternatively, the conversidn may be 20 carried out at
neutral pH, i.e., about 7. Wen the glucose/gl ucose
dehydr ogenase cof actor regenkfation systemis
enpl oyed, the co-production of gluconic acid (pKa =
3.6), as represented in equation (6) causes the pH of
the reaction mixture to drop if the resulting aqueous
gl uconic acid is~nottotherwi se neutralized. The pH of
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buffering capacity provided, or by the addition of a

base concurrent with-the course of the conversion.
Sui t abl e buffers and procedures for buffering and

swigd abt/eisbases and procedures for the additi

base duriﬁg the course of the conversion are ?ﬂlgjér?"‘;sﬁ /804819
as those described above for the HHDH catal yzed
conversion of 4-hal o-3-hydroxybutyrate esters and

am des to 30 4-cyano-3-1rydroxybuyrate esters and

ami d&kose davipgouigehy Hilbnthe POTUISAHY/Iet0m ik She uantiteeof HHDH,
4 gto03- ricakia! ' the ..

e R A e AL, Blg b Boptle g e based on, for
XIS disy agtivieoeid TdBHyad dolgemiaskby the netifdidh @xkample 4, the quantity of

| At O, Waen -t h i mai nt gi ned by buffering
PRASBAL 0B o D B it e
orggidess onp terangai GonsabghLgnn abeutSab /i @itelboktNdg to about
3@%&%&%}{&0@‘; aci d ) S t.he Fr oduct of the overall )
~'pT 0CESS. B SR Lhe YeialemsticEmouptefmugleprhile eancbe readily
determield] FpribadbstuherxaapRons ppodidimapygr oxi de  (Na +

o) i.ts adg%fi.ov?r t he coursé of the reaction to
mai NARRIC CRuigRS 165 carpingowt hrHHDfi-gatelyaedcankersion GFhy present

in@RtoXinbhidd @QRvitle (MRIorSbMEHRALGhid J}#‘LQ( fily Ghtmizd by NS
- base additjon is er%]pl oyed to nelul%?a | zrggdjﬁ(gp?éTlﬁg‘gPﬁEouﬂne
CXRETRC AR dad doddules prptactiag the HHDH, 4-halo-3-hydroxybutyric acid ester or

anKed QMesie,Ad B & 4 - :

M hal o 3okt g‘ﬁﬁt@@pﬂl%ég‘gieéﬁ%ﬁé‘ﬁﬁ SH g temocgtpag gnd figectin
prefush darepginnleossingtbhpdihodedrastibedif, dRtEXampRy 9fbgrcaa h&Bin. The

. t ‘ ess e.conversion may be .
S SRS o LS SO G LA Rl i et

subst ey pihydiokybutisersidaddedr dmide WppkAIBr Qe ouPAalth@pdriture in

th@xléﬁé/ee&ei‘rjmﬁ% %2'19‘33 m E(turgss'over the course of ) '
conversi on°are Add@d° T 7715 Matreymsally thetrpastion isThamied out at a

terhyBoratBre ih Cthd?'ﬁah?; SRRUSIRRGE G ko BB 55PEHngUBeat§ BOm about 20°C 1o

i nt erchangeabl'y herein to refer to an.
2bqyt b (e bohisastionanayyalre be laried attalndzesnbibe comdiNgissi on of

for Iﬂﬁl‘i' ‘ DP t arb i oxi de, and NADH or
I\lADPﬁCI{IEﬁI= ﬁr espe ?:ttNl?ge ecf Vi p{’\IAol? {)3 S}?&iﬁ‘g‘rg"ﬁéﬁﬁ%. A getepgramide to
4-rszalepplb}e@ubs_iitutﬁrk?hmérokj;]tﬁty%:acﬂ BRer laf arh{¥@ iPLBSGIY allowed to
nel ude bot naturally occurring fornate
Priﬁsg‘?ﬁdﬁgﬁé éﬁ.ﬁ?g@‘é@ comglefgor et SompBlste comaraipn 91 sitbgteals. r Comyersion of
subfstratigne prodoke eyt boOg SR ABES s R Sndiedig
ri nctl de .thos orre pondsildr%&]t 0 %IIIEQ I D@k%ﬁg@&g%%ﬁbsmw ar%d/or
profpd e§8§%%%&§g5 malﬂée g5 clhueHRtnRph o BLGi 4nl thenikec HY ialde of the
4-racleosiild shystinabd/ ny el : ding 1
| N 6, e B e i3I0 PR i edcion
mixy B4 gEeates Fsh abatl S0%, mhpalse he gicsier tbn tvat 60%, may also
be BiegSihhn b v, r I rrin r non
e Ty Wl R AR MR A0y v i e han

25 naturally occurTing, exhi

. abqupBd%. about | prol /nin/ ny, sometines.at |east about

10 m : st, abput .102 nmol/m n/ng, up to _
abort® ABIEe Alosihuc S e AR 5150 st iidedien feysolicted
ﬁ'O@dh%@n@ﬂJZﬁmimtmtﬂd\dpﬁynaﬂly phﬁﬁ?]cﬁﬁﬁl@g’m%?@sf ek fcr{(‘)wfn to those
2 : sed herein the term"formte" refers
hay ? % oirngrﬁsgﬂgﬁnit%en“g WF?S th?%?rq’?ﬁcé‘l%ﬁé iyths ExpmplepH) | and
mi xRrafoeed #HmleDhydrEOLIRHE afiB¥stBeoiadt it Ik M

. of.a salt pically an 27 WD 2005/018579
MVEPR GEGA) %%‘gé gigr eoél“!@aﬁt theo}-pasitifsn sy be ra¢émic or non-racemic.

Cereatiahiglb dﬁﬂ@@ﬁﬂ?ﬁ:ﬂé@é@%ﬂlﬂé N L Lhe farm
of foI?{m c acid, typicall ysﬁggﬂg%{}go'%ég%%?tge_g%se&tmanqmn
m xtures thereof. Formic acid is a noderate acid. In
aqueous solutions within several pHunits of its pKa
(pKa = 3.7 in water) format&8is present as both HCO ;
- and HCO2H in equilibriumconcentrations. At pH
val ues above about 5 4, formate is predom nantly _
present as HCO2-. When formate is provided as formc
acid, the reaction mxture is typically buffered or
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10 equation (8) describes the formate

dehydr ogenase-cat al yzed reducti on of NAD or NADP by
formate. HCOZ + NAD(P)+ FDH CO2 + NADP(H) (8) When

f &l format e dehydrogenase are enpl oyed as the
cofact%?ﬂgggeneratlon 15 system as the PCT/US2004/004819
4- hal o- 3-ketobutyric acid ester or amde is reduced by
the ketoreductase and. NADH or NADPH, the resulting

NAD or NADP is reduced by the coupl ed oxidation of
cowicndhectinl sdbstan takhe gicganolB hydrexfbatym@tacid ester or amide with

. d bed
o T DR B RS, e cvica
4cimatb- mydromfatmaaﬂst@f oﬁﬁlﬁldéﬁlthMa?bé‘ﬁonﬁmd\f%);u”bgﬁﬁlly

Equatiqgn (9) shows that

. .
°f Xé‘P%f?CSWﬁCa éyadlér%‘ewd&afah‘ggec 3Gl s¥tergr amidequerducistwithdittle or no
16y & REPebRIBIITIRYVISAnpRE shdiRerhBOHGEAO Bf @k i d’PV@]ﬁIOH %rovldmg high

4- hal 0-.3- ket obutyri C acid ester or
rHGR CERRARIPII A dBsecanyeitions forpieegmmg starescheutistonthe

eRIBoMONSIEIRA 4R fbrd B%ydlroﬁﬁﬂtyrlgi{g d%% El?]ao{’d as I?.ﬁ) ffﬂd tlée enatlﬁlorner ethyl

reaction mxture to fise it
Hsipioe}-Budrerybubyrats designiattid fai GR). ha¥i thepdéntital tsteesoc@digiiation at the
3_b§hgﬂ$ may be nmintained .at the desired |evel by
tandafd buffering techni ques, wherein the. buffer
1 el eliggbergmbodinentspf the prdaent huvfehtin rd@‘taﬁﬂﬁﬂ@h)ﬁdﬁn dehalogenase

ed, _or b ddi t | on of an concurrent
B S e Sor i e ez lsaisSmgnor B b Bsiodchdsonbutyric
acadi elsteiwr iamgiet dubstﬁa&u 'BR pedcedshe tl{eq:ﬁgdcilﬂﬂvélﬁoﬁrﬁélﬁg @cﬂ stEH:@speclﬁc
e or anlc acids,  fo exanpl e carboxylic

gmag ?}F fl%@ﬁl @ reget ope Stefﬂ%gﬁﬁb?ﬁ acstngzggneng Aixuppeot]aj 4ckalo-3-
hfﬂrﬁb@ﬂ)a{m id Gtidestef & an'g& e &Qﬁﬁé Q}&%ﬁgc > D C\#}ry%gfé%éaqrﬂ)%%g other

angpe hydr ohal i ¢ aci ds (such ['oric
SIS RRFiC pnially nesprish therehy ipamdmla Kinetic fejdbetionad it raixture.

sla_lll2 tA,fufftm s@ﬁﬁeﬁh%hﬁa&éﬂéwgﬁﬂg EP&E&E@%& gﬁ} g{%e guw of the

bisul fate salts
4~Pa?1t=%113dp avbsymmde?rbydrewbmsm mldleﬁelacmadnda/yhedwts)gebmhd is very

httgﬂ %1&19!!&'}94 feed g‘&%&%ﬂ&(@gdrﬂﬂa% r%c eHs\?r{lldsgs Qfgcu%r% CHStlllo Jaon _

are nmmi ntai ne or ex
Tynieallystha purityied 4owmeleahile pmlzsn&mfsl &vhﬁdroiﬁmr;m adidiester or amide

o R L 8o o i G e st aons
8% rusnally dt b?aptrabelatrﬂO‘V@ amh@pmmtueast Aout¥302 PoddddBurity may be

n1xt entratlon i s maintai ne
devﬁi& f ; ﬁed & vleall Qegwdﬁ fe ﬁggﬁ% BesehroreateaIeRdy- f or i c
aci d. O O-KRED OH O X OR + HCO2H FDH X11t' ~ACOR + CO2
NAD(P)H . 10 HCO2 (10) When acid addition is enpl oyed
to maintain the pH during the ketoreductase catal yzed
1Lr edUCkTOREDUCT AbEIGh P4 BYSEDOMMO BTG 18K ok AL SfirfSRINS
ami de using the fornmate/formte denydrogenase
cof a@F&lGSP@gEYFéP“éH fugtherppesidanantcheymatiognatles] fof ganbeting a 4-halo-
3B 0 FRsR ﬁgﬁltored by the amount of acid
ﬁﬁlﬁftggnglntglﬁm#ﬁl Typically, acids added to

(@unb e ddiag aérhaba3-k¢tabdtw¢mid St dr meaie; ion mxtures
queous

over the rsi.on are [
sol uti ons‘,’&‘%ﬁ’%@%?%m%& et if pelétied @ecﬁmmf@ Hteg&f ehlorine,
bromingnaniddodingianther the OX|d|zed or reduced formof the

ofa tor rovided jnitially. As described

®Lpoy enta tiig the. ? Talp upyEig afid esier %‘rf’“%‘?%f"éhﬁ&éﬁ?(ﬁéﬁ?tgse a
coficiotl] @ d, cORcRE ependrtion sPstérk Ahde® doh B tis sWRlbR tol 8} RSEction

utilized in the reduction of the ketoreductase

substrate (i.e., 4-halo-3-ketobutyric acid ester or

amde) to the correspondi ng hal ohydrin. As with the

hal ohydri n dehal ogenases, the ket oreductase and

enzynes of the cofactor .




1O

regenerati on systemmay be provided to the reaction
m xture for converting 4-halo-3 25 ketobutyric acid
ester or amde in the formof purified enzyne, cell
g%baﬁgku;%gll | ysate, or whole cells transforned w
gene(s) encoding the ket oreduct ase and enzyneémgﬁmﬁﬁﬂmmsw
cofactor regeneration system The genes encodi ng the
enzymes can be transforned into host cells either
separately, or together into the sane host cell. For
mixdyes rfer Cenvﬂrhngnhe 4dnﬂm@l+1a&@butynm acid ssitr o lurhdestb tigd-hdio-can
g W th toreduct ase encodi ng gene(s) and
hg‘gré’%‘%@g&sf’e ceasﬁe"ﬁ *RN5°2005/ 018579 PCT/ US2004/ 004819
be ThedernisOkawebdutitbde" and CRBD" ﬁl%@l@@ﬁh@t‘dh@ﬂgeﬁ}f@th@mn to refer to an

FDH, and the |ike) _encodi
enzémﬁi%ﬁfﬁ s eS Gt oo L AP eEh A BAep Gieaagetio of a 4-halo-
3- kﬂﬁ)bthtyﬁce@bld eaatdr amided o ecoh@afohdap 4- tmoxi MY &ok Pt Jnﬁf (Ejﬂel or

— % gh eIIs or cel| |ysates of cell extract "deri
amFie

ytic RCHEHNRRY %qieijectgl 1A 88 pssap puch@s thahdescribed in Example
4, &fe@[bgfoqr msd W th genes encodi ng both ketoreductase and

a 5 cofactor regeneration systemenzyme, such that
' eac“hS ysedl hergippthe desas "o fictor'kistany lodunobaseteiandmptingl that operates in

en
COHME@I%{! ﬁ{let}'i\ aﬁ %ﬁﬁﬁﬂcﬁ&vi&?ﬂ git?!&&e?g%e Tg%.é{l(){l Wg?rgsrtngalttﬁetqﬁ)factors
empjeyrddn tht}@émqtlng okibe preech! @tvastign iacladd MADST (iegRamidetadaine

* anBIRATLIETS, ¥ IO, Sobal ogensde,  Toese

dinyaleotide plmspmane)pm\n dee. ;ﬁimt&nmwmelhlﬂe &hﬁclécﬂfd@), @hd MRADIEEG.¢.,
10 descri bed

cel S or..ce tract
the il ST LNIRRoRa yRlE ke boRibim e soivcia nevwmted by
redlldilg thobiidized asth@bdt witll h c&factor RPGEESn spddrh S, cof act or '
re egﬁratl on system. cofactor, and the |i ke) may

ISR RoCey fideforeductasg sagaliars tiegpdnstion atthe d*rlwglp
-kﬁwuﬂﬁ{c de®] @ter of ¥ARRIYIEEAduSR F @ éh@ﬂyfa ﬁqﬂ%hdn (-lf)e&escrlbes

ution, enul sion, suspensi on,

the E‘?}%FW% $aighyzedusdvctionf addulo- hk@thbutm:dmd 00 b NADH or

. NADPH weERR ﬁfefifledﬂ)r)ése\ﬁ?é'd)ﬁs deasnticy A1 éife&gnahﬁﬁ ]\g\%@ jties of

20

30

4- hal o- 3 hydr oxybutyric acid est Sired,

and concomtantly the anmount of ketoreductase

subst rdate enpl oyed. The follow ng guigel nes can be:

used tjo eterm ne the anmouptsy of ketore uct ase,

cot g +cheAREDa r+ H*egeﬁef—at i% Lok NAR(P)'
Gbnerally, 4- hal o- 3- ket obutyric aC|d esters and am des (@
are errpl oyed at a concentration of about 10 to 500

?\g? 8‘{]‘8 gﬁ, fro bout 10 rrgt t o about of
crarednctases that Ga@gng@utt he g:ggs;}tong)f ¢ l'@fo 3-ketobutyric
aclde@feﬁGﬁ dide Th @SﬁlohﬁléyMkﬁqurﬁ Ak e§ﬂéif il anhifle H&ﬁld@%&h%ﬂutaﬂy

kly understand_ how to vary these quantities
°°°llf8¥1$ Wrefeaiasesd ap well G%E‘Pfr@ﬁiuﬂa%wmcumng]dwmmmgfnmtdd by

- hun®f MaBipRfatioR "FORARRHIP Hatm%ﬁg boRkx n%a%g QU 'ﬂ%ﬂg%a[lls( occunmg

cofactor r egeneratlon
ketopreduglasss ﬁ%kﬁyfedwiﬂefﬁecﬁkmqlmnkmdes indhateeaiose IﬂeetchBed herein. -

gggfé?g?lgﬁot %‘gfd?gt R y?{es K&l bel ulé 1t8as\$i61? ?P‘gxllgtlé))iz l?aé:iena fnd
Yeaﬂlﬁ i Peveed nanraﬂlwemna@mn g!:me &ﬁi @GneBt@Ended hete Hakn reported

in o HOLGLSLISE AT 52 BB GHEREC AL rarsossy

Conlligh puegildsagSesbinktAaNe, BAhe458de G108 1 2R, ts'psﬁbbez‘omyces
reactants is not critical. Thé reactants nay be added

together at the sane tine to a solvent (e.qg.
‘nonophasi ¢ sol vent, bi phasi ¢ aqueous co- sol vent
system - and the Ilke) or alternatively, sone of the
reactants may be added sepa#tately, and some 30
together at different tinme points. For exanple, the
cof actor regeneration system cofactor,

ket oreduct ase, and ket oreductase substrate may be
added first to the solvent. 30 WO 2005/ 018579
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reducti on of 4-hal o-3-ketobutyric acids esters and

am des of the present invention include a w de

variety of conditions that can be readily determn ned

Q% t ha e having ordinary skill in the 10 art. Suitable

t ﬂﬁgp {¥7es for carrying out the PCT/US2004/004819
ket or educt ase-cat al yzed reduction step are typically

in the range of from about 15C to about 75C. Usually,

the reactions are carried out at a tenperature in the

. ferab
R AREKD, B0  EI AT ARGl PRt
thedretredicinat fremdenmdidatmagmblioone ptoviled as SBQIID NGO 1 (CR2-5), 3

alein. Sel pesosse Gl R 05 el g7 oo

vprioteibat ambdd thes:smgnoahb Prova B &) WOS1296, 268 9P| SHEID NO: 3
tie is observed using met ods

GRIBT &R mwfﬁm% 1515 fromyihe (megieolia PiRgHRpY poe amino acid
chefFa\(omm tahzgm rERElibPoy B-kiiE eaég%fée%h Wbo géd fora

t he ketoreductase catal yzed reacti on

o ﬁ@ctustasm@om Rodavsenits eofthiopelis (Bﬁteacﬂﬁnﬁmﬁdb.mﬁmgchn_o _
(@5?583'334 @'éln‘fﬂf'jgﬁio tRlol. (5'39(43;35 hgk)\ %Zf% Clﬁﬁyfie Feguctase from

he” parti neration” sy
Smeéomam@@a@wmoidméd(umm (Shifmézu, Biotechnol. Lett:«¢1990) 12:593-596;

!@E{ %ﬁ@?@ ME{EI%B il ?é%% g@ Qéﬁfj gﬁf@ ° pz%{;jﬂﬁts ggch as M? pefived from S.

cgengnalleOra Ghe snyet)aﬁgmmwlbpme@h RibeheRr. PBOY] ’6832‘736)

hutyric acid ester c
SEb e B, Mo el e Shptnyes

sy {BivkciOBiofsth OBiotlfm. §B198Y §1:605; Whjahesd pﬁf%hlaﬁdb‘}‘i@alt%nhP%G%O)

C% greo el ectivity at the position
b R b it Kb YT 08 @wdgemm@nszs (Arch.

B@hélﬂ eBﬂ@ﬁﬁ:ﬁr ﬁ@gﬁ)t '@Qﬁfﬁgﬁ@lo)ﬂc%gm; & H%luln

etobutyric acid esters an
Ut%%) EhY?r I hays begp u%adéorﬁbﬁ raduglésnraf ethylehloked orddhisetmgBCAA).
U e 26l NG, 168 9@'5 addc dﬁlﬂ:@ e fse gﬁ%lyééq%’]ﬁdlgpg(ﬁggetnx& Ttiaht

ener ate ﬁre erre nonracem '
ywihobsdydshydregepased AD St $hdrarnngeralmne beacki{IACS

2 kSR B i BT

P-E(fdwpd?ies sp) (ILL&tBaaM: 5,385,83th ddDe Ghamp(1093)di7ng26) hy |
with, greater .than 99%

b, SRR %’ SUPHE K Brerclisha tatsrerdy RRicasLoy apiying
klmwﬁ metheds! lrrcnfdarganmgeha@s abeatddlutidhf fRBOGE:, RATWeE By

sinBloseiiy BriEd e Sieng oo B g?ggy?p?;gaaygztggqryneﬂmds |
cdnibe@eadilly aEf)Héd to nﬁﬁtﬂiy(bc&umﬂ%’ﬂ?e&&eﬁ(cfa)ses, nﬁ Wdn r%;th& ones described

Percent e, e. Enanti o
hegip J&iemplay e%ﬂhn%ra}hé a%ﬂunngcl-fm tstsaseployidedhergintah SEQ ID

NO3S 46 (K REB Y9330 %2 (I@tﬁ@%%ﬁig)g ﬁ% Eﬁﬁm‘ 1&111593%' (ER%PhkthST), 48

her ei nbel ow, and usin are

(RED kh326) §6 (KRED ka@@éb S2\JKBEDt krb408) rfainKREIoh4 1| FEIKRED

o S B RSB TiRall sEBE, 118 e

SHERLI eSS BRER %ﬂlﬁﬁmsy aad | 2OHRED SOt ﬁ)EEles)eSleﬁtpolynucleoude

{1
segBRRE hRllno bl SH S horsin o SR Q TBAYQF: %L 4% Mo, 49,51,
53156, 5% u9s t NI B119, mauad, Iryspea%gp ddstiond fdh- ﬁdt&railﬁo&ﬁmng
stereo urijt The conbi nati on of  the

i Gt GG gl orkes ot BRRGHRRA J3emesenbinyign are rovided in
production' of the nonracem ¢ 4-hal o- 3-hydroxybutyric
‘acid esters or am des and the high stereofidelity of
the hal ohydrin 10 dehal ogenasgg-catal yzed conversion of
themto the correspondi ng nonracem ¢ 4-cyano-

- 3-hydroxybutyric acid esters or anmides provides a

particularly attractive inventive process for the
overal | production of nonracemc
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herein, the term"purified" refers to a process in

which a separation process is applied to a m xture,
resulting in an increase in concentration of one

CRIPH el ative to other conponents in the
n1xtu§§ﬁ&¥%itable purification processes enpl Sy&fSp{4/004319
the practice of the 25 present invention include, for
exanple, filtration, solid or liquid phase extraction,
distillation, and the like. If the

the pafeel-appligation rytilety inproved KetoesthseWol fithi@:s hid Related

i fi .om the k t t ] i xt t
PSR 5 LSO 855 RECH A s e
Angisbph 2603; asdhseizned UsS. BbgitagiCseridl@Mes 6099505V &t the patent

. . he hal ohydrjn dehal ogenase and
REEHEThATED. Yous SR ebinbrorobamw pimusd Bolaio Babmocicotides,

fggggﬁgiﬁlgiﬁgnﬂvuﬁcﬁg&%?E.ﬂoﬁéh@o%ﬁ%ﬁ%éﬂvﬁcﬁ%g

- IBeErsrPtREpnd Ny BUheRIegtiteiey. D ESTER/ AM DE IN A

S| NGi&tdENt: L : | tion. provides .. .
o UCRATAG 558 Ty 562 LU R o
agliyigy ofiallepstiaboutdi f-dmléélliehhngl Burtble ?Sﬁsdwcﬁbgzdﬁxhﬁxample 4,using the
QAL 8S ' 4-nucl eophi | e subst jt uted- _
S TBURLPS il Ul B RSl oAb oormoutanes amployedtin
thepmaticen! tegsakat khauemhbe o ERrRY hdiviy 31" &t‘?&{sﬂf fuB8mb DS to

e W a

4- hal 0- 3-ketobutyric acid ester or an
aﬁ?@Wﬁ‘r"é‘d’ﬁR!F@%’@f}ﬁ Hidsemngémes at Jegst aboftaldf pmol/miiemey at foabout 10°

Lﬁ%ﬁgﬁﬂmmg%wmﬂ%kgophile, and a hal ohydri n dehal ogenase
: a

to form reaction mxture for converting the

4- halcha®-kbttobutynie acid. extdrs atﬁdeﬁiﬂé@é’m;ﬂB%@Qn HR practi®e of the present
- hydr oxybutyric acid ester

4~ hi | e.substituted-

‘é‘?"ggéiﬁ!‘ %g’%%%ﬁ%gﬁ PBE°¥1%551¥ P&?W%WF%G%‘PW loyegagthodse Exeraplary 4-halo-
Sphetvmtyic avidasketudseachasee otV g the $UBME Rj:-0n of

the 4-hal o-3-ketobutyric acjid ester or amde to

provi de the. 4-hal o- 3- hyggo y ic acid ester or

amde in sit it, and gongeqiien | ohydrin :

dehal ogenase- catal yzethg j Rghe

4- hal o- 3- hydroxybutyric pcid ester or amde to the
correspondi ng 15 4-nucl egphi | g5
substit ut ed- 3- hydroxybutyric acid ester or am de.
Significantly, the 4-halo- 3-IMydroxybutyric acid ester

 whereani de produced by the ketoreductase-catal yzed

reactj.on is not separated or recovered prior toits

cont adt 2 iplegrnslestsy Semrthel stenp oopsistise obehiorinecbrompie, hied iodine;
ag®. 9., cyanide and the like) for its conversion to

4-nugl eophil e substituted-3-hydroxybutyric acid ester

or ak B, ROR send Rilvrescletdtza it sribalios bhahas | AeNZy NES,

cof agﬁgé&fﬁ‘)‘?'h%?'?&%{%ﬁfygg gl¢igf¢§g9§ g{??tglgglgf%g ,er%gﬂ)é(eg }nhtﬁé practice of the

reactlon con I ONns.

. espeng inventéwsntludeontivié Asshivno-Ofketbbligtio a8id ekt @BULMEISK Rlhfbrine,

i.de t.o 4- | il
RETb SR by R e b Bpisiiste ik ) cuetby! doshlorg i ingotatssic aid

egtérdi.g awkeraX it belsene) RS G Ri? dndRO¥R bl hﬁdt’@geﬁ,ai'nﬁﬁs BOmEY l),- ethyl

dehal ogenase- catal conversion o

the hal.ohydri.n .. : d
Sy If%?"gt@%wéﬁgi% G52 Where Xdis BN R, BirRdemdd ardech

sypstitut ed- 3- hydroxybutyric acid esters “and am _
R\Augnarﬁll Iil‘j‘ Agseach fipdr @gﬁlﬂc@ﬁ’é{ de lthol) ogethplse bawme-3rketdbwtgrid dudd ester
i@QNaeteOt isf gt ROR3 - equi yak ent
A AN T Riae Y G 2B B i, Fpd). meny
neutralize both the gluconic acid and hydrohalic acid
produced and maintain the initial pH of the reaction
m xture (for initial pHs in £he range of about 5 to
about 9), the overall process in a 30 single-vesse
reaction is described by equation (11), which is the
summat i on of equations (2) and (7), wherein aqueous
sodi um hydroxide is illustrated as the base. 33 WO

hifrogeny msuiqm&ihﬁqg, AN HGERPRREDL utyric acid ester (i.e., where X g iodine, R/,
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20

NC- - ~' AOR +( Na++gl uconat e) +( Na++X-) +H2Q(11) O her
si ngl e-vessel overall process equations can result
from summ ng equations describing other options for
C [ t he hal ohydri n dehal ogenase-cat al yzed
rgggﬁﬁ%%gg%.g.. 5 using a cyanide salt as thePHALESFI04/004819
and/ or the ketoreductase reaction (e.g. using formate
and formate dehydrogenase as the cof actor
regeneration systen), as descri bed above for the
Saplariateedtnt RGBSR g 30X $s iokihe, W' R, 88 SQARE are cach hydrogen,
u. %LSIO?& that the sane single-vessel rfesult my %e‘ s
@Eﬂ%i‘ﬁ BapD). Fhutdd-chlerpeinkatebigyriarsidasten lietluwhers & is chlorine, RY, R,
R akd ROdte SRMHyBOBLY, RS RURSC Qﬁ LLE@QRY. 15! ‘¢ aci
a6 RO MRl R RIS WA ok o i ot
E§-arhere X i bipming ReRo %emmdtlhglee saglabydrogennandt Rivie t-augll), and t-
i in_d | qgenase reagtion insthe
R e AP0 YAE e B DRRARG, OIS
Rydingan.med R &f t-tatg). lylcertain smbbdipfens o $eaftine GORY G RNEnd@R" is a
= - obut aci est.er to ' '
I§W%3gﬁ%§§5ﬁ%3?%f%bﬂ?&f?%ﬂgt?%ﬁegﬁQﬁpy1;1I | ustrated in
ExanpVien24hald-5-keddbuthtit G0 BERENubbtAYs QeRhABe steldtite (EERnpound TV
a%(:\lgER I d(]\l‘ %%@LO HYDROXY SUBSTI TUTED )
REOKYCHE & COYY EHRMPT thepcesnt FveREyy 4-halo-
ﬁuaﬁﬂywmmxﬂelg&a@h@hﬁﬂﬁ%ﬂﬁuéd@' tion to
4- hal o- 3- hydroxybutyric acid ester substrates, it has
hal iy dehal ogenases can
be used to catalyze tpe .of other wvicina
‘hal o, hydroxy substi ttw '0 saci d ester
substrates to their corrgspond| ng victnal cyano,
hydr oxy substituted carbgxyliciacid esters, using the
sane conditions as described in part |I. Thus, the
present invention also provid¥s a nethod for producing

S
o

been di scovered 20 that

vhetd X,' m’?kz,%b?ﬁpandlﬁﬁ% ﬁgydes&ﬂ}égg‘%rts%cqgr A boxyl.i ¢ a_Ci d
- al o, hy y

ester froma vicinal Foxy substituted
car béalorThydberybupsic esidesterstch emide producd ity thskasredictse-

L -di A Vi Gi hydr oxy supst.it ut ed .
g bk MR 3 s B et R B peatsEbiosertinens
h@hm@hﬂpmﬂezmtmd‘ P%m‘gzmvl%bggg giﬁ;ﬁnét gﬂ;lgﬁﬁélﬂ €,For example, 4-

r .iodine; an ‘
R R NS5 4 Xt PO sorsl (gERe o canbarospkpsubstate or
conpersingbysHIBBH ih tieqtlessAdedeyhride @GERbAS UK a¥-8 Rydroxybutyric acid
enase and cyani de under conditions

- _hal ohydrjn dehal
'egﬂFgg%P%h?ShY?ﬁﬁh ‘reaction mxture for converting

t he vicinal hal o, hydrox¥zsohstgt@ted carboxylic acid
ester to a vicinal cyano, ydiftoxy substituted
carboxylic acid esteNC.5 erein, the term
"vicinal halo, hydroxy s ed™or¥ ers, to hal ogen
and hydroxyl group substituti @ns on adjacent carbons.
The term "vi ci nal cyano,RﬁydroR? substituted” is used
herein to refer to cyano (C=N); and hydroxyl groups

substitutions on . adjacent carbons. Vicinal halo,

- whEE§FoxB T, RéUbsaidRitaselasdestribeyiiai Goraainpowsiar s t hat aré

sui tapl g, | - ract,i f the present
i nvention RO Lo %rétgoer\ S0, ey gf’reﬂll}ﬂ 415804 Tqggtants that
pHjieipeiR ybamegetion thed raiuesstthe oxiMiaed fofth oathe lcyfactor ¢6.A2NADP to

, oxy..substituted carboxyljc acid _ester
N LI bRlSerenBiimetieh el Gattionoy e balo>
ketotmityrirt acith asien ooandide Biede Lonated)s f@uadifmesY Ble-cofactor regeneration -

Preferred vicinal halo, hydroxy substituted carboxylic '
acid ester substrates of the- present invention are
chiral, being stereogenic at the hydroxy-subst ituted
carbon, and may be 15 racenes or non-racemc. In

t hese enbodi ments, certain hal ohydrin dehal ogenase
enzynes used in the process of the present invention
convert the chiral vicinal halo, hydroxyl substituted
carboxylic acid ester substrate to the correspondi ng
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20 substituted carboxylic acidester substrates may be
converted to substantially equally non- racemc

vi ci nal cyano, hydroxy substituted carboxylic acid

e cts with little or no loss in

s?&?@g%ﬁggyy. Sui tabl e vicinal hal o, hydroxy FPCT/US2004/004319
substituted carboxylic acid esters enployed in the
practice of the present invention include those having
the structure VI, which provide vicinal 25 cyano,

Sywyehn. o&gfaambsgertetahed systanixotyilprige @6toRhidileic rB@itkAe thtahﬁ a source of

L i B o S e
Tﬂamﬁﬁg&eﬁ@ﬂ H@%ﬂ%ﬁ@ﬁﬂ'&ﬂ:}gwnﬁns& cathM¥st, f3p ex :x}ﬁ 5‘3 n?ime

defined for structure | A nis zero

Cﬂfgwa@iat Phbieesthe eedughp @éwwlzédsfom akpe ﬁ@l@n!pt by the reductant,
CofkRe Ir@gnefrzﬁf?ﬁ‘sygmgo refdnefite Nﬁ% QSNADPR Fron [ﬁ(r NC{XDP

wherein R R' are each en ently se

rQSP@HV%lﬁ@l@hm ig mﬁsﬂmdrrgayd:fe ltsyctimdg@prfsseht moedtiva, 5 an

- Sls TPty Bl st Bfitiod Do e B i presem

investion 1mlm|gy¢cosqaamd@|mq0&mdﬁhly§trogmbsd, lfdrnnhtedmd Ifb‘xhnateac!bhydrogenase

g@g‘%sr"%ﬁ 'F’%’aé‘% ﬁil‘t"g% o Pﬁ"&%@éﬂ? g%‘wgﬁoa?ﬂaﬁ% 13°HFPPé’b‘l‘1F‘8’Hb?l}dy

‘ stmhht}r alcﬂlmddahydﬂogaiakq; bhmphﬁe andtho§ibiite @etdldkdbenase; mol%cular

bﬁ} tagyﬁ tE §¥ optionally substitute

%ﬁ gap Ogeﬁﬁseoﬂl%l hafs gn %15?? hsed tepmahipationywittegither

NQWNHE[P[’MIWNADH @ﬁth@ le¥factol y@l@&i@éhemf@éltré% exaa't'{bﬁ] Qsmg
an; carboxy , a carboxyl ate or carbox

(J. '
?gfngﬂﬁ&ﬁy)also@g rugqgleﬂs l@cyg@actqr regengrpfiasyeemg See) pz)g U S Patent Nos.
5,638 DeMnd 5,495 003 Sodl b AMiceard E&H@B ef%ﬂ% eﬁﬂé& F]e(fégeﬁce Chemical
alo

formi ng a ket one). Suitable vi
cafpmiPEReraHOL BB ypprigies dmetal eatalysh amsa rdulecmg agam (foeexample,

m¥lebulatfylafo BT d foffde) Sz{?@ ngcg Qu@ag%e §e@ %gg FCL é ‘?1?1 % ic

acid esters previo escr |
26203374, \ﬂanbls inpprhoostgd mtlstbmr@fe:edcecar boxyl i c aC| d

o5t A28 B L Bl L ALy i

~havi ng Strubture
refey dr oxADsu DA DR-déreddam eimgmel that c&ﬁlyﬂes&ﬁé €dnvBRInF I Hacose and

NS RGPS S 2O oD i et
thaplacess ddefdropetast @htaBledigiudtdn Yk NADSH N ADP &y \Wlkdoha!

.hal o, hydroxy substituted carboxylic acid esters
haV|ng--the$ structure 1X include

| 0-2-h rox pro i oni cGpH d esters. Wth respect to _

bron1ne and preferably chlorine. Wth respect to
structures VIl through X R, R2, R5, and R6 are
pr ef@naksla melg@fdgeﬁa@e&q%@?@ﬁﬁwe% uQ@ n tﬂé/ﬁ{ Q%Qﬁ'rﬂ?e PrOWRS

al kyl . 25 Ot her suitable vicinal

N m‘é‘?ﬁ'b‘gl’ mcmdééf)@étﬁwlylorswmg gluease éplwdm@easehas V@ﬂra&ntbrunaurally |
‘ oc%rhn u|80§3 dfeﬁyQHbg[%nﬁsgs 9Nath gkr %&u\ﬁ?na %'/M%)s& ?«%hy%f%egz}%e Entiogmg

fro m , I nNCluslve,
genas hape b@pgq refeerted frokhey Qmmry:., For &xmnﬁlet the Bacillne buaigily 61297 GDH

ot b 2Bl fesddih B0 botl laSuns iR K et The S ohySROCHRIN ) ©

ters aV| n
prépeiids@s mwmpMEammatlﬁﬁhM%%ﬁQ138579’1'00 Natl. Acad. Sci.

U§HIJ9[§§)2§)(9%59 oﬁc gene sequence of the B. subtilis GDH gene, which corresponds to
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acid esters. Suitable vicinal halo, hydroxy

substituted carboxylic acid esters having n=3 include

6- hal o- 5- hydr oxyl | exani oc acid esters. Suitable

VWOl 20@01852h 0, hydroxy substituted carboxylic '

esters having n=4 incl ude 7-ha|0-6-hydroxyhep?gﬁgggmﬂmmm9
acid esters. Suitable vicinal hal o, hydroxy

substituted carboxylic acid esters having n=5 include
8-halo-7 5 h droagoctan0|c acid esters. Suitable
Genbeplpcn A &5 repetisd by Ltepieloaab @b Bhiteridloi1836) 166:238-
26} §in cBé}Xét&gfoﬂ “é "ﬂaﬁlaﬂgeetgll BT %W?&?) $056) as

aci d esters. Sui ['e Vicin
Genbenk Aoe. &b, Béﬂ'ﬂ)‘iﬁx Val ahcra]iococﬁbuﬂ'ﬁigeiﬁlSH hraivis Ao Melude RAdsé B8t encode

OSBRI ATEENG 0S8 3 P e o

#BRI50%3 hand BgnagaBrimqBud e Bidottal, 01988) 174:485-490, Genbiank Acc. No.

AL ot e
dahydrn@nﬁﬁ fioRCRAteIR.s k2. a{n@vﬂ-ie&l héﬁéﬁ&r QXEES b bs?“?l‘) ?ndaf;" (gncoded

hal o, I oX

best rs. [ ferred vicin
4 QPBG‘Q&IF eé&?%“%?@?%SPSP@HSWQIIBNOS 9 and 11 reSpectlvcly)

hy dr o¥on-rRn@NehQXARA] luf'cl Via0g. the struct
Xl and 6-hal 6- 3, 5- dug yd ?ggsifﬁ? Sé%ﬁ%?gm geéefggf{%ilgmg own
neadsgsuchas, &r@ﬁéﬁlﬂﬁ»emwﬁgﬂneﬂmmhe@emutd)ﬂ anidcheliile. QTN enzymes

|c aci d ester _having the
s easiuli) A G o Rl et
rqglilpyiqlentified GingRBe @sayﬁdisl@lbeﬂﬁiSEﬁRﬁalR@ Bﬁemﬁl@ry'ﬂonlﬁbturally

E@ng ﬁ?&gﬁ@g d%ge%e%e R[ovvgeﬁlhewn as@Q %N% ﬁ%(G%_IH 2313) 64
(RDH 23811\ 66 ZGDB2278), f 68/ (GHH 33@;90  1266bu m@oﬁm 1% (GbH

or St ructure
sfEfus29%), BREE RS0 R ) A5 Theposymslvads saorisithtehendd them

2R Providedsliarein bISEQ W INOSee] 67, 85) ¥7, 1%}, lﬂgzand%f; Bener ively.
R3" are each ‘i ndependent’ é) tllw

A%H%gz&%‘hd}at“éalb’d%ﬁé‘mf'& glucosg delydrogsnasas thet arh sitibledomyse in the

phﬂ‘cﬁm dfehe pAesel b @iiios Qreq;vr@@h&i' in 'ﬂllaé' a%n%ﬁﬁf&%%%b%da pIlmprovcv:i

ste of structure. Xl
Ggff@ wempg}gpmpmajpte@@mﬁclwhdes " corrEonnde to
Aohial, @o’ékéiw 93@’* 1%0@%'36%1%{%@ Iod A%%HZ 137@9?,' and aasllgned US.

structure Xl that may
appiisatnnssEpitnumbee 07494, 30A.cind dreth -pbilﬂtltydpphcatlon entitled, "Improved

acl ter | .
G\gﬁg{.ge}@élﬁfdﬁ)ég%gé ?ﬁép%ﬂf@%ﬂe}% ﬁq:lgnmc%@c? & esgﬂ)éfhp@to
Alprmey Bpdiead @@nﬂ%ﬁﬁ(ﬂ!lgﬁﬂ 1§g161mmyﬁ])sd an geﬁmhytlﬂ 2004 and assigned U.S.
p&%l%t%ﬁ%egal%gﬁagxy oxo exanOI’ ¢ af:l ?Sgtg{gﬁ‘ \(wlhpg are g]qg:porated |

hdi@nbarrdenmhmgﬁarelﬁnehe% is t-butyl). \Wen enpl oyed _
of the present invention, these

int
- subs “g?s&crI gjfdé?%fnﬁ?%em@@}’?de‘§ﬂ%ﬁﬁﬁﬁ’geof@f3 Peesend immsntion may

exhytsit ﬁi@dtwﬁjd@ﬁit 'léabttaﬁgutﬂﬁ%ﬁiﬁtﬁ}nﬁg/ﬁ@ e&g s§1]het'ijﬁéés% ?ea% gbut 107

wher e ,

urgggl‘;??élgg oa?hﬂmRH)d ILlsllCﬂf;lbm’h;gl, up 8@01(;6 iod %Lmol/rntl]n/mg or hltgger in the assay
d g ﬂ ydr oxy exanoi ¢ acid esters having e
es%rug?ﬁré F1* t hat may 10 be enployed in the

p r acWheeglotost hnd gluase Béhyidrosemist 8% duipdyudss the I@Hfah‘tjor regeneration
hexanoi ¢ aci d "est er )

hIo 0 3@%% q drox
s |’ as e d-Tafo- -h\? ac1q@teper arpide 1ﬁedumbyﬂgketmctase and
NRBH oramnP e @G 6Tin t ﬁﬂ@'
- 6- br ono- 3, lgydl hydr ogm@g@g 121%?%!&/ er %QHIPEH °¥1dau°n of
where Xis brom ne, Rl, R2, R6, R', ", R2", R3i, and
. R3" are hydrogen, and RS is t butyl) V\hen enpl oyed
in the nethod of the present2invention, these-
6- hal o- 3, 5- di hydr oxyhexanoi c
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- -GBRy

15 acid ester substrates yield vicinal cyano, hydroxyl

substituted product having structure XIV, where R,

R, R R, R"", R-", R3i, and R3" are hydrogen, and

R¥o Bodgrlys Yl Sui tabl e hal ohydrin dehal ogenases_for

catalyzﬂ%g;the conversion of vicinal halo, hy&rgiy04/004819

substituted carboxlic acid ester substrate to vicina

cyano. hydroxyl substituted carboxylic acid product

i.nclude both naturally occurring and non-naturally

g;w f‘g@ ﬁg:@@: #eil ytthd glunodahal rgeanase Sthe s BiiYh AUBLtibed by
366 @S i ; supra .ohydrin dehal ogenases

nay {)e ?eaéﬁ lsg/ﬂ;ecfgﬁﬁ#lg%afwaﬂﬁnﬁ(ﬁba%éby described in

Exanple 4 (part (3)) and substituting for ethyl

(S)-4-chl@rqy3-hydroxybutyrate the vicinal halo,

hydroy4(ﬁ¥§¥gitute carbgrgbi c. a FiSubstrate of
5.

i nt.er est”. CoNBIR " ofYPHar - s R T @lutoeic acid
reaction mixture for comygypipg the vicinal halo,
‘hydr oxy substituted carboxylic acid ester to a vicinal (6)

cyan" 25 hydroxy substituted carboxylic acid ester are
t he descri pbed for, converting 4-hal o- 3- '
hydr i@y ﬁ‘? 1f‘/‘z"rd }“g‘asa?z:".ag‘?yég‘{‘ Eductiog afdchialo-3 detobwpinatidester or amide is
génaylnariedyud X3y ik REjH: § t 0
o e B 2o a5 BBl sromngor

ni de sources,

ra, e.g., cy :
egﬁﬁp 1?@%8}‘%%“6 F%‘§&V§‘5 SYAKGHE s Seitable sobrestsi(inelntling yskeivent systems) for

carmying bt this kenvefki e Me¥aE LIRS 4L %ggt)/«gv:etgj r?g? HEDH catalyzed

6- hal o- 5- hydr oxy- 3- oxohexanoi ¢ acl
CRPFTLNL IR Rrde-@ 3 dm ity asic) ntornmed anides 0 4@54RE S hi@oxybutyric

- ali@lehi@taHil 8midet!) to their correspondi ng vi cinal cyano,

hydr oxy substituted carboxylic acid esters (i.e.,
st r udPRABISOE splvantdwtewor 2qeepEQtol soBlei) syatER) i%gﬁé fA%bukRred or
9

- herei npel ow. . 3§ WD, 2005/ 018579
u}ﬁ;éﬁcfrf%sdg ST (1)%/%813‘%551(81 Jf\%}?e %&}ﬁgg@ﬁ’%@"@ﬁéj 45te Qiearpide to the 4-halo-
Sihpidronyhusyricf agid ¢ser opamnide des reeaRRYIdE a@@ﬁ HBbo@sSor above.

: I enzynatl C conversion o
- @iﬁﬁé‘%f %%’i}%‘!r}%?&m%w? Ut p et abpuich) arpelow, wially in the range of

frammbottédplabie 16Ul B8R -cBnRerilWEQANRY LY 4t & gﬁcéf%bout 9 or

osltlons conpri se

| amide. T
oY Syl B saien ) G ont 3 amiral - Bemaiioytronyrsion s caried

owatl spHSf elioud B 0BG, usaAlsl i tﬂ%ﬁ%}lg@m%rﬁ aboul's & aboyt 8, and more

ophile is tya

' rgfeeffrr cO 03|t|on, the nuc
pryfepably indhie 2 iTFRBhRbout f o Frous Bnaltemeivety, dre cpmavdiciemay be

cmﬁmmﬁﬁhmkﬁﬁﬂgﬂﬁggymxﬁgﬁ preparing 4-nucl eophile
subst |t ut ed- -hydroxy utyric acid esters and am des

~ t hat"/Aeibe glicasy/guspen dstipidingerase eofsabiaedatafiGISRRAAL 8B loyed,

' ) i} h [ I .
. thé M&bﬁﬂhctﬁm%?%ﬁf&&ﬁ& aci gpq}aﬁ? ?%g?as %%&%Sg@gs glaqugtieo?la(g)ecauses the pH

These conpositions na
of beygpesion nKwturstte tdyapi i€ thacésiltaRtagheds gRRbSIE acid A SfheliE:
ket or educt ases, conponentS'o? a

| cr
e e i S Lo R E St e vt grhnt tadeshsdliciel by

stagidirdlbu ferepsteshnigiel aferedn {h@‘bﬁﬁbht ﬂ/éi.lilﬁliﬁg bl é%ﬁ:%ﬁer%Ciﬁru 1o the
- hal a- 3- hydr oxybutyric acid esters or an1ges,

i.des. 4 3-
b“gﬁ}&‘q%fsfgﬁ%&ﬁﬁ’i"é%d’ B the additiprngfabasa coneBrreti@gihthe course of the

conenyias i Suinble bufthe apd ﬁ%@éﬂurés:}&eﬁﬂﬂ"e?iﬂg ghe Qlitgﬂloééﬁ%ﬁ znd procedures

ﬁnggnggﬁLtlo s that are useful for cafrying ol
CORITTLNS base dpripg therpaprsh af the chiydrsioryars tieshin ué @dse described
abowr fothy IHHDRChE! i hgLnad peyan hydr oxy :
subst i yted ca o8 Flnediof of R B sl g dnd amices to
AydosHaysnesdrsandamitied. ohydr in dehal ogenase, a
cyani de, and a vicinal halo, hydroxyl substituted
carboxylic acid 20 ester. Conpositions of the present
invention may be in solid (e.g;;, a powder) or liquid
(e.g., solution, enulsion, ¥uspension, and the |ike)
form For exanple, the conposition may be in the form
of a lyophilized or spray dried powder. Alternatively,
the conposition may further conprise a solvent. 25 _
The conpositions may further include conponents for pH
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In addition to the specific enzynes and

pol ynucl eoti des descri bed herein, those having

ordinary skill in the art will recognize that known

t %ol can be readily applied in 39 WO

2000 DLBETY PCT/ US2004/ 004810  the di scovery SCTHERpsooess
naturally occurring and non-naturally occurring

pol ynucl eoti des encodi ng enzynmes suitable for use in

the practice of the present invention. See, e.g.

Li ng,In thetketdreductapgit Ae&duk Qo PNV RS hag e

%\éﬁéﬁ/s!iewln An/a{ . oagﬁ%m 254(2): 15%191%8 E‘%@&Lfﬁ%ld estet or
%8 afosere u@%eélﬁm?@@ﬁe(f@t fifscirtregtneratian mhen the pH is

L oS ol B B P LB G el FFh B o

AHITHG &ﬁ‘&%‘?ﬂéﬂ salt sather tmﬁqu@m@umnmmmm @Ebd(ldt%ﬂie, overall process.
FBQ&&& 16) , Ilcatlons of
o ol remr SR ey b R ens kg mdroride
r“tL OH) is 88@@-@@1‘ e tawse mﬁjhagaactﬁﬁn t6 mairklif GReH: J
237: 1- 7 (1986) Kraner, et al., "Point ‘Msmatch
Repalr Cell. 38:879-887 (1984) Wells, et a
te nu;uagenﬁails mjan ePthdJ__lgl erlt/cl]aieﬁo]g for
+gfucdsk wN4" @M BIEAL ons | pRgL*Si
Gene, 34-315-323 (1985): n@ﬁ?h'uu et - a|8 g@a é’mé“ate)
evol ution by nol ecul ar bre H: CUrrent pinion in G
Chenical Bi ol ogy, 3:284-290 (1999); ' Christians, et
al., "Directed evolution of thynidine kinase for AZT

pho sﬁﬂ"@ﬂ Yasgtadditionsi eng)loya‘i\léb hetfalize thE plabdrid\hid reNT%Eééf during the

ké%ﬁ%k‘?&’gﬁ %%"?*F%ed ‘%g‘?"% g Pi i éaJI%"la ‘ﬁ@g@%ﬁghﬁagm?@ede using the
gbp@@fghsomiehy@'b@dne& d&fdc&ﬁﬁ@éin&féﬁ&#ﬁs@ﬁ;he y@%;llljés? of &1% s nversion

m%%%e momt (ib geamar orfle
ar Sen%ee oy &R}OPPtéﬁtbP%?rﬁng{ tovingintein thapth, §hmf:2ﬂ13n l:rage,s ‘added to
uitaiffisred oBpatigH\GepdteackiBh ﬁﬁﬁfuée’é%\/%r]tﬁg{ rse F@orgfersaodlsaée added in

rected evolution of an effective TUucosSi

e

aq’uFS%SSBb‘SPSaCt osi dase by DNA shuffli ng and screening,

Pr OCH%C{b S' b afilf Ghen
1*3% 265}fnz,fehﬁhM6 ﬂgs%e at aﬂ?ﬁg re use i f%rbggably herein to

feéf B WQ&T&%@MC@@% enzsioye thatlcetislzas the vl viisi b fssindes and

NENA, 14 315- 319

e o) ORI Bben A AR R S Mo
yitpecngses thatareshitdbd fon gse'"in Mt praétice 37 fhe pR8en? %eﬁﬂ&%lﬂde both

: rand fragnent ati on
na%ﬁ@s@n%ﬂ Dbty AT by Garring formate

debydpganasn, Foltabcdbodogmasd ildede th@e'c%% 95?% %QE%OS 70

CEEROR el T hesp vameheniad byt 96

se@ﬂah@'éﬁ:ﬁﬁfespiﬁhﬁﬁ@to&?ﬂb b Reys: 85 akd @Me%gértﬂ\% : ﬁ%ﬁ'ﬁat@ ﬁehg%o&enases

I|ed for exanple, toget

e"%!’i%?@? %@8% 35HFesfiihe Rresengyentivy, ‘@hdﬂe&r nkietalily edeisting esnon-
fuadi fa t
T b e AR IE oA (Rt Al e il arrarines

leaﬁ!sahmt 10 irgolgningng, de st leabitdup | GNekdlindiimg, Gp & abodt 1@ €d
sol vent r'esi st ance,

éﬁ@fatuﬁe and/& H opti muns,

28 qriiygher, gpg c dély scrgened forastivie ingke ashay drecribed in
Exmmphued or evolved to generate |libraries that can be '
- scr ened to SO |dent|fy a ket oreductase having a

pr efEmssdisTeiy "otﬁ’éﬂ f@ﬂaai@'huefetgnpefomw ardOD(HED, ), ffdnic acid

(Hex)amplaﬁdml > QL _vice:ver
L R TRV ST PR G p&)ﬁlma%f@%E%ﬁhﬁ typically an

sequences encodi ng the enzynes enpl oyed in the present
i nvention may be codon optim zed for optim
production fromthe host org@ani smselected for
expression. Those having ordinary skill in the art
will recognize that tables and other references
provi di ng. codon preference information for a w de
range of organisns are readily 5 available: See e.g.,
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Sanbr ook, et al., "Ml ecular Coning -A Laboratory
Manual ," 2"d Ed., Vol. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York, 1989 and

" otocols in Ml ecular Biology,"

Aﬁgj@g:ﬂ?lsgg al ., eds., Current Protocols, a J&’QT{USZOO‘”OO“S”
venture between 15 Greene Publ i shi ng Associ ates, Inc.

and John Wley & Sons, Inc. (supplenented through

1999). Methods for making the enzymes are illustrated

a]kﬁh Examabeism saRifbr 2xamifhe HCQD:N&OI\IEC%N@L;,OH&%B RENEE 1R form of
t he |nve t|on may be beiter understood

AR A e kg > RGeS et ngowem igg moderate

adid. Wﬁ%oluﬁ&ﬁ{@ﬁﬁn develtdd Eﬁtu'hHQ bf i pred (plesr ?f i Wlter formate is

Constructs. for ression Hal ohydrin~ Dehal ogenase
Presed pbRib 44 andhldCoply @b%cwlim?mg@ﬁaﬁ@s 26 pfibyalues above about

aHRl-AkY fyﬂr&ltmn h4l slgrgs(f‘é}.@ﬁ%s WD g’:[ l% 1£ glg)v{dgc? as fonmic acid, the

hal ohydrin dehal 6denase was “co

- TRARTERBwR 1S thpigally méfiedmasade lms adnchc hyradthnge babe to provide the

L R X R ———

a{ﬁ@ssmeddbn @om@txomm&ydtmnwﬂc 403, @bevepr essi on vect or .
07 depicted in Figure_ 2) under the control of
a TS%%rrpgﬁoaghé‘?’s 2baeAogW 8?@%?@% 1§ PP BRRBPTP RS EICO2 ,

‘eqatibn [BPREsclbéd thy drindg Ry dréRhh® a1 yz6dNedhbUR oM 208 or NADP by

| asm d DNA was prepared using standard nethods. The

_f ©nid DNA was then transformed into E. colt BL21

(Stratagene, La Jolla, €84 the expreSS| on host, using

st an met hYAS! PBeV'erai“‘C'i-'on&OzNé'rél DA(Ho (g

2005/ 018579 PCT/ 0S2004/ 004819 found in the expression
l'ibrary that expressed active HHDH The genes from
thesmh ﬂﬁﬂlateammnm%ﬁ 8Ebnbh&SFe RO éaam ol?a”u

(DR 2). Rh ( FHDAL ‘1’% th encode peration

{ﬂni, ﬁ% 4d1g11<§- -&@@ﬁg@gc appdesiey qx;@gnde];ared]g@ed taﬁ.he I_@meductase and

NAISIPSENAYPHY the bl tirtOT 0D SHNARSE ({BERy the LBGIE8GLIBE of

t he ketoreductase was codon optim ze or expression
forpate to easben @gxide by e fermatedehydroganiast. SEyurehieactivh it drscribed by
Ughiais g eré?lmd%‘ﬁg The gene was

yn{tﬁL izel usﬂ:cl ng fof mgﬁghja%%égd cl oned into

the Sfil cloning sites of expression vector, pCKl.

10900 (d@ gged in Figure 3), under the control of a

| ac and I repr,es gene Xpressi on
vect%g co a| oR the'“FPash X N +§éﬁ

the 10 chl or oanpheni col reS| s&)\ﬁ:\rﬁ@ ene. The plasm ds

were transforned into an E. % pressi on host )
usi NBnakianes Qﬁoﬁ@t}litmn tlﬁ Eﬁa@éffo%lng@%ﬁh%{»g enh QAL fhat
expressed active et oreduct ase an Shes wer e
regeRfialion apistern icamfloyedforthe Ddctmo @l ¢rckebal(-SdetdbROrik Brid ester or

w8 i b BLERHSHATE sbbve b T sBE B SR igPpmed and the

rearindaudes thepd] oftbpteacipnasigtienoese Qs bt Masrwis2, bufferef or re-

e NGNS N T T

blarqaingftemquau, etk MEhPOIRIBIASE frfBhdup 10886 blh@éamF Bﬁiﬁht)é
IS an

e reparati ons of Bacillus subti
prgg@n;}l %agy ﬂ%&@g@?@p i%ﬁﬂ‘gamd]—q;fgtcquﬁgptg thegroursgof the conversion. Sultable

ackditb fid &atd He écﬁ@éétdf %Src%ﬁﬁﬁ totgsihanede gﬁ! iA8udd G zanic acids, for
publ i shed subtilis and B. nzegaterium gl uose

CXAEINERARPE M ‘&e%f%@@ﬁd@gwham@ agids,and $hef Idie| wiusral adids, for
‘subtilis forward priner (SEQ 1D NO 19) :

5' - GAATTCGCCCATATGTATCCGGATTTAAAAGG- 3" B. subtilis

reverse prinmer (SEQ ID NO 20):

5' - TGGCCGGATCCTCATTAACCGECGECEI GCCTGGA- 31 25 B.

megateriznn forward prinmer (SEQ ID NO 21):

5' - GAATTCGCCCATATGTATAAAGATTTAGAAGG 3'  B.

znegateriunz reverse prinmer (SEQ ID NO 22):
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5' - GGCCEGATCCTCATTATCCCCGTCCTCCTTGGA- 3" The PCR
products were cloned into the Sf1l cloning sites of
expression vector, 30 pCK110900 (depicted in Figure

3o HoseksAhe control of a lac promoter and | acl
repressor gene. The expression vector contai ET{ig004/004819

p15A origin of replication and the chloroanpheni col
resi stance gene. The plasmds were transformed into an
E.coli expression 42 WD 2005/ 018579 PCTI US2004/ 004819

HaoPle sidrrpakie W@hmemgﬂsmo&mmulmhe aga, ﬁh%gp%oﬁgwié and the
ﬁ n { en mere sequence
c%ngﬁiggng?% eﬁ'g g\% n Lo gg@pg@@t@stﬁg& g @Q}b@@@lfate salts (e.g.
M@W@g@ﬂume Bﬁﬁelﬂarlya;ﬁréfeﬂﬂd (ﬁoﬂﬁi@%@idd\ﬁﬁ&g{cﬁ% g %.rﬁste

es

: e oI epti de sequen
Mgen@%[‘ﬂc’%%ﬁ‘igﬁ gglﬁ ?rﬁ))rlnpangall(xg; orggarmﬂp,@quatmn (10)

Ephsecttsabeoasd] {5 wﬂf&lﬁfoﬁﬁﬁea%ldf (@deth id a%ﬁ%\%r the course of the

r expression

%CI{LX go en%se \/\1erl(?Jl cogoneo timzed B
L8 PABRIL 1812t P abgesbow S dVhibahe fuwsteds preteat predominantly
ak m én dﬁh&’d@ﬁ@x@ﬁﬁb@ﬁx@ ti’lé H@d:) S %Hl(li R urg%%bs %?1 % a @Ha %2

- 101 (Protein Database Accessi on
°8‘6Y° 108 {0 nekennsuAes thoadded éumiioatidlo. CAA09466). The
genes were synthesized using 60-mer oligoners, and
cloned intg the Sf1l cloning sites of expression

('t

~vector, p 900 (depicte F| gur QJ!:?)O- under the
cont r ol X PFORCOsHa grepres or GRAS; The
expressi.on vector contains FRHE pl (€131

replication and the chl or oarpdB(®gbl resistance gene_. o
The plasm ds were transfornggg,nto an E. colt :
expressi on host using standard rfethods. C ones were (10)
found that 15 expressed active fonnate dehydrogenase

and e seqgue edto confirmthe
seq u%g g@l %édﬁ/f%{i'ée HBM 0 gyt the pH dpring ﬂleéiﬁf@t’f@ectﬁf@r
2: uct i zy

dﬂ%ﬁ%&gﬂg g"‘%“%’rrfe%"r? P%?E&l%@hqxg?@asw‘ﬂmwmsmm Biagbe
moﬁltcgcd)hy the RGO a6l hadddi th th

Ift%lffﬁ g @z @%ﬁ of di- pott aé‘f‘gﬁtﬁﬁm )fg? ogg pkos&ﬁgij%ed to

(o5 patially byffepedgpactipn paxigtcs oy efithy duog ef cpivosphatesdded in

aghigdus sofutidmst one- 154 yeast extract; 0.05g/L ferrous

sul p}hat e;. and 3nml/L of a trace el errent sol ution
cont Icﬁll.rﬂ@g Ebthle wHetheds ofithapresshbinvereion Seitttethgie batiged or reduced

fodn 3@tHe cBfacit ﬁﬁy %U kufo%d@d Si? ﬁ yg?, @&ijlsgﬁtée& agg/ Lthré%(r)] Jotor > °

sul f at e nonohy

 TeRRnSTalRY gysgqr@eor(yel_‘Ls @{luﬂ:z&;b:ﬂblfa(hmr b@i‘t:ateﬁu@ﬂcfé&liﬁ/ HddnSs ARA utilized in

thd reﬁ%tion%'?ﬁéﬂ keY@F?ducBEe slflg%}%ﬁl e@e 4 {‘rp 3 i(%fp u rtg%ggyﬁggﬂqr ar amide) to |

ferment or I'nocu
th@:ﬁnrtqala@dafglﬁl;dnhémhl a coli BL21 (St rat agene, La Joll a,

CA d t ai ni HHDH
pol MDA Rt dtisRg B e %r%&me and utpmegpidbscotactor
regemlatleﬂn @bste:nf ﬂna\js ke mﬁfﬁ@d el mgreggaoh%\g%? 8 i]e ﬂ%ﬁm&%—l%ﬁm 3

Loui s

kegﬁ)}l gp 8 gﬂ‘ﬂ Ao %&P’lde(lglt@nfﬂn@ rified ewn,le 8tl] extaot, setl ke, or
wl‘tod): ans h’dllisffdnﬂﬂd atl g%ﬁé(S)%Qc?dlﬁé’ﬂl@i{%tg%gu{{agg%%%eﬁ B‘Fﬁ%“' 2o factor

The fernmenter was agita

regci: H%faté‘?rf’ Sy S5 senes gneaglingtthe @mm tat bearandf3rivia mto host cells

citRQQSPRHEI 'S ¢ &Tﬂepﬁg{p@xgl h g‘? j-f;wa gﬁl,]aq%tggép 8166?' ernfypsliment one |

L/rnin to Maintain
setof hot aelsan be trgnsdermed wztthaEarep!ldcﬂaie drloedifig! dre(s§ aNePshother set can
controlled at 7.0 by addition.of 20% v/v amoni um
hydroxi de. After the culture reached an QD600 of 40,
the tenmperature was reduced to 25C and the expression
of hal ohydrin dehal ogenase ®&s i nduced by the addition
of isopropyl-(3-D 5 thiogal actoside (I PTG (Sigm
Chem cal” Corp., St. Louis, M) to a final
concentration of 1mM The culture was grown for
anot her 15 hours. After the induction, the cells were
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. the addi tion of I'sopr opy

until use. 10 (2) Ketoreductase enzyne: In an aerated
agitated fementor, | O CL of growh nedi um cont ai ni ng
0.528g/L ammoni um sul phate, 7.5g/L of di-pot aSSI um
osphate trihydrate, 3.7g/L of potass
ﬁfgl?@gesﬁbphosphate 2g/ L of Tastone- 154 yeagFTm52°°4’°"4819
extract 0.05g/L ferrous 15 sul phate, and 3nil/L of a

‘trace el enent sol ution cont ai ni ng 2g/L of calcium

chlorjde _dihydrate, 2.2g/L of zinc sulfate
edrnsivmehvih C‘efa@@f/ TEEeREH A Sxstens enzyae o o GOBY BDAL end the like)

dridbding BHRISUBoMULE BF @ﬁﬂﬁﬂ@@? XQE%%Libe Qtll}z%{i lg)rgg{gl&]hlp%e - reaction

bor at e decahydrate an
mie fathe f@moﬁf v@@le@ellsmecenéym 0 celmaetrdenwdahadﬂmt h

SR s b RSP ST g s

c%f@tqm@g;aaex@ﬁmgsmteﬁrmmna Isucﬂicxhat eadl cel ll.eﬁptc§ses BDdh keRRAudthe and

.t%n&f?&or reg%}eg? H F‘Pésgegb?n gnﬁrb%nlhﬁr ()gowq:,ﬁhe( @L;%J@jngn be

tca‘nsmrrﬁed Witk géhes divRding RBOIINEWAS cBitbAkBhetion Htem enzyme, and
ied to the ferfhentation

f\]}@ioﬂgﬁn%? 0 1%“"5"% hese JS cambe utilizeg i & mefheds efthe pregent

inetie O/t proviie theah e@ rbﬁl a%p’ag I
::E%’d rIOXI IAf t g r %ygne (l:ul 1? Sdr;héi1 (SZFS%eI%Ed% OCé?IWSXt I #ﬁgﬂ As
nbed, @rt aftiop sHgurges thedd Dhcatalyz2g n@ﬂmddtht: elid reactants (i.e.,

BFRAASSIIR) %@Ja&&é@@ﬁ&alon%?m((% f%??«ﬂ&ignd, lfceg %glg%‘g Pg%gr edina

a
V@gptg differrahforass, icdeding payder (og| b/pp}ml)edt pray driedadnd the 11ke)

' sBﬁﬁSﬁ%ﬁq{‘ﬁ%blﬁ sggnsil%nj%ﬂgrtﬁgﬁ culture was grown for °

anot her 1 “induction, the cells were .
har vdde edarblj?les:eﬁrt:ada‘ntsgmed mﬂh@mﬂu&tﬂﬁh&@ wilMgbdtrai3y vaM depending on

H7.0. T I
LR GRS R B L St SO RECL VSR,

awmnmfdmwdedabtase%bﬁawﬁmﬂloyéﬁe The oW 2Q0R10d:854 Be used to

- GJ;%T/ US2004/ 00t48 ? éeg%‘cGl ucqgse dehydro enase enzynmne:
T 06 ANCUILS oF Kety t3sg, @ andpgfacior graepfraignisystem to use.

Gmdnallm LRb-aiketadgytlc 528 €§térs aRdARIdeY AP SHPRIYEE &ia c%né%r!xtion of
cl SSi u hydr o hosphate trihydrate; 3.7g/L
?ut 8 6{? g@@i ehygpg)g B%§B|% t9:abogj/ Qﬁketoreductase and about
2Fasd enBod U to®. Xﬂid’%@ haviflg 91%9 al-y L& antH? ar? w‘ﬁﬂeﬁékgf \%derstand

and 3ml/L of a trace el enent sol utlon containin
hgy te ¥y ﬂﬁ?? grandifissde tailgr thpartathe desiratjevel of proitwtivey biiditoale of

pg&ﬂt;@&y qﬂ(;g% j 1'1;18?I c?uglétgieﬁgﬁ&ﬂﬂ:%g‘% elﬂL:zfaﬁ&far/rs'}%ﬁgxg%fﬁﬁﬁeadﬂy

dpigrrained @ahy@lﬁ?@ﬁemmtdm@t t@gddl_onEfﬁ)Emnomsf cdPsotghtlok Retdreductase
u‘lﬁ?@ﬁterlﬁgéﬂe?al Otfl? 1?69 cq’ant Eei% & u%é?nc? o 81161:11260 %”1 ated WI t

xponen
equimatar ﬂwehofdde&k@uﬁthmkbmm talachieng ds&ntihllp S Sr near complete

L MO d. /m
° %egsrl%na% @ e%%rg?“g%é‘?ﬁﬁﬁ a@e%u'cill ' ) gtn Loulog MO)

t 0 aThSt:mlEi d:fnﬂdmbﬁ bERACtARNS nbycrRicald %e@éﬁcfagg n@:{g@e 8fied together
fernenter was g{ét ated at 500- "150

%‘a S%W? “’%ﬁéﬂ %in | G- tepropkascsplyent biphesc m@g@@woaplvent system,
afld e like Db dlicknatidd]

cont roI)Ped at 7. Sjs&&gggfﬂf ?%aﬁ{ag%m A)vbgl %ate{}fmand Sofne
t?%?ﬂ%%%%féere%ﬁmpoe% Ko examde, 18 ofzntdradgeanraii §6&my tofactor,
daredtdifsel SING

kepri eiiésasleon of [cgédggtgsée\éﬁﬁs e%qgég%e%dggéﬁﬁggﬁﬁﬁﬂﬁ%e&& by

the addition of isopropyl-(3-Dthiogal actoside (IPTGQ
(Sigma Chem cal Corp., St..Louis, M) to a final
concentration of 1nM The culture was grown for

anot her 15 hours. After the induction, the cells were
harvested by centrifugation afd washed wth 10 nmM

pot assi um phosphate buffer; pH 7.0. The cell paste was
usedwdi rectly in the 20 downstream recovery process or
was stored at-80 C until use. (4) Formate

Dehydr ogenase I n an aerated agitated fernenter, 10.C0L
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(NH4)2SH4, pH 7.0, 5 mM/L of R2 trace el enents (see
Rei senberg, et al. Appl. Mcrobiol. Biotechnol 1990
34:77), 20m /L of 10% yeast extract solution in water,
MySO4, 40 nil/L of 50% gl ucose solution in
pzodswézgsg@ added. The tenperature of the nedi EMHEZ04/004819
brought to 30 C. 30 chl or oanpheni col was added from a
concentrated stock solution, to a final concentration
of 30 xg/m . The fernmenter was inoculated with an
OVGVFBrQﬁgr&% iRy SficieAidy Mr?&%ﬁ%gég golvmts stem 1s used the
PCTI US2004/ 004819 Escheri chia coli 1‘—
cquypmaeslfraa%w% kglokgdytases @@sq@fmtam wﬁ@ added alﬁlb@l‘?ﬁ@i into
hdl BRE GHN Yhd Bedite PERE & dQlad
aglhoye DSt extract, glmf’ Eﬁucgglt}% g%ga ahﬁﬁdlg%ﬁovpf’dby
adﬂmcmrqfammﬁcbmam gubatrase. aﬂttﬁmgtl\@bt, ﬂxcacletod@msuaswsumtra&may be
I ied to the '
P ﬁ?ru%:gr??g}%)or afm glgg ian%Sdz 1?toath£ %q\’;:’lggus}qlﬁg ‘t he
cul t As éor !ﬂlelbak)hly‘mmﬂeﬂlahgdneat cﬁa@z&dﬁdoﬂgal Fo1C ofn}haﬁbﬂaiydfbxybutyﬁc

t|on of..pot a ide in cul t
et Bk riBS O RBls A ThBHOAS: S G EetorGo el
1eﬁ@dtl¢hloﬁ A-Hafo-5 Q8 tuioaids Sfes adBidey BY ¢ padsédenvaition includs a
S%W%?e3|umsulfa was_.initiated at a rate fhat

Wlﬂés}fap?tg Fepdifions fhaf candhedeaslily dateppipelhy @ef?dwmgmlaw gkill in the

ar@ O3t ¥HeQbmpdritud fdHcairliah onte ke R HuditRataRL &1 14BSction step are
control |l ed such that the dissolved oxygen'in the

typisppin the rapgs oM tﬁeﬁuﬁ & Gioaet 73000 Bsually, the reakiduwns argtcarried

o s e BB 5 4R R AL AL rom

aHoat 2ére thapélit Ag°C. e PRt tibA ina¥ af8We Reries outttﬁlﬁetaa?ﬁﬂﬁ&ﬁ Sér@itions,
the. formate dehydrogenase was induced by the

o .
addi 8¢ Bribehalphydrigdelaiagsnaseiratabised ireaiopmtde kgﬁowéﬁctps&rcatalyzed

re8&RInNE inSvelio B%Eeﬁ Jﬁﬁf éHs@ntiaﬁy @@rﬁpl@@ o¥ G €9mPte conversion of
centrifugation. . zyne Preparation 1)

suksrde @dq}vévra@bummen@bws t §feé\1\%@ imdsagd Asyin Sgdp

g RTE AP R r e B0 RAT ik Richealtil W@wm may

bfamoame)tybjf mpnmlrmﬂnﬂmwnrc of bage @oacubdddmmouﬁﬂeethmﬁlmmge that

m%f rgrﬁ?f% (gctc\gﬁglél% tﬂ% %gn}l%;l%r cc%] %or 18 cgel grétgl?rll fysgém tﬁ%.__lbused as

dersehlmisabdvef romthe cells by paSSI ng the’ suspenS| on

t h t |
(" SR bERR S o BB Hanls™) Eloeiciiat ffi or mice
sdbbt@ats gaRRksRAREN stéFEUgehiyéSﬁib@n \Wbthe B@bﬁfﬁdn bﬂ:hé QQ#Alo-3-hydroxybutyric
nper at u then a 10% w/ sol utio
aE PR R TRty I -halo:s naboetic e e oramide i
gdn¥idddewitiPa AeldtveR hidiEtere SRREBAE a@ﬁﬂe@[‘%&ftlog TRUG, Ye\4- l@di‘&i

stirred for 30 mnutes. The treated honpbgenate was
3-hgdroryiggicorckt esters pdentiden gencratedby: mﬁﬁton%cf@wataimg éeductlon
of 212183100t SHALRR  acilGte UG hRAIR Al ¢ §allzﬂ5ﬁﬁ@i@nﬂgl ﬁggcem The

di spensed | Shal I ow cont.al ners, en at S d
kdtousdiritase z@dtlor(SZJ)seCGnulmxsreseDtehymtmg &yrécdly Eheerae pfefpadnenracemic,

SHBE AL, DR e T L P v

leba Iabm.vt/@d%tgzc caxdttypitaligat least abdut SOBGge. f Dire Eb&m]jlld?. uﬂmm:l n

erBoirinte oreR e i (SR Sor by B Rrate 3R R 450 o ..

intras &éddhlhleﬁbin, kﬂd@hﬁﬂ/\l&s‘haxg‘fgﬂnﬁ\??bﬁggcegé;’"ﬁm“teh@ refthd tm/absolute
passi ng the suspensi on
dl%%?ﬂﬁ)sgﬁﬁﬂ? §°rt"\¢ﬁ15§l§ clpng g h?z@}anidﬁn%\b(Fpﬁ%a@é‘Ofﬂefs

using a pressure of 14, OOO psig for the first pass and
8,000 psig for the second pass. The honpgenate was
centrifuged at 10,000 rpmin3a Beclunan |ab
centrifuge for 60 m nutes. The supernatant ‘was
decanted and di spensed in shallow containers, frozen
at -20 C and |yophilized. 5 (3) Hal ohydrin

Dehal ogenase The cell paste was washed by suspendi ng |
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in a Sorval 12BP. The washed cell paste was suspended
in 2 volunes of 100nM Tris/sulfate 10 (pH 7.2). The
intracel lular HHDH was rel eased fromthe cells by

e suspension through a honogenizer in
ggééggﬂﬁéﬁhg a pressure of 14,000 psig for thgcgﬂpgpumusw
pass and 8,000 psig for the second pass. The cel
| ysate was allowed to cool to 4 C between passes
t hrough the honogeni zer. The honogenate was

A (D@n‘ F(+ f—bﬁl‘?ﬁb Hherkds, SQ.OFQ 'li%r?etnﬁg ek, g?]ltk}:éﬂc ﬁt ' I]gnai%mmenc

_ ernatant vas: dec:
CBWB%wnlbﬁ r@ﬂﬁlﬂl}’ lchawacterized by asmg tiee, gab blﬁrbﬁfatc@faphy? fhefhod described

store -80 C.
eSS R PE B e R o
f er méstdascribed abDEYbJ WIIIW!SMSG nomaéchi chigal uﬂ%lo-?%@&ﬁﬁﬁﬁ%mc acid

ol e o RS i D A sl debalogergesgaialised reactions of

thed mmedefi invkntieh,| thé %@ﬂhﬁg Hﬁuﬂfﬁﬁﬁé\d D@0y M NA D amides are
m xed W

ﬁl?shay 13{y§q_uall%mrgecgm\gc_, h‘ﬂ}@rlg%‘mﬁ%ﬂpﬁt@ si(egogwatyAﬂ“uc pcthmatlon of
8t high aereSaeleMBrigf ofdfk m&ﬁﬁfc%e-cﬁalgﬁ&g gg\ﬂglgﬁ\éli; Hymacmléc 4-halo-

et or educt ase- cat al yzed -net hods

3 HF%?PY?‘EE& acihesiiss ofamigdesend the igh stivefiddiaptf the hdlaESydnn
Haldgeis 8 Qatilyzé LMV LSIIRIE ﬁlgh'lrts tﬂ{L‘I o#n%saon%g 1‘)t8$_1 aéetnﬂg -ruyaﬁo-

The reacti on was extracte
3dediogyutirpoidestass eramiides frawides apentinnbalytadtrdtits thvaitiveprocess for

" . tl%'rozlgrglrll ggﬁg?ﬁcgﬁﬁ' %m{ gé{ﬁlc (i\&)/ayglhoa-ggléﬁéggqﬁ% %W?wﬂ@des of high

<.pr foetn dthaloThketabwyrit acm:l egrocitkthidgy, oduced was 25

: det ex gl s%}{ %Ig%?’{\rﬁ%g nSél:(ig)f a@‘;ﬁ%ggtﬁ%\g@%g{n Zs?thq@%]i?quélg gf chiral

and anal yze

piDdintsig mm lighl yI3@ically and oSk
qﬁ o f; fpbéfg‘“@f m%%‘a%‘gﬁ%ﬁi‘ﬁ. SR bR coter
eicopli v8 teﬂ@oh OPHETR asid s r@niftHprahd)s

| gatradeﬁ in Iditm daﬁbd w1t11 WRISLNR DS el PUEG lfn%nﬁ% %nie aFleﬁa? bout 70%
zer fe ’

. eliyati hrogggh t he horm eni
A atgeps Pdm y qbewt@mmf/oen@n@y be hldaast atepait m% The

cdhﬁj‘ﬂztdhloﬁ ug@bg@?’i r%'iibtlEc)l( %f%se-ﬁ% lﬁllt@xs'ugéqeage ch%ﬁf%y prg\\%(?eda ha ?1}@ amount of

pleﬁ%ﬁt gfy%gqi inthe regption m];_zltf.gy nBroduedt |4‘qhaloy3 hydiokybutyric acid ester or amide
mh’ﬁﬁ@&}ﬁﬂﬁﬁ ﬁQfBﬁa) nt@ctgl%lvﬂ H ?u: P%Bhlff{%uy c;ehaligf@amAs used

|'or o- 3-ket ob utyrlc ac
he&j@,ég%qem lpmfgghmf@s b preces§ mH:vI?zclﬁ)h sepasatidf pestedsNapplied to a

as_ a solved solution in
G e e
compghentoin tyf mNif@!Dl@HS(lﬂabiﬂ\{blfrimﬂi&l pr@dégs{eb Qx?xp{%ﬁ’é& gﬁhé’fﬁractlpe of the
was. f.o asurement o e decrease
présgﬁtc lg{éeglg H}%udg,t n¥>8€v lﬁ?%tloq-rﬁogd SpaHe Rhtse extraction, distillation,

_anddﬁﬂﬂsponds to the NADPH concentration. The results

Absor bance units ( NADP s. tine,
and %f lﬁg T E’p% %84r°¥mtiﬂ1°c9f’ld¢§1%éilmrﬁm(é@l ls(pﬁgl)lé'i@lll tﬁam:t‘he ketoreductase
reatfiibh ii‘(lﬁhl*&) it isTUBsHL ARG Aled 1S HRSQ, ? gn g?non%aha:s#gs%lvgnt a biphasic

was converted to concCentration uni

.aqlé%‘&“ﬁ REEPIYER syamp) withothe halohydsiDRiehalagohaschmndambleupliil, of

t he ketoreductase was determned in units of nol
(NADPH consuned)/ mn/nmg (total ketoreductase
catalyst). The 15 neasurenent can al so be performed
usi ng fluorescent detection utilizing an excitation of
340 run for NADPH with eni ssion neasured at 455 nm
O her substrates of interest nmay be substituted for
et hyl 4-chl oro-3-keto-butyric acid ester to eval uate
ket oreductase activity with sorespect to other
substrates. t0 (2) d ucose Dehydrogenase (CGDH). To a
solution of 50 mM gl ucose in 100 mM pot assi um
- phosphate buffer (pH 7.0) was added the gl ucose
dehydr ogenase enzyne as a predi ssol ved solution in the
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of the Absorbance vs. tinme plot was converted to
concentration units using the extinction coefficient

of NADPH (see (1) above), and the activity of the

g ydrogenase was determned in units of

gnl o H created)/nmin/ng (total glucose  FCT/US2004/004819
dehydrogenase 0. catalyst). (3) Hal ohydrin

dehal ogenase (HHDH) 48 WD 2005/ 018579

PCT/ US2004/ 004819 To a solution.of ethyl

1L S) ONOF 4HAL(0-0- OBUTIRIC AEID

N N A b P S TR0 S uryRIc

crrar ogetrasSe—eRzZy

pr edA@m)EwERmmEm A SINGTE RBAETIOR\eEsSERVer time,
aI [ qﬂots the m xtur wi t hdrawn and extract ed
h

faPesght, BBk Disvides hgte hgd dereeyimeret e gamters g drhalo-
3wasbithenadd aftab uaesnilys 9ak: &oﬁremaﬁag uataméoéﬁ@ sub&Hftuted-
? cribed herei nbel ow i n Exanple wer e
8%&’%&%&9%@% andamyidss i g singlg aeaph@l maﬂl, the wathofl cohprising

cdRtRANE the AUBRABNG b ibyri€AAY bst
?]% cyan- 3- hyd roog?/’g utyr ast %r or amlde \Tlﬂ} 2 Leaoreductase a cofactor, a

Wtf?&?ﬂeréﬁmt m@m vmclp@ﬁlvde,amé ashalnhychm dshnlegertaseitotform a

qurve t hat
‘%‘?’3239%@9% oPBottRldnd ol e 3 1Rt BIRRE SeiGitbtPal e 70, o
A@ftlﬂ?qphllsjsubsnmtwé %hﬂdmcbvgy&uuync ekaﬂ!adtﬂgae aagde was det er m ned
Lin grod uced

(ot ARl R s GRS pite B et Saalyzed

, conwb:em pf\tlhb Galamqﬂ-/keirobﬁtybcsidicaéﬁéi oPhmidatte Eﬁ)ifideffﬁé/4113@lo~3~

I é ; c% eval yuate hal ohydrin al ogenase
SEEPP by WG i % gaede it 6““613}\%?01\%%46%'0‘&#9*!3’%11 dehwlogenase-
ca&hj&%ﬂ t@ivesion(dt)thdPhareizey g@ﬁ{y/&{@ﬂ@&@@ stk AR B! %é&%’t@ébondm g

50. MM formate in 10 triethanol am ne buffer

| ~vu°é‘5°1%f‘ssubat&a@e rineiraryitieadté s guides Signifigantly.dhe 4rhalo-

3-RyRehtyBEONY Qs dSOletb Ritdd %ko&lh:%d 5? e @{%écﬁk%se-gﬁwefl react 13)11 is not

reaction was initiated addition o
sepdfefef Aireedgresioion t4 ]é%‘t@ﬁlia@wmblfwhh dvmoggryase and nucleophﬂe

(e %E %?eh'ﬁd%‘ﬁ%ﬂ ttheolﬁ}‘:et) I8t ifs Qgﬁx%%?rﬁn t0 f4—rﬁ1@1%§£]ﬁ %%%Estﬁ&teg’ 4 qqgﬁroxybutync

the fluoreéscence excl t
achf%terarrﬁmldﬁrhe results were plotted as Absorbance units

ot ST o4apt (PR e RS sbVEpE . symocrpre, and

othigh seacticromeadiions sndproqdots ﬁmﬂaecmrgﬂ{eevds@ﬂ cb@versm:% ?f 4-halo-3-
r.ati.on uni.ts, usin i nc coef fi ci ent
ke e oS o B bR e e e B or
amvidesarel efeanmb Bemosmdes&hﬁea ab®le fomb cﬁrﬂaﬁ%‘b&rﬁ@ﬁaﬁéﬁﬂdﬂh n/ ng
yst

by RBIABR RRRYIon iy oS oy AR o he

ofttdpyhdingt4 G0ties %ﬁl%ﬁﬁé@i
¢ (S%p 4 u::%l or o- Igﬁ& ydr oxybut %’(g?)éﬁuﬂr‘g)égld\ﬁgﬁe s and amlccleeg

sol (Yhesgl ‘ES’Psel"ﬂ'@l W%ée&s’érpmapﬁmg péedtag tlnnﬁoﬂ“mtor 16@0eIatibn
sy@t’é&gand tvm%qél\(aienlts) of%taser &{ﬁa%&@ﬁ?[ﬁhé‘&@% gﬁ‘?d%%&m t9 geutralize

| ucose equt

@élukfé'tl‘m @I@Ci W@E@dl@mceﬂ apdniktain gheliaitiabpH of the
I.D._NO .10 -
‘egﬁg%‘*?’&%r(' y SR BB TR Sale PLAbur s hodc B Y onfiggpocss i

singleetcasebrep S0m mﬂgzscnha:hb)eﬂd[dadmlt(bﬂt whithaddihe @i!khﬁiaﬂm oﬂd@luatmns 7))
Sp

and Dy P Bt B8 e B BuBisPar BEPat%r buty)
~acetate (500 nl), dropw se over 3 hours. 49 WO
2005/ 018579 PCTI US2004/ 004819 The pH was mai nt ai ned
between 6.8 and 7 by an automatic titrater that '
di spensed Na2CB (2Min water, about 160 nlL total).
After 40 hours the automated3addition of the base had
ceased and there was no residual ~starting material by
gas chromatography. The | ayers were separated, and
t he aqueous phase was washed with ethyl acetate (500
mL). The conbined 5 organics were dried over anhydrous
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10 hours the m xture was washed with ethyl acetate (2
times 250 nL) and the conbined organics dried over
anhydrous sodium sul fate. The m xture was filtered and

on a rotary evaporator to give essentially
%?28%5?’&%% (R) - 4- cyano- 3- hydr oxybutyrat e, as FPCI/US2004/004819
determ ned using the gas chromatography nethod and
elution tinme data described in Exanple 6,
her ei nbel ow. 15 This exanpl e shows the process of t he
i nvgnt¥on wherein'a 4-cyano- 3- hydrgﬁybutyrc acid

Y IglUcB)e 4-1eyrAQ(FaysoR Yt §PHt ADRH

produced by contacti ng a 4-hal 0° 3- hyﬁ%ﬁ%ybutyrlc acid
ester. (ethyl (S)-4- chI\wgaréiydroxybutyrate) Wi th a
hal ohydrin dehalogen cyanj de -(provi ded by
cyani de salt, oR s v(}égt‘?@a}ﬁbtﬁﬁ% Xo)f*' HZO(II)
t he i nvent i on mhereln t he 4-hal o-3- hydroxybutyric acid
ester is provided by contacting a 20

4 hamhessingteo@ds Y bidialfib ges@%
I or %ac et oaceet at e? bio &ﬁg?%%gﬁ%tugggm %Jl%n&]flggﬂu@}mns

eﬁ PRNGDg der cggdw&w}he I@}Q&y@—lm@abgmase—catalyzed reaction (e.g..
uﬁﬁag e l&?ﬁrﬁﬂd Al a8 Mfettﬁggf) QEIHFRS § t@f&gu%% HeORE fion (e.g. using formate and

dehydr ogenase) urt her s e ove
i“l’@é—i f@llydyﬁgeélﬁserﬁﬁhm@mt@r regrine@atioresyiaien)4R)dederibed above for the

def

, ﬁ%ﬁﬁﬂy@mﬁmgggﬁ%@&&%rate fromachiral ethyl

chl or oacetoacetate in high e.e. and in high purity
wi t hBuill elep bm aindezstped ihaf thasamm:glm@@u T8t ey Yo oBtRIc8 by first

?Mg %@gfﬁﬁ&lﬁéﬁét%s%g Xa?fg é{a@ljﬁﬁéiew above, then subsequently
addiny hﬁid"'y@“ﬁ B)?hdwﬂﬁ%)&bw tydnadeGnto rtm&é&ﬁé’ddcfhs@‘fﬁmn%éture and
c&@ﬁc g ﬁdl n as chromat ography with fl

i oni z oﬁ ¢ ﬁi%%j“ f@’éftl PEeasEPh it thapisgance af thﬂﬂ@et@reductase

'R@denmnuBﬂmnsn I ong, 0.25 pminner dianmeter, using the

foII g 8 g §n1 1 mnute at 100C, 30 5C7n1nute f or
PRedims B9l singlesvessil ppocassifor esn verting m 4shaki-Srlsetelutyric acid

eﬂér taaafayaﬂdnk-aydx@rafbutﬁi&e{cﬁf eslef ﬁﬂnﬁ§%ﬁiég?@ E)(‘%%n@er gth

300C, and the flow rate was t hese
50 WO 2005/ 018579 PCTI US2004/ 004819 conditi ons, ethyl

I¢. R) HAE&)@MJWEQH% DOVENA 88 & O P2 Bl fodr -Io OF VICINAL -

eth y -4-chl Ooro-3- XYy Outy

m U850, ZREDRONN ,.,‘ u! CARBES mmabm@smksfrci

m NUy RS as_.easur ed

usi g AT ] LIC ACID ESTERS

chr dmﬂd;gmamhalegmmxysutﬁmmd %@sﬁ@s&ﬂat@st]Yhé%fbeEﬁ‘ﬁscovered

hal ogena Wi th respect to et
Y 5 B RS89 Bl Gl e s Petprsf s vivinal al,
hmwmmbaugrtabdfuy‘bcﬁ@ﬁc E&l@ﬂﬂ@{sﬁﬁﬁa&@ to ﬂﬂ@i’r Q&rébﬁgi@(ﬂhgkﬁcmal cyano,

ner

n | ong, gm |
b %{[’ﬁﬁ“}‘%& %ﬂ"gﬂ%aclg BHPEIsHg ﬂpﬁsggxea:nnduzanmsmsmmam part L.

- Thshe precent invvhtichl Bsoflrodddd  Midthod %ﬁéx%ﬁuc?ﬁ% Ot Eag(atno Jiydroxy

5atures were both at 230C. Se Co
Sy f‘ﬁ@’F eahoxylic peid 6ster from iayviningk ot hyduixy sebatitwisd edrbok9libacid
eﬂaqmg@ﬁma@gnﬁﬁﬂmg S) 4 cyano- 3- hydr oxybutyrate el utes
2 mn nple 7: Preparation of Ethyl
- (S) {- chpwvisting #1Y@mklydbmthvdmkgsxfosﬁmteﬁtcbgbloxﬂho:d&d)és&r
acet oacet at e. C 3L fl ask
equi pped MAth“ééﬁégﬁg%gggﬁjg??? %%hﬁk FWR His e qogsisting of
an aut onsllpring, btangingmndjodinepihdel ect rode and a. feeding
tube for addition of base, was charged

‘triethanolanmine (6.6 nL) and H20 (492 nml) to make 100

nmM tri et hanol am ne solution. The pH was adjusted to 7
with 37% HC . Then, D-d ucose (125 g) was added. The
water circulating to the fl&sk jacket was set to 30
C. After 10 m nutes, ketoreductase SEQ ID NGO 20 2
(5.79) and gl ucose dehydrogenase S06 SEQ I D NO 10
(3.1 g) powder were added. After 10 m nutes, (3-NAD
(125 ng) was added and the resulting m xture was
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conversion to product. Celite (16 g) was added and the
reaction mxture was allowed to stir for 10 m nutes.
The solution was filtered through a celite pad and the
er was separated. The aqueous | ayer was

?@@%ﬁ%%ﬁmnth butyl acetate (2x 200 nml). ThePEEYaHOH004819
| ayers were conbi ned and the sol vent renoved under
vacuum by rotary evaporation to obtain 30 87 g of the
ethyl (S) 4-chloro-3-hydroxybutyrate. The.

@mantuoometmgahemﬁﬁshar@sayal%ﬁ%ub@ﬁmteaQ&@b{@lf&e&@;@é‘s{eﬁﬁuth &S
hydr oxybutyrate 1n

to et (R -4-cyano-
}%@wg"] alogine\%ba%@@p@f g8 cg@ﬁpqygg@@@}e@g Agrmoa reaction mixture for

EonaaFthgthe viciiaeRab HyldedkyQhbdahiivd carbo*cl\éhc acid ester to 2 vicinal cyano,
%$no 3- hydroxybutyrate from Et hyl

é’é}o‘l subgtgl carboxyhe gsid Btieryr ate To a 3- necked j acket ed

3L flaske®rdMbiR tr b '

connected 1o gtﬁg gé#tnoﬁ{ac?}agﬁé? ‘Pt [t%%' %tsuu{e% Tar r& £ palppgn and

hyidepxy] grewrisubgtititions ongwdjagerd icatbos. Ghe Mmé'wcwaiscfaha,ﬂgﬂﬂaxy

B 09 G ST T s

agligcent garhonsC, menaldxalca @yulmmdtsml&sxmjnai @t ylidacitbistdr OBeNas Suitable
sate was added. The
(BERe i hact WorTRe B8y inkRRioR st Rl thock g1t ropoh e >

Hydromybwyricaadtt éstepn Cbma{antlﬁtvﬁb}iﬁal cyano  hydroxy substituted calrboxy] ic acid

' chl oro-3:-h oxybut yrat e -of the nateria
iR Roafs] aerisd Y S g le Sese et are TR EvapHe  pH
dxpBitRicdcitbebteal 7 by the automatic 10 titrater by

t he &%ltlon .of 10 M NaCH (27 nL) over .17 hrs.
Subs &t Yeing dalo, Byfortwbyitetpharbixylic nad estermbsmtesloéthe

. ReeNE v oL LRird O&Y s?ér%ﬁg i ap{hg ﬂ?ﬁb}ﬁy GG d&é‘l%fng)agd may l;e

15

was added to the flas connect
T CHBh PR akAES elndhesa @mboﬁxmebtammd haIOhydrn'Ecl&Na@daéeQ@ﬁymes
witd i lin tﬁé%r[)@e'gpé(ﬁh@'gllysen?nﬁ/em cgﬁ@eré]’_@%chl tglecgﬁt%é? gxé(gogyl

under ressure. After
sperbibied cmyh@m@esm stbmraeob tieiconespondinglvicingl dfano, hydroxy

er 3. ho HCN -det ect or

SR oo e Brer ool i a0l SlerpRbeinicat the
sme;og@mehwhtgxmdbstmﬁdt:arbomoNoﬁ@cérﬁﬁréhirﬂmﬁkﬁﬁ@huroehdel%fn

throuhace ad, The filtrate was
st ESeolll R o Suedies BRT e gorastt Silpniinly equally non-
rgoni vieidalaygrnhgdrok pyu@ktituted t4res:8sc it @H&%x@d&?sdwﬂ{ little or no
1act| vat ed \[:har coal. The sol vent was renoved under
CAELHTFCORRAY ot ary evaporation to provide 28.5 g of
et hyk eam AciBNBAR; Rydd
989 ( ‘H/ T bR, Ardis) SR b Q@ﬁ%%él‘steég%%%%oﬁh
Pragticef et e@gt inyeptiom inclydlg thdse hasringyhe sturtet 3UE, athlich)provide vicinal

I
?‘*é‘?“‘i’b‘?%’%éﬁ‘?‘ﬁ“@“ eI it pvigg, e cRopsmpnig piegre VIIL
acet oacgpat’e: a 100 nL vessel ObonnecPed to an
aut omat ijc- t trater by a pH el ectf od¢ and ajlf eedi ng
t ubex{o tion*af base wag, chiar
gl ucos : My, N 188gIM  tri ep souf fer
(25 mL) | Tqet his solution was chiarggg ket'or educt ase
SEQ ID gNG 42 (100 ng); 50 ny EQ ID NO 66 and
NADP ( 6. 25 ng). Butyl acetate ( m) was then
charged. TherWllet hyl 4-chl oroacet oac®tte (6 g) in
Wiyl acetate (10 rL) was 30 charged. The pH was
mai ntai ned at 7.by the automatic titrater by the
addition of 4M NaOH (7.5 nmL) over 7 hrs. A sanple of
the reaction mxture was extracted with an equal
volune 52 .. . WD 2005/018579 PCT/ US2004/ 004819 of
butyl acetate and the organi 851 ayer was anal yzed by
GC. The anal ysis showed 99% conversion of the ethyl
4-chl oroacet oacetate to ethyl
(S)-4-chloro-3-hydroxybutyrate. Exanple 10:
Preparation of- Ethyl (S)-4-chloro-3-hydroxvbutyrate
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hours and the GC anal ysis showed 99% conversi on of the

et hyl 4-chl oroacetoacetate to ethyl 10

(S)-4-chl oro-3-hydroxybutyrate. Exanple 11

P [aLion of Ethyl (S)-4-chlor6-3-hvdroxvbutvrate
ﬁ@ﬁﬁ%@ﬂ%ﬁ 4-chloro acetoacetate. To a 100 nPCHES§XE4004819
connected to an automatic titrater by a pH el ectrode

and a feeding 15 tube for addition of base was

charged a solution of glucose (12. g) in water (30

D RO PSRt Bt APAGHA KRR 6" Sna Nae

(6 Z&Swgporﬁumyﬂwécmbhls:ere(m m ) was then charged.

0 ST B G, LBt b

Rt hed RP eredankl Bﬂeméeﬂtllyealeeﬁa lﬁgﬁdhagmﬁp caistifd oft hydkdges,)fluorine,

t ai n at 7 by
any ‘fp?lPﬁ{'@ S“Eiﬁm’ct oYEH ’flrlofﬂl %ﬂfﬂozwiwéﬁ“&e%m@% @poLfienglly
subftfutd 1dWek BiBeVASnSHARREY subttutayPhasRRnaly s‘ﬁ\ﬁﬁﬁut‘é@ arylalkyl,
separate. The organic | aq)i]&DF i ncl uded sone enul si on.

arige, agro@gﬁlpa&ly sqxbcﬁ} ed lowen I@f@lngoqﬁé)pgﬁagﬂ]lgﬁ@lﬁtmmggcycloalky]ammo
an&ﬁﬂ@ﬁaﬁy%ﬂbﬁﬂﬁed’!%ﬁrwkdﬁﬂyt B Qiomhirpdub Rl cycﬂ&ﬁcox%/hanzod)tionally

nbi ned_aqueous | ayers were extracted twi ce w
S“hﬂlt@fﬁd Birtopy, ancwtionadly subssitusedyarsil, Sydrexitlr pittosamige.ccyano, carboxy

TR O S| D i

(i@heamhhﬁmmmmmnﬁam@@heﬁmmuennhﬁmmme wat er.  Vhen the

o Sy ST R RS SR R e s v

" wiglohvgrbd mnhiédf th\as adlawﬂhhﬁﬂxgﬁtt@o&cﬁﬁes@rsqfreﬁﬁd&w described.

S) -4 hI 87. 4 f
_ g(;osz tB%r | { %‘3} E>X %&ﬁo& @l&gﬂ‘é{eﬂg teﬁ)XlE 3|estgrs h\fli% Xw
Sﬁﬁl&)ﬂe“‘vfﬂ\*ﬂmﬁ e onag Bl £, OB RS Bindl SO Idroxy

’ but rat 70mL. vessel connected to an
S“Eﬂ’(%ﬁ‘i%‘? O’E it éﬁtergwa%g‘w ErEERMERe SEMETE % eedi ng

tube for agdmnion of base was charged NaC\Ny§1.5 g, 31
mmol ) andRwatler (50 nL). The vessel 5& 2005/ 018579
PCT/ US200 /O 4819 Was seal ed and k@ ead pace was
deaerat & ogen. The pH was ' &
the additiont of {conc. H2SO4 (0.9 nL). |Thel redction
m xture ? ated to 40 C and treated MAﬁﬁ
sol ution Bf hal oB§drin dehal ogenase SE®'ID NOPR32 (1.2
gin 10 nL water containing 42 ttL of 14My
(3-nercapt oet hanol ). Then, ethyl

whe): 4- chl or o- 3- hydroxybutyrate (1.8 g, 10.8 5 mmml)

- was B 6 titrater
mai r??g?ﬁgzdkt %ﬂak b&glg?ery;@ @Ha‘%‘ggﬁ“ Gh of 2M NaOH.

Suitpble vicimg! harlo,thyérom amtnmmmgboammpacm @teamhhvmgtkﬁ grucafre TX

inholl P OB fon e GER SRS v YRR oGl S 3 X

© tyicdlly chlaine babemitsCaalat fesdbdy cHloridee Wltlg:&ﬁpeet textsti@ates VII through

X,g{]g%?l}ft W}%&%ﬁé efag{]yeet%fﬁli} }tnrgi%pende Ytly e(itﬁgr hydroger? (r«;n sa:lower alkyl.
(R {nhamnab?e hmdmomwb BY3tb R Sab¥@tited 92 WoxBic BXiaRPkR hhde the

Pre av 3 % hgl ((R).- 4-cyan- 3- hvdroxvbutyrate from
S“E?'Hfﬂ ’? AW G lfsciwm OXPERHIYrHE Eomvetopy HicBifiNeeand more
t}q!i@eﬂly* ﬁ@ﬁt”' o3l 111%1‘%315%‘ %H@ 'uﬁlail?f #beh B b BQnﬁﬁﬁ@tS@tﬁbEWnﬂ Whio,

used as base’ 1 nst ead
hYA\‘% rSH@tIHF@i Cafh?éylpfe@cd ¢sts hadngowrigndude Bhalo-4-hydretypent@woic
of 2.3 nL 4M NaCN had been added. By GC anaIyS|s t he
conversion of the ethyl (S)-4-
chl or o- 3- hydroxybutyrate to ethyl
(R) - 4-cyano- 3- hydr oxybut yr at gg was >99% Thi s exanpl e
shows the process of the invention using an al kal
cyani de as base to nmmintain both the pH and the
cyani de concentration of the reaction mxture
constant. !0 . Exanple 14: Preparatlon of Ethyl
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15 activated and set to maintain pH 7. Then, 25%
aqueous HCN (9.26 m, 8.6 g) was charged over 20
m nute to make a 2.3% HCN sol ution. The m xture was
40 C for 10 mnutes, then ethyl
Rg?gggmﬁﬁ%ggro 3-hydroxybutyrate (5 g) was char §E§Uefa4004819
1 hour. The automatic titrater maintained the pH at 7
by the addition of 2M NaOH After 20 hrs, GC analysis
of a butyl acetate extract of a reaction sanple showed

atidesses) \Seitsh1o Ricial ke, @HM‘Y subbtituted caF]bOf\yhc acid esters having n=3

| gro-3-h droxybutyrate to
’%f%deé ﬁagaﬁ -y depgy eéﬁgdsaﬁylriastelsm@mw/mmrﬁloexgmm{mbsmuted
CSI%WICI J&ﬁi é%fe?sci%%&g%ﬁltlﬁkgu&éw Eﬂa %dgof’}glﬂq% i%%g]%\mjers Su]tab]e

hydrocyanlc aci d source
hajegyroxyarhstisrebenronglit acid Em&ﬁ'ﬁh\&né.ﬁ_):s iRE108a8 Ahlo 0N

h?ﬁro%&%alh %%1%&3&%56‘?; ﬁaﬁé S{c&%?ét %ﬁ%&l}%ﬁu&f@rcﬁgm‘ggp acid esters
hwxgg ny@inchide édlaN&Q\Mr%oﬁ@im@éUﬂd M F@‘ﬂtalﬁl@ 3R i halo, h@dmxy
‘@%Eﬁﬁe‘{éﬂ"’q@ Gs S%dﬁ\%dv fol l ovveld bi/pnhal ohydrin

S G mgn= =/sinc P% hale- Qéddmy@f@pnq@@:@d esters.
Swiggble if'hmal hatd; wdrezs) sws@thtearcarb%xﬁ%%%mth‘éb gg—é ?9:9ude 11-halo-

lﬂ%’dr (2dded. The vial was cap lo and heat
SATH S‘Ea“a’ﬁ agid epleise Suifablp yicinal lgt, ém@byxsmé)smbtedaarbo‘{yhc acid

edvert YhviAg BEBIMEIUEX 1] T—Bﬂb—quhy@rd'tsrﬂ@(fe'c:ﬁﬁo ?mgs%e gxtract

showed of 549% conver.si on “of
( S) - ATRTshacinal holes bydrerst spbatitated @arbdnl)&ab acid esters are 6-halo-5-

_ h}(dﬁ)’xy‘l‘:‘%)(éﬁbﬁmﬁné‘é/c‘iﬁ PH&\X%%&\@/ gtrr%cutgg i 48 %318 ﬁlgcehhygroxy—

anal ysi s showed ete
hexapeys peid ieears brvige ﬂwstr(usyrezlxmf wmmh:imw@am@ 'é?[lé&foahﬁlroxy

s%ﬁ?;&&%bﬁg@ﬁcxé e(s‘H' fge{avﬁn% tge ts c{tgr)é%/ ﬁ%@é&%&% TESpeGhiYRY-t he

exc Hs 5 (R)-enantiomen of , tbe Et hyb
4-c rate was rectdd ifist fac

X quant ind_es| of Jal |

co er 1

-chl ogg~ 3- hygroxybutyrate tb 5?1
(S) - 4- cyano- 3- hydroxybutyrate. THEs exarﬁal e inR¥
conbi nati on It h precedi ng exanpl es showsxihat. t he
process of the 20 invention may be used to convert
ei t her enanti oner of the 4-hal o-3-hydroxybutyric acid

esteg - e @or resgpndi ng enant i ongy of t

4- eﬁano 3- hcdr Xy ﬁt ic acid estfr. H a8 1R 2

SBr epar (S)-4-g

fr gLpace

was [i d ampl e [9 OR®
thaf,an eguinol a .armunt of met hyl

4- cBl or oacBt oacet Bt e was. react ed Rinst ea@" of th83et hyl
4- chl or oacetymret ate and t-he enzynes use%\were
e

e a SEQ I D NGO 50 and gl ucose hydr ogenase
Edp %‘f%&%ﬁ f{dgér‘feactlon vvas conpleted in 11 hrs

0
andX 'l‘e @Ra%hkshl% asﬁ ra i {B'JEB{Igy lu 6 'R?.n R3| andRB"

chloro ydrox
arg %S&egfl%fﬂbﬁ 30 BYtin atmtm ke Rreforbyy, Ré,crét af ®'gRt, R R, and

R3S its identi nfirpmed by 1H :
g R O Bkt s‘%"‘fﬁéﬁ%s%o%mweum@ome or
bromyigep| e 18: Preparat| on of Methyl (R -4-c

ano rate.from Mef hy

chl gr%o&geqh %53 dﬁ"iﬂ’ &F’é“?’r?@‘:ﬁres‘@@dﬁ)ﬁ@uwg X1 @& il baye X=CL

to that of Exanple 16 with the exception that an

equi nol-ar anmount of nethyl : _

(S)-4-chl oro-3-hydroxybutyragye (prepared by Exanple

17) was 5 reacted instead of ethyl -

(R) - 4-chl oro- 3- hydroxybutyrate. After 1 hour reaction

time, the GC anal ysis showed 38% conversion of the

met hyl (R)-4-chl oro-3-hydroxybutyrate to net hyl
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10 3- hydroxybutyrate. The procedure was identical to
that of Exanple 16 with the exception that an
equi nol ar anmount of et hyl

().-4-brono- 3- hydr oxybutyrate was reacted instead of
ﬁ?fl‘msoﬂﬁ5794 chl oro- 3-hydroxybutyrate. After FPHGHR004/004519

reaction tinme, the GC anal ysis showed 90% conversion
of the ethyl (S)-4-bronp-3-hydroxybutyrate to ethyl
(S)-4-cyano-3 15 hydroxybutyrate. The product was

¢ har eBpeeific Sadldy-hydloand-ckdteMMRc adiliesic@ %8 Qiﬁlcﬁl@mﬂﬁt may be
rocess of the invention wherein the h

t th
S UE ARITGECS e ie SISUIRBROSRWY der e -igray-3-

dxoheaa6icaeid cEAR! hél X Rr@RaLAIROR2Gfs Rthyh p2e o3 N
3- hydfoﬁ%bytyrggg from Et hyl acetoacetateh¥2 THy » and R™are

ihidetesn arbR s brivbrand Santd 6-bromae- SdfydE»Kaﬁpr@hemnmtahdtekter (e
WHEERLiL glr(])ﬁliltlJ] R @RS qg“ m'DlRar B2 3"% 1%6{9%%9}1 and R5 is t-butyl).

acet oacet at e mas reacte i'nst’ead” o the
Wheh¢raplegaskin @meﬂho@feth@ip@@@lt inyentionk thegr sxbistoiked 3 6el SHO

‘ c'erg}lgg W% vﬁﬂﬂl é%golliﬁ/ (s:t?stee%géoecfg%%ogggggqetﬁrEQQH I@CI’G R,

B’ Bk Bdl,:&?" \Résancsmﬁ"aredwdb@geﬁnﬁdn&tsltmatylnto but yl.
characterized

t lvent t d 2
by 1 AP Ry PR RS AReiE P oo e b airagrne K1 tht ey
bexeampbiyed in thé pﬂaoﬁoeafmmeqﬁe@ﬁpmséd@heﬁclﬁdaqtbutyl 6-chloro-3,5-dihydroxy-
ket or edu t jvity, fo

h
RSN es %gred%ést gg‘t@@%egég If,g;{el&ﬁy " RE" }{Q and R*" are

: h&df@géﬁi axy R Is)’trb%b@) Q- I:M%@%Lﬂrorﬁg i34 ﬁiﬁy&rﬁ%ﬁ%ﬁ@%ﬁ acid ester (i.e.,

o 3- ket obyt rlg aci d e§te S
ber Aenge R 'E 8s't Br'sR Re'nmicﬁ- trarethy dufgen, land R° is t-butyd).

Wﬁéfﬁdﬂﬁﬂl@féd 113916515&1\/33 c;f%% ?é'eﬁ?lzl%erﬁl tHe?S% :11(99% d%?)@é?x[ygexanmc

I'e.21: pH profiles ‘of enzvinatic’ a nonén
aF’élse@teF %lei’étﬁt%ﬁrwdéﬂfm@tah y¥ang, fotdraryd subSHﬂugedmmdpbmayfn@ts&ucture XIV,

kIR RARIR’ AR SRR B byt 00 nGRL AL SRR AT HIBA I

sodi'um cyani de were’ prepared a
7. 5, Sgitable BlehydeindelRdgehnset fre catdl(jzihgﬂﬁ: Dhv@§8n of v1cmal halo,

hﬁﬁmﬁf E‘Lgfg% teﬂ% %tc}%@@cngc\lidva tg? ghltélgsrérlg gio%:%n@ @Wg}ynggl w@stltuted

cabrexicaaid pmchict intlatobyth hhtﬂraﬁl@ﬁabtﬁﬂﬂg@ﬁﬁloﬁﬁ@tdr@l}l\@cm%ﬁg

added t foll d by et
e e e e yeser e pary s Hsighobsebalogenases
nfagrbe nendin i'cleﬂﬁliedtusir%&ﬁé 4RNSdesENRATh PRI le 4t st Bﬁ%ﬁ@%s&‘lmtmg ‘

n t he exception that e enzyfie was
| f%ﬁﬁly g§ % clﬁw@ﬂ &r%"y\h}é%)é%@g ﬁltféméh%bﬂéﬁlr@wl $u%vsfatnted ichrboxylic
- adiabibsthte 2B irfterb Rl anJi%&ls thd QR d'uﬁ?‘iﬁg &frrnd £28he gn)gtgretfgr

roon1tenperature each reac
C?ﬁ"ﬁftmgéhwgméuta}%éy@@cmqutnted@albbwlwacakmteatoea amdaltdyeno,,

h?d%i)@&ﬂa&lt‘ﬁﬁﬁ %a@ﬂ?}}l%zagﬁ Fove - 883 JA&% 8@%8?‘241 %%h c%)argﬁlng 4-halo-3-

anal'yzed anounts subs rate an

_ bydr, awbat)@lcgmd@atemo Tl corrkspoadidg 4giyanhMytsh$)xymﬂtjrr[d’h01d esters (see .

ok PlFare. ot Bdbftetonll SRR Bollt N o, Kmperataiss, solvents and

cesdlyént Sﬁ%ems egcathehme m@xgp kﬂe}dfoiab ﬁ;rh@a$e1glf.§tsq%%tﬁh§éoxy.3- _
oA eF B SR Al ok b meniyamo aoid s

(suyamﬂi&ﬂl) Itdﬂthaiil doﬁéspbﬁﬂﬁx@g Bici¥ dYaRsl llh‘}@ro@fﬂ ﬂﬁéﬁﬁ%d' ArbokfIxd acid
i ons %Iﬁ@nfi wi t hout hal ohydrl n dehal ogenase.

t
es§é§> %«é%‘rt%fe% R ¥t TeRRACH KMl a1 Proisis dyBrammesd -4l
hdrahbdly@r i n dehal ogenase mmol nnnol ol nunol nunol
mmol  PH chl orohydrin cyanohydrin cr ot onat e
chl orohydrin cyanohydrin crotonate 5.0 0.33 ND ND 027
ND ND 6.0 0.29 ND ND 0.07 0.20 ND 7.0 0.30 ND ND

~ 0.01 0.28 ND 7.5 0.31 ND ND38.004 0.30 ND 8.0 0.30

0.01 ND 0.002 0.29 ND
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-Tgr eater than 8,

8.5 0.21 0.05 0.001 0.001 0.24 ND 9.0 0.11 0.10 0.002
0.001 0.21 ND 57 WO 2005/018579 PCT/ US2004/ 004819
The pHs of the final test reaction mxtures were

For the m xtures including hal ohydrin
d‘gﬁgﬁ%&éﬁs Se with initial pHs of 7 or above (B&TA240#804819

"m xtures in which near conplete conversion of the

chl orohydrin to the cyanohydrin occurred, the final
m xture pHs were 0.4 to 0.6 pH units belowthe initial -
pHs. The other m xtures showed nuch 5 |esser changes

in Ml nitial values. These data show t hat
and ion conditions and ti e, no

neas uma pkes m&axy L

4- chl org SGnt ﬁ?@%@%ﬁe& dﬁ%c}gﬁ? gﬁ %tg{:e %F’%‘bfoélthe enzymatic -
cﬁﬁ‘f’“‘?‘é%ﬁ 43133191'3'1!1 exybwfaric &:id ﬁ&terpjfl aﬁndaartd 4ahwleephile substituted-3-
Hva thcanldeto form
SR P B ARIdes ThER b BRiblstatib e falomyarin
tiehdpmsseng 4{helcahrtlydvasybatycio rmlﬂmSiEﬂOIbijm&Q ahdl 6 he@&dphdle. In a

pfré}g g ng tﬁgn}?i‘i"fﬁl?rox tonate by-product. In

con enzy on wi t h hal ohydrin

deha [[Iog ﬁli&@ﬁelnbmﬂmhérﬁ;ihapregélﬂt lﬁvbﬁldn%bﬁﬂesRHm‘fjoﬂﬁ&%ttﬁéﬁﬂ for |
t han 5 nq detectable formati on of "e '

PIEPRUY %%2;‘}”3?‘8%*‘6‘#? Setsttpfedsishydrexsfortyris peid sgtgrsiangd nw&/ey that bpve a

kbotdiuctests y bafatter ﬁﬁéehefrfuglleg @%sgéiﬁgta' c%fﬁcﬁﬁtanﬁ%%fohg@'ﬁl @eg;aBEEnase

P FIRPSsitens Taa: Wthentaginderied-haip Bt estobotyae amtrhﬁlseBor amide.

ooy K, L R o

TS Reratien system, eofhstonsy hsdnhydrn deliatdgenases; ddmlontykebngyeadoid esters or

bli.shed th
P R S BAPH O A S DA 0 op bl e emptoyed n
theyeleashgpsitigns.o car boxyl ic acid groups at pHs greater

L B BB A S

cmmcemftah:a‘:tm&ﬂ maloa]njall M@%dbsbiﬂut@carlﬁﬁ@h&éﬁﬂ”@&t@r 18 4-vicdfhi cyano,
dr olg%m s of eth

vmatic h yl
h a%“%s@‘ﬁ%? )é{fftafl'rdflstél Xr/&"tﬁ‘ﬂ uSheshEpPRSItoNs soropiseAs
haiah;eimrdepan P¥AnideOand & &
i ssol vi ng %ﬂzgt; jglf lslaI—WSOAfm?ﬁ hglo ﬁ{é?/\}éﬁg&sgw%d%bwyhc acid :
?ﬂustlngthe pH by addition of 2M NaCH while '
moni Cempkitions o tlﬂ'ﬂré@&&t@ﬁven@oﬂ?na)%e #2361 geo% Iuat aﬂ)&rﬂjfwao% liquid (e.g.,

(ﬁhar ged to a separate 20 screw ca

YHRA erpdpion, fspanslon, arg @Ted)@bmr Foeexanplarthe c@n@@mtwmin}w bein
b ath at g5ph1ﬂ-f or gﬂﬁ?dw waeh PETre e“%ﬂ{ ely @%%gmlpgsﬁa fon may further

en Coo

-CQIEPF&élaéPlYPl@ A 0.4 nL of each reaction mxture was

extr acet ate and e extract

wer eﬁg'tna gﬁgﬁ@%& B L G TR U @( RHf4ptoLer Processability,
ingludinigcfor examﬁple hv&sab,Haniﬂ abast,ur eaffevyassofubg BiMgyagphichar ed

and i nedi ately extracted. The analyzed amounts of

et hyl 4-cyano-3 30 hydroxybutyrate in each vial are

Viji veHALOHRIREN DEHANDGHIoAsRd @T@IEEDUWA@E\&SA‘ND/\%FACTOR

detected i ".e reaction sa D! e ex rac s

pr oom]m@@m@ﬁg@g/ 018579 PCT/ U82004/ 004819 of
hydrol ysis of this ester is not extracted into the
ext ricaditign tq the spesificierames anp pelynudeatiday descritreahymar thoge

cshcel

| ha@ﬁng G-F&Jﬁliﬁ sikitt inMd zlrk?/@lr ﬁgﬂg Raf ﬂ%q’; I tgchqlri](%lg% Cé?tp 9 h%/cgfyﬁphed in

anal yzed“in test 'S reactions
pH mmol cyanohydrin 7.0 0.29 7.5 0.28 S.0 0. 27 8.5
0:26 9.0 0.24 _

-39



5 The pHs of the final test m xtures were reneasured.
The m xtures with initial pHs of 8.0, 8.5, and 9.0
each had a final pH of 7.4. The m xture with an

of 7.5 had a final pHof 7.3, and the
ioe&mlgﬂ?h an initial pH of 7 was unchanged.PCEHS3004/004819

eV|dences the production of carboxylic acid in the
“hi gher pH sanpl es causi ng neutralization of the
solutions into the phosphate buffering range. 10 This

the disapicey pfbotiondiinay besirigtddd BsA KR ?%cél}ﬂé‘%jélgrﬁ{cleotldes

R B AR Y-S i e st st rusiomer Stcha., Ling
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vl Sl el

tal mg;peoachesaa DNA ﬁlumﬁ@‘%ﬁeﬂl Sxrhiape A g‘idcﬁeﬁﬁ eg&f(é)ol’%ws

ydr oxybutyr at’e

| 4-
(1 %(’Qh# g C H)lgéfg]pglpq) tgie-directed Fanidom mutagenesis using the
pl(oEi)hoﬁotEﬁbﬁB T&ﬂt&dd'rM&ﬁpdétMEIahﬁ)l f, EPTRLL b, 99%)5 Smith, "In vitro

-chl qr pacet oaceta

lnlétflgﬁl)ﬁ &!ﬂ&@_gﬁg_g:, h?deM@Zb(LlB&i)aBeﬁteﬁD efal] @Qraﬂgles and

H b
ap’é????%%ﬁf‘éﬁ SR ERpk A0 SHbRZ AR b 1Pl FigsSt Conbtcisie dieotea
%@“ﬁs%&%‘hﬁm&sm Is?oausa)pnm@%s o7k, "9bingMIGRSE, icha Cel,

, h mne buffer, pH 7. To thrs
_ 3893)79 887 (1% ?]S;%t atéd FWH@@ agredlicont qmﬂnoc!;f@r ¢G@ration of

sol ution

riigple ngmamgsg; ctéﬁhg&hlfeg*&gaﬁ gfp‘gﬁ Bi(%lgi@ssfgmﬁ SR 29fbicin
? emical Blology| 3 a&abzm(e999)
dmt@anme)t alyeiDirectol evomtkwm‘;&mm@ L&deéé\i%f IAgﬁ‘ @Pa' aﬂgwmg

: matlc titrater by the a
DI?AY fa[rxﬂgy S@’P fngﬁh , 1325364 (1889)pBemesi, wal.e "DNA

39E§§ 9%004/ 004819" m nut es an e aor
%fP?ﬁsr?@alt fhiddotechlpt evolution of an arsenate detoxification pathway by

shitffing ofih ot neLPRh @f@rste Qﬁecgg ffe %?eratasacﬁfeggefi gﬂ}gpt]ctnz“gﬂ ture,

In ey d
N e A SRS

e“%l'i‘t{qnaqféf‘ effyctive @H@H%ﬁwﬂegﬂmmaﬁeﬁﬂm sHubi8g bR screening,”
f d sodi de ™
ProRéidiir s%? thQ Nﬁﬁﬁ (oM NAGH i 08 X A g% S o %,Sg)gséq%%i al.,

"Irrgaga»leé &ragh @upmmmemanmw%gglgggﬁgﬂg igig@&hi‘fﬁ%e gName
Blio:jf uf%%g “82 nﬁ%ﬁi&’i&l?gﬁ Ste pﬁl@é{fﬂ@gog of aproimingitro by DNA
shufffiogt Rdtu, BA0ASSOYLILIOS4); Semiiak Ol b}ﬂlfﬁﬁg%k%@gﬁﬁﬁgl EQanon
:‘df%f%blﬁek‘ﬁ%? 5%%@%?311 %ﬁtﬁ@wm;;;'. oes il

{

ativiny] Soidtaly oF Sciend@b Y. AL D eghllll 191 %W%ﬁ?&ér_ﬁg@

97/@3%:%} (E 5%{5%&5 i Sé}%'\gl\,g?)hgf%hm/%ﬂl end WG a1/887d7y THeE: and other

Af t 15
knoaﬂdhétlrx]d;ﬁ ggé]Sifégl B 8&&1 tf%%f\é[}l}!ﬂ% rtlog her w1¥h the assays dSSGCE'IbGd

hr
 hergimgito @eghfydqﬂ@;r é’.cﬂqggdp@asyﬁlhalphmrm de(halegénabes( B)d'(ﬁ)fééﬁﬁ Régeneration

0
systgm ll?et a%tim% egc{#% I?rglt%:,l gsa%g]g @s ?tyg deﬁiable properties,

currul atlve a tiron o
¢-&-eAlistedtiempdranrecodior BH©pﬁm'ﬂme,rs&lv@ﬂt)resxét%c’éxﬁﬂﬁh@hlgedf ‘For example,

a kePcfr@tRx@faﬁé 1’119{; HQITh F%e?%og g‘é&%’egggg eéat? {}}n@gr@?? q)l(il;qbcl'ellh \{')2 ?creened to
idenigy a lqetgﬂeuuutm Ravingla prydeticy FloRd cdifotdy 6% %ﬁﬁ@ﬁ%&? §>1a§.p1e

| d NaCN (125 2. 55
NAﬂlV@lngSVﬁ%‘D}nﬂﬁYfe il él ucosr,rg (750 ngm 3.8 nmmol ). Water

(5 nm.) was added followed by NADP (2 ng),

ket oreductase SEQ ID NO 56 (50 ng), glucose
dehydrogenase SEQ ID NO 20 62 (50 ng), and hal ohydrin
dehal ogenase SEQ ID NO 32 (100 ng). Then et hyl

4-chl oro- acetoacete (24 ng0 0.15 nmmol) in 0.5 nL
butyl acetate was added. The vial was capped and
heated in an oil bath at 30 C After 1 hr, GC analysis
-of a butyl acetate extract of a reaction. sanple -
showed 100% conversi on of - the et hyl
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3-hYdroxYbut Ync 30 acid ester (ethyl 4-cyano-3- R -h
droxYbut ate) is () Y Yr produced, via an internedi ate
4 hal o-3- hydroxybutyric acid ester (ethyl
4“g{% 35 (S) - hydroxybutyrate), by contacting a

OQﬁg ketobutyric acid ester (ethyl FcTuszonan0esy
4-chl oroacet oacetate) with a ketoreductase, a cofactor
(NADPH, 60 WO 2005/ 018579 PCTI US2004/ 004819 provi ded
as NADP) a cofactor regeneration system (glucose and
gl ucobdymisteiridenuae)s emodibatialayne AR IAREF sent invention

A G AR Ry Bihrermmbeined o

praagssionn Thesethavieg ofdidzxaemill 8Sthe Brt 490 rd2 B%H?er Bh NS 8H other

ovaut rate from
%g?é@fes( ?l?%f}%}ﬁgspoﬁ%gr yrg]ap@p fox géﬂd@;lfang@ﬁmgaasms are readily
%ﬂﬂﬂg Sz eag. 1 FRAduL vﬁﬁﬁﬁ{chﬁlorﬂ@%ﬁc% d QA %’P&%)Weal? pNc-:ldhzudt et

B0 Bl S Bontnor e o e

o il i e B it

He gd ;ﬁa vg:gt@r ?‘E’é%lﬂpg)hP?ﬂl}’ﬂ?clnwde\ﬁmghmgﬂlgléhy?n%hﬁo@i\dse '
i . ohydri.n dehal ogenase

oA ugl ?]é’\"o &‘a&gll i’ %n%ﬂa.?ﬁtg Sysie ﬁn})ﬁ%ﬂe taé fté*ﬁ Reagwell known

Iﬁ@éﬂﬂqr@ﬂologm@euc&wa nPreesg. haetgemcmqhmee rmudlﬁ t6 g«fswe%ﬁﬁ?ézomng
e

’@cMﬁl\gqu‘a %@@%%@um 1 S§4Ac.:aflgm5(%-ﬁ§§; kacp JangRigeo, CA;

- Sapbrwk, @61, Bielepile (281115§~QA| Iﬁbhﬂaorgﬁdan@ﬂa@a Ea. Z‘QOISE@ ERa

Then, et hyl 4-chloro roxybutyrate™
S?gn% %ﬂ%ot geb ‘at ?2 1 gng@ag@ vrew gyﬁq, h%?@y al‘ﬂdq'ZCurrent Protocols in
M@IBmiatBlclogy,t' FaMl eAusibe] N'dt . Q:ﬁgr eg:gerg :E: (ﬁ%co s, g%outnth.r%n ire | bl%ween

It f 4M NaCN. Th
et ThBhtEhs Afobgier dusopt g hlevos Pabtio umencbrough
1903, Net€liNoafol iaRifg ARABL mdtSre H1h M Biedih Y5 1%p14és? Qs the

percent conver Si on of et hyl
(S)-4-chl oro- 3- hydroxybutyrate (calculated fromthe

cach of Lot rianor e e U U i oivdFnard

COpRel Fgeitinbe ‘Pl&\ﬁln@nqmlanangmmﬂesj sequence 25 SEQ I D
NO. 32, which it the am no acid sequence of the native-
hal ohydri n dehal ogenase fromrl grobacteriunz _
radi obacter AD1 (zheC), eERAeSHEE from novel nucleic
acid corresponding to SEQ ID NO 31. Conparison of

the percent conversion vs. tine for Exanples 26

E 28sthwetiohel ExplesExaBhBud? DL i@tof rl]ﬁYo%gdrin
ahol g i p dehal ogenases ftﬁe pres!eLn

v 888, hal ohydr| n
(ﬂehaﬁﬂ dxﬁm@ ﬁﬁ% gﬁ cterlzazz r adi obact er ADI
(hl VI%H905 CT1 US2004/ 004819 Exanpl e
e%?ﬁ? S ithsrhadhygsim gehalogynase wynerlos optimized fekptedicd in £,
cd‘hf lﬁ@éd-:drfﬂié afrlo Q4 but
 procedure was |agledr?1§ta{'“%g v Oﬁﬁﬁﬂ{h 8 Eg}gﬁﬁﬁeg%se %‘5’“‘2@’ Rpqaperivm
h H@e SRRetS hthesizad UShlaléﬁhlyﬁai oligomeh,aind gRas m@&@lasaomcm

ctlon was
p%lgﬂip()’?g(?(e fg%g dlﬁ“ Zésl ?erg dgpt1&ﬁgr E@@qo%lejem Tl&?nvectgfﬁowere
transformed iptt &. c@hm Ot(hmtrogmyemsbam CAY frdl & HeduPldsmid DNA was

t hyl :
Pfé%edi“g’{gasﬁ%@ o %ﬁl rcﬁyﬁﬁ é owgsﬁy%trarﬁf@rmeéantp iFopoli BL21
(SmmgmeLwMap@A},ﬂcb ﬁﬁﬁsﬁ&ﬂ@sﬂ B6in¥bthibakd ¥RmBED egevera%ﬂgnes were

simlarly produced final reaction sol utions:in

nmL three-neck flask. The flask was equi pped with a

condenser and nitrogen dip tube extending . into.the

l'iquid, and was connected totla di aphragm 10 punp to
apply vacuum- (500 nmmHg). A caustic trap was used to
trap the HCN in the off gas. :
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The reaction m xture was heated to 50 C and a nitrogen
bl eed was used to facilitate the renoval of HCN
After three hours, the HCN renoval was conplete. The

' cool ed and partitioned into centrjfuge
mfb@”\%o nL of butyl acetate was partiti orféd/US2004/004819
anong the bottles, which were capped and shaken for
extraction. The mi xtures were 15 centrifuged at 8000
rpmfor 30 mnutes.- The | ayers were separated and the
faunddn tse qrheession lirery thkewpsssed xtthvedIHIDH! Whe §BIeE fibinTB&e clones

A R B PO g, L BAIBROTEE g v

eb8ods pglypeptitelspduciesd-SEYRIMONGs. 10y, ad/15) I'dsFécﬁvé@f’%

t¥ielg) aslatga!é %§II0m1quuid: 20 Exanple 310
‘ ep < 2 (R) - 4- cyano- 3- hydr oxybut yrat e.

f r onTThe ytle O She 4eeRldREtese WYMo &g%@ﬁ&b 1]{17}9 Wi based

- vessel, connected to an automatic titrater

ogthAnige acid serusngecd therdeptoredistasq fipm £Wetdidn orgodlidgadbe grs was

vessel was seal ed an

©. somasseed umﬁﬂb-ﬁﬂer oli m%;’ tﬂﬁ@@fgbﬁ@m}g{g& tﬁ%gﬁf ({lélal(?% %ﬂe% b{)(;a?ilfeﬁseion

IS

vagien: PEBA 004 dendcted-ingidpre ), Ondek fhe cBhieol 28 alaquomatar and lacl

a0 ] b d wt . | uti
S S0 19 AU NP S
chioroggpbenicol Tesdgncepingl  TH) pdsmidh ere-tBmbisehakitouingg. aple

' 60. 2 I added,vj a syringe. The i .
<Pt b R SRR e R Rt Rl bere fpoi o pepressedacive
 eigctidnctase anfl tikid deacNverdbdqRiench8 td\uafism tHIIONASBGIchR (WBSEQ ID |

B ) AR e by s

which o3Ebdrtal il insepBle shmMRes SERID BREVE US6,90d 8f redfitiRly)Y!
-(S) - 4- chl or o- 3- F?ydroEybutyrﬂz}?e to ethyl’ (R)’-ﬁ%ﬁgyén 23-
hydr oxybut yrate was >99% The reaction m xture was

- (3ol etucagdDiNARERIE @Dl @ 250 nL three-neck flask.

The flask was equipped with a condenser and nitrogen

 di p Theeensx iy Heroseichydoponss wa@saPlified using the polymerase chain

82 . 3 ] Ul , , s connegt ed
P A AR DAL e AR AR SR
megeigniine. Theprimers fordhearnpliffcatign ehaiohCeterdetiimedafsfnggigspublished

»The...k. ; ' heated to 50 C d
TR AR B ISP S B e o

BHayrilipforerardtpminee (3RQIEB NG: M) : HCN renoval was conpl ete.”

SRR g e R RPN o 6 The | °°

Bbathtiliereverse phmeaSE@EpBID: a0 shaken for extraction,

SRR RIS 2P 20

_Bp?a%ﬁ?wﬁﬁvm\@rmr@m aser 2fyo nore tinmes with 60 i
0 u

Swepel, A EATERAdAAALATRTAGARNGE37. 7 g of et hyl
5 Feder: 1 %yield). 10 Exanpl
gl g ! ) o 0. 10 Bamles

Pr eparat |

StRPCECHANS-ECATIATLE CT-EHAPRGERDAGA-3'r om t - But yl

R - y - - = = h t An
- SRR TS A0 SRR
PGS 14908 idapedechin Fidye 8, smtek thergntiol 2Ba iciaébiarghd4adl répressor

¥I acetate, The combined butyl acetate extracts

| o4 in 50 f . F h.of .Exanpl es 15
38" Jh Euprfr T e ol honl et i otieation v

clsioroemplamiroV tesistantiogenly dThe bl A6 W&@e BaRToRRWGRH ah ZLoMBkpression
was added to the vial, followed by 10 ny ' .

tert-butyl-(S)-6-chloro-5-hydroxy- 3-o0xo-hexanoate
(Julich Fine Chem cals). The vial was capped and the
reaction was stirred at rood2tenperature for 12
hours. The reaction m xture was then extracted with 1
nL MITBE ‘and the organic |ayer was anal yzed by HPLC.
In each Exanple, the tert-butyl (R)-6-chloro 20"

5- hydr oxy- 3- oxohexanoat e was conpl etely reacted The
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Exanpl e 35 SEQ ID No. 74 10% Exanple 36 SEQ I D No.
110 10% 63 WO 2005/ 018579 PCTI US2004/ 004819 Exanpl es
37-41: Preparations of t-Butyl (3R 5R)-6-nano-3
hexanoate from t-Butyl
(%%%S?J 9g(%‘hl or 0- 3, 5- di hydr oxy- 3- hexanoat e An HdiEB4/004819
sol ution containing 28 ng/nL sodi um cyani de at pH 6.7
was prepared at by dissolving 1.4 g NaCN and 6 ¢
NaH2PO4 in 50 nL of water. For each of Exanples 37 5

hopy using standarfd méthodsoISevérarclnRs weRAb ARt @ss%ﬁg% é@ﬁea‘ﬁ’d the

geﬁgag‘ggfje q"teﬁa 3? g‘? rdr?‘otﬂ?'e g%s%%g;é;%sﬁé 1P o %(ﬁlytose dehydrogenase
$463R, 58 1 (SG‘rmbd:ser(mhydioé_bnGéélMﬁf 8 W%%geﬁfg%p%gﬁv\é%em&s

(2001), 7(21
S‘%m@‘%ﬁgﬁé’ ff"ﬂ@ #ed¥k i on was stirred at room
tenperature for 17 hours. The reaction m xture was
extracted wwth 1 nL ethyl acetate and the organic
orate Debydrogenase (D) HPLC. I n each Exanple, only

t- - ?gﬁgﬂg'tgglgegfmﬁﬁg fo?m&t%%@ﬁﬁdr?ge%s% deg'eoé( gg )(gp I;]I’glazte(? i arre]zgpressmn inkE
Ctl‘{tJ Bpsed 8y 5. aming @m@ s@ubnats oy e W&-d&ﬁ%&ﬁg&h@ Y8 Psevdomonas

&doi & ti d f the hal ohyd

Pathar bnanna b BPAER B INENED B)and Gendechivnisioemvan
Acpgsgiog Net CAAweﬂgd) (FBRg&Rs ﬂ@r@s}&ﬂﬂmé’tze@ &rdgxs@r,ﬁegyor}gg,?g,g al.8

clo‘ﬁ’@cfﬁtcf'rﬁ ggi £xa g'pl e 37 I'D No. 100 83

AP TR G es s oAbl 0999 (&mizteDnNgure 3),

ung? tl&‘éma(ntrﬁm ﬁﬁé@ﬁﬁot‘éﬂd lekMNeprestfr SR T@(Q{&ésgmn vec%or%ontams

% | n a_control TreactTon,

theﬁ)g F%ﬁ%‘ o ﬁr a4 éfﬂﬂoa Gesh deechlargpmphoniod F@l&bafncwg@leﬂf O/ GThe ﬁlﬁsmlds were

tradifdrmed Eﬁ F
a mﬁ to alﬁejn ‘?zﬁeapfég%&?‘ Iﬁ@s{ﬁ ﬁlﬁgé ?tgﬁdaﬁﬂg k’ rfnées vafeet;gynd that

GXRT?PE%{ ??6‘?’%1 ogats ehydregenpgecni rhetgmsnveem r;eqnatcysd fd)dimﬁhh the DNA
seqperroes) esSEQ 1bheo t each indjv
BoesEQ $E6Fand %Ecg%%odg PN Aeospﬁléqnces SEQID
s TWP@I"el}ﬁdl vidual l'y indicated to be
incorporated by reference for all purposes. 25 Wile

preferred enbodrnents of the invention have been
amuie 3+ Productionred Eegne i bed, it will be appreciated

(1 th HI“SE e.Changes can be made-therein w thout -
() par |nn9 and scope of the. invention.

m the spirit

4 e 200sd egleﬁaﬂ‘eﬁﬁﬁﬂt@smmbpgés%%e&ﬁﬁn gbﬁh{;ﬁng]o 5Re/L

e e Pl 7 5k st ek phasbons ikl of

potasahm dﬂll};d@bg@ﬂph@dphﬁéli BETHRIMEAXY VLt BGaS:. ﬁ%ﬁg{[_‘ofertrgues

sul t&r %@fnﬁﬂg%’ﬁ Ya5e éﬁ‘%az%g%l;\ri :cgrlnt;gmg éflgf r[ﬁ?c,?tlcﬁlmblﬂbﬁdm

dxh}the adogr, stk slﬁfdz%%ptbﬁycﬁaﬁ% gﬁmﬁﬁ Oa%Stehsgg&rﬁ éncPlghﬂjrate 1g/L

consi tlﬂ of chlorine

cupions sullage 1FH@hWréﬁen%lg/hwdwm hyrate alesahgdiamtant 0{%M., EDTA, was

)
o ggéjgbﬁy@rég;@ur; R e—
cuityrp ef fiapemeéda do&IBL2 1 {gal
e AU P s
P eact %8 i Fxample b gophén whakn Abskmhi@ining
LB, ﬂl (chrhmooge (Ss bsChérﬂffc b
3/ oy ACE AP, Mo {I\ ut égd oxy‘fh:l%m%P&P}lfmcc’l

Si {QJ@ nal c ano, hydrox% substT
( lgtgg pmicg! °rh%t hedinddOpfo aitarting dptrcmlmnatyhtrsbenm @G of 0.5 to

20, QH Rl BaiaURSH S0k 8 R SREDOXNL Cga to thé Fermentation

a non-racemc chiral  vicina
substituted carboxylic acid ester
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3. The nethod of claim1l1l, wherein the cyanide is

provi ded by hydrocyanic acid. 20 4. The

nmet hod. of claim 1, wherein the cyanide is provided by a

CHdYoshisad t- 5. The method of claim1, wherein the

hal o sub%?%tuent of the vicinal halo, hydroxy CT/US2004/004819

substituted carboxylic acid ester is selected from

chlorine and brom ne. 25, 6. The method of claim 1,

wherein the vicinal halo, hydroxy substituted

V&%ﬁg‘;ﬁ%i;ﬂﬁgl €0 honia é@maﬁxtam 8 dissolived di)@lgex%l&b?ﬁ@‘SO%%&ﬁﬁxgdﬁ;}S? or greater.
b GtuR AL e met hod. o

claimi, %ﬁe&\%d%?gg% gfh&‘m R B anmenipn bydgxide.

Adter ﬂ@)@}iltﬂl@ regchel as®Big O@%tﬂe&&&ﬁﬁerﬁhi@%&s@é&%éd to%"(\f\gld the

%&Q§ﬂ99§%79 (#5%804/004819 S. The nethod of clarm
erein ]ﬁﬂ P%?F%Wa%aﬂr&ed ky dreadditionios isoprapdef-D-

tfuagaklmwlde le)gS%ﬁh@hehﬁ&I 8. e Ml MO) tﬂ Rﬁingq:yoncenl\@anon of

fﬁ (2) the vicinal cyano,
sT ‘tﬂ“@ff veas 3oy for anatbprl Sdoves Ah thérindattions fha ells were
hﬁi’zesﬁl'd K9 dNGtivh ddion affBwihed WRANS LN é)otafss%lﬁlpglpf,p%gte%uffer, pH 7.0.

eI ected fromthe group consistin
ﬁ“ Iﬁ’éte WGS‘?MWQ@Y i the domreaﬂ decaﬁelﬁﬁ)ﬁ)(}@@o{ﬁ} was stored at —80°C

umﬂ gpendent |y selected fromthe group consisting of

rogen, 10 fluorine, an optionally substituted
Iomer al kyl, an optionally substituted cycloallyl, an

'wﬁptl 0all substituted | ower al kenyl , an optlonally
sgr?ugéé-gﬁ%ﬁgﬁén optional |y substituted

ar yI Inlak pbrated Apigled ﬁﬂn@tﬁéﬂ o061 by Ex%t i Hg&x%]e(gon a%\l/}ggr 0.528g/L

Ianl n optlona Yy subs
185'1 s‘w@a‘ﬁa ﬂwLé’ﬁ disprtassivan hydreach phosphote drilyainee, 3.7g/1, of
pcﬂitdmwlh%gmtﬁhemuey 21 %?frb&&geeﬁc; 20 Egtga{c‘é,%g@}éms

i onal | substl tute
‘ “gﬂ'&?t Md A ar g trage ielsment mhdxon&oﬁasnm@ T, 6f2£2&¢ﬁimﬁqfcﬁ]ﬂ§lﬁi@e

b
dlﬁj?dlz&tlﬁ Z’%E 'o?hh@gulf?afte @Btaﬂg&%l \ u#%% 20 g‘f?%lﬁ% .flji}F fe lgﬁl ydrate 1g/L

yl, opt 1 onal
CUBRIP éﬂéﬂtq Keptahiydraiet o,ui g/;lt sadmgx baaste ﬁ&r&hjﬂcﬁbﬂeaﬁgbblg/LdEDTiﬁ was
yl; and. each Miis in ependent 'y
br g%:dtéetgﬁlﬁgam%%( J& .e., carbonyl) or -CR'"'R"
Wh e rldie fiermighttor aﬂfhnB'cu'latéd Gzltﬁ @Qﬁe bﬂﬂﬁ@:ﬁfé‘i’ @lﬂfdré( ofsgg'cﬁ&]i%%: coli

ogen, uori ne

wh { fﬁ?}g{??ﬁ r‘?gﬂ nslg(én I‘isefﬂaé% cq?r{gq,;gmg QBW% glagese (Tigmn ﬂhbm:ca] Co.,

' StSlebﬁd; MO 8 ijé/ﬂ@l:}mﬁ]oa n‘?o%i t%@ﬁg @é? IS¢<I§/t 4t gﬂms MO) toa

| ower al kenyl ,. an opt |on
Staghte P53 |dpnsityias 664 Imlé‘aDaw bﬁo Byd 2.0. ahe fomemdr was agltated at 500-

| | ower .al k opt i onal
15 21%11? S.%re éi% lﬁ!@%‘lleh Ftitﬁlg fer%nﬁ tatio Y%ff‘gf"i gﬁ épi%;}u/mem and the pH of the
Cu%% Siaf conteotied anikd bmdchxxgn ofao*mmr a@iRnhin BBkt UL BE: the culture
suybstituted aryl oxy, an

t |1
e B P oL e Bty Hrobvceaie 27 6 andnoanpieyamont shucse

= del@}alﬁ‘digéxa/se &as WanddOR R4 Sadp{sh CP&)H)E%PE% Q!g ai%:é?s&%)g&’f(% (Sigma -

b arboxylate or carboxylic aci
Chemical Corp., 8 tI-QPISgM@]m 2 figalrcbaeenbigtion(df. 1ensm T&m&iﬁure was grown for

ancﬁﬁé}lllg)houﬁn A eREMk ird §0n E}? Ctng n‘%erelhﬁgrlte%g %}é centgﬁ)gatmma@d washed

zero or an I nteger r orh
withd O petassmmiphe@hatebeffer, pHIY.0. STHtell BhRgRks biedWiréetlyin the

'dovgnstﬂegxﬁ lr%%'very process or was stored at —80 °C until use.
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10. The nmethod of claim8, wherein nis 3. 10 11. The
met hod of claim 1, wherein the vicinal cyano, hydroxy
substituted carboxylic acid ester is a

dr oxyhexanoi c acid ester. 12. The nethod of
ngﬁﬁg?iz erein (1) the vicinal halo, PCT/US2004/004819
hydr oxysubstituted carboxylic acid ester has the
structure: R OHR. O3 OR XORS R6 15 R1 R" p3
and (2) the vicinal cyano, hydroxy substituted

. (3t ar Heinydst delatikrdbefsde @z the structure: R OHR . O

@] NCI ORS Rs R R wherein: 20 Xis a
hal gb%’h agied agitated feaﬁﬁﬂttml(g%g‘i)grewﬂasmsdmmgzonmmng 0.528g/L

nﬁhb ﬁi‘uh @@1 h
T8 of Sh 8 okt onSBhe Pyt et
PO&%S%}HB %‘61459%@ Phespbaterdafl ofjBasiont164 weaseexta:ﬁt OIS/ Y
t pti.ona t_l t ut ed
oL o Blee Bl 5Pl e PPt el gbgrde
dﬂb)fdraﬁfpt-?r@{‘{abf ginssiiftd eptaleglirae il 5g/1, aﬁ? te@eﬁgaﬁ*adeynonohyd:ate 1g/L
opt i ona
uBE B Gy s fore e umte s oL EDTA, was
bnawb@bmﬁuhpﬂaﬁw&bﬂmeKlyan1no an optionally substituted
0 I an, optionally 67 WO 2005/018579 :
mﬁl@%%ﬁ‘aﬂ?tsb‘lr%wocw%mth ailatriexppuintial dudtaye, ofaquDHsos or

| pGIIHMOZ)%JJWn ﬁﬂpﬁak& Hﬁ%oﬂaiﬁh% 1@”8111 rbgggt | o;@’éﬂf{“tﬁhgo St.

substi tuted oxYy; i $55e!
gclmramnldmncolr(&gma Ghebtitdl 06,60, 1REMO) to a

ted c cloalkyl an
sl oL BGPTSR st 0
1 S%D@tand air ks sappliey keadhl j?drmeﬂt&mnﬂ&%eﬂﬁtlm% 0L /mGh %@tﬂe pH of the
hydroxy substitute

M LB ribed 15 U aond?of Y oo byckaida For it cuttre
1eaR1eﬁ ax GﬂRﬁm ofR80,2he fhpEaturdWas re&&e@ﬂf"f:(% artd Yfie \Qt(p%ssxr?é 2 of glucose

ano, hydroxy substituted carboxylic aci

| de*t EogERgse g psicedryy t@ﬁddltnmfmpro@ymmgamte (IRTG) (Sigma

h al ogen sel om t he
S Lo eV P RS BB S G ergon for
ancther lﬁzjl_mm Afffet the Ridhctid®2 the cRE Wera RekvERed B en@&8 ation and washed
wzthqg%ﬂﬁ %gﬁggll!lr}{ pﬁgsp%ate gfﬁ]; ' OI-T 7.0. el“he: cell paste was used@dlrectly in the

downstream recovery process or was stored at—80 °C until use.

(4) Formate Dehydropenase

In an aerated agitated fermenter, 10.0L of autociaved minimal medium containing
3.5g/L of NaNH,HPO,* 4H,0, 7. 5g/L. of KaHPO, * 3 H,0, and 3. 7g/L of KHPOy (see
Lageveen, et al., 1988, Appl. Environ, Microbiol. 54:2924. (1988)), 2g/L NH,C1, 0. 5"’8g/L
(NH4)280,, pH 7.0, 5 ml/L of R2 trace elements (see Reisenberg, et al. Appl. Microbiol,
Biotechnol 1990 34:77), 20mVL of 10% yeast extract solution in water, 5Smi/L 1M MgSO,,
40 mY/L of 50% glucose solution in water were added. The temperature of the medium was
brought to 30 °C. '

Chloroamphenicol was added from a concentrated stock solution, to a final

conceniration of 30 ;.Lg/ml. The fermenter was inoculated with an overnight culture of
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group consi sting of hydrogen, fluorine, an optionally
substituted |l ower alkyl; an optionally

. substitutedcycl oal kyl, an optionally substitut ed
|ﬁm@ﬁ pyl, an optlonally substituted aryl,
opt i 0%5211#53 subst i t ut ed arylal kyl, amino, an o thGﬁé‘POF"&}"“s”
substituted | ower al kylam no, an optionally
substituted cycl oal kl yam no, an optionally substituted

% r aI a& tlonall 20 substituted

Pk 34K %&%&PI? Hﬁbﬂ)igmvedmasrs}lhlm(ﬂfask amﬂalﬂlﬁg the
I

b ﬁﬁlﬁfnlab/me?&iﬁl%tdu HRE HaccBl ol g%(fel(t}/oinr ‘%ﬁgqu § zg/a%seﬁ efegﬁ?cz,gl%

fromthe roup consisting af an'o

gi@m@m agnfl g1, /ndrchmmmnmcblyo s uﬁaﬁtnlgtoptl@ﬂi dsml[yaadsdoydm (GMoo) of
an an optiona

I b
LL ?qa Tlth¥ 8§ l{vaai%%}l lf]ﬁg ? rEentaonses gtlsggngnm the pH of the culture

Wﬁ'ﬁh&lﬁﬁﬁhﬁdhﬂﬂ@ 83ifg a J:élnceﬂ_tﬁﬁed@ldﬁigﬂ onaothisﬁin{rhy]dr #%aﬂar The

i& t he vici nal ]L%drox substituted car
§ VEAS (BEVI loamy oﬂg?# 1uptevhiclgime gfeed solutips ofﬂ)% elRBose, 6%

: &mﬂoﬁurﬁ 2hlotifeand @ B%@ha%)fﬁﬁiﬁ sulBYOG R MirRtRASE %&@}QN'&S%M in a final

arpboxylic acid ester has the structure:
olveq O¥y8sn coprepEation of39-90% df alrsyenticw| Tt fedd purmpateheas

@h@&&d%@&ﬁﬂl%&h@ glsgglve“élmxgéc%nﬂg thelL enFe? i\/ﬁag g}%gﬁqqg‘%ﬁp around 30% at

, are eac epen
ainflewdipis @h 1€ Bmsinginil pgitatipn ateloDEeNpm. Atk Hsauitie rea@hed an ODgyg of

ower. a onal |
1?%“2?%%%3%&5{‘ L ?‘i%d‘“éﬁe%?‘r @ﬁafwﬁg%gﬁq Pipfesion of the
fomets de@abfﬂr@ggnase ®As mpuaed b3 ltheyaddition bf Lesk RTY. \ THdRulture was

- B3 BB SRR et r Clbmietod wiprhoesion

optionally substituted cycloalklyam no, an optionally

Bg(%bsf ituted | ower al koxy, an optionally substituted
W%Mﬁ%ﬂ%l |y substituted aryloxy, and an
(bpt i &Jréggcﬁb&)stltut ed alyl al koxy; and 15 R5 is

sel eﬁl LH‘ m the group consisting of an optionally- '
subs sfegvasrvashed by sugpending d ivolwaiel »yetmn pf edllgdste in 3

volugiled 8f 00mMaisRRIke 3L I7.y‘) ﬁ)?‘l%ﬁ b#f Uén‘irgﬁ.@gll on’ anépﬂ)ﬁgn 140 minutes in

érlDtl onally substituted aryla
oRjeh! 4BP vﬂ@r‘é%hedwélmaﬂeommspmddém ogemas ef lO@nﬂd Tris/sulfate -

| (él]@t}' gsat }lle)ggtr%c%eﬁg g Iyrr: gkafﬁlg%%? lf‘xjo?}htg 31 g%g;gﬁaﬁ%ﬁg the suspensmn

ekl adg)gmg@zq&rgn avepassesnaing B @kdsyure 6L 14, 000Ny divk eyt ipRss and
05/018579 PCTI US2004/ 004819
8"3@@ PR e e st R PR oo mdsp e then a 10% wy

e net
sqlgtmn Qﬂpglyeﬂlo'tenemnn@(ﬂiﬂh gHtms wets 8ddealto @ atcty dFRXMPET

t r box Cc esfer to a vicinal cyano,
ﬁ&gﬁ%ai‘w Sggg o7 “fé% ‘85“%0‘18&% mpuigs; Fheleated hagnogenate was
cmﬁugai 2160,000 rfm b BECKHDE 14ARARIfS t
abou 18. II;Iipr:e nmet hod of cl ai ?ngelfélr @\thg?lg#n Tﬁﬁg&ematam was

d?‘?éat&{‘ PeshdigRenerd in shatiost coptsingess frpzey at 720 %G aichigbphibited,
hydr oxy substituted carboxylic acid ester to a vicinal
cyano,  hydroxy substituted carboxylic acid ester is
Hai nhiceseDelvdrogendse n t he range of from about 5 to

‘ aboufpeepy paste 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 5000g for 40 minutes
ina Sorval 12BP. The washed cell paste was suspended in 2 volumes of 100mM Tris/sulfate

(pH 7.2). The intracellular HHDH was released from the cells by passing the suspension
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19. The nmethod of claim1l, wherein the reaction

condition for converting the vicinal 10 hal o, hydroxy
substituted carboxylic acid ester to a vicinal cyan,

hyets speyrogstost i tuted carboxylic acid ester is

mai nt ai ned at a pH of about 8 or bel ow. 20. THE THEPRg 0481
of claim1l, wherein the reaction condition for

converting the vicinal halo, hydroxy substituted
carboxylic acid ester to a vicinal cyano, hydroxy

thyghedt 4 hamaenizs io awb pasgbs L&m‘gcﬂ | (Rlesgrt of 14, OU(I fo? IERIrAt$8Ss and
thod ofclaim1l

21, Th
DR 6 By anity R CoTORECER et RGO | R i

Behlanauelab bmmﬁlfug@ftﬂ 60 inGAu b THeQON@hAtA Wab D& aNie§ bAP;s opensed in

@3% ydrox substituted carboxylic acid ester
RonaiESy Omﬁyﬂr%chéw%bﬁﬂﬂmﬁdd 20 carboxyllc aci d

ester at a pH of about 5 or above. 22. The net hod of
claim?2.1 wherein the base is selected from hydroxi de

(Bal t Halohydiioehalagenasbt s, and bi car bonat e salts 25 23.
The #%L L9y a9t vfés @Ja?ﬂe%%ﬂ%er ef.!hﬂ%ﬁ F{glggl%fsweve& ]Iw% qf cefl pgste in3

froma cy e sal

vplumeh ef lﬁﬂm’m i msﬁstlitfptm @(Hﬂ/ By foﬂgwéd‘ﬂ&ly cegﬁ‘ifﬁlg%ltmﬁ Mlaﬂ}'@ﬂ for 40 mmutes
est er

titut lic a
i B R e S B pended I golpision o8 1 M Tris/sulfate
(e A2 Pk, infracelbier HEDWFDWhSieREseR on! Hk Beglst%aé’én‘fét tﬂ@gusgenslon

sy dr.oxy substituted carboxylic acid e
K "&Elmg}oéfm@ T it pagpesysing 8 preggur goﬁﬂéi,(@ﬂy)g}gi fpr thefirst pass and
. 8 @6@ BLiL IR MASRcoddDasS YAR LR )89 ?@%a@ Gllo J@e %)%Jﬁo balQ baetwef:?] gasses

droxy substituted carbo I C acl erel
ﬂW‘%ﬁhﬁ’éﬂ hasaneenizery ding %ymsgﬂmtemaatcemtnﬁ@ed)myblooo paiiga Beckman lab

Céﬁﬂlﬁ%%fo? 60 Hines? 1l o;ge%nﬁtﬁff dr aié cgm ci?récf qisalfehgedsﬁ tél%ﬁllg}v

e conp osition

- comdiners, H’yndt:roa(cy— 8 G6ahd tysbhitizedrd apaxbi tﬁat s dto@eiita@ Lghes,
~ the itruct

wher &f P]SSBS}?(L&f squﬁﬁéﬁ%éﬁe@gt@eta@ﬁ' fP‘i‘WaPH% CQH éYfpte containing the
e)q:mmd:csﬁalldhgdﬁhﬁ détaldgEhdRe endYri R ﬁssa?éadackﬁgi g% thﬁ I'-fzc'ﬂi0»\Rgu‘%pr0toc(:pl.

are each_i ndependently selected

AEBTH&I]?F?I}‘]@O B ofijaifisg sell lysate rolA0meM Tein-SOpt 10maM INjACN pH 8.0 was
itht 1 [
O ot s B Sl ey, MO or

rrgpareshi agerafiange wiith gl Itemre@cawbatalmdmmmn abdcﬁbed herein). The

.toﬁall' ch%nﬁoe gn%gﬁgq Y gﬁk ;ﬂ{% 1}%3(%16)11 Wa 1‘2%‘?’*%%%{&3‘3}“ télmp:rature for 30

méthmm% reWOh Wb kipaatet Math 7avohafdsiofBalyl dcetate and the organic
ionally substituted

tit ted 0 an .o
lag&k%?m" YRS L SJHWF%S vt Vi B Byerte SurlEef BHGC Termaesanee of
the pﬂ?lyD(mM-g/yaEubS‘tyﬂfdx@ﬁﬂyﬁfe)ﬂléﬁdﬁp XBhie affdtindDF p&(?du%%rgﬂﬁc@&i was
fron1d% ro%p consisting of an optionally substituted
Y| AL U laRslE 91yvespRs Tt ane oLt ol saneen

capitiogyal |y substituted aryl, and an optionally

substituted 25 arylal kyl; and each M 'is

|ndependently sel ect ed fron1 c( C» (i.e., carbonyl)

(49" . -Fefn athehjfdr%léfé n R' and RI"' are each
i ndependently selected fron1the group consi sting of
hy d rledidisatef qamﬁmlmexmcasﬁdcfptmmﬁmyymgms& whypxephrécowe r
c@nlu{@é izat )??E;%Ei Sa@% Vo u%aset llﬂblilnl& trletl‘\n/ano agllnl](e &pH 7.0) at 4°C. The cell -

opt7 ona
lysate was allowed to cool to 4°C between passes through the homogenizer. Cell lysate was
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WO 2005/ 018579 PCT/ US2004/ 004819 substituted | ower
al kenyl, an optionally substituted ary I, an
optionally substituted arylal kyl, am no, an
ORlg substituted | ower al kyl am no, an op}
sﬁ%g???ﬁ%%g cycl oal kl yami no, an optionally BeAR3bonboesio
substituted | ower al koxy, an optionally substituted
cycl oal koxy, an optionally substituted aryloxy, an
3%$Ionall substituted hydroxyl, nitro, am no, cyano,
cl Sinfagation et 4CGr Bbxylasified lysate v L@XYell 65 8%kGbed in Example
4group) carboal koxy (i.e. an ester group), carbam de
(i.e.an am de group), and acyl (i.e. formng a
ketone) and. nis zero or an-.integer from2 to 9,
IST 0339m0310 Corr  SEQUENCE

i
Exe TTo> b Hietiigpher Grate; John H.
(IBaM}Jber John M Hui sman, Galt W

Ma, .Steven, Newman, Lisa Shel don, Roger Wang,

Li Ada nEﬁi‘?ﬂé’r?fﬂomr%&@glalémcfmd dstoe(Ionmivi &t 1 0orm B

: poﬁsﬂ%%b&ﬁhh@%uﬁeﬂ'@dﬁrmﬁm )ﬁ&édcth(?&ﬁ%gfé)e c{)alg%aﬁz:y\é%%é%gredxssolved

Cyano,_ Hydroxy-substitu

Solgglpré flgt ¢ Sy SEheg edViDn wed OritiRETY Ut oA 48 MO DFHL ¢iLEM final)
2 003- 08- 11

e 3 A 0 s s

g JEhishspibanceomeRpnsiste ke NiﬁDBHQonc’eﬁithﬁml The iésﬁu@é&e plotted as

synthetic

uniggmin). b slop@ atth¢ Apsorb4iRB2}. tintAOvak BhSrEs B &J%g(z‘@l%{lon units

| AbSérbae N g\g ﬁfﬂ)ﬁ&c s 11‘}.'&;:'} grﬂéedﬁéﬁj ;{5}@3@&2@‘;@3@%@5&@2@%

: usl%ihe%?ﬁﬂ%%ﬁ %Sfﬁm%ﬂgf g@\.m%é,ran %?e %i%t;éf&hq%?egmg&;t@ was

detBmoinéd in uﬁltﬁoﬂwﬂolmAﬁi"H conswned)/min/mg (total ketoreductase catalyst) The

measurement can also be performed using fluorescent detection utilizing an excltation of 340

~ nm for NADPH with emission measured at 455 nm. Other substrates of interest may be

substituted for ethyl 4- chloro-B-keto—butync acid ester to evaluate ketoreductase activity with

respect to other substrates.

) Glucose Dehydrogenase (GDH)

To a solution of 50 mM glucose in 100 mM potassium phosphate buffer (pH 7.0) was |

added the glucose dehydrogenase enzyme as a predlssolved solution in the same buffer. The

- reaction was initiated by addition of NADP (1 mM final) and the course of reaction was

followed by measurement of the increase of absorbance at 340 nm or of the fluorescence

{excitation 340 nm, emission 455 nm). The results were plotted as Absorbance units

_ (NADPH) vs, time, and the slope of the plot determined {Absorbance units/min). The slope

| of the Absorbance vs. time plot was converted to concentration units using the extinction

coefﬁclent of NADPH (see (1) above), and the activity of the glucose dehydrogenase was -
determined in units of umol (NADPH created)/mm/mg (total glucose dehydrogenase
catalyst)

(3)  Halohydrin dehalogenase (HHDH)
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cat aca aag aat gag agc tta caa gta tta gat tta ttt

aag tta aat 96 His Thr Lys Asn Qu Ser Leu dn Val

Leu Asp Leu Phe Lys Leu Asn 20 25 30 g¢gga aaa gta gca

ag® Mbs18%@ gga agc agc agc gga ata gga tat g

Ay Lys Val Ala Ser Ile Thr Ggy Ser Ser Ser CP&T%‘VS&"”“’““‘“‘”
Ay Tyr Ala 35 40 45 tta gca gag get ttt gca caa gtc g

a gca gat gta gca ata tgg tat 192 Leu Ala Qu AIa Phe

Al L d V | Ala lle Trp_ Tyr 50 55
ot T selfiforprbugh B dethiord ey GO MG 8 o agiassium
plaaphaiaB0QARI NASN bager dﬂHSS Aﬁ@aﬂcﬂeg e n&eNydeit e@L e%éé enzyme
SEQLI ST- 0339wo

Ala Leu Ala Lys Lys Tyr
 aSgeprodyssply eé@"lué‘g‘,!‘amé]?“as u@%& Qugy tigneaaliciots af theguituaatvere

wﬂﬁtﬂa@ﬂ Qn@&%a@@@ witf k8L Rold B85 %gt%i\é@éra&%'yﬁgéﬁéﬁr%éyer ag then

é' é‘a Asn Val Ser Ser
anghyged g%c:amm@%@yé@@)mdemﬁa@h@elgbaﬂow htE:g:ggﬂe &.aSampIes

- wiik @ak%ﬁtat é%@u Yrﬁé Jn){t% ﬁd}kggéaf@geaf?éhe pé?d;lc (iygn%l}yg.na hyl

(Ra'é’t'ci)@t;‘a-3§jlg’é1’0abﬂaltm‘eb, WWlanai @agfufictda oftimet Bhe fdat a3 were

oS il 155 848 Sl o it o

cyan¢-3gladmxyialtmta @hﬁw@]}aﬁf tge Balﬂl@ﬁinﬁttﬁh'ﬂ@g%uasé%ﬁs @etemﬁﬁéa in units
Val g Val Leu

of@ﬁnl i@%m&lﬁ%m& B{j’dljffg) g)glgnwg:t@l i@lo@y@ng{e alg@amata@@g Other
udBplARE afdlbr s‘ilbitra?& Q;f Q‘ﬁ‘tﬁfe %Qay Hi?%ﬁbsﬁttﬁed% le&afg&fi g% [)Iljg%ln

Ala Lys Hs Ala d :

. dehglggengsppotivity wgalgreamt gwaghggmclaamlaagm@mau@mtest a gta

ttt aca gca agc 528 Arg Phe-du Lys Qu Ay Lys Lys
Gy Ala Leu Val Phe Thr Ala Ser 165 170 175 atg agc

(4)ggaE@Hm_tQJD§_xﬁI%m gtc ccc caa ttc caa gca aca tat
t Hi I |
aa asolﬂ.&ﬁh?gr%()&%if hg Mé%gla&@%{mgagugga(pggam was

adgstchtha @gm&tdehydromaseaagymg% 4 ﬁx@d@@@e@k@lu@&&nﬁﬁésm@ Buffer. The

re@'{?n é%gln%d%dg%n@%ﬁmgéé ggﬁtnﬁa{lflang@ cggrﬁe é? %agtlg:t% was

foldxg;@edgiyanﬁgm'em@ﬂt c@ t ihébasa ol a@s@}baﬁge?at 3&’@1%11’% 8r e (ﬂugnﬁcence
r_ Val Ser Pro yr Ile Asn

18I 038 oigioadas J0- e revie e ped wasbsgegneemit

BE38! tiBand 8@ sldpe V
(N ad m’:l@un_l_ i s d@n Ois #e plc;/USEIEt_IQ%Mg# %@“f‘%’a‘bﬁﬂﬁgg@ 4 he slope of

' theaé‘asofcat‘a&c“g‘fsc tigg plof vas eepyeredtoggacagatipanitavsing the eytinetion

coéﬁi@leﬁtt &‘ NOBH [GR ﬂles.ﬁ,ftlvﬁf Hfd\@ lﬂaﬁ’% r%gy%-%éﬂaér \Qas(ae%/ ng néd in units

Thr Ala du Leu gca ta
of tltn@l N@Dgl@apa@gairrgdmggml ggala’e@dbhydtbggﬂ& Bedysgga aca
816

Example 5: _Preparation of ethyl (R)-4-cvano-3-hydroxybutvrate from ethyl

4-chloroacetoacetate (via ethyl ( S)-4-chlore-3-hydroxybutyrate).

To a well-stirred solution of 100 mM potassium phosphate buffer, 500 mM NaCl,-
pH 7 (1 L) at room temperature was added glucose (160g, 830lmmoles, 1.1 equiv). To this
was added ketoreductase SEQ ID NO: 2 (0.9g), glucose dehydrogenase S06 SEQ ID NO: 10
(0.5 g) and NADP (0.5g) as Iyophilized powders. Once dissolved, butyl acetate (500 mL)
was added to form an emulsion. To this emuision was added a solution of ethyl

4-chloroacetoacetate (100g, 608 mmoles) in butyl acetate (500 mL), dropwise over 3 hours.
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Ala Tyr Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala

Thr Ay Thr. 260 265 270 gat ata ata gta gat gga gga

tat aca tta ccc taa 852 Asp lle Ile Val Asp Ay GIy

Pro ' 275 280 <210> 2 <211> 283 <212

P%EF z&%?og’g%éandl da magnoliae <400> 2 Met Al a |1’§§/U,§§QQ41004819
Phe Ser Asn Val Qu Tyr Pro Ala Pro Pro Pro Ala 1 5

10 15 His Thr Lys Asn Qu Ser Leu Gn Val Leu Asp Leu
Phe Lys Leu Asn 20 25 30 dvy Lys Val Ala Ser Ile Thr
Ti@ pH Ses mBewaiBerbetiegn K| 8ean@ Abylan aufnfatic %al%ﬂt}ﬁﬁmbﬁﬂse@ M8,CO;3

(-gageAAja E%?lf é%ﬂalagﬁg@)/ 3¢i‘g é)fﬂmmss e Sgtg%\eélggﬁélg%} gﬁ.qﬁgbase had

ce.é&la aﬁﬂﬂlefé‘mras(iow $ifisal SaRinglnbhtéMal b
e St gl@\/at }g\l ac%&rcﬁrrla{tb@‘aﬁ}%s Th¥ 'ia%rers were

sohpied gy aqgsffl%x%waa “sash@ov@sethﬂapetatyés mL) he|cogbined

origilgcsﬁmge \%FH J\,}}geal%laygm% EOCP he sgféfe "i’{lt%regeaﬂd %%o?h%e%o%l]a %tary

evaparaiar. 40 FiyE efsertially 95r61(2@7%)zghyww@hhma@mymmymsmﬂeys

- Hi 2 "lgchegw% Ehr@d@ol}rﬁﬁbn {/}a%thﬁw‘(@)-h’.%hoﬁ%&,@ﬁ xyé%o ak3(§ .§| g, 50 mmoles)
in ﬁﬁ@w go@psinm p pll%@bll_ffﬂ qu:wba 83 (L) ys303@wE added
et 8o 20 YR 78 ol BBt gty Ry even
Liowtw thaixtitsrwas dBched &Etlﬂﬁﬁ)ymbaatél(ﬂtnhyﬂs@ LN ty@tord¥ised
oo L oSt e Shtshes Ahaeagd et ana

rouat w&pcﬁr i & gibesgeBiall Glhil {R)Es-
3ee aThr & AsnaLBT gl!ir_? u hy ( ) ?%Exoﬁ%d?d%gb%{?gtap ééé

: der;%gawgwmpg @e@éﬁc}@?a’cﬁg@p}g 198@)9 a] gjutigiy tinpg dateiiescrikag in Example

6, WadeinBklypw245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp
Ala'l\%ﬁly Ser Tyr Ala Thr Ay Thr 260265 270 Asp lle :
Ile exawpteshgwsghg pogessp theinyenpern whaeh 2BEyano-3-hydroxybutyric

. acid ester (ethyl (R)—4-cyano-3-hydroxybutyfate) is produced by contacting a 4-halo-

3-hydroxybutyric acid ester (ethyl (S)-4-chloro-3-hydroxybutyrate) with a halohydrin
dehalogenase and c‘yam.'de (provided by a cyanide salt, NaCN). It further shows the process

of the invention wherein the 4-halo-3-hydroxybutyric acid ester is provided by contacting a

_4-halo-3-ketobutyric acid ester (ethyl 4-chloroacetoacetate) with a ketoreductase, a cofactor

- (NADPH, provided as NADP), and a cofactor regeneration system (glucose and glucose

dehyd_rogenase). It further shows the overall proﬂuction of nonracemic chiral ethyl (R)-4-
cyano-3-hydroxybutyrate from achiral ethyl 4-chloroacetoacetate in high e.e. and in high

purity without extensive puriﬁcétioﬁ procedures.,

Ny Example 6: Characterization of Ethyl (R)-4-cyano-3-hydroxybutyrate

The ethyl 4-cyano-3-(R)-hydroxybutyrate produced in Example 5 was analyzed using
gas chromatography with flame ionization (FID) detection using an Agilent HP-5 column, 30
m long, 0.25 um inner diameter, using the following program: 1 minute at 106°C,
5°C/minute for 10 minutes; 25°C/minute for 2 minutes; then 2 minutes at 200°C. Inlet and

outlet temperatures were both 300°C, and the flow rate was 2 ml/minute. Under these
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<210> 3 <211> 852 <212> DNA <213> Artificial sequence
<220> <223> synthetic construct Ketoreductase 2 KRED
CR1-2 <220> <221> CDS <222> (1)...(852) <400> 3 atg

g ttt agc aat gta gag tat ccc gca ccc ccc
c@g) 23@5%”%@3 Met Ala Lys Asn Phe Ser Asn Val GPGT/PpEo04/004519
Pro Ala Pro Pro Pro Ala 1 5 10 15 cat aca aag aat gag
agc tta caa gta tta gat tta ttt aag tta aat 96 His

Thr Lys Asn Qu Ser Leu G n Val Leu Asp Leu Phe Lys
copditiong thyl(RysH- @@no@g}admabxgmte@mesa@e "atnamae@ e&QB(S@-@C‘chloro 3-

a.la
ARG Bt 2 ORI, A Loiphoqiatais cifespy Fgmines.
tta @@m‘@bg“wa thietspg i veig tnedbiGedightn 0B @irddtat \}fbaﬁ §fRas from the
a%ﬁokg%g@# ) t Leu Ala Gu Ala Phe Al a
g YRS e Trp Tyr 50 55 60 aat agc cat gat
ca haﬂ act i y@GPd
g iogef aa@og\l R 18RGy 7 &mgaﬁge %ﬂ-ﬂ)l}f%tﬁ ?Jspe}f&, ethyl

Lys
(R)- -cyiﬂ_lgps-B ~$I¥$r06g§uygaty Bvag 91ea%1gg] l@t 235 g]ggmgtogr@hg axgi;lé{Dt @tectmn

oRES s il G 0 Gk A e

| folwlgsprowga » mmm@% e BAO r4fo BT 2 mytntn. ARGt SRPoVEEA

P GEn iR Ph L P ecaonalibe: ehy Rig-smo-oy
hydﬂloﬁyﬂ:.ﬁjctatéﬁﬁltés(h@ 19.8%nihd andlethydtH.- ﬂ&@n%é}}ﬁﬁ&gﬂ@ﬁg%ﬂnes at

"lg%ta ccc tgg aca aag g 9a gca tat ata

ynMeH Ala Gy Ile Pro Trp Thr Lys Ay Ala Tyr lte
115 120 125 gat caa gat gat gac aag cat ttt gac caa
gta ta at gta gac tta 432 Asp G n Asp Asp Asp Lys
FBie Agparadion offthy) 4% C Borybetyrdd GohIhhil 40chioro-

ac@@&etg@a gta gga tac gta gca aag cat gca gga agg cat
tt agg gaa 480 Lys Ay Vval dy Tyr Val Ala Lys Hi s
AI aTapp-meekpdHaskeRdS LAtagk Sjuiprikd Svitha0mnddhonid A Qtirr@g@d bbinected to

an %Qm@%@ht@aﬁ\% l%%ﬁoeﬁ%% rc%g gﬁ’g’l {F%éng tq&:&;ggl‘l_@g}tt@;l)p?%ssg C%ﬁhalged
meﬂm:lo]@imlﬂlﬁlﬁ AL parfdeil, 01852 9 tclrhible WOGMAAE cEAIPnGAL sddhfbn. The
pH%a% aé%gte&’ %oc'/' with 396}%{& %hgn?% gl%%os%% ?zﬁt ga)t\.vaa;,aatdde%7 The water
circulating to the flask jacket was set to 30 °C. After 10 minutes, kétorcductase SEQ ID NO:
2 (5.7g) and glucose dehydrogenase S06 SEQ ID NO: 10 (3.1 g) powder were added. After ‘

10 minutes, B-NAD (125 mg) was added and the resulting mixture was allowed to stir for 5 -
minutes. Then, buty! acetate (250 mL) was charged. Using an addition funnel, 2.4 M ethyl
4-chloroacetoacetate (250 ml,, 100 g in 167 mL of butyl acetate) was slowly added over 3
hrs. The pH was maintained at 7 by the automatic titrater by the addition of 2 M Na,CQ; (152
mL) over 15 hrs. Subsequently, gas cliromato graphy of a reaction sample showed complete
conversion to product. ‘Celite (16 g) was added and the reaction mixture was allowed to stir
for 10 minutes. The solution was filtered through a celite pad and the organic layer was
separated. The aqueous layer was extracted with butyl acetate (2x 200 mL). The organic
layers were combined and the solvent removed under vacuum by rotary évapbration to obtain
87 g of the ethyl (S) 4-chloro-3-hydroxybutyrate. The. enantiomeric excéss was >99%, as |

determined after its conversion to ethyl (R)-4-cyano-3-hydroxybutyrate in Example 8.
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Met ser Gy His Ile Val Asn Val Pro G n Phe An Ala

Thr Tyr Asn 180 185 190 gca gca aag gca gga gta agg

cat ttt gca aag agc tta gca gtc gag 624 AIAI aVAI a Lys

Arg H's Phe Ala Lys Ser Leu a Val_du

%%2%%0%/% tt? gca ccc ttt gca agg gta aat ad&tgisal04/004819
agc ccc gga tat ata aat 672 Phe Ala Pro Phe Ala Arg

.Val Asn ser Val Ser Pro Gy Tyr Ile Asn 210 215 220

aca gag ata agc gat ttc gtc cce caa gag aca caa aat

Exazpple HE , hyl (R p0-Sdaydrfxy s Ethel (8)-A-chlore-3-
hﬁwbkvmf a%n Asn Lys Trp Trp 225 230 235 240 agc tta

gtc ccc a gga agg gga gga gag aca gca gag tta gta

gga T®683-neeed|jaketvd BL Prack ¢qmippel witAragnéahynial ytigdrand bdnnected to

of ot YOl 1540 2500 P20 B9R hugbbS HLS 8 e
Hazy (1206 mmzaggfacm(sﬂm giRaid N%ﬂ?PéL t@v@gy tosmnthué so%tﬂmmsﬂ 7. The
a ata a
wigleifplpdatsaatioghsc. Ak [l B, Khehyip cdipediipe R D NO:
3Ty celigybaler(@5@itd.) 389added iR rdactidd ﬁﬁxtal%%vasﬁﬁér\%t?d tP @;ll—r if])r 5 minutes.
<213> nd| ngliae <400>.4 Met S
Usjpg ana g‘@‘ga "gF'ErBfI (Bréelipy- ﬁhlﬁrms@um@e iﬂ%g Ofﬁhdsmmnalfmm
E{Jhﬁplér y wésyﬁovﬁg@d@d%w%ef h&tﬁ"ul‘lg 1{% Mgﬁnhﬁ%élféﬁ%]t li‘%#ﬁlf t?:@omatlc
tltsé@l bgdhe additiqg of 10N NaD (W lmlAloerel HfEhrA(SubEﬁquerulyAga Au
cl@!)ﬂ%tggl’é%lﬁ‘ & a('?e%tl\{ﬂl r&l%ﬁlﬂv%ld/'\%%ﬁl o%lv%mlgh% %\ Ey{&?lge (16 g)

whsagdgd tp thy §adky whitliwas 66n ZOnnEBte& a ﬂiayhrh/gh Wiyse ¥etlaudt YSbubbled

' m@ %‘bg—t@lop‘l o srg%\gl%ll%é@o 1e1 Sq%{eL‘Q}Aés Al 3 ﬁeﬁgo %Olgn%% UJOmni

H@pmsﬁm After Llyaur AspbrithgedQiybutbRr Wasladien tolﬁA@ slet’@onh& Qld the

. remogalfs Itheﬁ'i@NAl f%geAi g@“rﬁ_’ﬁ% Idé%ﬂc?é&ﬂl:&gg }égg 51%9 §p1]q| %CN in the

ofPiges. ARl rhilxfury s MRiweASPcoddto HER térﬁjsbwtﬂn%oﬂéﬁ AltdidQ thnln)g?l a celite

Tyr Val Ala Lys Hs Aa HISP
- pagr é’h@?’l&}mtq%'gs ; ct%g g/ltk@gtyY aqetptpfs SGpP @].)é)ﬂgd elpo@byleqi_ygamc
lal:t fifghr¥d ﬁir&xéh%a\{%lf adt8ted Bharédal Y 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).

Example 9: _ Preparation of Ethvl (S)-4-chloro-3-hydroxybutyrate &6m Ethyl 4-chloro-
acetoacetate. |

To a 100 mL vessel connected to an automatic titrater by a pH electrode and a feeding
tube for addition of base was charged a solution of glucose (7.5 g) in 100 mM-
triethanolamine.pH 7 buffer (25 mL). To this solution was charged ketoreductase SEQ ID
NO: 42 (100 mg); 50 mg GDH SEQ ID NO: 66 and NADP (6.25 mg). Butyl acetate (10 ml)
was then charged. Then, ethyl 4-chloroacetoacetate (6 g) in buty! acetate (10 ml) was ' .
éharged. The pH was maintained at 7 by the automatic titrater by the addition of 4M NaOH

(7.5 mL) over 7 hrs. A sample of the reaction mixture was extracted with an equal volume
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165 170 175 Met Ser Ay His Ile Val Asn Val Pro @n
Phe A n Ala Thr Tyr Asn 180 185 190 Ala Ala Lys Al a
GIy Val Arg Hs Phe Ala Lys Ser Leu Ala Val Au 195
ég LPE.)ge Ala Pro Phe Ala Arg Val Asn Ser Val ser
Pro y 1yr lle Asn 210 215 220 Thr Gu |l e F&T/UR3HP4/004819
Phe Val Pro An dQu Thr An Asn Lys Trp Trp 225 230
235 240 Ser Leu Val Pro Leu Ay Arg Ay Ay Qu Thr
Ala GQu Leu Val @y 245 250 255 Ala Tyr Leu Phe Leu
oﬂblﬁyl%étate&ﬁd Meaor iy 18 rvﬁﬁ){ﬁn d )G 1 0
Ile lle f\{i@ % agﬁ 115)E/}r dr;h’lgheLaIgEI “%ggg/"
St g pibrapsshonceiion dhk Dst ot h)fdrwxyhhtyrate
‘Sequence <220> <223> Synthetic construct
EKet olr?duct ase 3 KRED CR1- 3 <220> <221> CDS <222>

addf@edigdl CCC gcacccccc cccgca48 I\/Et AI a Lys Asn
Phe Ser Asn Val Qu Tyr Pro Ala Pro Pro Pro Ala 1 5 10

15 Eierpraesdurganpsadenticd go E;gaﬁn;tlé a “Gﬂlahfgéxae}itioﬁs gat 4(10trﬁg of the

ké\t/&zﬁ:d@ %ﬁgg ]?qﬂ O%ﬁl Was y%sezg liéf_ﬁ?gg 5 g‘lgg @/%g r@%cyl_;g graga@qq the
N4OR. de additiomobthe glaoalgmhm@ﬁ b?ﬂfe ﬂﬂﬂna@% 2}&%2}&15%%0;1%% in1l

hcfﬁ?s an&%é/ "I}li a%ja_{l\)%s %‘?WLFB %gé; qopyierﬂexa ogtge e@& 4-@1@1{)1‘0@@6&)3@@&6 to ethyl -

(Syttechipre-3gndrdgbutgilaie. gca ata tgg tat 192 Leu Ala G u-

‘Ala Phe Ala G n Val Gy Ala Asp Val Ala'lle Trp Tyr 50
55 60 aat agc cat gat. gca aca gga aaa gca gag gca tta

Exaiplapld PR
Ala Gu Ala Leu
acglepcelale, aag gca tat aaa gca aat gta agc agc agc gat

%g? ’[g‘irgms@ﬁﬂ Xg%hl Néog]%%%a é«a%@:t&h?&c tgtgaéer)ég gNg@%l(Ailioge @rgiga feedmg
tubeytpr addition of hasgyweathatged a g@atmmif ghicasear. £36 waMﬁbOhayﬁ) To this
soféan U&g cﬁdéged(ﬂfgoréﬂu@ta% £ 1S N2 B0 sk b ' vo: 66

and I\PADP (6.25 mg). Butyl acetate (10 ml) was then charged. Ethyl 4-chloroacetoacetate

(10 g) was then charged via syringe pump as follows: 1 mL was cﬁarged rapidly and the .
remainder was then charged at a rate of' 1 mL/hr). The pH was maintained at 7 by the -
automatic titrater by the addition of 4M NaOH over 18 hours hrs. The stirring -was stopped

_-and the phases allowed to separate. The organic layer included some emulsion. The organic

layer, including some emulsion, was separated and washed with 10 mL of water. The
combined aqueous layers were extracted twice with 20 mL of butyl acetate. The organic
extracts were combined and rotary evaporated under vacuum to remove water. Additional
butyl acetate was added during the evaporation to help remove the water, When the water
was removed the butyl acetate solution was decanted from solids in the flask. Evaporation of
the solvent under vacuum then gave 8.85 g of ethyl (S)-4—chlor6-3-hydroxybutyrate (87.4%
yield) of very good purity.
Example 12: Preparation of Ethvl (R)-4-cyano-3-hydroxybutyrate from Ethyl (S)-4-chloro-
3-hvdroxybutyrate

To a 170mL vessel connected to an automatic titrater by a pH electrode and a feeding

tube for addition of base was charged NaCN (1.5 g, 31 mmol) and water (50 mL). The vessel
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Page 5 SEQ.I ST-0339w0310-Corr ata gta gta gca aat gca

gga ata ccc tgg aca aag gga gca tat ata 384 1le val

Val Ala Asn Ala Ay Ile Pro Trp Thr Lys Ay Al a Tyr

I 125 gat caa gat gat gac aag cat ttt gac

c{a‘g”égmé a gat gta gac tta 432 Asp G n Asp A&F/UEIp4/004819

Lys H's Phe Asp A n Val Val Asp Val Asp Leu 130 135

140 aag gga gta gga tac gta gca aag cat gca gga agg

cat ttt agg gaa 480 Lys Ay Val Gy Tyr Val Ala Lys
wat-begledlaad GleyheAdspadd \sasidegerdied) with Witloen. 158: 1D Srad 8fustd08 7 by the

Lt a a a aagd, a gca tta gta ttt aca
addjiop %%gn%%gsgﬂ\?%g%ﬁ% thereasfionanistie Vai%%éy%‘“@@ ang] tgpated with

2 sdigtionV@ hatih9ddih BetloBed8s SEOIDINE: 3278 2 Ahd 039C wg%i"‘%o‘;xgeﬁning 42

ata gta aat gtc CCC caa ttc caa gCa acCa tat aa
MLk 4N d-merappiaphandle Thel, ethgh(SYeitchiro-3 GlydrdRieut @ate (A8, 10.8

mn:: 1 tw%s%’e{ddé% giaéggng};g ?h% ?1%018%0(? tét?%%dgegg%%gg th%'pgl %%g»y%gegaddiﬁon

of IV NQH. Nebr Wy thi sadtion whk okt S@H alibl ofldas B hMINEOH had

0, 205 .tt ca ccc ttt gca a ta_aat agc gta
bech Aad oa St of e Fetiiymisire Yane Rt d i Soratelraltme g busy
aceldtd. @GS andedis dbthe 6@aNIPeRrdct Yhohét ihd @nfsifion e é@yﬁ(&?-él-chk')ro-
tc ccc caa gag aca caa aa

{ t tt
ShiGigeTiaed 999 (Mifrevar pheosinings WeReSVAI Pro G n

Gu Thr A n-Asn Lys Trp Trp 225 230 235 240 agc tta
ta g 9 gga gca gag tta gta
o 58 Preparation of Ui F-Cano-GLy bytysateCram Ethyl ($)y4-chloro-
3-hPhdxBubrhgu Val Gy 245 250 255 gca tat tta ttc tta
gca agc gat gca gga agc tat gca aca ggga aca 816 Ala
Ty rThedioeare veas iddnticabéy Exenplal 2 with yhesaceptipn thak aMTCIN was

: Y a a t a a tat, aca
wsod 8 € AR5 030 b, 28 BB 3 35 o
of Lo LPN NaTIN R8beer&ldd: By <Rdrmly2R3the s8i2idiRF tieldtigt (S)-4-

' L 07 6 t Asn Ph As
oGP TBEREL RaT AT ey Sy b ey %8 5
ThrTHiysxahmibe SHows Serprécess <Hihe Madntiof thsif§ B bkl EB38ide s base to

gtc ¢C

cc t
o P

Leu 20 .25 Gy Lys Val Ala ser Ile Thr Ay Ser
maitgih (3 Ty egspoifs pikentatisn ol theqerctisnmatrecrist e

Phe Ala Gn Val Ay Ala Asp Val Ala Ile Trp Tyr 50 55

60 ) : -
.Example 14: Preparation of Ethvl (R)-4-cyano-3-hydroxvbutvrate from Ethvl (8)-4-chloro-3-

hydroxybutyrate -

" Toa250 mL vessel connected to an autematic titrater by a pH electrode and a feeding
tube for addition of base (7.5 M NaOH) was charged water (83.5 mL) and 0.7 g of halohydrin
dehalogenase SEQ ID NO: 24. The mixture was stirred for 30 minutes. The titrater was
activated and set to maintain pH 7. Then, 25% aqueoué HCN (9.26 ml, 8.6 g) was charged
over 20 mhinute to make a 2.3% HCN solution. The mixture Was ﬁeated at 40 °C for 10
minutes, then ethyl (8)-4-chloro-3-hydroxybutyrate (5 g) was charged over 1 hour. The
automatic titrater maintained the pH at 7 by the addition of 2M NaOH. After 20 hrs, GC

‘analysis of a butyl acetate extract of a reaction sample showed the conversion of the ethyl

(S)-4-chloro-3-hydroxybutyrate to ethyl (R)-4-cyano-3-hydroxybutyrate was 95%.
This example shows the process of the invention using aqueous hydrocyanic acid as

the source of cyanide.
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Asn Ser H's Asp Ala Thr Ay LyS Ala Qu Ala Leu Ala
Lys Lys Tyr 65 70 75 80 dy Val Lys Val Lys Ala Tyr
Lys Ala Asn Val Ser Ser Ser Asp Ala 85 90 95 Val Lys

Jhr Ile Qu @@n A@n lle Lys Asp Phe Gy H s Leu
%@2‘“’ B5%05 110 11e val Val Ala Asn Ala G y PCEUS}§4/004819
Trp Thr Lys Ay Ala Tyr Ile 115 120 125 Asp G n Asp
Asp Asp Lys H's Phe Asp G n Val Val Asp Val Asp Leu
Page 6 SEQLI ST-0339w0310-Corr 130 135 140 Lys Gy Val
Gy Tyr Val Ala Lys Hs Ala Gy Arg H's Phe Arg G u
145 150 155 160 Argi; Phe GQu Lys Qu Ay Lys Lys Gy

: X <SepyanG3-hydx @R yratotonSEthyld Sy-4-chloro-3-

: ‘I AanaI roGInPheGInAIaThrTrAsn
W&O Ala Ala Lys Ala Ay val Arg H s P%e Al a
Lys Ser 20enl sirew-vap vid was &6d RaONI2S) mEhed AllH,POR (F30eng).
v G5B Sles 80055 Tt Robbiegt oy BNy as
h@philigshpdwder 1200 rdg)p The2BhZRB)-3 3B 1024-0- hy&@&ywaeéqboﬁhg) was
%Eg %%vﬁfg%s% Ca_%rlﬁl%ﬂ hr Ala Qu Leu Val
as sppe fed irudp if Bathsat 4044 At 4daoyrsSGF3 analysis of
a DMyl ﬁie@.te-r HiraSl of a Bdction %ﬁ@ gxtgagzgslﬁ%gd g}' &4 7*: cgnv\é?émg@ﬁhe ethyl

§ 2%/ Thr Leu Pro
( @OIB@pgbadzqquQtﬁ fq Qihidl(RBéqmmhydrmmtmesAﬂer 72 hrs, the

G@ﬂfaﬁ@is'sﬁo&é&ﬁ%ﬁ co lg eductase 4 KRED CR2-4 <220>
CDS <222 § % <400> 7-atg gca aag aat

ttt agc aat gta gag tat CCC gca CCC ccC cCC gca 48.

wt ttattt aagtta aat 96 Hi s Thr Lys Asn
.Fg P.s Phe L L n 20 2
(5 procel“cliure was ﬁenucgﬂo '&?a?o xamplee 15 \}‘lnth th%%cheSptlonsOthatSthe

(R)-enantiomer of the Ethyl 4-chloro-3-hydroxybutyrate was reacted instead of the
(S)-enantiomer and the quantities of all reaction components were halved. After 1 hour
reaction time, the GC analysis showed 55% conversion of the ethyl (R)-4-chloro-
3-hydroxybutyrate to ethyl (8)-4-cyano-3-hydroxybutyrate.

This example in combination with preceding examples shows that the process of the
invention may be used to convert either e_nantiomer of the 4-halo~3-hydroxybutyric acid ester |

to the corresponding enantiomer of the 4—cyano—3-hydroxybutyrié acid ester.

Example 17: Preparation of Methyl ( S)~4—ch10ro- —hvdrovautvrate from Methyl 4-chloro-

acetoacetate

The procedure was identical to that of Example 9 with the exceptions that an
eQuimoIar amount of methyl 4-chloroacetoacetate was reacted instead of the ethyl
4-chloroacetoacetate and the enzymes used were ketoreductase SEQ ID NO: 50 and glucose
dehydrogenase SEQ ID NO: 62, The reaction was cbmpleted in 11 hrs and the GC analysis
showed >99% methyl (8)-4-chloro-3-hydroxybutyrate. The product was isolated by
extraction into butyl acetate and solvent evaporation and its identity confirmed by 'H and C
NMR.
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g a aaa gta gca agc ata aca gga agc agc agc ggga ata
gga tat gca 144 dy Lys Val Ala Ser Ile Thr Ay Ser
Ser Ser Sy Ile Ay Tyr Ala 35 40 45 tta gca gag get
t gtc g a gca gat gta gca ata tgg tat

Lgbz%%lg}% Al a Phe Ala Gn Val Gy Ala Asp Vé’FTNSé"“‘”U““s”
Ile Trp Tyr 50 55 60 aat agc cat gat gca aca gga aaa
gca gag gca tta gca aag aag tat 240 Asn ser H s Asp
Al a Thr (Hy Lys Ala a ? Ala Leu Al a Lys Lys Tyr 65 70
o : st LY. BB, Jbydeaybaye

dgﬁ bl t5.288 a y VaI Lys VaI Lys Ala Tyr Lys |
Al a Asn er ser Ser Asp Ala 85 90 95 gtc aag caa
aca é‘ihapg)&gdq;was; wantipbtoahg of Bkarhle 16 wathead eﬂctzgwmﬁat an
Ph

I I
eé&ﬁloia}lgﬁfgﬁo@eﬁlyl@)l%gﬁirfoy I gxygpn rﬂ@gdggftE@miegl 7) was
rsledizstodof byl @d-digog- BAGGButAte. @if@er:i%uﬂlela@t@{q{me the GC

: a}@gmﬂ@“@gf‘?fgn‘éﬁ% ggthg %{%ﬁ&gﬁ{)gdaghlgg@ hﬁ%{o‘tyﬂ)ptyw@to methyl
 (Yethoptha-alrgabugtale. gBk ;Ir&cﬁmflé%é’s ch%FAQ%gZed 1A I—Land Ve NMR.

SEQLI ST- 0339w0310- Corr Asp d
Phe Asp G n Vval. val Asp Val Asp Leu 130 135 140 aag

] L] 7 J ’ r.
3 a 480 Lys Ay y ' ?-Vaf_gy.rfﬂa_w $io zltdlsig-clbromo-
—%%M%—%Phe Arg G u 145 150 155 160 agg ttt gag

25 SRR O BR300 W Bt Rat 0 oo

 eqimolpamoyng o@ghyliSB‘l@Mcﬂ:?&ydmkﬂnﬁﬁﬁte@@@ réadted dseal o ethyl (R)-
_ K a C a t.at aat 576 Met Ser
4@%rc€l? glyc?‘}ﬁﬁyw tks %ﬁ\%fafhtgp ion fime, the GCanalysis phoryad 90%

cqnsrprsma@fﬂwtm (B)- ‘Emﬂ@ﬁﬁhﬁﬁﬁx}%ﬁ@mﬂ@ﬁ) e%ﬁ (9)@9 %I&B 3th t
a Qy

- h@‘;f\&a‘g“ﬁ?ig Cr%trf’ ngc gwgi/@“%é?el’géﬁw P%\and CGMR195 200

205 This e‘g(nplecshbwb that B dréxS Ttk idddntiss thgtteﬂl tﬁg fl/al‘p %\X:ésutuent of

o ta.aat 672 Phe Ala Pro Phe Al
g4y Fhodih S agid-pster \Sbgomisp 210 215 520 aca gag

‘ ata agc gat ttc gtc ccc caa gag aca caa aat aag tgg
‘ Ic7- hrr Glu lle Ser Asp Phe Val Pro G n Glu Thr

™

t ta ’I%ggrcsgi&ug rggs _Qﬂﬁti&?ﬁ) tﬁ:%t%f gg{%n%ggh ‘ t%?xcgﬁéonéq@t an

Ser

eqpiplayamapnt of zhyl Q@@agewe wgs seatt@t utstead of the nfethygca agc
-4-Gdbroletbabdate @H&zé(ﬁhg%f@et%%&u ?§$§ﬁﬁ A@éfi ;}BI‘!C% Tyn'r}g]lp_feglilucose

Phe Leu Al a Se
debystiosrggse SHY IR NO: étz aveaiwse@,t The sdactigow Sddriphdte Bints Hrk. aThe

pr@d'il%t &r&qscﬁétgd by extraction into butyl acetate and solvent evaporation and
characterized by 'H and C NMR,

In combination with preceding examples, this example demonstrates that
ketoreductase enzymes that have activity for the reduction of ethyl acetoacetate to ethyl
3-hydroxybutyrate are useful for the reduction 4-ha10-3~i<etobutyric acid esters to 4-halo-3-

hydroxybutyric acid esters in embodiments of this invention.
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Asp lle Ile Val Asp Gy Ay Tyr Thr Leu Pro x 275 280
<210> 8 <211> 283 <212> PRT <213> Candi da nagnol i ae
<400> 8 Met Ala Lys Asn Phe ser Asn Val @u Tyr Pro
Avd 601889 Pro Ala 1 5 10 15 H's Thr Lys Asp G u
Ser Leu G n Val Leu Asp Leu Phe Lys Leu Asn 93"3?‘%‘{941'004819
Gy Lys vVal Ala Ser Ile Thr Gy Ser Ser Ser Ay lle
Ay Tyr Ala 35 40 45 Leu Ala du Ala Phe Ala @ n Val
Ay Ala As Val Ala IIe Trp Tyr 50 55 60 Asn Ser His
: &l g , . hmgl g anatidltaat deysiohy sf efiyl 4-chloro-
dfSkvbarSh Lys VaI Lys Ala Tyr Lys Ala Asn
M@Ala 85 90 95 Val Lys @n Thr Ile
G u Aguedssohitions yeralsing PhergGhly sddigm b?ﬂn&%ﬁbrﬁr@@m d®% pH 5.0,

6819 d l7% }'r{? 8 }I] de’%’ %A}%E Gﬂbgj%gn 01%?55[:) S@?&@Er@@ﬁm@ qu_nygnng with .

PH meﬂ@h e5 A pofeach ddhltiolavas E8dgddBth aASPardi€ o ﬁ@cﬂe%ca&'
Ala Lys Hi's Al a

Y citernbes S Rbre” 46600 mepree s euyich fllaved by iy

8y4- &
( y chipo- h){((lirglglgﬂ% 3%%261%@ hes J Hﬁndﬂs? Sl’%‘ n&:lrééﬂﬂtpcl r%z?c%vnsf
%‘“Vé’l fS: BEPregeuipryes ifentiont anﬂrﬁlae wfeptmnham@ chBfnel ¥ omitted.

T'ﬁl: Sialy ﬁerb)éﬁpp%h%n@ééte\ﬁL afh bﬂkﬁ&t e % % Hed g’%}éovg and cooled

Al a Val 195 200 205 P Phe Al
twn§€WPVéFWSeA 0Pt L @yplF pf edch ecabtion mAdre &Zb5 eRpted Thth 1 mL

P n G u. Thr n Asn Lys
et S8 e St Y B e e @ v A g |
Ay &hy at@lyzedhmomhtaoﬁubsttaﬁlan‘dqdrodﬂcts i? é&ch.viad 2R g@@% in AbBke ), and

e RoBIE st 9950 Aoyt Sk S5l K, A3 T

hsrcﬂmxﬂ:el@;yrﬁhepcyaﬁ&@dﬁﬁ thears 20T (R)-£ 2 ak- 3z§ﬁiroﬁ%ﬁt%?at% crotonate

- means ethyl 4-hydroxycrotonate. In the Table, NI means not detected.

Table I Millimoles chlorohydrin, cyanohydrin and crotonate by-product analyzed in |

test reactions with and without halohydrin dehalogenase. See Example 21

without halohydrin dehalogenase wifh halohydrin dehalogenase
PH mmot mmol - mmol mmol mmol mmol
chlorohydrin | cyanohydrin | crotonate chlorohydrin | cyanchydrin { crotonate
5.0 0.33 ND ND 0.27 ND ND
- 6.0 0.29 ND . ND 0.07 0.20 . ND
7.0 0.30 ND ND | 001 0.28 ND
7.5 0.31 : ND ND 0.004 0.30 ND
780 | 030 0.01 ND 0002 | 029 ND
8.5 0.21 - 0.05 - 0.001 0.001 - 0.24 ND
90 | 011 | 010 0.002 0.001 | 021 ND
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<213> Bacillus sp. <220> <221> CDS <222> (1)...(786)
<223> Synthetic construct d ucose dehydrogenase S06-3
<400> 9 atg tat ccg gat tta aaa gga aaa gtc gtc get

a get get 48 Met Tyr Pro Asp Leu Lys
L&?z\%’?"& Aalle Thr Ay Ala Ala 1 5 10 15 PQT@&X%'Q@‘”S”
ctc gga aag gcg atg gcc att cgc ttc ggc aag gag cag

gca 96 ser Ay Leu Gy Lys Ala Met Ala Ile Arg Phe

Gy Lys Gu Gn Ala 20 25 30 aaa gtg gtt atc aac tat

tat ate p&ﬁtofﬂ&&hﬁﬁ&st@‘é&cﬂ@ﬁﬂnﬁ@&s YRE HinBashtd. FhbiBe M%&tures
Ser Asn Lys G n Asp Pro Asn Qu

, Ty
e pains R e bgpaaseguth it eotibe et Bgoedimihecs in
\ﬂﬁ&h ﬂéai' c&hﬁle%t&nﬁl@ﬁoﬂ%héaﬁoroh?’&x(gQOlﬂgq %% i Whrid %&uﬁ&f the final

u
r@lgcglrfagés F5ke Gl YanHyaits bplow thwanitial pHis. Tlytogher E[Jaxtmchhowed much
lgsq,grcqjgﬁ Ay Gu du Asp Val Lys.Asn

| e Val gengzlqiéapl:ll'hr Af\{@}l rimngé%%so 75 80 aag gag ttc ggc .
aca dihgserdata show thatgmaerttheamteactitin apaditignOdnddinie, gamefible

'- ‘@‘&’29“%@5‘3@3’”@%%%“ ifo ?@f%@‘t E"&'YE%&A“S"&%W&*Qa%&ed at any

t@s@gi iig| I}‘Sssa&\gn JarstpHR @dhb@&ﬁmgﬁaﬁmﬁ@ﬁoneﬂﬁ)ﬁ?_aﬂb Qt:';l\z'?énl\ggl‘i’cyamde to
S Va

el C%%ISMS’@@D %@Bﬁ%@ W%l‘g\@lﬂggwe@geg pH eng yas aggempanied by

mtgmsmgtfo@%ogw et 4-BfioxytioRon@elby b dds. nInl-d%Htl 26 rtheQn)fymatlc
eu Arg GIuAIaIIe1151 12
rpiflor ph Eﬁ'&h&%’ tffaalowsweuwgat gl hedaicdpids a'te@telaté@n 5 and with

Asn Val |le Asn Met™ Ser

notdgicti@aBle4Srnatiol B JiUY /ﬂﬂﬁro g'l:rogn'dte%% 5111)‘At§§}ed %ﬁ kﬁ&ltlg@ﬁy, for both

135 140 &gt gt

- geymaicrand gpnangymaticgest mcfmntb abpld gesatsr than Sgthg 1rg:¢<atoth8 Gf the GC-

a§‘95’ze\cﬁ’rodﬂc§s c@clléaééﬁ |fr01145t§ %E)t%l 4138 nghgleé'gr%vﬁgr? 5a¥%{hgﬂgslélom 3-

Al'a Al a 145 aaa

. hdﬂ@xabtgﬁa@ae@mt)awceﬂma ttgagcreasgzggfamatm of 2éh- alﬁa)g:eble by-products

v@ﬁltq'[{;ﬁ%_sn%aﬁ? %ﬁ&aﬁﬂl@g % It V‘% sep, a%el;f e%tabﬁ% Afh}ﬁt tﬁ%@ter 6;{:0@113 of the

reastpnbang rggdﬂcamte lnyesiply haéttolsaam tcﬂiatbc@gnc 8idigi@dbs A9Hs greater

t%ﬁl% ﬂ%ha%?l?e 1'Rf;u1f’3l ng cgqﬁg%lsclagtﬁ/ fl(—’)ﬁs cée% ?@@e gitgacgg)(% reaction

ngemr@amp&aahmhm@emm@a@@&tsmmma get gat 624
Thr Pro Ile Asn Ala G u Lys Phe Ala Asp Pro Lys dn

. Lys Ala Asp 195 200 205

Example 22: Nonenzyimatic hydrolysis of ethvl'4-cvano-3-hvdrovautvrate.

Aqueous phosphate solutions were prepared at pH 7.0, 7.5, 8.0, 8.5, and 9.0 by
dissolving 0.48 g of NaH»POy, in 40 mL water and adjusting the pH by addition of 2M NaOH
while monitoring with pH meter. 5 mL of each solution was charged to a separate 20 mL

screw cap vial. Then, ethyl (R)-4-cyano-3-hydroxybutyrate (46 mg, 0.29 mmol) was added..

‘The vials were capped and heated in an oil bath at 55 °C for 3 hrs, then cooled to room

temperature. A 0.4 mL of each reaction mixture was extracted with 1 mL butyl acetate and
the extracts were analyzed by GC. For an external standard a duplicate of the pH 7.0 mixture
was freshly prepared and immediately extracted. The analyzed amounts of ethyl 4-cyano-3- .

hydroxybutyrate in each vial are given in Table II. No product of its hydrolysis was detected

in the reaction sample extracts. It was separately established that the carboxylic acid product
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' gta gaa agc atg att cca atg gga tat atc ggc gaa ccg

gag gag atc 672 Val GQu Ser Met Ile Pro Met Ay Tyr

Ile dy Gu Pro Au du Ile 210 215 220 gcc gca gta

g ctt get tcg aag gaa gcc agc tac gtc aca
76@)&%0 ts%?a Val Ala Ala Trp Leu Ala Ser Lys GU/T?Yp+/004819
Ser Tyr Val Thr 225 230 235 240 ggc atc acg tta ttc

gcg gac ggc gggt atg aca caa tat cct tca ttc 768 dy
Ile Thr Leu Phe Ala Asp Ay Ay Met Thr A n Tyr Pro :
o&ydrcﬂlﬁas Bfthis256r Rt exiAadted éfto GRGxGEEs Gk feadion 88mpled that are
S.b% g Ay 260 <210> 10 <211> 261 <212> .PRT

"l lus sp. <400> 10 Met Tyr Pro ASP Leu Lys

y Lys Val Vaal Ala IIe Thr Ay Asa Ala 5 ser Ay

Ay Lys Ala Met Ala |le Arg Phe Ay Lys AU G'n

20 25 30 Ly5bigdl W hmql%:scmﬁohwvﬂnw? Ser Asn Lys
Asp Pro Asn a@hn ys Qu GuVval Ile
Aady Qy & nofrig andt et sl ¢ dy 50 55 60
Val Thr Lys dvdradysis iaaqsiovs| SdeyBrample 221 e Val G n
Ala lle 65 70.75 .80 _1lys Gu Phe @y Thr Leu Asp

Met 1le Asn AsnPHl a ymuoﬁnph&ﬁilgo D5 Asn Pro
Pro Ser Hs [@ u7|361

100 105 110 1le d
Ay Ser Arg Glu”IAIa

LeU
Al a
An
Lys
Asp
"Thr
e
Val
Val
Leu

Pr o Lc'ub. +p Asp Lys
Thr Asn égu Thr Gy Ala Phe .
le 1150280 125 Lys Tyr Phe

Val

130
Phe
ady
170
Pro

du
135
Val

Ile
175
Ay

Asn Asp
140 Ser

la | ve
mrr o y\J

vallhi s

du val%e Pro Tt

Sy-Asn-Val-lle Ash Met. Ser

p Pro Leu

Hi's Tyr

Lys Leu

Al agAl a
't Thr

1251505355 160
GluThr leu Ala lLeu

Ser Lys Ay
A u Tyr 165

Ala Pro

Lyg-OGI y!

Ile ArgO-%I Asn A

sn lle Ay

Ala lle

ASTI 180

J.CSO J.UU IITI_ Pro—1

e Asn Al a

G u Lys Phe Ala Asp Pro Lys G n Lys Ala Asp 195 200
205 TWH@fUhS@mai test mixingesPwere Waheairyd. Thhe rhixeur witinitial pHs of

SBr §s %n“ 9@ éﬁcll_ L b é]igal Rﬁ%fé q@'rn%@@feawﬁf' o0 @lggal %@f%égmad a final

pH4)@7 3@@ thé m:ﬁtmre vith enfhidalA H o6 wadlinehddgyd. Metiis S¥illedobdthe
proﬁuctlon of car onylillc acid in the higher pH samples causing neutralization of the solutions -
into the phosphate buffering range.

This example in combination with Example 21 shows that ethyl 4-cyano-3-hydroxy-

butyrate is inc_:reasingly hydrolyzed with increasing pH at the pHs greater than 8 where it caﬁ

- be produced by nonenzymatic reaction of ethyl 4—chloro—3-hydroxybutyrate with cyanide.

 Example 23: Preparation of ethyl (R)-4-cyano-3-hydroxybutyrate from ethyl

4—chloroacetoacetéte  (via ethyl (S)-4-chloro-3-hydroxybutyrate).

To a 100 mL vessel connected to an automatic titrater by a pH electrode and a feeding
tube for addition of base (4M NaOH) was charged a solution (25 mL) of glucose (7.5 g) in
100 mM triethanolamine buffer, pH 7. To this solution was charge.d-ketcreducta-se SEQID
NO: 50 (50 mg), glucose dehydrogenase SEQ ID NO: 62 (20 mg) and NADP (1.5 mg). Butyl
acetate (10 ml) and ethyl 4-chloroacetoacetate (6 g) in additional butyl acétate (10 fnL) were
then charged. The pH was maintained at 7 by the automatic titrater by the addition of 4M

NaOH to the stirring mixture over 13 hrs. The phases were then allowed to separate for 30
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245 250 255 GAn Ala dy Arg Ay 260 Page 10

SEQLI ST- 0339w0310- Corr <210> 11 <211> 786 <212> DNA

<213> Bacillus sp. <220> <221> CDSd<ﬁ2§> (1). (786)
etic construct @ ucose dehy rogenaseﬂ] wmmm9

j%%%@”%%ﬁg?g tat aaa gat tta gaa gga aaa gta ¢ttt

ata aca g qt tca tct 48 Mt Tyr Lys Asp Leu Gu Qy

Lys Val vall Val Ile Thr Ay Ser Ser 0 acc ggt tta
t_cgt ttt gcg aca gaa aaa get 96

Igr%we nd @é ﬁr%%& 1%??8 (;% L Epntaingg theetiayl ¢S Phehlptoass-Fjriroxybutyrate

'iﬁlemlweﬁeAdfaar&ﬁm?e'a 30 aaa gta gtt gtg aat tat cgt tcg

aa et aac agc gtt 144 Lys Val Val Val
aaa %}a? %dn é"f'"‘SE n@CEPd(gg an artgmalicatitreser bSarpH\hiéctriﬁ)ﬂeéiQiafeedmg

'tﬂ’& fok &cﬁiﬂﬂﬁ?of%& (?M N%ﬁbﬂ%@c@aﬁed%ﬁm&%?grg@gggﬁél vgpd by water

cg gt t aaa 92 Le
%} Thepjegse W@\S siplgd wad theysadshayceSeis Geactrledith SitrogdC Ahe pH was

. aﬁ}u%teg @(97 BQB %dasgffuggacrx& i@% %;l "fg al@}:xgé’ﬁ %Et@he% to 40 °C and

t@aqqd 3@1;11 amohltlbh ef oljdrid SleBlogenar JFRID ND: g% ?%)QS nlb ‘?nL water

gﬁtam%tgyzl’)i{&gofﬁltey al rShpf eﬁ)éupolgg 1?9'@22 hl% Agg%gwigvegzﬁ mk)tcontammg

eiyl(35-AHordS - h}@&ixyﬁﬁts}rﬂé Froth G&e ﬁI%I stwﬁ%ﬂﬁgﬂcﬁ §§nngﬁt R pH was
at aaa gta 336

“@%ﬁa‘ﬁ/ﬁ‘{ at§g°g/ t %@‘@@flﬁmﬁpatqrrbpr thmﬂdu;psl ofaM MAOH t®fhe :0@ing mixture.

- Adick 1 9B, tiRGBn ARG ok Bpetﬁ}quSﬂﬂgﬁ‘logacﬁ h&értbx ?yr%gy) eﬁyﬁ (gﬁ—é—cyano—

ag gcg att 384 lle
T drayYutiate wasp3ts ag lmhaatecl by the Suh@Bil2fidaRA of Biml 6f3he base (15

gga aca gtt att aat atg tcg
ng%%pg‘%%ﬁ?'%?’g@(ﬁm%hﬁ%&ﬁ Asn Asp Ile Lys Gy Thr Val

Asn met ser 130 135 140 agt gtt cat gag aaa att
rr . gca gca 480 Ser Val

EEoxyautyiatefromgthyl

a
vdros 248y, aag ctc atg .
tat er Lys Ay Gy

Q) 4 it 253
ctt a.t t a
‘Eg‘ ; Zﬁ%’i T VI%WFS%?%@&%FW@S e 25 gl NeBBPO, (415
mg7m4d_ﬁﬁnol) and glucose (750 mg, 3.8 mmol). Water (5 mL) was added followed by
NADP (2 mg), ketoreductase SEQ ID NO: 56 (50 mg), glucose dehydrogenase SEQ ID NO:

62 (50 mg), and halohydrin dehalogenase SEQ ID NO; 32 (100 mg) Then ethyl 4-chloro-

. dcetoacete (24 mg, 0.15 mmol) in 0.5 mL butyl acetate was added. The vial was capped and

heated in an oil bath at 30 °C: After 1 hr, GC aﬁalysis of a butyl acetate'extract of a reaction

sample showed 100% conversion of the ethyl 4-clﬂ0r0-acetqacete to ethyl (S)-4-chloro-

3-hydroxybutyrate, at 96% selectivity, and ethyl (R)-4-cyano- 3-hydr0}.ybutyrate at 4%
selectivity. Then, the reaction vial was heated to 40 °C for 15 hrs. GC analysis of a butyl
acetate extract then showed 2% of the ethyl (S)-4-chloro-3- hydroxy—butyrate remaining, with
overall 98% yield of ethyl (R) 4-cyano-3-hydroxybutyrate based on the starting ethyl
4-chloroacetate, _

This example shows the process of the invention wherein a 4-cyano-3-hydroxybutyric

acid ester (ethyl 4-cyano-3-(R)—hydroxybutyrate) is produced, via an intermediate 4-halo-3-

' hydrdxybutyric' acid ester (ethyl 4-chloro-3-(S)-hydroxybutyrate), by contécting a 4-halo-3-

ketobutyric acid ester (ethyl 4~chIoroacet0acetaie) with a ketoreductase, a cofactor (NADPH,
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et cca aaa ggt att cgt gta aat aac att ggg ccg gga
gcg att aat 576 Ala Pro Lys Ay Ile Arg Val Asn Asn
IIeGIy Pro Ay Ala Ile Asn 180 185 190 aca ccg att

aaa ttt get gat cct aag cag cgc gca gat
624 " ?o Ile Asn Ala G u Lys Phe Ala Asp F‘?‘Hg‘lsg?‘%"“m"“s”

G n Arg Ala Asp 195 200 205 gta gaa agc atg att cca
atg ggg tac atc g ?a gag ccg gaa gaa att 672 Val Qu
lle Pro Met Ay Tyr Ile Gy Gu Pro Au GQu

Pf%?"@ecg%d%%) B ppfactprisgenkat BEQYSST { 0B8RIl ndoee ﬂehyﬂfbgenase) a
t t ca a
061 110050550 L9854 G5y 0 AR o

regglaptyginuigmeots)y pigsdnt fihihe 226H@RNIXARE 240 ggg att acg

ttc
ctc ttt get gac ggc ggt atg aca cag tac cca tca

768 Ay IIe Thr Leu Phe Ala Asp Gly Gly Met Thr A n
Expnples25-79

S OQE%F%%‘%% lus sp. <400> 12 Met Tyr Lys ASP

Leu Fat eaoﬁ]o!] Ekz)kﬁprﬁi’S -Ya\lto ¥aborht, %s-Ethrco ééfeﬁ% 2\1?315%?}&&0 trtrater by

u d s Ala
p?ll-ﬁele%o e ﬁég 11g(§ul:§:5ty g@%&ltwg)f Vade waglcharged Ns@N'[!/ & gA lgmmeol)
ml&WateLQS) rﬁ,}J THeeSdeliwAl fa128 an?G&xE P Ialﬁl‘%stxﬁ fo ?/QV %‘Lﬂ?&dllfji(m of

Val &
copg. LS @K o%nggyfﬁéamﬁfnmile\ms {Ghtad 5040 96 prhiadardd AtAEDuton
of EﬁUh)Mﬁh dgmaﬁ‘o%'ﬁ se@é hSo0 6I§ MR AR Gdua{;) (s;ysed for
P didloggise D g ind o Ao waten)” AThe helopS i deielogemsa

‘ theggExq@gﬂethad théapol fieptidieseqinbedivenMal tho2511d+aHz SBH IHIWOs:

5 110 Il e Asp Thr Asn Leu Thr
g pE%'s“gpléﬁe %’%Qé%é Arg Gu Ala Ile 115 120 125
LysETcynplPEé \GHQ @D oASn Asp Ile Lys Ay Thr Val lle
Asn;Met 140 ser Val Hs Au Lys Ile Pro
Tr pﬁnx-f'mop‘?_t %ﬁ%ﬁ# Tyr Ala Ala 145 150 155 160
Ser Exansplédy QBQ WBNolys Leu Met Thr G u Thr. Leu Al a

Leu. G u. T 170 175 Ala Pro Lys Ay Ile Arg Val
Eﬁ’éﬂ’kﬂ)‘{% éG%QI:FPBTOdQDAl alle Asn

Then ethyl (S)-4-chloro- -3-hydroxybutyrate (5.00 g, 30.1 mmol) was added via syringe. The
autornatic titrater maintained the pH at 7 by the addition of 4M NaCN. The progress of the

reactions were monitored by recording the cumulative volume ot the NaCN solution added
vs. time. |

Figure 4 shows the percent conversion of ethyl (8)-4-chloro-3-hydroxybutyrate
(calculated from the cumulative equivalents of NaCN added) vs. time for each of these
Examples. Example 25 used a halohydrin dehalogenase having the amino acid sequence
SEQ ID NO. 32, which it the amino acid sequence of the native halohydrin dehalogenase
from Agrobacterium rczdiobacter AD] (hheC), expressed from novel nucleic acid
corresponding to SEQ ID NO: 31 Comparison of the percent conversion vs. tlme for
Examples 26 through 29 to that of Example 25 shows that novel halohydrin dehalogenases of
the present invention have greater activity than the native halohydrin dehalogenase from
Agrobacterium radiobacter AD1 (hheC).
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180 185 190 Thr Pro Ile Asn Ala Qu Lys Phe Ala Asp
Pro Lys @ n Arg Ala Asp 195 200 205 Val Qu Ser Mt
Ile Pro Met Ay Tyr Ile Ay Au Pro u Gu Ile 210

2% #&hisha Ala Val Ala Ala Trp Leu Al a ser
Ala Ser Tyr Val Thr 225 230 235 240 dvy ||e§’ {U%E‘é“d""’“”

Phe Ala Asp Ay Ay Met Thr A n Tyr Pro Ser Phe 245
250 255 dn Ala dy Arg Ay 260 <210> 13 <211> 765
> Art [ f| CI al sequencd? <220> <223>

(hgzammguzﬁgge Page 12 SEQ_I ST- 0339w0310- Cort  <400> 13

atg agc acc get atc gtc acc aac gtc aaa cat ttt ggt
ggt eg}’fwﬁuwsvasmnngférto nﬁat oﬂlhamiplee 2%aP wiitlr thé\sxcepsidn that

hé'lbﬂ%dlﬁlh de ﬂhggeg%e% 5? AND. 10, Cwa§ %seé &?rglgq‘g)éfsg g}gtre@ on %gs

%et @@‘ﬂi&w addigionefi tHSeNaCBl soldtion, SAdGERGaITEN shédled Maconversion

i1 {
PIRRN T W RO K,
>W@% Thsredsion Ghintukewaddoalofladd BhELIABwih Hvd &her@h’inlgiﬁf #8duced

g seofh fiofih 89 b Rtk B he ForloMpramedait

| ccﬁ:idinsa and Bitebgbh dipibe éa@éhdtﬂgeintg the lzcﬁuds gnc@@a@@&nng&gd %Ca diaphragm

get tac ggt cag 1gtc gat gtc agc aac
p“é‘ﬁ‘bto RPLY Ve uii300 qupHg) trwtmargp @smst:ﬁhto tmptha/alcmauhe off gas.

Tﬁa%aoggg nﬁ:ftgregj:] hggtgg tQ)a%(ﬁ"(_SQnd Hliffo gé\htbleg,ﬁ szfag g?edqu) Zacbh%te the

re%&P}ial of HCY. (A fteydhreg howps, dhet H@NAsqnow s«asrymnpxba VEtle rfdxtire was

* cobRll a8, RlludiRg itBSAARE0 P! 1 BLG 090, 00l oCL e SA0 Al Fed

amgng t]geel@ptt@snwhllcb wareraPpai dldahdMden fdr&utré&lbleHe eurkd Grere

e S Bl SO B 080 S A

warlikewise eSercte@ityo rkcge tilnes Witk 300 mIlFBudyPReetate. The combined butyl
acetate extracts were evaporated under vacuum to give 19.6 g of ethyl R-4-cyano-3-

hydroxybutrate (83% yield) as a pale yellow liquid.

Example 31: Preparation of Ethyl ( R)-4-cyano-3-hydroxybutyrate from Ethyl (S)-4-chloro-
“3-hydroxybutyrate, ' '

To 2 170mL vessel connected to an autoﬁ_]atic titrater by a pH electrode and a feeding
tube for addition of base was charged NaCN (1.5 g, 31 mmol) and water (50 mL). The vessel
was sealed and the pH was adjusted to 7 by the addition of conc. HaSO4 (0.9 mL). The

reaction mixture was heated to 40 °C and treated with a solution of halohydrin dehalogenase

- SEQ ID NO. 100 (0.4 g in 10 mL water). Then, ethyl (S)-4—chloro—3-h}irdroxybutymte (10.0

g, 60.2 mmol) was added via syringe. The automatic titrater maintained the pH at 7 by the

- addition of 4M NaCN. After 18 hours, the reaction was completé based the addition of the-

NaCN solution (no mote based being added, 14.6 mL cumulatively added) and GC analysis
showed that conversion of the ethyl (S)-4-chiloro-3-hydroxybutyrate to ethyl (R)-4-cyano-3-
hydroxybutyrate was >99%. The reaction mixture was cooled and transferred to a 250 mL

three-neck flask. . The flask was equipped with a condenser and nitrogen dip tube extending
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ttc atc act tcg get act ccg ttc ggg ccg tgg aag gag

cta tcg act 432 Phe Ile Thr Ser Ala Thr Pro Phe Qvy

Pro Trp Lys G u Leu Ser Thr 130 135 140 tac act tcg

g8lo B ggg get tgt act cta get aat get ct

480 %Orl%'?%r Ser Ala Arg Ala Ay Ala Cys Thr 2:5}%? 41004819
Asn Ala Leu Ser 145 150 155 160 aag gag cta ggg gag

tac aat atc ccg gtg ttc get atc g g ccg aat 528 Lys

eu Gy Gu Tyr Asn Ile Pro Val Phe Ala lle Qy

mrﬂr%e }-\B'H ’196@ V@mmwsted toe digplragmpump ip gwly Gaturh c@)OcmgHg) A
ca 2 H s

h% tgépgwéssgl‘réecg%graé%e 1@@94' lﬁ ?1% cgg %a Té‘?e é&fo&l‘r&lﬁtﬂx%wi lated to 50
°G_L@51 apgogaaddeed otas asﬁd tg (fg:ﬂgaag tieearemgta) off HCNG amegmgeamgxrs the

Hgﬁg' 1%59&1 % éle aﬂ%ﬁ] #é/ ﬁT%rotgégqgé%ﬁt%&hgé cgatglfuge bottle.

60k of bmygg:gtam\tramaemahgagﬂé ?ﬁll@%@sgﬂiﬁ)eﬁt&gd Qifﬁengga extraction.
t r n S u eu
it G oSkt 3000 i o 2 sy B i tsg speited and
the gquegmphaaet wid Iiketvise el@&t&ﬂ@oﬁh&e f%lﬁies (é&'lﬁ 6% tnff, mtﬁ %Qetate The
r eu r Yy nv al
CWPEeﬁi’thEFétﬂg‘?%ﬁ%é “?gfge‘?wates FBag yacuuin togive 7at g o&fctbyl

R-gaFafgt-hy@ox Affa@981BLEIECC gaa taa 765 Gy Gy Phe
Pro Met Ile Au Arg Trp Pro Ay Met Pro Qu 245 250

<210> 14 <211> 254 Page 13 SEQI ST-0339w0310- Corr

26 rnoate from

:[
El%-[
—
o]
=
0

mEaD

#¢.g Leu Ser d u Ala Ay

H s LS Asn 20.25.30 . Q. |
an ‘%’Equﬁ@s Sél”ﬂ 'fy 45D SR AP TN Vagppred
byzttss@lvmg@ 25 & NaCNyagd PRqz NEH,PSRIin & th Gffvaldru HIE eachlot Eﬁnﬂpies

a\l‘fqu )IL‘SL o&% 5 étlon\yvqs cg%rlg%rfl %glﬁzg%gso%re vﬁéaggl%ﬂyqr@ qghgogenase

pomider 20 mgﬂwas Biiied @ the Piad, tbllevAsy, 1048 Glg eyt b\ﬁézl&(S)lﬁichﬁrélS-hydloxy

Asp 85 9 A Gy Ala Val. Gu Ala Leu
3“%"3‘%?‘6"3%11@‘%@3‘? @{B%H?alési dée Yis5wasiepped-ang|the Ivaﬂtmm\@s stirred
at f5@in ©nperviite foy 32 hres ATEE leXGionhixfakdiwad tﬁerl éx@ra&tle@ w1ti]1]i§nL MTBE

0 125 Phe Ile Thr Ser_Ala Thr Pro Phe Ay P
% Epqpiq laypr &vas anglyzed by HPLC. In each Example, the fer tﬂu_tﬂ_@)_é_gﬂ_om_-

S-hydroxy-3-oxohexanoate was comnletelv reacted. The polypeptide sequence of the

halohydrin dehalogenase used for each Examples and the analyzed reaction yield of fer t—butyl

{R)-6-cyano-5-hydroxy-3-oxohexanoate were as follows:

Example 32 SEQ ID No.106 25%
Example 33 SEQID No. 108 15%
Example 34 SEQ ID No, 32 15%
Examplé 35 SEQ ID No. 74 10%

Example 36 SEQ ID No. 110 10%
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B 0 |
i

130 135 140 Tyr Thr Ser Ala Arg Ala Ay Ala cys Thr

Leu Ala Asn Ala Leu Ser 145 150 155 160 Lys GQu Leu

Ay GQu Tyr Asn Ile Pro Val Phe Ala lle Ay Pro Asn

16 Hddo1ssd Tyr Leu His Ser Au Asp Ser Pro T,

Tyr Pro Thr Gu Pro Trp 180 185 190 Lys Thr %T@g"“’“”“m
GQu Hs vVal Ala Hs val Lys Lys VvVal Thr Ala Leu 195

.200 205 dAn Arg Leu dy Thr Adn Lys Qu Leu Ay Qu

Leu VaI AI a Phe Leu_210 215 220 AI a ser Gly Ser Cys
2IHDY prepgrations gf i Butvbi3R, Siré-¢vano-AlSadih @26k yi8@noate from

t.g§15g B NE GIuArgTerroGIy
mt@ @ ) Uhl@o)ﬁgf ﬁxy@"oﬁ’% ?s/ﬁ{egérlog;ﬁ> 266 colos DA

<213AnApwqoup golutionwgtainies28 mgfilibsodﬁﬁﬁ Dya‘ﬁ;d&tah BHI6C7 was prepared at

b ARRIES 4 NN TR N EST IR CTAGE Shlos bl ERmovs 37

4t thmbef ﬂggmhmrbg u@g bhaﬁ@d 1o/ 5 nﬁe scrdWcapfial, |I%a¥oh‘gﬁﬁhn dftalo genase
10 15

o83 Y2 ot e B b, oy gty (oo

3gahh3gjﬁoxyshexanéhta (M11M~Aﬂwoﬁn Yoliha\ 08, Y7(21)S 4369.4571). The
gaa agc ttt aaa cag aaa

Val Al '
' vxag\fvasgcggp% %dggegreag{éntw@ S@l@?d e ggma gqgnﬁegpéurgim- 17 Goprssghe reaction

mithterebss tanexbidGed\eiih GndL 4By oHibteAh@aR rb?ga‘%kcalaﬁx Waggﬁa a?rzed by
cea cag, ¢ P daa cca atg agt gaa cag

H%%Q z%?a g%aelp& el gty @@éR)ﬁrqya@)-ﬁ StQhUdLWhéaranoaltbﬂnd

wiedotdd ttbuf 73 55 5- EERoAL ﬁS @lhgdlloﬁg 3l ﬂeeial%a{’é v?e%e ggt?cq

-(gtc acc agc get tac

HePHag Sezwce PAthe hmgm@desalomgama ﬂ)r@axrlf Exampaeqvﬁdl the

Ry 8 Sl R et By el o e

gat Ié?@alptlﬁaw gﬁE(QLQNgaIA)Ogat 88 Ille Phe Ala Pro GQu

Phe Ly. Tyr VaI A u Asp 85 90 95
tac Igéiggnp "gﬁN 1z)sget @ cag atc agg cca ttt

get IStampig 8P BmQID/NoAQg A'yesbba Val GQ.u Ala Leu @ n
e gt & P ITNsss Vel 639 |
Example 41 SEQIDNo.102  81% "

In a control reaction, omitting halohydrin dehalogenase, the conversion was 4%,

All publications, patents, patent applications, and other documents cited in this

- application are hereby 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 iricorpdrated by reference for all purposes.
While preferred embodiments of the invention have been illustrated and described, it

will be appreciated that various changes can be made therein without departing from the spirit

and scope of the invention.
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100 105 110 aat get gtg get tcg caa atg aag aag cga
aadvR eYPYIe cac atc atc 384 Asn Ala val Ala Seirfisooenoasio
Met Lys Lys Arg Lys Ser Ay Hs Ile Ile 115 120 125
ttc atc act tcg get act ccg ttc ggg ccg tgg aag gag
cta tcg act 432 Phe Ile Thr Ser Ala Thr Pro Phe Ay
Rrecldibd Lys G u Leu Ser Thr 130 135 140 tac act tcg
get cga get ggg? et tgt act cta get aat get cta tcg
480 Tyr THm iy profugingh sicGiay cyine, KdgoxYRubdBHed b Rboxylic acid

'_ A8} AR a Lv?dtha?ﬁﬁlollﬁérc%(?%u& ?utg? EarB&@gi g@g S at@ggetgqgg@mpnsmg

tac aat atc ccg gtg
(SP u ALf@"tlgé@g Eamnwmo%mrbkﬁswsatuw@ caftRRyI Rid ds&r 3 ¥
ro n cta.cac tcg gag gat tcg ccg
tac ttc t a?h%%g @cﬁa“gﬂg’“&egﬂ% ?@'—‘F@gﬁw fhe |ZsenpigossiSans of chlorine,.
tepapings pndSimdiref o Tyr Phe Tyr Pro Thr du Pro Trp 180 '

185 190 aa ct .aat ccg ag cac gtg get cac gtg aag
aag gtg act’ d@}ereé’f egiranal ?]9 hytroxsmwbsitatedarbddiydic Waild ester is not a

Al a Hﬁal&/al-hydy@cybut%(yg&d;agr Ah@ Leu 195 200 205 caa
act caa aaa gag ttg g g gaa ttg gtg gca
@tgt t?a‘ag‘%‘gg thesvicing} kple,diydgixy stbstit@edicarlyoscyld acid esterGivh a

- hadplydrie ldehﬂkigeﬁsaarﬁ@alhdﬁmﬁ&l&eé?daﬁn 2AitidE & %@ergﬁe vﬁ:ﬁ]ﬁl halo, hydroxy

ttt tg

| 3‘%?&“%3%3!5?;’1}%% d Ef%g %@8 hydroxysu t@tq% ogdqox}dﬁeamd ester.

Trp Leu Ala 225 230 235 240 ggc ggc ttt ccc atg ata
gaa cgt tgg ccc gggc atg ccc gaa taa 765 Gy Gy Phe
Pro Met Ile GQu Arg Trp Pro Ay Met Pro Qu 245 250
<2103 16 Eﬁ‘%b 2 l<21 > PRT <213> Agrobacterium sp.
Sa002 1o TRFMEURADE AR £ heeipdhe viginalpyanoyAlydioyy sWistituted

ca?h@c)@cyac(a astdvliy a Rdnyracehil cﬂi@al@cmﬁ’%& xﬁ:, fsi"yck(g%/ %%gt% Sarboxylic

(ﬁ?rt uAla Ay H's Thr Val
§°'8&r Phe Lys A n Lys Asp Qu Leu G u Ala Phe Al a

GQu Thr Tyr 35 40 45 Pro G n Leu Lys Pro Met Ser Qu

Gn Ju Pro Ala Qu Leu lle Qu 50 55 60 Ala Val Thr

Ser A a Tyhe methodpfolaia 1, Adgrafalthd ayaniVials pPeFidASHY lﬂﬁ?ocyamc acid.

65 70 75 80 1Ile Phe Ala Pro Gu Phe Gdn Pro Ile As

Lys Tyr Ala Val Qu Asp 85 90 95 Tyr Arg Ay Ala VaI

: ?18 43' a th; 1gbthod biclamdl , Rterdih theRlyanileld pMi¥ided i dfARide salt.
age

- 5. - The method of claim 1, wherein the halo substituent of the v1cmai halo,

- hydroxy substltuted carboxylic acid ester is selected from chlorine and bromine,

6. The method of claim 1, wherein the vicinal halo, hydroxy substituted

carboxylic acid ester is a vicinal chloro, hydroxy substituted carboxylic acid ester.

7. - The method of claim I, wherein the vicinal halo hydroxy substituted
carboxylic acid ester is a lower alkyl ester.
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- Rm and Rﬂn

B cycloa!koxy, an optlonally substituted aryloxy,

SEQLI ST-0339wWw0310-Corr Asn Ala Val Ala Ser G n Mt

Lys Lys Arg Lys Ser Ay His Ile Ile 115 120 125 Phe

| We 20018y Ala Thr Pro Phe Gy Pro Trp Lys d Jnﬁ?‘z

Ser Thr 130 135 140 Tyr Thr Ser Ala Arg Al a (204/004819

Cys Thr Leu Ala Asn Ala Leu Ser 145 150 155 160 Lys
uLeu Gy Gu Tyr Asn IIe Pro Val the Alalle Ay -

=]

Pro- 1 175 u Hs Ser Au Asp Ser Pro
Tyr Phe Tf}l?‘e Qh%?fcéﬂ‘ ot Sfpilh 180 185 190 Lys Thr
n. FecoviGinel s hydloxpsabstnfed@k (Jx.y@%;@%es\(ggha t}@ ﬁllu%érﬁ

Leu 195 200 205 Gn Arg Leu
H10 2 220 AIa Ser Ay

Gy du Leu Val Al a Phegte
Ser Cys Asp Tyr Leu ThriA@y G n V4l Phe Trp Leu Al a
JFro t 1le Gu Arg Trp

225 230 235 240 4 ¥d

Pro Gy Met Pro Gu 24 0> I¥pgll> 765 <212>
DNA <213> Artificial sefjuepse <220> <223> synthetic
construct HHDH 16 <238> <221> CDS <222> (1)...(765)
anft00> 17 atg agc acc get atc gtc acc aac gtc aaa cat
? ggt ggt atg ggt 48 Mt Ser Thr Ala lle VaI Thr
(Zasn Nalvidisys e, 15 10

ctg agg ctg Z‘;c gg‘g"?e%ﬁbgé‘%ﬁeggérbgc%“’ 1 sstsr ? Yhe %ﬁpgﬂe
'gat 96 Ser Ala Leu Arg uBer A Ala Ay HIS Thr
Val Ala Cys H's Asp 20 ' gc ttt aaa cag aaa
""gat gaa ctg gaa get NCtt . tac 144 du Ser
Phe Lys @ n Lys Asp G 1
Tyr 35 40 45 cca cag ct
cca get gaa ctg atc gaa

a |

92" Pro A n Leu Lys Pro Met
Ser, Gu An Au Pro Al a uLeu llee du 50 55 60 get

WRRRiNacc age get tac ggt cag gtc gat gtc ctg gtc agc

aac Tyr G n Val.Asp Val Leu
val 5%&65?&1}@ em&k’?%fm@f} g%%l’ ?éi%neef chipring, bromjag, and idine;

.gaa R R, eag Rl ae aaths nglaperﬂaﬁl)lsalécﬂﬁtﬁoﬁi th
fidoki % r%llp Altipe Gn Pro Il ) %;?’%p%%m%ﬁ% ot hydrogen,
ﬁe p y substtuted lower alkyl, an optionally substltuted cycloalkyl, an
optmnally substltuted lower alkenyl, an optionally substituted aryl, an optionally substituted
arylalkyl, amino, an optionally substituted lower alkylamino, an optionally substituted

. cycloalklyamino, an optionally substituted lower alkoxy, an optionally substituted

and an optionally substituted arylalkoxy; and
is selected from the group consisting of an optionally substituted lower alkyl, an

optlonally substituted cycloalkyl, an optionally substltuted aryl, and an optionally substituted
arylalkyl; and.

RS

each M; is independently selected from -C(=0)- (i.e., carbonyl) or -CR"R™-, wherein

are each independently selected from the group consisting of hydrogen, fluorine,
an optionally substituted lower alkyl, an optionally substituted cycloalkyl, an optionally

: substltuted lower alkenyl, an optionally substituted aryl, an optionally substituted arylalkyl,

amino, an optionally substituted lower alkylamino, an optionally substituted cycloalkiyamino,
an optionally substituted lower alkoxy,

an optionally substituted cycloaltkoxy, an optlonally
subptltutcd arylo_xy,

anoptlonally substituted hydroxyl, nitro, amino, cyano, carboxy
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85 90 95 tac agg ggt get gtc gaa get ctg cag atc agg
CC@Otzbﬁsﬂﬂ%L] cta gtg 336 Tyr Arg Ay Ala Val Qu Ala

Leu dn Arg Pro Phe Ala Leu val 100 105 110PCH&S2004/004819
get gtg get tcg caa atg aag aag cga aag tcg ggg cac

atc atc 384 Asn Ala Val Ala Ser Gn Mt Lys Lys Arg

3gs Ser Ay H.s Ile Ile 115 120 125 ttc atc act tcg

g age{bo(gg]@teﬂr@a@g@tlmxd ggu@agar@:a{lkcﬁy@ 4.8 eﬁ@:tgrﬂ‘gi?) carbamide

hear 4 Pro Ph Pro Trp Lys QU
Ee s edrﬁc%%f u?% %@d Iﬂ{) fo‘B’éﬁ%a E%tonéﬁ PLy
SEQLI BT #339uasBih@eGofrom 2 ta®, ielusieg get cga get 999

get tgt act cta get aat get cta“tcg 480 Tyr Thr Ser
Ala Arg Ala Ay Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160 aag gag cta gga gag.tac aat atc ccg
gtg tc g at ¢ ccg aat 528 Lys Qu Leu Ay Qu-
Tyr A%n IIeIéh ‘h%‘ég £ elpizn 3y whareia ndy §n Mtagerom DEG S1Elusive.
175 tac cta cac tcg gag gat tcg ccg tac'ttc tac ccg
act ¢ c t 576 Tyr Leu H's Ser Gu Asp Ser Pro
Tyr Pﬁ@ T?‘S’ P‘g%h%‘? foyim vheRipniBD 185 190 aag act
aat ccg gag cac gtg get cac gtg aag aag gtg act get
cta 624 Lys Thr Asn Pro Gu His val Ala H's Val Lys
Lys Vdt - THhe methadeof clt® 126MeRMbthe &&nﬁgaya@bahﬁﬁ&)%i)shtuted
aaacg@&térw gca.ttt ttg 672
eu Ay Thra1 %gtogagyéﬁogﬂ%ég“@ V’“ﬁ?ﬁ"&eu Val AI a
Phe Leu 210 215 220 gca tct ggc tct ‘tgt gat tat ttg

act cCcC t gca 720 Ala Ser Ay Ser
gp T?geﬁl ! %]tégald" CIM Phe Trp Leu Ala 225

1’)30 ARviding hag;gh QOLy Sdbstifbdd Al ccc
gggc atg ccc gaaytaay 765 E‘éil G;ﬂ&%&cﬁ@st&%ﬁﬁ%%
Arg Trp Pro Ay Mt PrgGd
254 <212> PRT <213> Agfobdcteyiu

. Ser Thr Ala Ile Val XThr
Met Gy: 15 10 15 Se g
Gy H's Thr Val Ala Cys| Hi geAsp 20 2530 @G u Ser Phe
Lys A n Lys Asp GQu Le a Gu Thr Tyr

35 40 45 Pro G n Leu Lys Pro (.%IuGInGIuPro
rﬂlaGIuLeulleGIu 50 55°60 Ala Val Thr Ser. Ala Tyr

(8 e Bical o2, %l‘oz& Hbs\{l%uteg" ca e oSl esor hahe Sireg

rboxylic acid ester has the structure:

R2 OH Rf O R:’. o)

NG
ORS

wherein:

Xisa halogen selected from the group consisting of chlorme, bromine, and iodine;

1 2 n [{
R,R ,.R‘s R", R', R*, and R™ are each independently selected from the

group consisting of hydrogen, fluorine, an optionally subst:tuted lower alkyl, an optionally

substituted cycloalkyl, an optionally substituted lower alkenyl, an optionally substituted aryl
~an optionally substituted arylalkyl, amino, an optionally substituted lower alkylammo, an

optionally substituted cycloalklyamino, an optionally substituted Iower a]komy, an optlonally
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:ctcattaacc gcggectgece

10

15

‘ 720‘

25

_ wherein:

Ile Phe Ala Pro u Phe An Pro Ile Asp Lys Tyr Ala
GQu Ala Leu

Vi Asp 85 90 95 Tyr Arg Ay A a Val
Gaégoﬁﬁbémﬁgs'mo Phe Ala Leu Val 100 105 110 ASPCHUS2004/004519
Val Ala Ser G n Met Lys Lys Arg Lys Ser Ay His Ile

Ile 115 120 125 Phe Ile Thr Ser Ala Thr Pro Phe Ay

Pro Trp Lys Qu Leu Ser Thr 130 135 140 Tyr Thr Ser
e oAz, o o RERI7 el o ST R

145 150 5 160 'Lys Gu Leu
%ﬂkﬁﬁ% alle @y Pro Asn 165 170.175 Tyr Leu H s

Ser Gys é’eﬁ&teﬁﬂ;ro@ﬁfr?e %{lp ‘gﬂ&s@% J'F_%[ Igpalgf s&tbﬁtgte%&pwer alkyl, an

180 185 190

. CLWQD@%?“\;%HWM eysipalkyleam optiogal BOMbARGied Gy, 2Ad gn bptioraly substituted
-%ﬁgﬁkgi n Lys AQu Leu Ay GQu Leu Val Ala Phe Leu 210
2

O Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay dn

' VaI Phe Trp Leu Ala 225 230 235 240 dy dy Phe Pro

Tr ro GI Met Pro Gu 245 250 Page
17 sé%u gﬂ[ﬂﬁi’?&m&é’?ﬁ r‘rW EIMO> 19 <211> 32 <212>
(DNA - d@18cindliiald, hedroky speieRa %arbﬁ%ﬁ@acﬁ?@s%e? haY b Rhdrtre:
construct synthetic prinmer. <400> 19 gaattcgccc
atatgtatcc ggatttaaaa gg 3 > 34 <212>
"DNA <213> Artificial s synt hetic
_construct syntheti . prli

<212> DNA <213> Artifi
synthetic construct R' R

and

(2) the vicinal cyano, hydroxy substituted carboxylic acid ester has the structure:

O

OH » OH

Xisa halogen selected from the group consisting of chlorine, bromine, and iodine;
R, R, R6 RY, R', R?", R*, and R*" are each independently selected from the

group _conszstmg of hydrogen, fluorine, an optionally substituted lower alkyl; an optionally
.substituted cycloalkyl, an optionally substituted lower atkenyl, an optionally substituted aryl,

-an optiqnally substituted arylalkyl, amino, an optionally substituted lower alkylamino, an

optionally substituted cycloalklyamino, an optionally substituted lower alkoxy, an optionally
substituted cycloalkoxy, an optionally substituted aryloxy, and an optionally substituted

ylalkoxy, and -
% is selected from the group consisting of an optionally substituted tower alkyl, an

optionally substituted cycloalkyl an optionally substituted aryl, and an optionally substituted

arylalkyl
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t5

synthetic prinmer <400> 21 gaattcgccc atatgtataa
agatttagaa gg 32 <210> 22 <211> 33 <212> DNA <213>
Artificial Sequence <220> <223> synthetic construct
sYHe H@PPBSTr i ner  <400> 22 ggccggat cc tcatt at cegrTusz004/004819
cgtcctgctt gga 33 <210> 23 <211> 765 <212> DNA <213>
Artificial sequence <220> <223> synthetic construct
HHDH P016013- B-03 <220> <221> CDs <222> (1)...(765)
<400#4.23 ”aﬁegnaQSdaﬁélaﬂ?I Wefeigt C acc aac gtc aaa cat
Uttt % c@iﬁihaf‘gh 48 'Met ser Thr Ala Ile Vval Thr
Rsn g X yqupstitptpd parborGlliy adid Sstdithag e sagauget
ctg agg ctg agc gaa get ggt cgg acc gtc get tgc cat
gat 96 Page 18 SEQLI ST-03389wp310-Corr Ser Al a Leu
Arg Leu Ser Gu Ala Ay Hifs Thr Val Ala Cys Hs Asp 20
25 30 gaa agc ttt aaa Ra ctg gaa get ttt
get gaa acc tac 144 du ys Gn Lys Asp Qu
Leu Gu Ala Phe Ala Qu THr Tgf 35 40 45 cca cag ctg
aaa cca atg agc gaa cag g& cca ge¥ gaa ctg atc gaa
an1:192 Pro An Leu Lys Pro net Ser Gu G@n du-Pro Ala
) geulle G u 50 55 60 get gtc acc agc get tac g 9t
OFag ' togatesgre lvﬂ@xgtsnbsagnecbmogaﬁc @Destahs Habunkti
Ser Ala Tyr Ay @ n Val 8&4 Leu Val Ser Asn Asp. 65
70 75 80 atc ttt .get cca Fgaa tt. cag cca atc gat aaa
tac get gtc gaa gat- 2,88 lle[Phe Ala Pro Au Phe An
Pro Ile Asp Lys Tyr Asp-85 90 95 tac agg
ggt get gtc gaa get ctg cqg afc g cca ttt get cta
gtg 336 Tyr Arg Ay Ala fal @ujJAla Leu dnlle Arg
Pro Phe Ala Leu Val 100 1¢8 110 cgat get .gtg get tcg

- wieddn:at § aag aag cga aag tcg g 99 cac atc atc 384 Asn

Ala Val Ala Ser dn Mt Lys Lys Arg Lys Ser Ay His
| | e ¥ ise halogen sclected from the group consisting of chlorine, bromine, and iodine;

R', R?, and R° are each independently selected from the group consisting of hydrogen,

fluorine, an optionally substituted lower atkyl, an 0ptlonally substituted cycloalkyl an

optionally substituted lower alkenyl, an optionally substituted aryl, an optionally substituted

arylalkyl, amino, an optionally substituted lower alkylamino, an optionally substituted

cycloalklyamino, an optionally substltuted lower alkoxy, an optionally substituted

cycloalkoxy, an optionally substituted aryloxy, and an optionally substituted arylalkoxy, and
R’ is selected from the group consisting of an optionally substituted lower alkyl, an

optionally substituted cycloalkyl, an optionally substituted aryl, and an optionally substituted:
arylalkyl.

15.  The method of claim 1, wherein the halohydrin dehalogenase is a naturally
occurring halohydrin dehalogenase

16.  The method of claim 1, wherein the haiohydrin dehalogenase is a non-
naturally occurring halohydrin dehalogenase.
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115 120 125 ttc atc act tcg get get ccg ttc gggg cca
aaa cta tcg act 432 Phe Ile Thr Ser Ala Al a
‘ffﬂ%(m%ﬂ?? Pro Trp Lys G u Leu Ser Thr 130 135ctAR2004/004819
tac act tcg get cga get g g get tgt act cta get aat

get cta tcg 480 Tyr Thr ser Ala Arg Ala Ay Ala cys

Thr Leu Ala Asn Ala Leu Ser 145 150 155 160 aag gag

Ct a Igga gﬁﬂe h&BoPGl]a ﬁ%(f &l&gelg%lg rea %tnglaitg;? 8)9 9%}%@%@5 the vicinal

5 ys .G u Leu
h,y @xz;s stbw@ﬁdp:gﬁ)omlsc acd esté’r&o atv&ﬁxaté;&nﬁ,a@d}&@ ﬁﬁ&hmted

cgmo ﬁQacﬁ&gsté afs phdi c STAS

Leu Fi s Ser G u Aslgaé %”gH ﬁle%e ‘?ﬁ&O‘P@gOWfrﬁrw@bguw

Pro Trp 180 185 190 aag act aat ccg gag cac gtg get
act et cta 624 Lys Thr Asn Pro

cac gig a

du , lee 1s9 hgﬂ g‘ %chlvaal b yerpipdhozgictigineonditian Fereod@fing the

vi6iel 2o, hydioggmbstitated 68 baLHicCRR ARAIIAT

el Sl Bi bt 042 Qe Ao Lol °lh£rl%|y e Y oxy substiuted
HUPHBEngd pt APH ipihe Rege @ﬁ@nlzib@u@ﬁr a:jmat 8.

tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg

ttg ca ;ﬁ% Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay
G n?"?ﬂﬂf)dLCéGlaNl & Vimsein 816 r@gGonbaditiggfor S8 erkihg the vicinal

10 ha}oph}@t@(y%bastﬁ&éd Sy p G 5ol iclodl St Ry Sbigted

%ﬁ )%Phe Pro Met 11é

BXYP8 §Cid £5ig1yis npintaingd at aaﬁiofdﬁhe&oﬁﬁlbvﬁ213>

Artificial sequence <220> <223> synthetic- construct

HHDH P016013- B- 03 Page 19 SEQLI ST-0339w0310- Corr

<408 24 Tiemetbed ofldiaimAl, arhbre thdeaclioh cASRioN R, cloﬂ\%ftlﬁ'{%%he vicinal

bl hylitoky %ﬁ(st}%%d thxsic Zoid Osiorta as((;gep;naﬁlp;n%}p/dmmhgﬂuted

15 0@%¥Eeacx@hﬂe¢mﬂh@cmnpu§es/é§m fhfgerleu Gu Ala Phe Ala
Au Thr Tyr 35 40 45 Pro G n Leu Lys Pro Met Ser Qu
'Adn Qu Pro Ala Qu Leu Ile u 50 55.60 Ala val Thr

Ser Al a Tk mdthod@reiaall, ASH Val Ser Asn Asp
65 70 75 80 Ile Phe Al Prgy@mﬁ%ﬁ’é Gn Pro Ile Asp

o (ebys FddingAl wsafalffio@intitoAsiniSin tl&(}e&'ﬁon doniitidh %r@ozyveéin% M icinal
. hald, HyddbRy Ldstiddea c%ﬁfc%cﬁ Qe e, @ilc%ach%fgno %ydroxy substituted

- 20 carboxylic acid ester at a pH of about 5-or above.

22. The method of claim 21 wherein the base is selected from hydroxide salts,
carbonate salts, and bicarbonate salts.

25 23 Themethod of claim 21 wherein the base is selected from a cyanide salt.

24. = The method of claim 1, further comprrsmg recovering the vicinal cyano, hydroxy

Subbtltuted carboxylic acid ester.

30
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20

25

100 105 110 Asn Ala Val Ala Ser A n Mt Lys Lys Arg

L){KZOSer Gy Hs Ile Ile 115 120 125 Phe Ile Thr Ser
MOHOBEYW Phe Ay Pro Trp Lys @ u Leu Ser Thrpciidfszoo4/004819

135 140 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu

Ala Asn Ala Leu Ser 145 150 155 160 Lys GQu Leu Ay

GQu Tyr Asn Ile Pro vVal Phe Ala Ile Ay Pro Asn 165

170 235 TYEmk ' r. Pro . Tyr Phe Tyr
Pro Thr. G u Pr%b@rﬁﬂ‘&a@% 1%81% r’%é%p% V& pﬁﬁl?y%%ﬁ&fe Mg dYane,
Ipfdoxy shbsituted pagbogatic pgid ebtps Val Tht Ala Leu 195 200
205 Adn Arg Leu Ay Thr An Lys Qu Leu Ay Qu Leu
Val Ala Phe Leu 210 215 220 Ala Ser Ay Ser Cys Asp
Tyr [B8u THcathgosition céaprifthg: Trp Leu Ala 225 230 235
0 Pro Met Ile Gu Arg Trp Pro Gy Met
@0 afatoyo fGOESSES) LS T 65 18,0 DA Lotae
'?i}rtlfcvam@ aﬁtquence <220> <223> synthetic construct

HDH_ P c- 04 0> <221> CDS <222> (1)...(765)
4003 %51 a[byéimé‘é’cgu ftutgd gargpxylisacidzster, gt ¢ aaa cat

ttt wareggﬂh ailcghalitlo,
ey \()al e{gﬁs aPh eo é&y dﬁtsu?gfmtglgar@xghiacq 8‘%&6@ Botg'xefi -halo-3-
yé@ E% ¥rgaa get ggt cat acc gtc get tgc cat

gat 96 ser Ala Leu Arg Leu Ser Gu Ala gy H s Thr
Val a C,i[s Hi s Asp 20 25 30 gaa agc ttt aaa cag aaa
c

gat Hha cllf gawogtien of elaigel6,getrds the vatgnal Adlo, I‘@dkbx?%ﬁbstltuted
u

caltbik k¥ Scilefiel it He WGk, LeU Gu Ala Phe Ala G
Tyr 35 40 45 cca cag ¢lg aaa cca atg agc gaa cag gaa

cca get gaa ctg atc gag, 1984 Pro & n Leu Lys Pro Met

Ser u dn AQu Pro A LeuIIeGIu505560 get
gtc acc agc get tag.gg gtc gtc ctg gtc agc
%) ggg Asp Val Leu
75 8 Page 20

aac Ala Val Thr ser .
Val Ser Asn gat 240 p 185
SEQLI ST- 0339w0310- Cor o R

wherein:

X is a halogen selected from the group consisting of chlonne bromine, and fodine;

I p2
R', R?, and R are each independently selected from the group consisting of hydrogen
ﬂuonne an optlonally substituted lower alkyl, an optionally substituted cycloa]kyl an

optionally substituted lower alkenyl, an optionally substituted aryl, an optionally substituted
arylalkyl, amino; an optionally substituted lower alkylamino, an optionally substituted

cycloalklyamino, an optionally substituted lower alkoxy, an optionally substituted

. cycloalkoxy, an optionally substituted aryloxy, and an optionally substituted arylalkoxy; and

R’is selected from the group consisting of an optionally substituted lower alkyl, an

opt:onally substituted cycloalkyl, an optionally substituted aryl, and an optlonally substituted
arylalkyl; and.

each M, is independently selected from -C(=0)- (i;e., carbonyl) or -.CR“’R““- wherein
n LT : .
R™ and R™ are each independently selected from the group consisting of hydrogen, fluorine,
an optionally substituted lower alkyl an optionally substituted cycloalkyl, an optionally
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- Aa

atc ttt get cca gaa ttt cag cca atc gat aaa tac get
gtc cag gat 288 1Ile Phe Ala Pro Qu Phe An Pro Ile

AszOB? SOTY79Ala Val G n Asp 85 90 95 tac agg g%-rsﬁ&ommw
gtc gaa get ctg cag atc agg cca ttt get ctg gcg 3

Tyr Arg Gy Ala Val Gu Ala Leu An Ile Arg Pro Phe
Ala Leu Ala 100 105 110 aat get gtg get tcg caa atg

aed 1 &
%I%gu Sera %@% a?/lbf:?eglyf G OE aﬁ? %ufttgutgt?ry%a? OW(glallly su pt@ted arylalkyl,
ﬂ’@o»lwpmsallx %‘balif@t@dowtr@ﬁ()gﬁhmgﬁdn @tiondilyCsubguted aycloamyammo,

432 Ph Al
g t@ﬁﬂ]}%‘%@ @h?ed_ll‘?‘v%elﬁaﬁléoxé an (ﬂg{?%g supﬁqtuég;qlggﬁq_man optlonally

St‘h%mﬁ@taﬂlw greoptiogallypebstigute gﬁiroiygtmtaf;hmﬁlbacygsg cﬁ@&xy
(%;. %480 T Th&Ser Ala Arg Ala Gy Ala Cys
_ 1?_8?} §53fupl@5rb]?5’é°’135(3 -e1 Bestas gepugh garbamide
(cw«aﬂ goilegaguyi)amdarlyl @bCfoﬁﬁﬂxgglt]&tJrfef aggt atc ggg ccg
aat %12 Lys G.u Leu ¥ Tyr ASn Ile Pro Val Phe
& ZE0\PT B dntagst Togns ioi%ﬂlcﬁss‘wq ac cta cac tcg gag
gat tcg ccg tac ttc tac ccg act gag ccg tgg 576 Tyr
Leu H's Ser A u - Asp Ser Pro Tyr Phe Tyr Pro Thr Qu
Pro Trp 180 185 190 aag act aat ccg gag cac gtg get
cac gtg aag aag gtg act get cta 624 Lys Thr Asn Pro

- du Hs vVal Ala Hs Vval Lys Lys VvVal Thr Ala Leu 195

200 205 caa cga cta ggg act caa aaa gag ttg ggg gaa
ttg gtg gca ttt ttg 672 GAn Arg Leu Ay Thr @n Lys
Gu Leu Ay GQu Leu Val Ala Phe Leu 210 215 220 gca
tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg
ttg gca 720 Ala ser Ay Ser Cys Asp Tyr Leu Thr Ay

.G n Val Phe Trp Leu Ala 225 230 235 240 ggc ggc ttt

€CC- atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765 G
y. Gy Phe Pro Met Ile Qu Arg Trp Pro Gy Met Pro Qu
245 250 <210> 26 <211> 254 <212> PRT <213>
‘Artificial Sequence <220> <223> synthetic construct
HHDH P016015-c-04 <400> 26 Met Ser Thr Ala Ile Val

Thr Asn Val Lys Hs Phe Ay Ay Met Ay 1 5 10 15

Ser Ala Leu Arg Leu ser Qu Ala Ay H's Thr Val Al a

- Cys His Asp 20 25 30 du ser Phe Lys An Lys Asp GQu

Leu Gu Ala Phe Ala Gu Thr Tyr 3540 45 Pro G n Leu
Lys Pro Met Ser Au G@n Au Pro Ala Qu Leu Ile Qu
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50 55 60 Ala Val Thr Ser Ala Tyr Ay G@n Val Asp Val
Leu Val ser Asn Asp 65 70 75 80 1Ile Phe Ala Pro G u
Phe An Pro Ile Asp Lys Tyr Ala Val @ n Asp 85 90 95
Page 21 SEQ.I ST-0339w0310-Corr Tyr Arg Ay Al a Val
GQu Ala Leu An || eSERFSPO33PE1IAtriceu Ala 100 105
110 Asn Al a Vval ys Lys Arg Lys Ser
Ay Hs llelle 115%8%2 gﬁtm le Thr ser Ala Al a
<110> DaP.ncs FhecEH-ystlapbeﬂ'rp Lys G u Leu ser Thr 130 135 140
dS t Ala Arg Ala Ay Ala Cys Thr Leu Ala Asn
lﬁaejl 145 150 155 160 Lys Au Leu Ay du Tyr
Hmﬁa.hj @Jmmr\/al Phe Ala Ile Ay Pro Asn 165 170 175
Mal', steap Kis Ser A u Asp ser Pro Tyr Phe Tyr Pro Thr
Sh "‘ﬁofrﬂo@ﬁf’ 180 185 190 Lys Thr Asn Pro Gu His Val
o) Lys Lys Val Thr Ala Leu 195 200 205 dn
Arg Leu Ay Thr A n Lys Qu Leu GIy Glu Leu Val Al a
he Leu 210 215 20 Al a e Ser Cys Asp Tyr Leu

<1§2>4E E{% ggﬁf gé E 225,230,235 240 dy
vicin Phcrﬂcﬁ %@I Pro Qu
45 250 <210> 27 <211> 765 <212> DNA <21
tificial sequence <220> <223> Synthetic construct
offupidh

<130~ 16014-E- 01 <220> <221> CDS <222> (1)...(765)

<140> pci¥0804/248B1 g agc acc get atc gtc acc aac gtc aaa cat
<141> 2004t 0418 g 9t atg g 9t 48 Met ser Thr Ala Ile Val Thr

<1505 U /élgl g%(s His Phe Gy Ay Met Ay 1 5 10 15 agc get

<151> 2@380@9&1 g agc gaa get gggt cat acc gtc get tgc cat
gat 96 ser Ala Leu Arg Leu Ser Qu Ala Gy H's Thr

-%g? %ﬁp/gﬂg“@s His Asp 20 25 30 gaa agc ttt aaa cag aaa
<L fO%4% ctg gaa get ttt get gaa acc tac 144 Qu Ser

<160> 1J8he Lys G n Lys Asp Qu Leu Qu Ala Phe Ala Gu Thr
Tyr 35 40 45 cca cag ctg aaa cca atg agc gaa cag gaa
<170> F%aﬂgé‘?rg’ﬁ@dew versigad-492

<210> 1

<211> 852

<212> DNA

"<213> Artificial Segquence

<220>

<223> synthetic construct
Ketoreductase 1
KRED CRZ2-5

<220>
<221> CDS
<222> (1)...(852)

<400> 1
atg gca aag aat Itt agc aat gta gag tat ccc gca C€CC CCC CcC gca 48
Mit Ala Lys Asn Pge Ser Asn val Glu Tyr Pro Ala Pro Pro Pro Ala

190 15

cat aca aag aat gag agc tta caa gta tta gat tta ttit aag tta aat 96
His Thr Lys A;g Glu Ser Leu GIn val Leu Asp Leu Phe Lys Leu Asn
25 30

gga aaa gta gca agc ata aca g?a agc agc agc g?a ata gga tat gca 144
Gly Lys Vg; Ala ser Ile Thr G4% Ser Ser Ser Gly Ile Gly Tyr Ala
45

tta gca gag gct ttt gca caa gtc gga gca gat gta gca ata tgg tat 192
Leu Agg Glu Ala Phe Ala Gln val Gly Ala Asp val Ala Ile Trp Tyr
55 60

aat agc cat gat gca aca g?a aaa gca gag gca tta gca aag aag tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
Page 1



Pro An Leu Lys Pro Met Ser Gu @ n Gu Pro Ala Asp
Leu Ile Gu 50 55 60 get gtc acc agc get tac ggt cag
gtc gat gtc ctg gtc agc aac gat 240 Ala Val Thr ser
Ala Tyr Ggy G n Val Asp Val Leu Val ser Asn Asp 65 70
75 80 atc ttt get m1§w369w03dagcwa atc gat aaa tac

65 get gtc gaa’§ac 288 1le Phe’Ala Pro Gu Phe &n Pro
gga gtalda® Q&P abySgchytatadaVila Ght! AIPaRO 280 R gi@%cé‘gg Ptygg
Gly valgets @l LgaaﬂgeryrctLgsc@gl asic vadigsarc8et tdergedp @ia gtg

336 TyrdArg Gy Al a Val @uAIaLeuGInISP%Arg Pro
Rhg faakg éak 499 l&%& @aE £9 C8%
gtc aag a a a at Lt 36
val Lys atig aagxaaa% 08T R&Int TG g AS rﬁ&é 3% éﬁ
Val M®& Ser A n I\/Et LA Lys Arg Lys SelrlOGy Hi s IIe IIe
ata gt?t%% g}géa%@i 899 aCt %ﬁé egL aCtg Slat i 999 ccag
ITe va Al 1
| ST- 0339\/\/0310-1@0” e Fe Thu?é A% thE Pro
gat CaaPhe fﬁgPro Tr 5 ys G u Leu Ser Thr 130 135 1g0 tac 432
td a & get
: g% 9
o clndh Kep RO e othe A B YRS S0
Leu Ala Asn AI a Leu ser 145 150 155 160 aag gag cta ¢
aag gga ae HJt 9 @ag gﬂ Cat &t Yy aat 480
Tt GW?%% E 3;# A%@q 9 H If"lhgg% %&e Al a
Ile Gly Pro n 165 170 175 ac cta cac tcg gag gat
agg ittt tgag g odqqgat gad aagogsl;g acd tgagpacytt ggaSgda adyr Lewn28
Arg Phe iGIY sy by F sy sséys mrly 3% LphevarﬂyPh@%g &0 Pro
Trp 180 5 190 aag act aat ccg gag cac g get cac
atg agc Qlgg GAyasadtgl gagtc ORlc i 1624caal y6a Beh ASNal¥ o A k76
Met Ser |Gly IN¢ afli Asrvahl L%tsv &lrs PhaIGTﬁhMaAITaI"LBu a9% 200
205 a cga cta ggg caa aaa gag tt1§ ggg gaa ttg
gca gca Glag @'.Céag%, tat Bt @NgdY dabethc Kty glhrgid Badys Géha
Ala Ala Lgy Bayc Eaﬂeﬁ%§mﬁ\l%@%& ILQSI%}OLQLH- 1gg%utct ggc
t18 tgt gat tat t£80act ggc cag gtéOEtt tgg ttg gca
720 tA 8c5%, %f E{ég% ﬁa gyé L 1L @ n valg
ttt gca t
S ARG ol i A0
210 ata gaa cgt thJlSccc ggc atg cc22gaa taa 765
aca gag e Pro I C Pro Met Pro Glu rt 2742%
s era 290 oy g ke i oobess neilan s Yl Bl
225 sequence 9360> < ?3> syn @y Cc cons
P016014- E-01 <400> 28
agc tta gtc ccc tta gga agg g? g?a gag aca gca gag tta gta gga 768
- ser Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu Val Gly
245 250 255
gca tat tta ttc tta gca agc gat gca g?a agc tat gca aca gga aca 816
- Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr.
260 265 270
gat ata ata gta gat gga g?a tat aca tta ccc taa 852
Asp Ile Ile val Asp Gly Gly Tyr Thr Leu Pro *
275 280
<210> 2
<211> 283
<212> PRT
<213> Candida magnoliae
<400> 2
Mit Ala Lys Asn P?e Ser Asn val Glu Tyr Pro Ala Pro Pro Pro Ala
i0 15
His Thr Lys ggn Glu Ser Leu GIn ¥?1 Leu Asp Leu Phe Lys Leu Asn
30
Gly Lys ¥§1 Ala ser Ile Thr géy Ser Ser Ser Gly Ile Gly Tyr Ala
45"
Leu Ala Glu Ala Phe Ala GlIn val Gly Ala Asp val Ala Ile Trp Tyr

Page 2



Asn
65

Gly
val
Iie
Asp
Lys
145
Arg
Met
Ala
Phe

Thr

. 225

sSer
Ala

Asp

Met Ser Thr Ala Ile Val Thr Asn Val Lys H's Phe Gy
Ay Mt dy 15 10 15 ser Ala Leu Arg Leu Ser d uAl a
@y Hs Thr vVal Ala Cys His Asp 20 25 30 d u Ser Phe
Lys An Lys Asp Qu Leu Au Ala Phe Ala A u Thr Tyr
35 40 45 Pro Gln Le$£QL9iST-FUr369W108emrrGu Gln GQu Pro

ser Ala Tyr
Se"g‘% éé'?”\/g p]X/a'\‘IySLeu al %@r sEat %slﬁs bes 14775 80
val I!Jye Pie LAlSaA'IBr oyiELysPiiles @i VAN osdd geAsterLysy Aya Al a

aI q, 19|$35 TyBO0Ar g GIR/AIaVaI%SIuAIaLeu
s &' 4,'" IAFgGHﬂrS P Aﬂ.@ K TR P 60Y Hj3 490488n Al a
val Mall A2 a88ra1d g1t el FYs vﬁﬁ-gu_}é/%@% aGrye e 1le

116 115 120 125 1iRhe Ile Thr Ser AR&R Thr Pro Phe Gy

SIn psg A% AP - E %@aew s VMO%?SHW A LThr ser
Ser
G1y/¥4?g %O%g{a%o t?g%%uxﬁéelﬂ% é??' A&@hlbgje Pro

Phe \@lt Pyre A &GV by Glys RRly Asm LfEﬁSV&[I?(Bhd?E’mr‘ Cﬂg skeu Hi s

oy 18 HBCK LR M IR MR 0 R0 L

Ala M@ GWﬁ|Va'Tthr‘9°\|H&sLIH1e A1D5 v20€:r20Qbu ag(fa1231u

] %’5%39\/\103 02@8rr dpn Arg Lea03311y Thr A n Lys
515 d" &' a]l}é‘a”v%q'“ ¥#a Spﬁe" Glpfaroile 859 Al a
Glu Sak QNA@@TPh@/ﬁaMPoTMVn éﬂ.UTFPrG ¥siH L sVﬁL PRg Trp

Leu Ala 2280230 235 240 GI Phe ro Ile4d)l e AQu
Leu/y,aé prcb

ﬁ é e Hrovedy mly DE} 45A g1u¢.7_eyo»sa1zg1><211>
7 > <223>
or L% Ph<e2 A e ks %fgofis%ﬂ% A ShA IRz 552

bt i c construct
I1eGE7bS PR 2sp (clly. 61\ T@B)Th«ﬂ,@.o:w% atg agc acc get att

acc aac gtc ad8%cat ttt gga ggt atg ggt 48 Met

<210> 3Ser Thr Ala Ile Val Thr Asn Val LySH s Phe Ay Gy Mt

<211> 8%y 1 5 10 15
. <212> DNA
<213> Artificial Sequence

© 220>

<223> Synthetic construct

Ketoreductase 2
KRED CR1-2

<220>
<221> CDS
<222> (1)...(852)

<400> 3

atg
Met
1

cat
His

&y

tta
Leu

aat
Asn
65

&ty

gca aag aat ttt agc aat gta gag tat ccc gca ccc ¢€Ccc ccc gea 48
Ala Lys Asn Pge Ser Asn val Glu Tyr Pro Ala Pro Pro Pro Ala
10 15

aca aag aat gag agc tta caa gta tta gat tta ttt aag tta aat 96
Thr Lys Agg Glu Ser Leu GIn val Leu Asp Leu Phe Lys Leu Asn
25 30

aaa gta gca agc ata aca g?a agc age agc g?a ata g?a tat gca 144
Lys Vg; Ala Ser Ile Thr G % Ser Ser Ser Giy Ile Gly Tyr Ala
4 45

gca gag gct tit gca caa gtc g?a gca gat gta gca ata tgg tat 192
A;S Glu Ala Phe Ala G;g val Gly Ala Asp val Ala 1le Trp Tyr
60

agc cat gat gca aca g?a aaa gca gag gca tta gca aag aag tat 240
Ser His Asp Ala T?g Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
75 80

gta aag gta aag gca tat aaa gca aat gta agc agc age gat gca 288

y val Lys val Lys Ala Tyr Lys Ala Asn val Ser Ser Ser Asp Ala

85 90 95
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gtc
val

ata
Ile

gat
Asp

aag
Lys
145

agc get ctg aaa ctg agc gaa get ggt cat acc gtc get
tgc cat gat 96 Ser Ala Leu Lys Leu Ser u Ala Ay
H's Thr Val Ala Cys His Asp 20 25 30 ggt agc ttt aag
cat aaa gat gaa ctg gaa get ttt get gaa gcc tac 144
Gy ser Phe Lys Hi §EIQySSMy3393:qﬁlne¢or@l u Ala Phe Al a
aag%aa Al aIX a35 40 49 tcca a aaa cca at agc ga%6
5o hselageinala & pebiiofis ol b s
Pro M Ser Gu e__u_ol u 50 55
get tc acc et ttt t cat gtc gat gtc ctg gtc

o3t e o o %@4&3@%%@ e e it o Vet

cta gaa ttt cgg cca atc gat aaa tac get gtc gag gat

caa 738 931 GAPIRAALHE [l dacuc aPget Idte GRptLys Tyrd32
ggﬁ ﬁ’d‘yﬁ\sﬂ ?8 ﬁ@d"S@SG?h ?\r ﬁsﬁtvaZe‘is"gl'ﬁalgaa get

ctg cag atc agg cca ttt get cta gtg 336 Tyr Arg Ay
gga Alta 84 tek Al ged eag Gat «_I;ttaegga gader oathet Al hau val 480
Gly Msd 9bsTya alaata gt "egh b€ gs ScHts &hg AfagShag cga

aag tcg gg gac atc atc 384 n Ala val Ala'®o dn

agg ttt Map daes ghy oAl gad Wag SRa &ty tidhSgdal ert lacalgda 4g® 125 528
Arg Phe tGld 'a)tSCGggthCQY%eYS oy &by LeucvajgBhedartAje seg gag
cta tcgt8et 432 Phe 11 elfhr Ser Ala Ala PPo Phe Ay
atg agc @ ddD aty i satl g¥c RE ddH +130:5h38c1 4Pt @& h&t tCO 576
Met Ser Ijetvad Agn getl ragtGOc&het@ngRla aét Metaeia tcg
480 1 %r ser Ser AlalBbg Ala Ay Ala 38P Ala Leu Ala
gca gca '%%B g“éaa %% t§e£ égt Jt%Q ﬁaégoa ) 9%{6’" a gag624
g2 953 iae LL o d Affglkgs tehe %ot B B
(31915 Leu Ay Glu TyﬁOAsn Ile Pro VakOoPhe Ala Ile GIy
0175 tac cta cactc a tcg cc
ttt gca t 72
s 0 068 A samdnt o W b B R fRagt? <o
- 210G u Asp Ser PrmsPhe Tyr Tyr hr Pro r 180
aca gag 185 190g Page 24chE QLI ST- 0339\/\0310 Corr aag att aat720
: g Vsl
Thr <1 399 SRSt TR AP R R s Lys
Val Thr Al a Leu 195 200 205 caa cga cta g 99 act caa
agc tta gg tia ¢ of:! Qg ageagdat gad (tga g2 9g@d n Ar o768
105 150 00 WL PR O MR B IR O
Leu 210 15 220 gca tct ggc tct tgt gat tat ttg act
gca tat gge TEQttH g;catagct gat tgtcg ara aglkatAben Ses ddaya&er Cyssie
Ala Tyr A&H %( Letg ] Fherchyp @l g &b SPAETYTY pla br‘/ﬂ A D5 230
235 0 ggc ggc ttt éec get ata gaa 6 tgg ccc gggc
gat ata alg %Cg%@gha@?ﬂﬁﬁ dehytid ¥cPh@aPro Ala Ile Qu Argsy
Asp Ile IHE RrloAgH \G1ieG yng:S Ghu 246 P260 *t ga 768
<210> 4
<211> 283
<212> PRT
<213> Candida magnoliae
<400> 4
Mgt Ala Lys Asn PEE Ser Asn val Glu Tyr Pro Ala Pro Pro Pro Ala
10 15
‘His Thr Lys %Sn Glu Ser Leu Gln g§1 Leu Asp Leu Phe Lys Leu Asn
30
Gly Lys §§1 Ala ser ITe Thr géy Ser Ser Ser Gly Ile Gly Tyr Ala
45
Leu ééa Glu Ala phe Ala ggn val Gly Ala Asp ga1 Ala Ile Trp Tyr
0
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80
Gly val Lys val Lys Ala Tyr Lys Ala Asn val Ser Ser Ser Asp Ala
: 85 90 95
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<210> 30 <211> 254 <212> PRT <213> Artificial

sequence <220> <223> Synthetic construct HHDH

P016014- G 08 <400> 30 Met ser Thr Ala Ile Val Thr Asn

Val Lys Hs Phe Ay Gy Met Ay 15 10 15 ser A a

Leu Lys Leu ser d BeALasTop3ska10htorval Ala Cys Hi s
val Lys &g 3ke 5gu @ryGdp Il hlayi’r_y"épl-ﬁ"? 61 lgpte@ 8Steu Qu

| ys Pro

tle val Ah% 5 Ser Agh 3A1g%”yéﬁ8Pro ﬁ@uﬂﬁegﬁpl e g.)}.reg 55 60
Asp G1n/&|sa Ak A!ﬂhrLYSeW SAIPIaEF‘tw er VEit svidahspAyp1 Vedp Lew Val

130
Lys Gy 381 AR TR0 aTsz},z;,-,%oy &Rlﬂgsﬁ“%gheu Stifne S

Arg Phe (Eﬂy leaG‘%?IGKH wsAlLas Lcélly Gan Lel evaAr ghdPrmar thel ééla Leu
1086305110 As s Lys
Met Ser,@é Qgérvaél Ayerv%P 1768 F 'bphilq%”léga qgg Tylfhés le Thr
Ala Ala $86 ANacl avalfrorPhes Gne Bro L%psé\eyﬁetﬁmahﬁ&i &8k Thr
036 135 140 Tyr. 280 Ser Ala Arg Abgs Ay Ala ser Ala
Phe AlaFéq Mearkadra 1 a0 Ser valisersiroiSly 150 ﬂ@yésra u Leu
Thr G'Eu Ci’l'llé §1UadY TonASsy 'II bfo NG ¥Rl Tﬁp ’%' erl 95q %
225 170 17230Tyr Leu H's ser3d roz e Tyr
sSer Leu Wﬂ IP?OoLEFWGM iu"gPﬁa)y Tﬂw Gmecrhnauaalem LLys vdleGhsn Pro

Ala Tyr E%H % &%Ma %% és'l'ﬁ/\l‘/‘ L'IaT%b %Jé/ujl'%'ly égﬁ

Asp Ile 188 WAl Ay &TPmﬂyLew Z‘_h@ Rabpr220 Ala ser Ay Ser Cys
AZp Tyr Leu Thr GR§0G n Val Phe Trp Leu Ala 225 230

<210> 5235 240 Gy Ay Phe Pro Ala Ile Gu Arg Trp Pro Ay

<211> 89t Pro G u 245 250 <210> 31 <211> 765 <212> DNA

<212> DNA213> Artificial Sequence <220> Page 25

<213> ArSEE] ¢iaT- BRGNS 10- Corr  <223> synthetic construct

<220>

<223> Synthetic construct

Ketoreductase 3
KRED CR1-3

C <220>

<221> CDbS
<222> (1)...(852)

<400> 5
atg gca aag aat ttt agce aat gtg gag tat cCcc gca ccc ccc ccc geca 48
Mgt Ala Lys Asn Pge Ser Asn Val Glu Tyr Pro Ala Pro Pro Pro Ala

10 15

€at aca aag aat gag agc tta caa gta tta gat tta ttt aag tta aat 96
His Thr Lys Asn Glu Ser Leu GIn val Leu Asp Leu Phe Lys Leu Asn
20 25 30

gga aaa gra gca agc ata aca gga agc agc agce g?a ata g?a tat gca 144
Gly Lys V%} Ala ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
40 45

tta gca gag gct ttt gca caa gtc g?a gca gat gta gca ata tgg tat 192
Leu Ala Glu Ala pPhe Ala GIn val Gly Ala Asp val Ala Ile Trp Tyr
: 50 55 60

aat agc cat gat gca aca gga aaa gca gag gca tta gca aag aag tat 240
Agg Sser His Asp Ala Thg Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
7 75 80

g%a gta aag gta aag gca tat aaa gca aat gta agc agc agc gat gca 288
Gly val Lys val Lyg Ala Tyr Lys Ala Asn val Ser Ser Ser Asp Ala
8 920 ' 95

gtc aag caa aca ata gag caa caa ata aag gat tit gga cat tta gat 336
val Lys Gln Igg Ile Glu Gln Gln iag Lys Asp Phe Gly H18 Leu Asp
1
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ata
Ile

gat
Asp

aag
LysS
145

agg
Arg

atg
Met

gca
Ala

ttt
Phe

.aca

Thr G
225

agc
ser

gca
Ala

gat
- ASp

HHDH Mzl / 2G5 <220> <221> CDS <222> (1)...(765) <400>
31 atg agc acc get atc gtc acc aac gtc aaa cat ttt g a
t at g 48 Mt Ser Thr Ala Ile Val Thr Asn Val Lys His
Phe Gly Gy net dy 1 5 10 15 agc get ctg agg ctg agc

t cat acCSELES 39»gﬁlﬁa¢orgat 96 ser Al a
3;? §§%§eg?@aﬁf€,ﬂg Y SAA I/ PCA LA EF8 Hi s 384
gaaiage it aa g & dﬁt Wadlttg gaa

get ttt get gaa acc tac 144 du Ser Phe Lys dn Lys

Cﬁlaﬂc@ﬁ @A 9perag gathtm?@ @ g@mt'ﬂhgafr)g’caaﬁlﬂthS ccks?

SIn g Rty BAYECarEe A0 §Hh YRhgYalahSR 2! P b8 ct g
atc gaa 192 Pro @n Leu Lys Pro Met ser Gu G n du

gga Rite ¢gaa t@ wtheocd laegGax 5O @ﬁa&[gggeat gite &@Cgagc get4s0

Gly tvad % Tlé‘ég}l’aglt U@érvsgﬂé elag Gggcm‘ﬂgW%ai’beg‘mg ih Al a
Val Thr Ser a Tyr n Asp Val Leu vaPY ser Asn

ttt ARl & ¢ aBfaa ah t @ﬁtttﬁ adeer tich a§€a atcszg

Phe gdu @%Gﬂm&@getygmg %‘e& L28§C%1| Plee Phe Bﬂf‘%gs%ro du
Phe A nlBto I1e Asp Lys 8 Ala val Gu ASP 85 90 95

agc 8 &39afa lgrdChatdlgec AL ttt

Sgr‘ v etsaige gg/a33,65n %ﬁﬁ gl%?ogg% ;E&ggﬂa% /Si'la é%%l rax%ﬁu €] nS?6
lle %Y Pro Phe Ala L& Vval 100 105 1290 aat get gtg

252300 nlaTatl i Bl B e TR %wé‘%isatsir

Q% Hs llelle 1250120 125 ttc atzoact tcg get act

g 350 LA éﬁa‘é&a«%@ e g8
Al r i? g(l ser
218Thr 130A135 4@15; ac act tcg geo‘;z@ga ge gg19 ge

act cta get aat get cta tcg 480 Tyr Thr Ser Al a Arg720

9 QN ter e‘aa 1 83939619 1% 150
u%% ?%%ASD %h%%aag] E{%%—I‘ga@q gﬁg Agn gﬂ iﬁ'ﬁ Yok g tte
get atc ggg ccg aat 528 Lys GI uLeu Gy Au Tyr Asn
tta gt ¢1‘r<otWaI9 Ph&goAlgaa |dge iy aPa gcAsgrdl B8%a 1gt@ ¢dd t ac/68
Leu ca e E% éa@"‘«’géi‘yt %gff‘ﬁcﬂtatﬁuté@“cg% a8 gag
ccg tgg 6 Tyr Leu H s"Ser du Asp Ser o Tyr Phe
tat Tya BrotThrged agdPrat T{:rqa d@0 a$85:at9%ca aag qat aeat CC®B16
Tyr d&4 %chu dlgetercasp % ag @by saag vt fladhr tha 624
Lys 9% Asn Pro G u Val Ala His V&9Lys Lys Val
ata BRA gfdaagé-ﬁl@?igé:gazQQt A e@AcEfa@ta g g act caa aaa gs
I1e%:i YalgAsp Glga@ivt I rgmrgosm Prd ttg 672 dAn Arg Leu
73 Thr G n Lys GP80Leu Gy G u Leu Val Ala Phe Leu
210 215 220 gca tct ggc tct tgt gat tat ttg act ggc

<210> 6Ccag gtg ttt tgg ttg gca 720
<211> 283 ‘

<212> PRT

<213> Candida magnoliae

<400> 6

Met
1
His
Gly
Leu
Asn
65
Gly
val
Ile

Asp

Ala Lys Asn Pge Ser Asn val Glu I%r Pro Ala Pro Pro Pro Ala
15

Thr Lys ggn Glu Ser Leu Gin ga1 Leu Asp Leu Phe Lys Leu Asn

5 30
Lys ¥?1 Ala ser Ile Thr géy Ser Ser Ser Gly Ile Gly Tyr Ala
45
?ga Glu Ala Phe Ala ggn val Gly Ala Asp val Ala Ile Trp Tyr
60
Ser His Asp Ala ;gr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
75 80

val Lys val égs Ala Tyr Lys Ala Sgn val Ser Ser Ser Asp Ala
95

Lys GIn Thr Ile Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp

100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 7 120 125
GIn Asp Asp Asp Lys His Phe Asp GIn val val Asp val Asp Leu
Page 6



LYS
145
Arg
MeT
Ala
Phe
Thr
225
Ser
Ala

ASp

Ala Ser Gy Ser Cys Asp Tyr Leu Thr By A n val Phe Trp
Leu Ala 225 230 235 240 Page 26

SEQLI ST-0339w0310-Corr ggc ggc ttt ccc atg ata gaa
cgt tgg ccc gg9c atg ccc gaa taa 765 dy Ay Phe Pro
Met Ile Gu Ar Tr pSEFGILGSGQB%@IIBFocr@ u 245 250 <210>

13025 % > PRT < 13> 19 1i.ci nce
GW@Oé&gﬁg%%nt %-tyl CH1cSoﬁ§ rl t gHﬁE)ﬁ %fl??% 400> 32
Phe M Sﬁr GThrGW ayi |L®fs\:fa'|y Alna LAanvéfﬁlphéy&rl-hBa BBBG y Ay
l\/l=_\I Aq | eu %LeuSéTSGIuAIa
Sergly g I:f’ﬁrva\;'alqswvéﬂ Cg/gsg &'% FRSpSHpAd TX§ #S%er Phe
Alalys Ad cllysvAsRrdHd sLetk @ial L@nlsaségmﬁeﬁ\lﬂﬁaq/écﬂ B Tyr
3540 45 Pro A n 1260 Lys Pro Met Seps@u G n du Pro
L13AE B, ALéu“']qg A3h SRT KB 6T ?%C%EG%ITYThﬂF—SéF“AI a Tyr
rn r 75 80
GiuGﬂ)é % AYp! azs%“o tholaﬁféh é"f‘l.ra] 12‘330 s % % 8 Al a
Leu\)t{;{l'l @cu LAngmAg@ A5 T EINTHrGhla Alla Néal vaG G1Al a Leu

Tyr gelﬂ ILlllee Lﬂ‘ﬁ gMPr QeP‘l&%pA)lﬁ E%Qj S%?l ™ 89%;&5é'§)|_| 5n| f‘lea

Ile|lle Vi?l&sﬁZﬂlylmSy TI?heTHH Eed'h=rroSer Al a Thr Pro Phe Ay
P’ Trp Lys G u Le&d0Ser Thr 130 135 140 Tyr Thr ser

<10- 7AVa Arg Ala Gy Ala Cys Thr Leu Ala Asn Ala Leu ser
<211> 8945 150 155 160 Lys GQu Leu Ay GQu Tyr Asn Ile Pro
<212> DNl Phe Ala Ile Ay Pro Asn 165 170 175 Tyr Leu Hi's
<213> Agdifieda] Aefe8&f Pro Tyr Phe Tyr Pro Thr Qu Pro Trp
<220- 180 185 190 Lys Thr Asn Pro Gu H's Val Ala H's Val
<223> Syutetis cydtrllee Ala Leu 195 200 205 dn Arg Leu Ay

Kemredycrtaﬁys‘l(] U lLeu Ay Gu Leu Val Ala Phe Leu 210
KREDSCROY Ala Ser Gy Ser Cys Asp Tyr Leu Thr Gy Qn

<220 Val Phe Trp Leu Ala 225 230 235 240 dy Gy Phe Pro
<221> cidet Ile Au Arg Trp Pro Gy Met Pro GQu 245 250 <210>
<222> (B3..(852)

<400> 7
atg gca aag aat ttt agc aat gta gag tat ccc gca ccc ccc ccc gea 48
Met Ala Lys Asn Phe Ser Asn val Glu Tyr Pro Ala Pro Pro Pro Ala

1 5 10 15 '

cat aca aag aat gag agc tta caa ¢gta tta gat tta ttt aag tta aat 96
His Thr Lys Asn Glu Ser Leu Gln val Leu Asp Leu Phe Lys Leu Asn

20 25 30
g?a aaa gta gca agc ata aca g%a agc agc age g?a ata g?a tat gca 144
Gly Lys val Ala ser Ile Thr Gly Ser Ser Ser Gly Ile Gly Tyr Ala
35 40 45
tta gca gag gct ttt gca caa gtc g?a gca gat gta gca ata tgg tat 192
Leu Ala Glu Ala phe Ala Gln val Gly Ala Asp val Ala Ile Trp Tyr
- 50 55 60

aat agc cat gat gca aca gga aaa gca gag gca tta gca aag aag tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr

65 70 75 30

gga gta aag gta aag gca tat aaa gca aat gta agc agc agc gat gca 288
Gly val Lys val Lys Ala Tyr Lys Ala Asn vVal ser Ser Ser Asp Ala

85 90 95

gtc aag caa aca ata gag caa caa ata aag gat ttt g?a cat tta gat 336

val Lys GIn Thr ITe Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110

ata gta gta gca aat gca g%a ata ccc tgg aca aag g?a gca tat ata 384

Ile val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
gat caa gat gat gac aag cat ttt gac caa gta gta gat gta gac tta 432
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Asp

aag
Lys
145

agg
Arg

atg
Met

gca
Ala

N

Phe

aca
Thr
225

agc

- Ser

gca
Ala

gat
Asp

<211> 765 <212> DNA <213> Artificial Sequence <220>
<223> synthetic construct HHDH MZ1l. 1A5 <220> <221>
CDS <222> (1)...(765) <400> 33 atg agc ccc get atc
gtc act aac gtc aaa cat ttt g9t gt atg gt 48 Met
ser Pro Ala |l e ValsethisPA3i3¥%ed3l0ysortdi s Ph eGy gy

SIoNesP &2 AfpstsffoH;L%; Phactspgein od @?Aéf 2dgtsryhal get ~ ggt
caa acc gtc ge gc cat gat 96 r Ala Leu Arg Leu

gga AR Gha tAk agt@ ycHaag Tdutr Yed obhaadyysatitAsfy Gage 27 480

G?Y S2dLE BTTIBAA0AID-LEsrHis 2ba ZBy30rgyHas e 4td Ghaa cag
aaa gat gaaCtg gaa get ttt }gét gaa acc tac % Qu

trr SRl Fhe gk Bad-¥8 3 48Uy @ ¥t RaR @ G u s

Phe THu Oy Gagsgﬁg ﬂ%s nggt%%a%a:t@ua%aﬂ ega mﬁm%é%gaa cag
gaa ccal§et gaa ctg atc 35% 192 Pro @n 18u Lys Pro

age Mg S8 aFh Wid RalOg¥c IQ A2 (FlcdfYcd |24 rCQQE 55 60576

ser @il @i< 1a60/ad08sHIGLTIBG GDYPheagiIhTa Ol AEh g gtc
agc &8t gat 240 A aMal Thr Ser Ala Tygo Gy A n Val

| _ser Asp 65 70 80_ atc ttt get
gca éﬂ g Lbégaag cat ﬂ% aag_agc ? ca _gt¢ 624
] haiitaned e B 8 it lideedl e oa
az@% Il e Phe Algg:l?oa Gu Ph(ﬁG n Pegsl (Eel Aspgi%s Tyr
Ala Val Qu Asg,c 85 90 95 tac agg ggt get gtc gaa
d

gca ca t C t a get72
S ae bR et 5 RS TR e

100 105 110 aat get gtg get tcg caa atg aag aag cga
g?g %? % g% htéa@t CEC fge %&taCASﬁaAﬁat Vap Woateer d 20
u s o8 G Ly 50 B ‘HQESG M &S (S 11® I9 125

ttc atc act tcg get act ccg fic ggg ccg tgg aag gag
tta @tg ¢oy ta@tggl;asq‘zgg Bbe ddeegdhrcSegcaAbag e dRraogdhe G y768
Leu piad A% '2%&5‘5 8 e sly v Z}(H TEBO‘“I‘BG“M@”;&% abx tcg
get cga“get ggg get tgt cta get aat cta tcg
tat 480 ttyntdhycaSegc Aht daggdl agH tatAbda Gra g]%r at2u Al &®i16
Tyr AsH e LpeAl8eserl 45p 5@ 4B5 Se60Tyraatp ag GlyaTlyr 9a gag
tac atc ccg gtg t46¢ get atc ggg cgé aat 528 Lys
ata Gl &QUgH ég@ gtjzjaT)éﬁtAa%‘E t1£ Beocadal Phe Ala Ile Ay gs;
Ile Ale VeinAipSIL70TYITHr thacLatl @reac t cg gag gat tcg ccg
t’dé ttc tac ccg aéB0gag ccg tgg 576 Tyr Leu H's Ser
G u Asp Ser Pro Tyr Phe Tyr Pro Thr u Pro Trp 180

<210> 8 185 190

<211> 283

<212> PRT

<213> Candida magnoliae

<400> 8

Met
1
His
Gly
Leu
Asnh

65

Gly
val
Ile
Asp
Lys

145
Arg

Ala Lys Asn P?e Ser Asn val Glu Tyr Pro Ala Pro Pro Pro Ala
10 15
Thr Lys ggn Glu ser Leu GIn val Leu Asp Leu Phe Lys Leu Asn
25 30
Lys §?1 Ala Ser Ile Thr géy Ser Ser Ser Gly Ile Gly Tyr Ala
45
%a Glu Ala phe Ala §15n val Gly Ala Asp val Ala Ile Trp Tyr
60
Ser His Asp Ala ;Br Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
75 80
val Lys val ggs Ala Tyr Lys Ala Sgn val Ser Ser Ser Asp Ala
95
Lys GIn Thr Ile Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Gln Asp Asp Asp Lys His Phe Asp GIln val val Asp val Asp Leu
130 135 140
Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
150 155 160
Phe Glu Lys Glu Gly Lys Lys Gly Ala rLeu val Phe Thr Ala Ser
165 : 170 : 175
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Met
Ala
Phe
Thr
225
Ser
Ala

Asp

<210> 9

aag act aat ccg gag cac gtg get cac gtg aag aag gtg
act get cta 624 Lys Thr Asn Pro Qu His Val Ala H's
val Lys Lys Val Thr Ala Leu 195 200 205 caa cga cta
ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg
672 Gn_Ar ‘g Leu QrasT-@E3A%M0A 068&arrLeu Gy G u Leu
Ser\gly (-}\Iﬂ’ﬁe aLeﬁS"Z g& sdo PheaC e i1y Et"Bt'" £5% gat
Alatigls A1 cd¢tva9&rE A9s Brd hid | gsért ded cfha ser
A9 Ser Cys Asp TyooLeu Thr d noya e Trp Leu
A1aﬁara iy APBArRI3 m@n R V! csertrrrocsty avg IalteaAgaa cgt

Oy e._Pro Met
cTubig 660 0al b Hodeh kAR 8% S Berhre L
Leu 4@115r0254u cﬂ&lﬂcg RIRF (ﬂ&l@?bu mhhzﬁ‘lacsw LeaquanGey <220>

<223> S const r.uc230 HHDH Mzl
Ty"éé&f’ﬁr IS S RB A Bl et B e 11 e
Ile \fk Aé§m1\jat1yl_y“§r|‘i‘l"ﬁ‘ Pae reby Gy I\/Et dy 1510 15

5 Ala Leu Arg Lé80Ser Gu Ala Ay @ n Thr Val Al a
Cys His Asp 20 25 30 G u ser Phe Lys An Lys Asp Qu

<211> 78U G u Ala Phe Ala GQu Thr Tyr 35 40 45 Pro G n Leu
<212> DNayS Pro Met Ser Qu G n GQu Pro Ala Qu Leu lle Qu
<213> B 1465 60- Ala Val Thr Ser Ala Tyr Ay d@n Val Asp Val
<220> Leu Val ser Asn Asp 65 70 75 80 |Ile Phe Ala Pro Qu
<221> cgdhe G n Pro Ile Asp Lys Tyr Ala Val Au Asp 85 90 95
<222> (IDr @Zf )GI Ala Val Qu Ala Leu @n Ile Arg Pro Phe

<223>

h t"US{DO 18gé110 Asn Ala Val Ala Ser A n Mt
;?SS‘F_ SHPIEILSaP* Ay His Ile Ile 115 120 125 Phe

<400> 91le Thr Ser Ala Thr Pro Phe Ay Pro Trp Lys Qu Leu

atg tat $gg gdir ti8(raalgnal48a diyr gfihwcbarttAbee Aoy gﬂkltag&y Al a 48
Met Tyr &Fe Ath L%léd—ym @lyas¥Hs M AdgrTle1 Ty 3y AlR5AIB0 Lys

Gu Leu y Gu Tyr Asn ITe Pro Val Phe Ala Ile Gy
tca ggi;g Rrta ad®Ich 78egl gbc abyr cdeutHi gycSedg Gay Agpg&er Progg
ser Gly Tgp eLSf'§/rA1PrMﬁfThﬂaG1@ Mo Piie (G1y180% 638 GI90Alys Thr

Asn b Gu Hs Val A% His Val Lys Ly3%val Thr Ala
aaa ? ¥ atkPRa2QQc 20 agt aat aaa caa gat ccg aac gag gta 144
Lys V Va1 Ile Ash Tyr Tyr Seg Asn Lys Gln Asp Pro Asn Glu val

4 45
aaa gaa gag gtc atc aag gcg g?c ggt gaa gct grtt gtc gtc caa gga 192
Lys Glu Glu val TIle Lys Ala Gly Gly Glu Ala val val val Gln Gly
50 55 60
.gat gtc acg aaa gag gaa gat gta aaa aat atc gtg caa acg gca att 240
Asp val Thr Lys Glu Glu Asp val Lys Asn Ile val Gin Thr Ala Ile
65 70 75 80
aag gag ttc g?c aca ctc gat att atg att aat aat gce g%t ctt gaa 288
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
85 90 95
aat cct gtg cca tct cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336
Asn Pro val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys val
100 105 110

atc g%c acg aac tta acg ggt gcc ttt tta gga age cgt gaa gcg att 384
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly ser Arg Glu Ala Ile

115 120 125
aaa tat ttc gta gaa aac gat atc aag gga aat gtc att aac atg tcc 432
‘Lys Tyr Phe val Glu Asn Asp Ile Lys Gly Asn Val Ile Ash Met Ser

130 135 140

agt gtg cac gaa gtg att cct tgg ccg tta ttt gtc cac tat gcg gca 480
Ser val His Glu val Ile Pro Trp Pro Leu Phe val His Tyr Ala Ala
145 150 155 160
agt aaa ggc ggg ata aag ctg atg aca gaa aca tta gcg ttg gaa tac 528
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Ser

gcg
Ala

acg
Thr

gta
val

gcc
Ala
225

gac
Gly

" cag
Gln

<210> 10

Gn Arg Leu Ay Thr Gn Lys Qu Leu Ay Ju Leu Val
Ala Phe Leu 210 215 220 Ala ser Ay Ser Cys Asp Tyr
Leu Thr Gy A@n Val Phe Trp Leu Ala 225 230 235 240
Gy Gy Phe Pro Met Ile Gu Arg Trp Pro Ay Met Pro
G.u <210> BBLEIN-DP3I3PBHE 102> DNA <213>
Lys &ﬂﬁ’i?z‘ycﬁ% H8gtiehdet TJ‘ZZ@J" Ihpeushin H‘@PI% O¥Bt ruct
S

HHDH Cy 10 <220> <221> <222> (1)...(765) <400>
ccg 3Bgad @ccy haatzatghct g @aCagt @cga&ccahcttt (0597
Pro dyge %? tAr'J!lSV VSN The G a°r|o| elwa#{laThie Asm Val

Lys s Phe Ay Ay Gy 15 10 1519890 get ctg agg

cca Gitg &OC g@adyageiald @ c Gt Q&?@cﬁtcaaﬁeta GGaCqdt gat 96 624
Pro gde sMdraAla&lAr lgysL@he de &p PAb aLyGEl g |Ls/s$%éra Ysp Al a

2 His Asp 20 25288 gaa agc ttt &%m cag aaa gat gaa

Glg@ getechl 4t 904 g6 %E kA4 Fhe Lyssy,
ARt S P et A e S

210 45 cca cag ct gzh'ha cca atg agc 2ffa cag gaa cca get gaa

9% ys Pro @r Gu Gln720
ca
il Boo o o 0wt e W 8 b aod
get tac ggt230ag gtc gat gthBSg gtc agC aac gao
atc gté{'lln %g:gcsgj g % 2—% an \a{ 'lcat cct\{cacla %‘?cu VaI 768
ﬂegﬁq_ STzJDgSSé\%/OSfO C% @ Qﬁ tt ge{yrcggo oA Fh? cag
cca atc gat aaa tac get gtc gaa gat 288 IIe Phe Al a
FAP @39 éa@l n Prolle Asp LyS Tyr Ala Val Qu Asp 8§
2§ g ?3& agg ggt get gtc gaa get ctg cag atc agg cca
ttt get cta gtg 336 Tyr Arg Gy Ala Val Gu Ala Leu
@nlle Arg Pro Phe Ala Leu Val 100 105 110 aat get

<711- >édtg get tcg caa atg aag aag cga aag tcg ggg cac atc
<212> ppatc 384 Asn Ala Val Ala Ser A n Met Lys Lys Arg Lys

<213> Basét @ ypH s Ile Ile 115 120 125 ttc atc act tcg get

<400> 1

Met
1
Ser
Lys
Lys
Asp
65
Lys
Asn
Ile
Lys
ser
145
Ser
 Ala
Thr
val
Ala
225
Gly

GIn

ct ccg ttc ggg cca tgg aag gag cta tcg act 432 Phe

Tyr §'r§ ASRY L 6)@'3@ yTE{z) s g PaheAﬁ 3&1 fnr Gy Lys Ju Leu

er Thr _r;LS tac ¢ cga ggt ggg get
Gly agt @ot Lm a1ge\1§etaala & Acttgaph@g;wS@s €Yo dlar aBer Al a

3 Se
val '659 %%e Asnh ){'yr 'I%/r Eer AsL I_Ly%u(; n z310«5'[§‘SFDr'oAIA§n LG u Va1r
45
ggu G1u val Ile Lys ?}a G1y Gly Glu Ala val val val GlIn Gly
60
val Thr Lys Glu géu Asp val Lys Asn ;ge val G1n Thr Ala Ige
8
Glu Phe Gly g?r Leu Asp Ile Met gAe Asn Asn Ala Gly Leu Glu
95
Pro val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys val
100 105 110
Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125
Tyr Phe val Glu Asn Asp Ile Lys Gly Asn val Ile Asn Met Ser
130 135 140
val His Glu val Ile Pro Trp Pro Leu Phe val His Tyr Ala Ala
150 155 160
Lys Gly Gly Ile Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175
Pro Lys Gly Ile Arg val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190
Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys GlIn Lys Ala Asp
195 200 205
Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr val Thr
230 235 240
Ile Thr Leu Phe Ala Asp Gly Gly Met Thr GIn Tyr Pro Ser Phe
245 250 255
Ala Gly Arg Gly
260
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145 150 155 160 aag gag cta gga gag tac aat atc ccg
gtg ttc get atc ggg ccg aat 528 Lys Qu Leu Ay Qu
Tyr Asn Ile Pro Val Phe Ala lle Ay Pro Asn 165 170
175 tac cta cac tcg gag gat tcg ccg tac ttc tac ccg
act gag ccg tgg 576SEQrysTH108a%%630Sesrrd u Asp Ser Pro
<2105 11yr Phe Tyr Pro Thr Qu Pro Trp 180 185 190 aag act
<211> 7&@t ccg gag cac gtg get cac gtg aag aag gtg act get
<212> it a 624 Lys Thr Asn Pro Qu His Val Ala H's Val Lys
<213> BagidInm|spThr Al a Leu 195 200 205 caa cga cta ggg act
<20- CAa aaa gag ttg g 99 gaa ttg gtg gca ttt ttg 672 dn
<221> co¥ g Leu Gy Thr An Lys Qu Leu Ay-du Leu Val Ala
<222> Bhe (&6)210 215 220 gca tct ggc tct tgt gat tat ttg

<223> F@gugtg t gg ttg gca 720 Ala Ser Gy Ser
)@%S %ﬁ?‘g %Eﬁg%@Eéy dn Val Phe Trp Leu Ala 225
<400> 1230 235 240 ggc ggc ttt ccc atg ata gaa cgt tgg ccc
atg tat cgat t@oga gga thaa gRSgtGor Rhe datotdketct| e G ws
Met Tyr 5\4061@ G Iveys prad Eﬂ: Va14% Qo &ly1%er 36r<211>
254 <21 PRT <213> Artifticial sequence 120> <223>
acc ggt syrat laaa cashtdi@eg HHDEGOLSE. &y 540 Qaa3saagtr Ser Thyg
Thr ?Y Aled G e LyalATRhvetAgha \ile Axg Phlesﬂlahéth]uGLxs Ma Ay 1
51045 Ser Ala Leu A°g Leu Ser Gu AB8 Gy H s Thr
aaa gta @k aG¥ Stadl 8gtA%Rg 42a28a3Yan Fda §EF RBCadey Qn LyﬁM
Lys \g/a1 Eﬂ %%Aheury(ﬁl mnqgﬁ\sagmye ?Lﬂ%&%1ﬁh§]ﬂ_ Wsn g
G3A Leu Lys Pro Mef0Ser Gu G n 4 u4Pro Ala Glu Leu

' Y a
2 a8 O e B Rl bl e W
50 Pro GI u Phe GI nSSPro Asp Lys Gbgr L:\ua Val u
s B AR Aty
® Ser Hi s IIe Ile 115 120 125 Phe Ile Thr Ser AIa

s ot P 2%;0&3 S T g A o T AR

Asn Al a Leu ser
aat ccg gtt tca tct cat gaa atg tct tta agc gat tgg aat aaa gta 336
- Asn Pro Val Ser Ser His Glu Met Ser Leu Ser Asp Trp Asn Lys val
100 105 110

att gat acg aac tta acg g?a gca ttt tta gya agc cgt gaa gcg att 384
ITe Asp Igg Asn Leu Thr Gly ?;3 Phe Leu Gly Ser Arg Glu Ala 1Ile
125

aaa tat ttc gtg gaa aat gat att aag g?a aca gtt att aat atg tcg 432
Lys Tyr Phe val Glu Asn Asp Ile Lys Gly Thr val Ile Asn Met Ser

130 135 140
agt gtt cat gag aaa att cct tgg cca tta ttt gtt cat tac gca gca 480
Ser val His Glu Lys Ile Pro Trp Pro Leu Phe val His Tyr Ala Ala
145 150 155 160

? atg aag ctc atg act gaa aca ctt gca tta gaa tat 528
y Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175

agt aaa g%t ggc
ser Lys G

gct cca aaa g?t att cgt gta aat aac att g?g ccg g?a gcg att aat 576
Ala Pro Lys gsg Ile Arg val Asn ?gg Ite Gly Pro Gly Ala Ile Asn
190

aca ccg att aac gct gag aaa ttt gct gat cct aag cag cgc gca gat 624
Thr Pro Ile Asn Ala Glu Lys ;Be Ala Asp Pro Lys g&n Arg Ala Asp
195 0 5

gta gaa agc atg att cca atg gga tac atc ggl;a gag cCcg gaa gaa att 672
val Glu ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
Page 11



145 150 155 160 Lys Qu Leu Ay Qu Tyr Asn lle Pro
Val Phe Ala Ile Ay Pro Asn 165 10 Tyr Leu H s ser

GQu Asp Ser Pro Tyr Phe Tyr Pro Thr Gu Pro Trp 180
185 190 Lys Thr Asn Pro Ju Hs Val Ala H's Val Lys
Lys val Thr Al a LeuSEmSSQGBEvQ\@rBlOG:errg Leu Ay Thr

u eu Val Ala Phe Leu 210 21
gea geg o) i?ﬁz?ér-‘;% e 16 ot st deniedlp oon val 720

225 Phe Trp Lew23d a 225 230 23923340 Pheséro Met

Pro Gy Mt Pro €] u 245 250 <210> 37
st 5 Spnyen: oo ot

Titaf Séq C <2048
<223> S)Qm;hetl C ESO ? Ll'%r Pfo %Eﬁ <221>

CDS <222> (1). (765) <400> 37 atg agc acc get atc
g2 g%ag%@ %gi?ctgg‘tc aaa cat ttt g a gggt atg gggt 48 Met86
Gin Alagy “Nalle val Thr Asn Val Lys Hs Phe Ay Qvy
Mt Ay 1 5 10 15 agc get ctg agg ctg agc gaa get
ggt cat acc gtc get gcg cat gat 96 Ser Ala Leu Arg

jﬂgi% uSer Gu Ala Gy His Thr val Ala Ala H's Asp 20 25

<212> P gaa agc ttt aaa cag aaa gat gaa ctg gaa get ttt
<213> Bgdfllgaapacc tac 144 G u Ser Phe Lys A n Lys Asp Qu
<400> JgLeu GQu Ala Phe Ala A u Thr Tyr 35 40 45 <cca cag ctg

g e tCc gaa
et Tyr 385 R L8 b 1a0en R0 S 008 Ve S R g B
Thr Gly Heu Gbu Ly aaldl Me15@155ﬂ(éOAggatphgtx1aamr aja gst Alac g 9t

s ver 58 SN G % 5 e 220 A T o

Leu G'iu mu751e<3@ys atye vt cietcigcal gaaat e mg Vata t@1 at aaa
_ C gaavgat_288 1Ile P Ala Pro e dn
i Va] FT%S Gi% o %SPTW] Alg et & uV%&sﬁ’BF?egOﬂ%ﬂ@ ac agg

C cta
- i g oot o i onna o B
PI"O

%@SN‘ 6H1l§e@1u\/ﬂht 15@@ ne5 Stmmsmatp %n igtsgvabt tcg
9
e asp SR REPLBAEA0N AR T 160 PSSRtk éﬁy

Lys Tyr |Ahe deGltlFAs]JZ@splZ% Lys Gly Thr val Ile Asn Met
130 135 140
Ser val His Glu Lys Ile Pro Trp Pro Leu Phe val His Tyr Ala Ala
145 150 155 160
Ser Lys Gly Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
: 165 170 175
Ala Pro Lys Gly Ile Arg val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190
Thr Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys Gln Arg Ala Asp
195 200 205
val Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
Ala Ala val Ala Ala Trp Leu Ala Ser Ser Glu Ala Ser Tyr val Thr
225 230 235 240
Gly Ile Thr Leu Phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Phe
245 250 255
Gln Ala Gly Arg Gly
260

Asn

<210> 13

<211> 765

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct
HHDH.1

<220>
<221> CDS
<222> (1)...(765)
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<400> 1

atg
Met
1

agc
Ser

gaa
Glu

- cca
Pro

gct
Ala
65

atc
ITe

tac
TYr

aat
- Asn

ttc
Phe

- tac

Tyr
145

aag
Lys

tac
Tyr

aag
Lys

caa

" Gln

gca
Ala

© 225

ey ¢

ttc atc act tcg get act ccg ttc g Vg cca tgg aag gag
cta tcg act 432 Phe Ile Thr Ser Ala Thr Pro Phe Qvy
Pro Trp Lys G u Leu ser Thr Page 31

SEQLI ST-0339w0310-Corr 130 135 140 tac act tcg get

ga get ggg get tgtsmﬂ56{®3@m31@amrg"et cta tcg 480

100t feo Seroseaclcel fod Cocn Bl g Al T ¢

aat atc Gcg gtg ttc get alle ggg ccg aat 5285

gctLe gjlzyr Asnlle Pro Val Phe@lalleG%Pro o6
peoilh el e ol ebaltcaloni e bl (o
Asp Ser Pro Tyr Phe Tyr Pro Thr GI u Pro Trp 180 185

ser it W AT IRl RO AT hebAle & 1 e WA A s

H's val Lys Lys Val Thr Ala Leu 195 %OO 205 caa cga
cag cqtg cgetalgaagagaa bey nggg gad tayggdly- gea ttt 192
G1”t'te§j' %%Pr@"‘f?tA? @H%Gﬁhrp"@ q pdu ey ThuGly G u

Leu Val Ala Phe Leu 210 215 220 gca tct ggc tct tgt
gtcgaic aaxt gt gtaa:cg g ghy dtit cigogrd ta@cosax §20 Al ap40
val gy ggry AdarTyrys mﬁn% Bep V‘EFhrLe(H yaser\asdn Ree Trp

Leu Al a 2257930 235 240 99C/dgc tit ccc atg 8fa gaa
tet Gt €@ 986 Grt@Y€a@lcda CH% %@a aa@akBgct Gy §day gFbhe Proygs
Phe Mt Ptcee GO wPhar glnTPpo Arle Lvet Ty a1Gva xc;mgs,zs

<210> 3882211> 254 <212>9PRT <213> Artifi%ial

0 e e e ety g Mo S PePPR Pl bR 3

Lys HG& Phe GIy GIy I\E&SGIy 1510 15.103er Ala Leu

gct S u ng, Thr_ Val a H s ppﬁé‘
3 r
m%%i % Ll stk el o et

An du Pro Al a Glu Leu Ile Qu 50 55 60 Al a Val

i:g % }J}%e%/"zy CthF I¥he AITIQgE;‘\SI gjl E’rQSPI?Z

tAs p Lys TyrAIaVaI Glu Asp 85 90 95 Tyr Arg Ay Ala
ac C C t C t 80
Tor 58 % MRt 26 e v 100

gag cta ggg gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Glu Leu Gly Glu Tyr Asn ITe Pro val Phe Ala Ile Gly Pro Asn
165 170 175

Ccta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Thr Asn Pro Glu His Val Ala His val Lys Lys val Thr Ala Leu
195 200 205

Cga cta ggg act caa aaa gag ttg g%g gaa ttg gtg gca ttt ttg 672
Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu val Ala Phe Leu
210 215 220

tct g?c tct tgt gat tat ttg act g? cag gtg ttt tgg ttg gca 720
Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln val phe Trp Leu Ala
230 235 . 240

g?c ttt ccc atg ata gaa cgt tgg ccc g?c atg ccc gaa taa 765
y Phe Pro gig Ile Glu Arg Trp Pro Gly Met Pro Glu * '
250

<210> 14
<211> 254

Page 13



Asn Ala Val Ala Ser A n Met Lys Lys Arg Lys Ser Ay
Hs Ilelle 115 120 125 Phe Ile Thr ser Ala Thr Pro
Phe Ay Pro Trp Lys Qu Leu ser Thr 130 135 140 Tyr
Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu Ala Asn Al a
e N T A b
e alle dy Pro n yr
<213> A%AO%aEF&1 ? SFP Q@ u Asp Ser Pro Tyr Phe Tyr Pro Thr Qu
<400> 19ro Trp 180 185 190 Lys Thr Asn Pro Gu H's Val A a
Met Serfhe tka Ijlgsvaly Shwya#isnTye Ava HiguPhel 83y 200 O5GTE n Arg

1
r \ Y. AlLa Phe
ser A1a k2 G0 L1006 )P Gl bRl BT b VRl 44 e
Glu Sersé”qe sy Gﬂ;erLy@YSsy\gﬁuleu Géw AThrprHd pi&dgiuVatr ﬁ’he Trp
2 Pro Ile Qu
ero G“‘H ¢’|Fsa "B? %?eé SRR S B %25%’56@“ LHOE BT 1>
Ala va1 &5.5 Se<r21;22= @NAGrQbaa VAT hEp Glaal Le%equergée ASRA9p <223>
65 Pheént het i struct KRED kr133c <220> <2288 CDS

Tle 328rq g” P 8@12') P'"Q4¥)1(?>A§@ LEghgetladalaglt e agc
Tyr Argafly giL Vﬂa%%ah'la{:@éug@‘h QA‘FSgPr%CathAﬁa u VB Ala
Lys B8 Phe Ser Asn \HIS d Pro 1a_oPro Pro Pro
Asn Maﬁé Al Sep Gl M%%ntLygddSaaw aaé @ea"athahst@eca@e gta ctg
he T1 a S Th Ser
Phe {38 Leu %%A%%ﬁhﬁeggisp E@% E’ﬁ H@ Lys 2?"%0 ggc

Tyr Thr $eg @‘tacAggi'ItacG'l)atAdaa(ms Digt La otﬂaggsrt Gﬂaglgﬂx aet ggt

145 St
Lys Glu é%ﬁ %Cngifeyé ynrws jjb 4451 }5@5 p%%i@%tr tsztr

Tyr Leu gﬁg E&-rgGgutltAs@gSerg@aogl@G" Qﬂié TYE Pprat ¢hﬁ@utﬁto 82 Leu
AIaG,&SVaIGI Ala Adpoval Ala lle

Lys Thr 'Q'S@ Prr‘ﬁ ?‘lﬂ) I-gg %%g I-gch%;'lagY@dtyzAg 5@6 Aggt-ehaa gca

Gln Arg 4ad Thi Qﬂge[ sa%a dad § p Ala
ZlgThr %W)C/ Lys Al y - Al a LQ{J @2Ays LysEJIT‘Sﬂ (%éé?O 75

£33 Ser g3y Hyc Cyt 895 aﬁyrgthu ddy @bt GﬂatVaélaahgét”palaEtu iz agc
gc&@ﬁgg TglpyP AYyN?etV ro lGXS Al a ‘ﬂ/r Lys

Gly G'Ith‘Flg ﬁ%t I‘I
er ser

<210> 15

<211> 765

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic construct
HHDH . 2

<220>
<221> CDS
<222> (1)...(765)

<400> 15
atg agc acc gct atc gtc acc aac gtc aaa cat ttt ggt ggt at t 48
Mgt Ser Thr Ala I;e val Thr Asn val Lys His Phe G?y Gly Me% g?y

10 15

agc gct ctg agg ctg age gaa gct ggt cat acc gtc get tge cat gat 96
Ser Ala Leu Agg Leu Ser Glu Ala G;y His Thr val Ala Cys His Asp
5 30

gad agc tit aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu ser ng Lys GIn Lys Asp Glg Leu Glu Ala Phe Ala Glu Thr Tyr '
45

cca cag ctg aaa cca atg agc gaa cag gaa cca ¢gct gaa ctg atc gaa 192
Pro G;B Led LYyS Pro Met Sgg Glu Gln Glu Pro Ala Glu Leu Ile Glu
60

gCt gtc acc agc gct tac ggt caa gtc gat gtc ctg gtc agc aac gat 240
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85 90 95 gtg aaa cag act att gag cag cag atc aag gat
ttt ggc cac ctg gac 336 Val Lys Gn Thr Ile Au Gn
Gnlle Lys Asp Phe Gy H's Leu Asp 100 105 110 att
gtt gtg gcg aac gca ggc atc cca tgg act aag ggt gca
84 1le VaSeQUabT-ABAMSII0A@ardy [le Pro Trp

Agg val fﬁ\r E y' %A 81Yr§ﬁﬂnl\raé 245 Egotqwaba‘iercw g% gac
gat aaa cat ttt gac cag gtg g gac gtc gac c 432
atc trt Agp G gAspttAspag&&paLa/tS: bbs RaetAspcBgtcVigda ¥at Asp 288
Ile Phe \Mla P& 6 gw@scahmsoM@ as LygcTyt Alggrit Gtu gbm gca
aaa cat g ggt cgc cat t 3¢ cgt gaa 480 L%/"_S Gy Vval
tac agg dox do g¥algaAl ged ¥sgHiay M@ GoYcdN SeHligieToda 469 A U 335
Tyr Arg K15 ABO vabx1l68la ¢cgl dincit@argaprgabe gja eaavafg g C
gcc %QQ; gtt ttt acg gjél5 tcc 528 Arg HA8 Glu Lys Qu
aat gct%a ScagI YrdVad getJ ? 170 4
Asn Ala té AR ge ngglé%N@g L@tsCA tl.y a@é%&? 9 fﬂaaI t Ca
acc tac aat 57180 I\/let Ser Ay H1g51le Val Asn VaI
; Asn 180 185 190 Page 3
TtC atc g gﬁg %@ 4
e e e e 2 ) cab e g5 o
130c:at ttc gca aam3itcc ctg gcc gt gigaa a LyS
tac act %ﬁ\(/) val Ar Hi St Phe Ala Ly s ser LeutAI a Val Gu 480
a
Tyr Thr 31-5@5 %gqa:t &ﬁﬁ C%%g Eﬁ}cé Ejﬂ% e geq gta
145 tct cct ggcsbat ‘att  a 215 r 9 e1
Val Asn ser Val Ser Pro Ay Tyr IIe Asn 210 215 220
aag gag 989 taccea aic 'fQ:t EPa ga@@ 8dla aat 528
s & g FPE Tk %?P@ou]r; ﬁﬁé‘?mA%bgggﬁé  ABHo d n
Glu Thr Gn Asn Lys Trp rp 225 230 235 agc tta
tac cta get ©qehgay gaggteo tgaac@chcyqgggaq tdgp gtt 576
Tyr Leu kg a BeSPLR]T %5? BroP Eeetrye Fy"OAr@rgg fGoyT@ u Thr
Al a u Leu Val Gy 212% 250 255 gcc a ctg ttc ctg
‘aag act gea @gf gg@tcagcgrglgct teae g agdfCaaaCgrgActaga 8dd Al a24
Lys Thr ?tg FL@JGﬁWEeWAMa%s Yeslp L a6l %e‘hrwla Pew Thr
_ Thr 260 265 2?@ gat atc att gt gat g 9c ggc tac
caa cga a€§ a@@g:abaé’aat %’5 ah &4 % 2k ﬁ%ptgy Ay
Gln Arg Ten h/rTllleuﬂF?rlQ/sZ g 2% Lllalg ﬂ%l Yadthd L F%%
0 <213> Artificiab Sequence <220&0<223> synthetic
ca tct es&atuegﬁ lég Lh %[%1 Q2 %Q Mel, 2h8 Lgés n Phe
g2 Lot 88 SRR Bra A s 0
225 240
g?c. ?c ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765
. Gly Gly Phe Pro Met Ile Glu Arg Trp Pro G?y Met Pro Glu
245 250
<210> 16
<211> 254
<212> PRT
<213> Agrobacterium sp.
<400> 16
Mit Ser Thr Ala I;e val Thr Asn val 555 His Phe Gly Gly Met Gly
15
"Ser Ala Leu 359 Leu Ser Glu Ala g;y His Thr val Ala Cys His Asp
30
Glu Ser gge Lys GIn Lys Asp ggu Leu Glu Ala phe Ala Glu Thr Tyr
45
Pro ggn Leu Lys Pro Met ggr Glu GIn Glu Pro Ala Glu Leu Ile Glu
60
Ala val Thr ser Ala Tyr Gly GIn val Asp val Leu val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro ggu Phe GIn Pro Ile Ssp Lys Tyr Ala val Glu Asp
0 95
Tyr Arg Gly Ala val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu val
100 105 110
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Asn
Phe
TYr
145
Lys
Tyr
Lys
Gin
Ala

225
Gly

<210> 1

1510 15 H's Thr Lys Asn Qu ser Leu G n Val Leu Asp
Leu Phe Lys Leu Asn 20 25 30 dy Lys Val Ala ser lle
Thr Ay Ser Ser ser Ay Ile Ay Tyr Ala 35 40 45 Leu
Ala Qu Ala Phe Ala Gn Val Ay Al a Asp Vval Ala e
50 55 60 YOhITer03&Pwp3AepChlra Thr 3( Lys Al a
w1 gd] A% SRR LS Ly A9 Sesabetie s ylval s
I1e V- ks A arhFybrd-Yae AR Asawald%em %u5§ér fqp Ala 85
13090 95 Val Lysi®dn Thr Ile d |l e Lys Asp Phe
Thr §ay H%AEQLQ%SEIY 109 %5T11r1@ep|@1avasn vda WwaSasn Al a

5 0 125
o1u Qe a;nﬁgggp Tt s pgg WR 4y A Qg%
Leu \VHIS %GL@ASDB@EHBSOIM PIM;/Q’ y€l ryroVaihr (Gﬂy Anor Tifal AI a

50 155 160
T“’"@g n 34 (L;ly‘)s{"”o\r Ja gw E%L, LP_’fisLyél Val Tgr é&‘ Y Phe
Arg Tleu @]yaTherchaGEysl%ﬂ)um cMetc18ere a('l h:lﬂa PHeeLMal Asn
210y, Val Pro Gn &l53d n Ala Thr Tr22Alsn 180 185 190 Al a
Ser QY B§/s A @V"véf*uw % G @evam ghg J&p deu g Al a
Gly Ve ftdimed Fe200y 2P§ TrBhﬁroNquFf\ﬁé% PRe Alla Ar al Asn
Ser Val 28gr Pro Ay Tyr 2% Asn 210 215 220 Thr Qu
)Ie Ser Asp Phe Val Pro A n GQu Thr A n Asn Lys Trp

<211~ 766 P 225 230 235 240 Ser Leu Val Pro Leu Ay Arg Gy
<212> pNdy G u Thr Ala GQu Leu Val Ay 245 250 255 Ala Tyr
<213> AntafliPled seqvenfa Ser Asp Ala Ay Ser Tyr Ala Thr Qy

<220>

Thr Page 34 SEQLI ST-0339w0310-Corr 260 265 270 Asp

<223> syntBetiCcydirop Gy Gy Tyr Thr Leu Pro 275 280

<220>

HHDB1DS 41 <211> 855 <212> DNA <213> Artificial
sequence <220> <223> Synthetic construct KRED krh215

551 R220> <221> CDS <222> (1)...(855) <400> 41
<222> (1)...(765)

<400> 17

atg
Met
1

agc
Ser

-gaa
Glu

CCa
Pro

.gct
Ala
65

atc
Ile

tac
Tyr

aat
Asn

- ttc

Phe

agc acc gct atc gtc acc aac gtc aaa cat ttt ggt g?t atg ggt 48
Ser Thr Ala Ile val Thr Asn val Lys His Phe Gly Gly Met Gly
5 10 15

gct ctg agg ctg agc gaa gct g%t cat acc gtc gct tgc cat gat 96
Ala Leu Agg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
0 25 30

agc ttt aaa cag aaa gat gaa ctg gaa get ttt gcoct gaa acc tac 144
ser ng Lys GIn Lys Asp G13 Leu Glu Ala phe Ala Glu Thr Tyr
4 45

Cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Ggg Leu Lys Pro Met Sgg Glu G1n Glu Pro A%a Glu Leu 1le Glu
0

gtc acc agc gct tac g?t cag gtc gat gtc ctg gtc agc aac gat 240
val Thr ser Ala Tyr Gly GIn val Asp val Leu val Ser Asn Asp
70 75 80

Tt gCct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Phe Ala Pro Ggu Phe GIn Pro Ile Agp Lys Tyr Ala val Glu Asp
5 0 95

agg ggt gct gtc gaa gct ctg cag atc agg cca ttt get cta gt 336
Arg Gly Ala val Glu Ala Leu Glh Ile Arg Pro Phe Ala Leu Va
100 105 110

gct gtg gct tcg caa atg aag aag cga aag tcg g?g cac atc atc 384
Ala val Ala Ser GIn Met Lys Lys Arg Lys Ser His Ile Ile
115 120 125

atc act tcg gct act ccg trte g?g ¢cg tgg aag gag cta tcg act 432
Ile Thr ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
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Tyr Th
145

Lys GI1

tac ct

atg get aaa aac ttt agc aat gtc gaa tat cct gcc ccg
ccg cca get 48 Mt Ala Lys Asn Phe ser Asn Val GQu
Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15 cat acc aaa aac
gaa tca ctg cag gta ctg gat ctg ttc aaa ctg aac 96
Hi S Thr Lys Asn GI US&EStﬂl}S%wBIVatortreu Asp Leu Phe

i s ie gk R el SR el ol B B

Ser lle T rlsﬂ‘iy Ser séer Ser G Tyr Aka 35 40

45 ct C et ttt gc gc gca gac gtt ¢
aag_gag (ig 49 §_§p % g ¢t 295 SZgB
Ztl ‘g g%%q ST | egTﬁ L%& E @? go Aéglg ga%/

le’al
gcc acc ggt aaa gca gag gcc ctg get aaa aaa tat 240

a s PO CHOTHAC RBgsCAl actlagoAten tea Al a 576
Tyr Leuﬁﬁ Ey" rAsé’s %o 78 Bd %% Vgt”'""a&ﬁ'" b Bdy TRt tat

aag act\ggt ¢

Lys Th

aaa get aat gtc agc tcg agt gat gcg 2 G y Val Lys
gAY acatygt st Ata AS avgl ampygtPerctSgrt Asp Al a &5
"@@"'95‘?93&{‘@ Hgave gadi‘sat’i* dag 'eﬁg ?Jhat@aaaQUgat ttt
ggccacctggach Val LyanT Ile u Gn Gn

caa cgaldta ads praRhaaGgpg Hity b géapttboﬁt%%alﬂﬁ tagt gttez2

G1
n Argdey ThaG1§c VZ@ ks Qb Q1ggL€a|ct/a

gca tc
Ala Se
225

oty &f

<210>
<211>
<212>
<213>

<400>
Met Se

Ser Al
Glu Se
Pro GIl
Ala va
65
Ile Ph
Tyr Ar
Asn Al
Phe T1
13
Tyr Th
145
Lys Gl
Tyr Le
Lys Th
Gln Ar
21

Ala se
225

o ASH 1Ser P%IMQS%EVP%“ aly gl Pro eMAsGﬂLQLQU 2% gho acc

adagrist Lgea tac

at0384 Ile Val Ala Asn Ai#%ly Ile Pro Trp Thr

t lggs &y tét aatytad heg Lkh 340 ch tt€aggdalg geg dat 7o
ra%a sztatcyistAsgg rcagugthy a %,@ a%%?eh@ggcﬂeg% 32 Asp

n Asp Asp3Bsp Lys His PheZSPGnVaI Ile A4 Val

A% Lobio 130136400 0AC AL gUEcd 3ha Ui gCa aaa

y (ke g&gmgg’tn@ggﬁlwa g?%% Gg ﬁ gﬁo %y% y Val G y765
Tyr Val 28 a Lys His Al a HQ/ Arg Hs Tyr Arg Gu 145
150 155 160 «cgt ttc gaa aaa gaa gggc ata aag g c gcc
1§tg att ttt acg get tcc 528 Arg Phe Qu Lys Gu Ay
294 e Lys Gy Ala Leu Ile Phe Thr Ala ser 165 170 175

PRIt g tcg.ggt cac atc gtt aac att ccg caa ttt cag gcg
Ag??gafrfg@’gts%m Val Ser Ay Hs Ile Val Asn Ile Pro

1§ n Phe An Ala Thr Tyr Asn 180 185 190 gcg gcc aag
r gba @1@01?@ gadgthrcasn tvtad gmHaagDHecchctGgygm glg gaa

Arg_H s Phe W a Lys Ser

a ?85 ;@ SEG %ﬁbAg% g% %EqIPSw‘Pad Ji0ticopP 195
r 200 1485614 tLygedspeelu tilet RAATHtPHEL maa%@utﬁqtr gy@ tct
36t ggc tat att add 672 Phe Ala Ps®D Phe Ala Arg Val

5

1 488 HCAiL g aaa
Eﬁﬁg tggA72T5 T géﬂbg}laq /&%gggﬁsﬁggﬁaeﬁ\g/gr %r oged n Gu
e Tha RHonGhsPheysinTPpo Tirlp Q%LﬂgﬁyZSSlaZA!@'i (ﬂgCAﬂia gtt

8
0 §8 ALOVBPIE%h 9 8 FOTHRR 8Tk 12 TG 09t
100 105 110
a val Ala ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
e Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
0 135 140
r Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
150 155 160
u Leu Gly Glu Tyr Asn Ile Pro val phe Ala Ile Gly Pro Asn
_ 165 170 175
u His ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 . 185 190
r Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
g Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val Ala Phe Leu
0 215 220
r Gly Ser Cys Asp Tyr Leu Thr Gly GIn val Phe Trp Leu Ala
230 235 240

Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu

245 250
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ser Leu Val Pro Leu dy Arg dy Ay GQu Thr Ala du
Leu Val @y 245 250 255 gcc tac ctg ttc ctg gca agt
gat gcg ggc tcc tac gcc acg ggc aca 816 Ala Tyr Leu
Phe Leu Ala ser Asp Ala Ay Ser Tyr Ala Thr G Ty Thr
260 265 270 gat atsE@EIETHI3§9¢gatl0ggergge tac acg ctg
<210> 1iﬁcg taa tga 855 Asp lle lle Val Asp Ay Ay Tyr Thr
<211> 32eu Pro 275 280 <210> 42 <211> 283 <212> PRT <213>
<212> o tificial Sequence <220> <223> synthetic construct
<213> ARpEiCkdhseguensg0> 42 Met Ala Lys Asn Phe Ser Asn Val
<220 Gu Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15 Hi's Thr
<223> Syhedbd cohsc®Rr Leu G n Val Leu Asp Leu Phe Lys Leu
Sywahe2lc 25iB® Ay Lys Val Ala Ser Ile Thr Ay Ser ser
<4005 1%? ay ”f Ay Tyr Ala V3|5 ilo 4I5I Le* Al_a; €] USSI gSche)
a alle Trp Tyr
gaattchscﬁaseJ{bté@nc %g%t%a%a%&rb Ay Lys Ala Gu Ala Leu Al a 32
<210> gfl)_ys Lys Tyr 65 70 75 80 dvy Val Lys Val Lys Ala Tyr

Z%ﬁ: oS Ala Asn Val Ser Ser Ser Asp Ala 85 90 95 Val Lys

22135 At EH] kbguddcd Gn An Ile Lys Asp Phe y H's Leu
230 Asp 100 105 110 Ile Val Val Ala Asn Ala Ay Ile Pro
< >

5530 STr eThr CL strGI Ala Tyr Ile 115 120 125 Asp G n Asp
s%ﬁtﬁe%pg <45 Phe Asp G n Val Ile Asp Val Asp Leu
130 135714 Lys Ay Val Ay Tyr Val Ala Lys H's Ala
<400> 2@y Arg H's Tyr Arg Au 145 150 155 160 Arg Phe Qu
tg.gccggi%c'ﬁﬁa%t@% I9cB899SEICE §PdAl a Leu |l e Phe Thr Ala ser 34
<210> 2165 170 175 Val Ser Gy His Ile Val Asn Ile Pro @n
<211> 3Phe A n Ala Thr Tyr Asn 180 185 190 Ala Ala Lys Al a
<212> DMHy Val. Arg His Phe Ala Lys ser Leu Ala Val Gu 195
<213> A'"th%’?(?é' SEfeNAfa Pro Phe Ala Arg Val Asn Ser Val Ser
<220> Pro @y Tyr Ile Asn 210 215 220 Thr Gu Ile ser Asp
<223> sythbedad cbistrGes G u Thr G n Asn Lys Trp Trp 225 230
' syrhevyppriesr Leu Val Pro Leu Ay Arg Ay Gy G u Thr
<400> 27V @ Gu Leu Val @y 245 250 255
gaattcgccec atatgtataa agatttagaa gg 32

<210> 22

- <211> 33

<212> DNA
<213> Artificial Sequence

<220>
<223> Synthetic construct
Synthetic primer

<400> 22
ggccggatcc tcattatccg cgtcctgctt goa _ 33

<210> 23

<211> 765

<212> DNA

<213> Artificial Sequence

<220
<223> Synthetic construct
HHDH P016013-B-03

<220>

<221> CDS

<222> (1)...(765)

<400> 23

atg agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48

Met ser Thr Ala Ile val Thr Asn val Lys His Phe Gly Gly Met Gly
1 5 10 15

agc gct ctg agg ctg agc gaa gct ggt cat acc gtc gct tgc cat gat 96
Page 18



Ser

gaa
Glu

cca
Pro

gct
Ala

Ala Tyr Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala
Thr Ay Thr 260 265 270 Asp Ile Ile Val Asp Ay Ay
Tyr Thr Leu Pro Page 36 SEQ.I ST-0339wo0310-Corr 275
280 <210> 43 <211> 855 <212> DNA <213> Artificial
sequence <220>_ <223RLE§ht3éOwa3ldengtr uct KRED krh267
Ala LPHoara Lsy 1Serchly! L9961 Hys Thraks) Alasge-HissAseg get
aaa aac ttt agc aat gtc gaa tat cct gcc ccg ccg cca
agcgait 48 chbtasdl gat ymaAsty Ghe ger tAsycVajaaGher THe Pro 144
Se"AT PYo PP oYy SsGdulLlen Ghu ¥Fa Bl AdacGlgashradgrgaa tca
cag gta ctg ga 0ctg ttc aaa ctg421ac 96 His Thr
caqu;tfg A8 cchlatdrhgd @da@dy Yah de@UghSRakegPh: k¥s Leu 192
GIn Asy RYs PBo3@t ger GAnaGIgt Glgoyot 8ta &l @GCIBYGlage agce
Otca ggc att ggg? tac gcg 144 d¥P Lys val A a Sgr Ile
tc H¥e &3¢ 28T taelhgofhg @ik Yedy'! ct
0L goe S et DSty gif Sfcrid el BB lal ] 7o

65 tgg tat 19270eu Ala A u Al a7Bhe Al a Gln Val SEDy Al a
atc trt AR Y& gAhadd Bagd ' Ra THC O 55 60, 2a¢, C gag gat gec
Ile Phe%@ 869 aaﬂ\eg@ﬂq GRg ﬂl‘éCAQ ra%a & gﬁ %0 Asth
SerGInBSpAIaThrGIyLy(s aLegu;Aa Lys
tac agg r 5(873% égg %ggaé% a aagc g%c aa get tE;,t aaa336
Val
Z iég HLAA o S
T Arg Nae Tyr Lys Al a P'S%Er s%}oALsep X4 85 90
¢ gct gtg aaa Cag act att gag cag cag atc aag gat ttt ;%4
aat gc c € m@l agp tCEhg QICéC@ﬁE i dn
Asn A1a%§ %@%é 2 &g hrgetg U FEL DX poerog Y 08s s Tt gt
gtg gcg aac gca ggc atc cca tgg act aag ggt gca tac
ttc atc gcg 1a)r&atgctl tva¢g vat ggﬂgacczasrtggl smaeb g Idte ®moadt p Thr432
Phe Ile 19 &Yy AA? Py§ra PRE £y Aod TIPS Mk e dgugrar Gk gat
aag cat ttt gaC cag gtg att gac tc gac ctg 432 Asp
tac act @cg dsp chdsm cAS@gfd_gSt Higs &te cAspgdd BatValet I d Asp Val 480
e Thr &¢p ‘LEUAIQG“ 361yl 42 £xa ‘Q’lrld;egt@agAim #Aae iguiaseca aaa
145 cat gcg ggt gc cat ctt cgt a 480 Lys dyledl gy
aag gag B o6 gAY aakysatasc Acg &gtﬂggdi" gtd Qg Q B 145 533
Lys Glu 180 dB5G 116(Tyrcgsn trie Pgraav &hgakl ag@Te &R mgAggc gcc
ttg gtt1P¥t acg get tcc
tac Cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
daag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
caa cga cta g?g act. caa aaa gag ttg g?g gaa ttg gtg gca tic ttg 672
Gln Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu vVal Ala Phe Leu
210 215 220
gca tCt ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
Ala ser Gly ser Cys Asp Tyr Leu Thr Gly Gin val Phe Trp Leu Ala
225 230 235 240
g?c ggc ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250
<210> 24
<211> 254 °
<212> PRT
<213> Artificial Sequence
'<220>

<223> Synthetic construct

HHDH P016013-B-03
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Arg Phe Qu Lys Qu Gy Lys Lys &gy Ala Leu Val Phe
Thr Ala Ser 165 170 175 acg tcg ggt cac atc gtt aac
att ccg caa ttt cag gcg acc tac aat 576 Thr Ser Gl
Hs Ile Val Asn Ile Proy er0O dn Phe @n Ala Thr Tyr
Asn 180 185 190 gctryeeT-dRGNgCd0gogorgtg cgt cat ttc
<400> 28Ca aag tcc ctg gcc gtg gaa 624 Ala Ala Lys Ala Ay
Met ser Vdr AT 1k SafhenAladnlys B¢ HiSUpid éhy%h qleH: &9y 200
1~ 205 Pagé 37 SEQLI SI-033800310-Corr >ttt get cet ttc
ser Alades Lgw tS&aafé]lt cé\ﬂa%?a/ tits Thetvay éla a:wsarﬂts aap 672
P Nopeh V%t ro @y
Glu ser Jﬁ% saGisq_ g[ﬁlﬁg gﬁ% Agggpha i C”lus'ﬁ} ?{/C gtc
Pro G1nd@g megaadeaccaerc&:luamm aaa Ph~ggﬂagg16’2_@u ﬂ‘hzr cGiu lle

Pr Lys Trp Trp
gga Va1§§'§ é%g i 3654%” &38(3{%0’ Aﬂ? e Ec'ae“'t Y@ﬁéﬁﬁt’yﬁf‘gﬁ gt g 29
Ile Phe gaa Puad Ggagnh@aa'lrt trrogtTle B9 1{68ryrSATa hay al ABf0 Leu
u Thr 8¢a GI u Leu vVal @y 245 250
Tyr Arg fég’ %831 aﬁ?”c{{ba ted Ib‘?:é“’&g‘f'"ogﬁ't‘e E RycVete tac
Asn A1a%q Msgg%mcr@e@l% 1/ aA é/rL¥§e§brPE?y Alarser Asp
Ser Tyr AllacThr Ay Thr 2602265 270 "gat atc

Phe ﬂg érthr @qrgAbfatMg % Goet@y Bey Tep xscght aauthsgﬁzsésp
I r
1"34/; Thr éf?o“%ﬁv&ﬁg%s éﬁa %Zﬁw %D ;&ngHs%AﬁafLeu Z 0

Lys Glu Sequ@hcém @20@5«228>Pr$ymh@hem1aonm cagtProKkED krh267
4004 A% nVIJ@5uTrPro
e e T80 Y Bp iehPIS R0PD 8 o Bl 6 a8
Lys Thr 3&n teucG miVavallala I@ ‘&f”L?BQ_ylsyﬁaﬂ—QHrAﬂﬁ 28U 25 30
Al a séﬂOIIe Thr Ay sek0Ser Ser Ay lle

Val
Gln arg <§§ GIF{Y Ty g1 26145l AGAY qag Yala AbRePhal kel n Val

I 'val? Ser A@n
12\;:%1 Ser @W ﬂrac hrzsé rAlL@u Tlh‘? &_T)P G;ﬁa" Leﬂqéghgﬂyeﬁﬁy& Ty
Gly Gly @Qemwgﬁ(ﬂecﬂp xefag TLry-sPnraleyeetAPuao Byw Lys Ala Asn
Val Ser r ser Asp Ala 8% 90 95 Vval Lys @dn Thr Ile
<210> 2$du A n dAn lle Lys Asp Phe Ay H s Leu Asp 100 105
<211> 76610 Ile Val Val Ala Asn Ala Ay Ile Pro Trp Thr Lys

<212> D
<213> A?‘t%i¥iélaaf ;re}/qruel’llcee

<220>
<223> Synthetic construct
HHDH P(16015-C-04

<220>
<221> CDS
<222> (1)...(765)

<400> 25
atg agc acc gct atc gtc acc aac gtc aaa cat ttt g?a got atg ggI;t 43
Met Ser Thr Ala Ige val Thr Asn val Lys His Phe Gly Gly Met Gly

1 10 15

agc gct ctg agg ctg age gaa gct ggt cat acc gtc gct tgc cat gat 96
ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
20 25 30

gaa agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser ng Lys Gln Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
40 45

cca cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Pro G]S(r; Leu Lys Pro Met S(Sag Glu G1n Glu Pro Ala Glu Led Ile Glu
60

gct gtc acc agc gct tac g?t cag gtc gat gtc ctg gtc age aac gat 240
Ala val Thr ser Ala Tyr Gly GIn val Asp val Leu val Ser Asn Asp
65 70 75 30
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atc
Ile

tac
Tyr

aat
Asn

ttc
-Phe

tac
Tyr

145
aag
Lys

tac
Tyr

aag
LYyS

caa
Gln

gca
-Ala
225

cly

115 120 125 Asp G n Asp Asp Asp Lys H's Phe Asp dn
Val Ile Asp Val Asp Leu 130 135 140 Lys Ay Vval dy
Tyr Val Ala Lys Hs Ala Ay Arg Hs Leu Arg Gu 145
150 155 160 Arg Phe Qu Lys GQu Ay Lys Lys Ay Al a
Leu Val Phe Thr Al aSE@fs1-883MWB107&rrThr Ser G y Hi s

et o8 S8 R8Ny Ead Pr“aglgsé’zz% v ﬁ%ﬂ% D AR Lys °

Ser Leu ABaVa Adu adyo Phe Al a

agg 3 %qu%nggger Val Ser Pro C‘I;Pr Ile Asn 210 215n336
! r d

Arg 4 % ‘Frg%af %piﬁgg gaidog %ia" aIA Pro Leu
Ar Gy Ay Au Thr Ala Gu Leu Val Ay 245 250

i SRk g e i e

@y Tyr Thr Leu Pro 275 280 Page
atc 35? Q908 84 tCorggy €@d Oug4tag<gdd xt8586cg agi2> DNB2
11e IBigsenp{R e E%g SBEUTNCRIrO IPP by S<EhndeyysrMEDT ¢
construct rh287 <220> 1> CDS <222>
act (ttp. gcy( 855)gct< St gegetaapa ase dgettcagecqat gt4zo
Thr $88 AHCAESt 5@ e@ac@g mraL BtAlagAsivalaplen BgS Asn
Phe Ser Asrt Gu Tyr Pro*APa Pro Pro Pro AP% 1 5 10
ag tra gt Ctadd@atddtc 1t &gt dlgdgC ctg
218 tLieg f%%ag%gg‘yaacsrgme%%g \E,rt:%’l Phyg?\'IASD'IG yS%% ﬁggu dn >28
Val Leu ﬁ&p Leu Phe Lys £ Asn 20 25 30 1@ygc aaa gtc

cta 468 { a®Ctc & t‘?‘t b Lgg 9cg 57

Leu 144 s %ﬁp @é?g 31%6 @ﬁ: g’ rc%GQr Eg%%" §§ °
Ile GOy Tyr Al a 35 401855 ctg gcc gaalget ttt gcg cag

act %]Stc g; t atc t t at 1921: Leu

act fetak: 49 Rt o i e 90
55560 aac agc cat zgat gcc acc gggtz@saa gca gag gcc ctg

aaa aaa tat 240 Asn ser His Asp Ala Thr Ay Lys
QﬁliF é%

b B ey hd al e

Ala Phe Leu
220

tct ggc tet tgt gat tat ttg act g?c cag gtg ttt tgg ttg gca 720
Ser Gly ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala
230 235 240

Met Pro Glu *

C G?c ttt ccc atg ata gaa cgt tgg ccc g?c atg ccc gaa taa 765
y

y Phe Pro Met Ile Glu Arg Trp Pro G
245 250

<210> 26

<211> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic construct

HHDH P016015-C-04

<400> 26

Met
1
Ser

Glu
Pro
Ala

65
Ile

ser Thr Ala I;_I’e val Thr Asn val Lys His Phe Gly Gly Met Gly
10 15

Ala Leu %g Leu Ser Glu Ala g}y His Thr val Ala Cys His Asp

30
Ser g?e lLys GIn Lys Asp géu Leu Glu Ala Phe Ala Glu Thr Tyr
45
ggn Leu Lys Pro Met gﬁr Glu GIn Glu Pro Ala Glu Leu Ile Glu
60
val Thr Sser Ala ;5r Gly Gln val Asp val Leu val Ser Asn Asp
75 80

Phe Ala Pro Glu Phe GIn Pro Ile Asp Lys Tyr Ala val GIn Asp

85 20 95
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Tyr
Asn
Phe
Tyr

145
Lys
Tyr
Lys
Gln
Ala

225
Gly

<210>

Arg

Ile

130

65 70 75 80 ggc gta aaa gtc aag get tat aaa get aat

gtc agc tcg agt gat gcg 288 Gy Val
Tyr Lys Ala Asn Val

& B

118 Val

Val

L

Alvg Sst Aﬁaeﬂmsrqme@& ga@ Tc‘agL
rhr (4 R€ 3% tg @gq

16® ArgsPnoL @he
ﬂFé L@égsé}%]

T

e Praz

Lys Val

Lys Al a
ser Ser Ser Asp Ala 85 90 95 gtg
aaa cag act att gag cag cag atc aag gat ttt ggc cac

ac 336 _ Val
Vgl yGH §1q_é@u
Aladgd B8 Sgchﬁt ﬁe@q_@'s

384
%t;}g Gy

E]ga&ugmr ahe cat
A n Asp

Asiafia i

ég& Leu

Glu m G’B,S GldOTya"amrggdegt@ ggl: HhatA‘gt a1g<xayaana) @ah gcg
A% Fie o gt

el §8E 253

ttt
SR geq; ro

Thr 160 rPe@iG1htG sgQa aaa gizavel 9§¢sages
et tcc 5280 /V

Ar‘g

Ser(ﬁﬂ? §é¥3C§EQA

<211> 7
<212> D
<213> A

<220>
<223> §

<220>

<221>

<222> (

<400> 2%;

atg
Met
1

agc
-Ser A

gaa
Glu

cca
Pro

gct
Ala
65

atc
Ile

tac
Tyr

aat
Asn

ttc

agce
Ser

gct
Ta

agc
Ser

cag
Gln
50

gte
val

trt
Phe

agg
Arg

gct
Ala

atc

t¥% acg
9 &%y ﬂsa

gtg cgt ?

a8 S

e

Tyr Val

i”lﬂ@ IS@ 155
33y erAgﬁ@e&t g gtt

Phe A u Ly853 u

y:a%%u 9 €

&y H's
Gly ghg N%Mﬁrlﬁyﬁmgl}m 385 Glgvetgego gdo aag gca ggc
ctg gcc gtg gaa 624 Ala

t ttc gca aag
Arg Hi's Phe Ala Lys Ser
8%kl du 195 200 205 ttt get cct ttc gca cgt gtt aac
tct cct g 9c tat att aat 672 Phe Ala Pro Phe

2Ala Lys Ala dy Val

JU€RSH ser val
39 SEQLI ST-0339w0310- Corr.

Ser

%éﬁmaéy?ﬁé”ﬁkﬁ“ Al Géér'—

éy
Mez30ser

e

st Agﬂg\?‘g

Pro Ay Tyr

LysEQEraT- BB 0Eerrd n A n Ile Lys
@ gt Adtg gcg

e

Gy Lys Lys
B’alfdalm La'@g tcg

pggr 02 o

n Phe

Leu Al a

Ile Asn Page
210 215 220 acc gag atc tct

cgnsztrwcg caa gaa aca caa aat aaa tgg tgg 720
te0%er Asp Phe Val Pro Gn @u Thr G n Asn

Lys Trp Trp 225 230 235 240 agc tta gtt cca ttg ggc

¢yt ggt ggg gaa act gcg gaa tta gtt ggt 768 Ser

Nal- - £¥65)Leu Ay Arg GY Ay u Thr Ala Ju Leu Val

G@de §&C at8GreCec@Glc
1As praAl ahrClagn
270 gat>atc att gtg gac kﬁgc ggc tac acg ctg ccg taa

i
sequence

Alha

2%%% 5%8 Letr

Artifac

Tttt aaa
Phe Lys
35

ctg aaa
Leu Lys

acc agc
Thr ser

gct cca
Ala Pro

ggt gct
G?y Ala
100

gtg gct
vatl Ala
115

act tcg

i al
cag
Gln

cca
Pro

gct
Ala

gaa
Glu
85

gtc
val

tcg
Ser

gct

aaa
Lys

atg
Met

tac

Tyr G

70

ttt
Phe

gaa
Glu

caa
Gln

act

gat
Asp

agc
Ser
55

agt
Y

cag
GIn

gct
Ala

atg
Met

ccg

gaa
Glu
40

gaa
Glu

cag
Gln

cca
Pro

ctg
Leu

aag
Lys
120

ttc

A

ctg
Leu

cag
Gln

gtc
val

atc
Ile

cag
Gln
105

dda
Lys

gag

L

gaa
Glu

gaa
Glu

gat
ASp

gat
Asp
90

atc
Ile

cga
Arg

cca

Page 22

gct
Ala

CcCa
Pro

gtc
val
75

ada
Lys

a9gg
Arg

aag
Lys

19g

Tttt
Phe

gct
Ala
60

ctg
Leu

tac
Tyr

€Ca
Pro

tcy
ser

ddd

G.Y T'r Th

ERg e

20> <223> Synt het)l C conpstruct

gct
Ala

45
gac
ASp

gtc
val

gct
Ala

ttt
Phe

9499
4

125
gag

gaa
Glu

ctg
Leu

agc
ser

gtc
val

gct
Ala
1i0

cac

y His

Cta

acc
Thr

att
Ile

aacC
Asn

gaa
Glu
95

cta
Leu

atc
Ile

tcg

Leu

y 245 250 255 gcc tac ctg ttc ctg gca agt gat gcg

??3% Tﬁﬁéﬁezggu 48

g Leu Pro T
As
tac 144
Tyr
gaa 192
Glu
gat 240
Asp
80
gac 288
Asp
gty 336
val
atc 384
Ile
act 432



Phe

tac
Tyr
145

aag
Lys

tac
Tyr

aag
LyS

caa
GIn

gca
Ala
225

ggc
Gly

KRED kr h287 <400> 46 Met Ala Lys Asn Phe Ser Asn Val
GQu Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15 His Thr
Lys Asn Gu ser Leu G n Val Leu Asp Leu Phe Lys Leu
Asn 20 25 30 dy Lys Val Ala Ser Ile Thr Ay Ser Asn
Ser Glly le Ay TyrsALASTIB3SQeAP-Leur Ala G u Al a Phe
ﬂgATe*H &£ ’\Lyalﬂtﬁ ?E%IPQGAQOV PP Wpaﬁ &lrlsuTer THp 55 60
Asn Ser His Asp Ala Thr Ay Lys a Qu Ala Leu Ala
acts UYS c@yrgcteﬁgfg'@c%tgio act gravatt lays oéal ctyschl a Tysso
Thr Alaawrgggaﬁ Bdrlageys Shr RYpAkd ASBAIQ0LEE Seal Lys
An Thr Ile anGnIIe]L%ﬁsAspPheGgi/IJilﬁsLeu
a adO0facl i ladte Yal cd §cASRc ahte Prospg
813% (% %ﬂ@sn@ ysmlIéleTg% 3&1% Phlelg%alzme%lﬁ? P#gp\sa n Asp
Asp Asp 1I§§s H's Phe Asp &% val Vval Asp VA5 Asp Lilu
ctaldR atl¥8g @c YealY EcdY % g%st s Al asy
Leu @iy 9&% g%éggs‘ahgfgﬁmgé \ix 5%5%-]%5&3[%& % P q?lghe au®
Lys &% Ay Lys Lys @8 Ala Leu Val PH&0Thr Al a ser

5 1 yg’slIeVaI Asn Val Pro @n
AR B SR ASE ohbigea 09 Atk Hacths a ao2¢
A% Val Arg H's PrReo0A a Lys Ser LeuaofN a Val Gu 195
Cga.:_ﬁ()ce% §§5 aﬁghcealaAlgl PF?S %%e Al a Argtg\]_/al?%scn ESﬁec(recVaI §§r672

reqel 0 Er ? %%r p
3:{8 Phe Vagi/TPr 0G1&1§y1;§ !'f’ﬁ'r Glg%g)gﬁ ﬁgs rp1 rp €558 230
235 240 Ser Leu Val Pro Leu Ay ArthIy Ay Gu Thr

tet Tk payatatgtya © g5yt g teugphe Leuw/20

Sergﬁ gé% C)&gp’é‘iﬁl '"G%“ﬁ ‘gri %@a"# GYPTHY 5280 265
270 Asp Ile Ile Val Asp Ay y Tyr Thr Leu I%ro 275

ggc CcecQ 2P Il 88l PagaodOatgEChd Yaa0BBOwWo310- Coras

nggzg%wgzgé fsgﬁlqﬁfﬂﬁ'"@i osﬁqmero &Jp0x* <223>
Synthetic construct KRE ?<rh320 <220>

<210> 28

<211> 254

<212> PRT

<213> Artificial Sequence

<220> .
<223> Synthetic construct

HHDH P016014-E-01

<400> 28

Met
1
ser
~Glu
Pro
Ala
65
Tle
Tyr
Asn
Phe
Tyr
145
Lys
Tyr

LyS

Ser Thr Ala I}e val Thr Asn val i%s His Phe Gly Gly Tgt Gly
Ala Leu grg Leu Ser Glu 'Ala Gly His Thr val Ala Cys His Asp
0 25 30
Ser Phe Lys GIn Lys Asp Glu Leu Glu Ala phe Ala Giu Thr Tyr
35 40 45

gén Leu Lys Pro Met ggr Glu G1n Glu Pro Ala Asp Leu Ile Glu

60

val Thr ser Ala ;%r Gly GIn val Asp val Leu val Ser Asn Asp

75 80

Phe Ala Pro g]u Phe GTn Pro Ile Asp Lys Tyr Ala val Glu Asp

5 90 95
Arg Gly Ala val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu val
100 105 110

Ala val Ala Ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

Ile Thr ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr

130 135 140

Thr ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser

150 155 160

Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala ITe Gly Pro Asn

165 170 175
Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu

195 200 205
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Gln

Ala
225
Gly

<221> CDS <222> (1)...(855) <400> 47 atg get aaa aac

ttt agc aat gtc gaa tac cct gcc ccg ccg cca get 48

Met Ala Lys Asn Phe Ser Asn Val GQu Tyr Pro Ala Pro

Pro Pro Ala 1 5 10 15 cat acc aaa aac gaa tca ctg cag
Ap % BgTﬂat ]ct smasm@mwwecom s Thr Lys Asn
S19G 88F LB ' EY§/ AV ASH Aeubgn¥alyda Bie ASw 20 25
ser 3] QQCC At fydGeut Ar af Cv@9 a gggce

at ty v aczsg’ g 144 Gy L’gsﬁﬁs@aYag'Alggegg? 9‘?‘2’3} rQy
G1y§’é‘|‘3 g%rﬂ@l 911!I"é9G"3P gg& GAyaMe@s5P1e @8 ctg gcc gaa

get ttt g cag gtt ggc gac gtt gcg atc tgg tat

<210> 2492 Leu Ala Au Ala Phe Ala A n Val Gy Ala Asp Val

:ﬁ%z 76& alle Trp Tyr 50 55 60 aac agc cat gat gcc acc ggt

<213> A %1%1 - %%%e%%g ctg get aaa aaa tat 240 Asn ser His

y Lys Ala Qu Ala Leu Ala Lys Lys Tyr 65

<220> 70 75 80 ggc gta aaa gtc aag get tat aaa get aat gtc
<223> S H%@ & cegAtiuat gcg 288 Gy Val Lys Val Lys Ala Tyr

‘1:’10§al Ser ser Ser Tyr Ala 85 90 95 gtg aaa

<220> Ccag act att gag cag cag atc aag gat ttt ggc cac ctg
<221> C 0336 Val Lys An Thr Ile Au dn An lle Lys Asp
<222> ( @8 Hi s Leu Asp 100 105 110 att gtt gtg gcg aac
<400> 2 _cgca ggc atc cca tgg act aag ggt gca tac atc 384 lle

atg agc \A2k e aft @yrhsicAadc @t hdL REOrck Bod Rfgt vy Gy Ala 48

Met

agc
Ser

ggt
Gly

cca
Pro

gct
Ala
65

atc
Ile

tac
Tyr

aat
Asn

ttce
Phe

tac
Tyr
145

aag
Lys

tac
Tyr

ser Ty AlaeI1d 5al2thrl A5n gatl Cﬁ HijatPhgaclyallyaest Gay ttt
gac cag §tg gtg gac gtc gt ctg 432 Asp G5 Asp Asp

gct'%% &éésct&% ehﬁ‘a Pt yﬂ ¥@| f%s %l Atc‘aq 130 9%

o8 o u;zboLaaaeggmﬁaag%cmsat?hgtmggva 533 it Eg&g ggt
cgc o ttt cgt gaa 480 Lys Ay Val GB9 Tyr Val Al a

Lys H ﬂad 9 g Aé ..S 145 150 155 160
10yt Dot did O G e e ol
adg get tcc 528 An he Au Lys Aas 4 Lys
u_Val Phe Thr Ala ser 165 170 175 atg tcg

0l Sl o Bonm don

Al a Thr Tyr Asn 180 185 190 gcg gcc aag gca ggc gtg

gre &g t ta& tt?@ t QagceRe off a Al 240
val i SR %‘EE 3@? aSpr Ui AR val
Glu 195 200 205 ttt get cct ttc gca cgt gtt aac tct
Tt gCch @t gaxcttt o ata attc gett a87 ZacPher Alta dAgogdthe Al @288

Phe %5@ W7 Ggﬁhgﬁwgr%%ﬁ o LE$ VTYTyA1q IVéTA*é 29 215
220 Pagé 41 SEQLI ST-033 310-Corr acc g atc tct
agg g;?t gctth'gt QaacCgriCadg GAg &R afaacaatrgartag gﬂ;? 720 336

Arg Gly QOS val Glu Ala Leu %gg ITe Arg Pro pPhe ?13 Leu

gct gtg gCt cca caa atg aag aag cga aag tcg g?g cac atc atc 384
Ala val Ala Pro Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

atc act tcg gct gcc ccg ttc ggg cca tgg aag gag cta tcg act 432
Ile Thr ser Ala Ala Pro phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

TCt tcg gct cga gct ggg gct agt gca cta goct aat gct cta tcg 480
Ser Ser Ala Arg Ala Gly Ala Ser Ala Leu Ala Asn Ala Leu Ser
150 155 160

gag cta gga gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
165 170 175

Cta cac tcg gag gat tcg ccg tic tat tac ccc act gag ccg tgg 576
Leu His Ser Glu Asp Ser Pro Phe Tyr Tyr Pro Thr Glu Pro Trp
180 185 190
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aag
Lys

caa
Gln

gca
Ala
225

oy

tga

<210> 3

Thr Qu Ile Ser Asp Phe Val Pro An dQu Thr G n Asn
Lys Trp Trp 225 230 235 240 agc tta gtt cca ttg ggc
cgt ggt ggg gaa act gcg gaa tta gtt ggt 768 ser Leu
Val Pro Leu Ay Arg Gy Gy Qu Thr Ala Ju Leu Val

Ay 245 250 255 gc%EQLééTtQi‘QQWQﬂOchrgca agt gat gcg

i Y I Bl U ettt oy 20 o

253 gat atc att @og gac ggc ggc taosacg ctg ccg taa

cga § Le Igl e val Ja Tyr Thr tI'ES_\U Pr 067*2

548 W okl ol el dabaat 1

210Artifici aI Seqpence <22 hefi ¢ coRst ruct
KRED krh320 <400> 48 Met AI a Lys Asn Phe Ser Asn Val

et o g9 © CAU0tYl tHE Y915t BES Thr 720
Ser(ngg %&n C%Lé%eéy:fe%ugr{ {Ba\’ 8 E1E_eTquF>'I'1%“' Cys Leu
Asn202530 @y Lys Vval AIaSerIIeThrGIy er Asn
Ef %‘% QI]CF agt A%y C% 0 @8 kew gakatdd u Al a Ph&ss
Gy A§ %% |I‘é| §W5wa %3 a""?ﬁ Bra iUty 50 55 60

Asn Ser HlsAspAIaThr y Lys Ala Qu Ala Leu Al a
Lys Lys Tyr 65 70 75 80 dy Val Lys Val LyS Al a Tyz68
ys Ala Asn Val Ser Ser Ser Tyr Ala 85 90 95 Val Lys

211> 2@ n Thr Ile Qu An Anlle Lys Asp Phe Ay H s Leu
© <212> pRASp 100 105 110 Ile Val Val Ala Asn Ala Ay lle Pro
<213> Argifiqinl Beauedrcg Ala Tyr lle 115 120 125 Asp G n Asp

<220>

Asp Asp Lys His Phe Asp G n Val Val Asp Val Asp Leu

<223> syh3fedi3S cdAdrukys Ay Val Ay Tyr Val Ala Lys Hi's Ala

Gly
Pro
Ala
65

Ile
Tyr
Asn
Phe
Tyr
145
Lys
Tyr
Lys
GIn

Ala

225

Gly

HHBHY POY 691K &-0Bhe Arg G u 145 150 155 160 Arg Phe Qu

400 d];ﬁs GQu Ay Lys Lys Ay Ala Leu Val Phe Thr Al a ser
N 7 y L1.g .V | Pro dn
Mgt ser aoIhﬁ’a?‘hr rngﬁA\gr]] ';[%!IB%' g% gty %%5 %@c “Xs Ala
- ser Ala q;ley Léw cpeli snPhéa/m& s Thervadlenl Alcgs Mals &p 195

Med
Agn Ser Val Ser
>er %%8 @) :Lylsl‘é’;p E; 24 ‘é@ hdg‘eTaia &'t AdeT8er Asp
G1n Plag Mad PPtb Med S\'—:rGG[IJu e 8 pP@rmlamefLeuTﬂé Glu

Va1 Thr Ser Ala ;Be G1y His val Asp V§1 Leu val Ser Asn ggp
7
Phe Ala Leu cs;;u Phe Arg Pro Ile ggp Lys Tyr Ala val Glu Asp
95
Arg Gly Ala val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu val
100 105 110
Ala val Ala Pro GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Ile Thr ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Ser Ser Ala Arg Ala Gly Ala ser Ala Leu Ala Asn Ala Leu Ser
150 155 160
Glu Leu Gly Glu Tyr Asn Ile Pro val phe Ala Ile Gly Pro Asn
165 170 175
Leu His Ser Glu Asp Ser Pro Phe Tyr Tyr Pro Thr Glu Pro Trp
180 185 190
Ite Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val Ala Phe Leu
210 215 220
ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala
230 235 240
Gly Phe Pro Ala Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 31
<211> 765
<212> DNA
<213> Artificial Seguence

<220>

Page 25



225 230 235 240 Ser Leu Val Pro Leu Ay Arg Ay dy
GQu Thr Ala Qu Leu Val Ay 245 250 255 Ala Tyr Leu
Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr Ay Thr
260 265 270 Asp Ile Ile Val Asp Ay Ay Tyr Thr Leu
280 <210>SHQISPPB39@HRA0-&@T2> DNA <213>

S7e
<223> Sﬁﬁlﬂ Ggl‘s"s"é‘&ﬁence Page 42 SEQLI ST- 0339w0310- Corr

<220> <223> synthetic construct KRED krh326 <220>

<220> <221> CDS <222> (1)...(852) <400> 49 atg get aaa aac

<221> C
<2279 (i\?bt %gé‘s)aat gtc gaa tac cct gcc ccg ccg cca get 48

Lys Asn Phe ser Asn Val Qu Tyr Pro Ala Pro

<400> 3Pro Pro AI alb5 10 15 cat acc aaa aac gaa tca ctg cag

atg
Met
1

agc
ser

gaa
Glu

cCa
Pro

gct
Ala
65

atc
Ile

tac
Tyr

aat
Asn

tte
Phe

tac
Tyr
145

aag
Lys

tac
Tyr

aag
Lys

caa
Gln

gca
Ala
225

AgC ACE @ atg t Cq eCaglx 88y @ACTVH g t Tawg Ig 5 Asn 48
Se’"%"ﬂf 5 %h'\/é‘F”L‘@U @Wéup%é%l’_)% h 20 25
30 ggc aaa gtc gcg tct atc acc ggt agc aac tca ggc
gct atty ggg ctamggcgaddét daty chy aicvadtdAgat gt ddwegdbr Ay 96
Ala gyl Lersed G1y péaGly Wys TArava5ALD 45 Hit gsgcc gaa
get tit gcg cag gtt g c gca gac gtt gé§ atc tgg tat
agc 142 adLudad @aaGak gl yce PreVake Gad HAardsp Valiagq
Ser‘/ﬂha t¥yse GTn rLy'EyAsrB@"iﬁE_ OGhamagrehecata gdti gocTacc gggt

gca gag gcc ctfB0get aaa aaa tat4R40 ASn ser Hi s
ca '%St HlA cdhrar ggé/ g%f‘; Y Tyr
e ot g A A S ol TR W Y R
5¢agc tcg agt gat5ycg 288 G y ValéLys Val Lys Ala Tyr

ol SR B

gac 336 Val7oLys dn Thr e?

tttiéé %HIS Leu Asp éLOO 105 110 attC gtt ta@ @_4 aalce288

I

R S SR O b
r Ile 115 120 125 gat cag gat gac gat aaa cat ttt

agg 9 t gty aty a@ g (CA@3pLL Tangwsp Asp336

Arg ﬁiﬁ % g @aﬁ %‘f%su% § AGEI "Rth%/A?E ”f 130
135. 140 aaa ggc gta ggc tat gta gca aaa cat gcg ggt

gct %g Qe tee tcaagatggaag@@ cga aag tcg ggg cac ate atc 384

Ala Ala ser GIn"Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 Y 12§

atc act teg gct act ccg ttc g?g cca tgg aag gag cta tcg act 432
Ile Thr ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 : 140

act tcg gct cga gct ggg gct tgt act cta gct aat gct cta tcg 480
Thr ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
150 155 160

gag cta g?a gag tac aat atc ccg gtg ttc gct atc g%g cCcg aat 528
Glu Leu Gly Glu Tyr Asn Ile Pro val pPhe Ala Ile Gly Pro Asn
165 170 175

Cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

act aat ccg gag cac gtg gt cac gtg aag aag gtg act gct cta 624
Thr Asn pPro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205

Cga cta ggg act caa aaa gag ttg g?g gaa ttg gtg gca tit ttg 672
Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val Ala Phe Leu
210 215 220
tct g?c tct tgt gat tat ttg act g?c cag gtg ttt tgg ttg gca 720
Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala

230 235 240

Page 26



ggc
Gly

<210> 3
<Z211> 2
<212>
<213>

<220>
<223>

- <400> 3

Met
1
ser
. Glu
Pro
Ala
65
Ile
Tyr
Ash
Phe
- Tyr

145
Lys

Lys Ay Val Gy Tyr Val Ala Lys Hs Ala Gy Arg H s
Phe Arg G u 145 150 155 160 «cgt ttc gaa aaa gaa g 9c
aaa aag ggc gcc ttg gtt ttt acg get tcc 528 Arg Phe
GQu Lys Au Ay Lys Lys Gy Ala Leu Val Phe Thr Al a
gqc Ser Effago 175 atgEqd§ Té? 39@@3:10at:@"rgtt aac gtg clcg765
Hs Ile
G“’c&ﬁ% %g‘% iR ﬂgpﬁ%%% Al ’"Grf/%‘aAsn 180 185
190 gcg gtc aag gca g c gtg cgt cac ttc gca aag tcc
tg gcc gtg gaa 624 Ala Val Lys Ala Gy Val Arg H s
>fPhe Ala Lys Ser Leu Ala Val Gu 195 200 205 ttt get
pEct ttc gca cgt gtt aac tct gta tct cct ggc tat att
Aatfield semeendka Pro Phe Ala Arg Val Asn Ser Val Ser
Pro My Tyr Ile Asn 210 215 220 acc gag atc tct gat ttc
Sghgegggcg@ﬁxggg aca caa aat aaa tgg tgg 720 Thr GQu
HitdHeMBEf26Asp Phe Val Pro A n G u Thr G n Asn Lys Trp
Trp Page 43 SEQLI ST-0339w0310-Corr 225 230 235 240

AT AR B, L R B 920, Y, O,

Ala ey mrg Leu &se@ Gw_aﬂava]y Gy TA45va25R12%ys gL akpc ctg

agt c.tcc ta ac C acCa
ser g 50595952 0he 0 o 0 i e pile A1 Ty TR Tor
G1n Alea W Pﬁ))Me'EhSerZ uZém 19 Prga&'laah% el PiOcPRC 99C
VaJ %ﬁ§

tac acgrctg?cl%gtaa 852 Asgolle Ile Val Asp Ay
7 AThrlyr n¥eg Agp Valiqy-vaD seplAsn Ag®  <212>
phe B ol 3%y
construe@s

[ [ <223 hetic
&IPQEE% rﬁrpﬁ% 2I§%q§§’8{é§o ’ngbg?%l"%@ el “Sggé]
Arg Sdiy f@:vw’almg AldTyeu Flﬂcm A]taAIchPrBr eh@rpdaALem val5 10 15
Ala "!’agl A u Phe

KSRt TR bR Pl b PR, B8, e,
Ile Sl'dar MABErrhG yr'd lPae @M ﬁ"yd’ TAb a_ys35hﬂQe45SéretﬂhA| a Gu

130 p| plagal Al I T T
Th'"ss(srs%ﬂeorg g Sk # A ks Thias ﬂ%@a@ry%s@ ety U/

2 § u Ala
Glu LL@U @NyaGu-lygryIFy,&snTﬂe ) V'Ql e&pla Ay Y9l ployasiyal Lys

Ser

a Tyr1leys Ala Asn Val
Sér Glu Asp Ser Pro Tyr Phe Tyr
180 185
Pro Glu His val Ala His
200
Glu

Tyr Leu HTS Pro Thr Glu Pro Trp
190
Thr Asn Thr Ala Leu
195
Arg Leu
210

ser Gly

val
205
val

Lys val Lys Lys
Gly Thr Gln Lys
215

Ser Cys Asp Tyr
230

GIn Leu Gly Glu Leu Ala phe

220
val

Leu

Ala
225
Gly

Ala
240

Gln Trp Leu
235

Gly

Leu Thr Gly Phe

Pro Met Ile Glu
245

Gly Phe Arg Trp Pro Glu

250

Met Pro

<210>
<211>
<212>
<213>

<220>
<223>

33

765

DNA

Artificial sequence

Synthetic construct
HHDH Mz1.1A5

<220>
<221>
<222> (1)..

<400> 33

atg agc ccc gct atc gtc act aac ¢gtc aaa

Mit Ser Pro Ala Ile val Thr Asn val Lys
5 10

&

CDS
. (765)

cat
H1s

Tttt

atg
Phe.

Met
15

ggt
Gly

&y &y

cly

gct
Ala

caa acc
GIn Thr
Page 27

cat
His

acc gct ctg agg ctg agc gaa

gtc
Thr Ala Leu Arg Leu Ser Glu

gct
val

tgc
Ala

Cys

gat
Asp

Ser ser Asp  Alm 85 90 95

48

96



gaa
Glu

cca
Pro

gct
Ala v
- 65

atc
Ile

tac
Tyr

aat
Asn

ttc
Phe I

tac
Tyr
145

aag
Lys

tac
Tyr

aag
Lys

caa
Gln

gca
Ala
225

cly

Val Lys Gn Thr Ile du d@n dn Ile Lys Asp Phe Ay
Hs Leu Asp 100 105 110 Ile Val Val Ala Asn Ala Ay
Ile Pro Trp Thr Lys Ay Ala Tyr Ile 115 120 125 Asp
Gln Asp Asp Asp Lys His Phe Asp A n Val Val Asp Val
,l&?(i 130 135 140SEQYSTAIBMWa3lockyrTyr Val Ala Lys
HIS Gy Arg Hs Phe Arg Gu 145 158 155 160 Arg
agcPha Ghal safd al y eyhavVal. Rhe Thr
Ser Athes sps GIGSLYS sa%a @Eﬁrfﬁé ;@%Ig % %gn val
3& G n Phe G n A #0Thr Tyr Asn 18@5185 190 Al a Val

G1nCﬂdm %lgéggy éégégérgﬁiﬁ% E Erlﬂ"o 1a§e|_ £1%|G1asxage}9

50Vval Ser Pro Gly55|'yr IIe Asn 210 eas 220 Thr du lle

gtc An du @ n Asn Lys Tr rp 240
i Barn Kb hde i i &
ttt:Phe Leu A 8t Ser d&% Al a GI Sertél'g ;gcé: a Thra ¥ 'll_'glrJ 288

e 4 2@53 e g Lvégavr THE TR 5335

Artifici aI sequence <220> Page 44
agg a4 3%0 g%b C@Gr¢a9 RO H{YYs m hetigetcorsgtgct KRED
ATg kgiﬁ @% Véi & 5%2‘5‘9( ho Phegya) LewXab> 51

atg get aaa aac ttt agc aat gtc gaa tac cct gcc ccg
9thgtq gola tget cd8atdbingAday kys adgnt&@hegseatacAste Mat G u 384
Ala Pl SAl”amFﬂr BePlySHne Al '-ISSSG.IJOG%!S Hisatleadde aaa aac

gaatca ctg cag gt ctg gat ctgtt daa ctg aac 96

atc Hice ¢y geysaddsBcddtic Sjg k&Y tgynadi@lgaltaPedy hed Phe 432
38 s St Adg iTHIO P oG PBeSg?V gertaaratpgtys gty ueot sat chacc ggt

agc aac tca gg&3%tt ggt tac gcgt¥M4 Gy Lys Val Al a

act RY §¢€ FRrg@ Yot At F6F BaYodd §alBgec T¥a £Lg 35 4830
Thr &er sty Aggoaﬂ@aa ge.t]atdyts U] 13 L‘éagg'gﬁft\glg %ags@a ga §
gcg atc tggldlat 192 Leu Al d58 u Ala Phe Al al@®n AI a

gag(afﬁ é#éagéﬁr%é%aha{Ma@cléé% a{é)t¥¥rgct atc gag ccg aat 528

Glu Leu Gly Glu Tyr Asn Ile Pro val Phe ATa Ile Gly Pro Asn
165 170 175

Cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 7 190

act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205

cga cta ggg act caa aaa gag ttg g?g gaa ttg gtg gca ttt ttg 672
é{g Leu Gly Thr GIn 5{§ Glu Leu Gly Glu Leu val Ala Phe Leu
_ 220

tct ggc tct tgt gat tat ttg act g?c cag gtg ttt tgg ttg gca 720
Ser Gly Ser Cys Asp Tyr Leu Thr Gly GIn val Phe Trp Leu Ala
230 235 240

C ggc 1ttt ccc atg ata gaa cgt tgg ccc ggc atg ccc gaa taa 765
3ty Ty

Phe Pro Met Ile Glu Arg Trp Pro G
245 250

Met Pro Glu *

<210> 34

<211> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic construct

HHDH Mzl1.1A5

Page 28



<400> 3

Met
i
Thr
Glu
Pro
Ala
65
Ile
Tyr
Ash
Phe
TYr
145
LysS
Tyr
Lys
Gln
Ala

225
Gly

50 55 60 aac agc cat gat gcc acc ggt aaa gca gag gcc
ctg get aaa aaa tat 240 Asn Ser His Asp Ala Thr Gy
Lys Ala Gu Ala Leu Ala Lys Lys Tyr 65 70 75 80 ggc
gta aaa gtc aag get tat aaa get aat gtc agc tcg agt
at gcg ,288 dy \GHILLGE-0ZPwe3i9-odrar Tyr Lys Al a Asn
Sear 0 §P€{ I$§rVa§errh:A§\|gnA4/al g %Sgéhe %tlg (aaa Ca aCt att
gag cag cag atc aag at ggc cac Val
Ala hyes G‘sn LEéhrsdr e‘lzGAua(my Gﬂm ﬂhlrevdJy&H\St@s st Hi s

Se'"t?;;u f%go irgt"yégg R Gt 'geé‘aG 1%%‘“ 3 Gl ‘g*\fang‘?/glc 'aAlt;

G1n Asin Aa peh Wl Ee!PrGCPuT(f% &g Aeysald E‘ItNL%uTYTe Ghe 115

50 120 125 gat ca%Sgat gac at aaaéCat ttt gac cag gtg
val %&5 ? Y T g 440 m aly keyr¥pl AP %@pA?s Hi s
Phe Bha A&psﬂ;fb ab1Vako ABR X8 Léépr)lveu1}%1 136, &

aaa
g gtasggc tat gta gca gaa cat gcg ggt cge ca[? ttt
Arg fgv %@ Glu gk @ey Glal I@ Wrgyprovahe Mla Lewsvell s Al a
Ph 150_15 ff? cc gaa
]
A agﬁg gaasgqﬂgimaagef;‘ré: 0d gavi %ﬂ% Ltyf Yt g_ﬁ ]g% él‘f tcc
Ile k8 ST g?&éﬁhr(}m Pl (GyUPG) yrrby|3y5L§a$u @euMar frRe Val

130 ppe 175 at t cac atc gtt
Thra%':" @f%%%@ a(éhi lA? ccé’é R g’é%@%‘?@ SE? Ser
Glu ey ﬁﬁGﬂh&'yVaAsrAsme\ﬁﬂo Vaﬁ'p rm%h@]éngyAﬂ’r% i Tyr

Asn 1801835 190 g tclaag gca g cat ttc
Leu 4da %‘g‘;@‘éc“setﬁe'"g E°§ @%Tmprwar \@%u FL%Tma dy
Thr Wah ¥ el :1iEN& 1A LR el Ly8Y A 9a'f’4j qJ‘é [13 200

205 ttt get cct tRopgca cgt Qgtt "aagpd ct cct g

Arg Q@Ut%{ty abr datLye721u Rlew N)aGﬂ’ud.dahEaWAéaAmg Vah Asn

210
r 10, 215 220 C gag
Ser tct atzggtg’ %:‘(u::%g ca?’a(ﬁs ﬁghecggpaLaet 3 tgg

G1ytayg WrZOMeﬂ'hI'IeG;‘w hte 1Ser pAs 1 PhetVako RN G n du Thr
A n Asn?#ys Trp Trp 225 28D 235 240 Page 45

<210> 3EQI ST-0339wo310-Corr agc tta gtt cca ttg gggt cgt
<211> 7fg;gt g g gaa act gcg gaa tta gtt ggt 768 Ser Leu Val
<212> DNA o Leu Ay Arg Ay Ay Au Thr Ala Qu Leu Val Ay
<213> Aryjficind Seggleng@c tac ctg ttc ctg gca agt gat gcg g 9c
<220 tcc tac gcc acg ggc aca 816 Ala Tyr Leu Phe Leu Al a
<223> sydehedispcar@y Ser Tyr Ala Thr Ay Thr 260 265 270

<220>

HHipHt Cetlg1@tt gt g gac gyc ggc tac acg ctg ccg taa 852
Asp Ile Ile Val Asp Ay Ay Tyr Thr Leu Pro 275 280

<221> ¢ps210> 52 <211> 283 <212> PRT
<222> (1)...(765)

<400> 35

atg
Met
1

agc
ser

CCa
Pro

gct
Ala
65

agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt at t 18
Ser Thr Ala Iée val Thr Asn val Lys His Phe Gly g y Meg g%y
10 15

gct ctg agg ctg agc gaa gct g?t cat acc gtc gct tgc cat gat 96
Ala Leu Agg Leu Ser Glu Ala Gzy His Thr val Ala Cys His Asp
5 30

d4gc tit aaa cag aaa gat gaa ctg gaa gct Tttt gct gaa acc tac 144
ser ng Lys GIn Lys Asp Glg Leu Glu Ala Phe Ala Glu Thr Tyr
45

Cag Ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
Ggg Leu Lys Pro Met SEE Glu GIn Glu Pro Ala Glu Leu Ile Glu
60

gtc acc agc gct tac ggt cag gtc gat gtc ctg gtc age aac gat 240
val Thr Ser Ala T¥5 G?y Gln val Asp val Leu val Ser Asn Asp
75 20

Page 29



atc
Ile

tac
Tyr

aat
Asn

ttc
Phe

tac
Tyr

145
aag
Lys G

tac
Tyr

aag
Lys

Caa

Gln A

gca
Ala
225

G?y

<213> Artificial sequence <220> <223> synthetic
construct KRED krh408 <400> 52 Met Ala Lys Asn Phe
Ser Asn Val Qu Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15
Hs Thr Lys Asn Qu Ser Leu A n Val Leu Asp Leu Phe

tttl%crt Leu Asn 20 25 3®EQLGFV %3 QWQ?JO -@hra %er Ile ;I'\Ihr .
a/Raltaqg 59 @A a 4
Phedra ﬁﬁb iE P% ghg}kl aogv Eg" L,XssarVa? 554;' PR Tyr
50 55 60 Asn Ser H's Asp Al a Thr Gly Lys Ala Gu Ala

agg Tp LG Y3y §CI\FLY 7Haseca Gy oval claygtyal LyB6
Argﬁa\’ A2V ‘{' S éﬁﬁ“ﬁ &le %@rP%Ph;\ﬂaA'regsfs 90 95
u

Val LysGInThrIIe A@n dAnlle LyS Asp Phe Ay
gCt Mty dely tAgpraal®ty Baf kO chd mavatcgVghg Alaa #snabkba d y384
“aéﬂg Pl S¢F pFH"h'i"e‘L)li%SG)Sﬁ A% Lyyrsen iw His 1 I1e5 Asp

n Asp Asp Asp Lys H s Phe Asp d VSL%AZE Val
atc ta ge BGack3bcd 4@ c c&3 Yrg¥adadGh¥g Otk abta Lys43?
ﬂe% e AbR yThay gf"Q-lleeF%?gsArtg TEpuLysldbs 180 9&65TR60 Arg
0Ser Gu lys @d8Qy Lys Lys Ay a Leu Val Phe ThrI
act Al 5Yck7 et ARt acelerd ddhise Idee M tAgn Val 450
ot g S0 cheuck /g Ger AR ISr hardsTiad: get S va
Lys Ala A y¥al Arg Hi s PhelAba Lys Ser Leu Af@ Val

e B SR A e

Ser Asplfhe Val Pro An @@ Thr GI n Asn Lyz5 Trp Tap
4 Leu _Val Pro Gy y
¢ %gﬁ %ﬁ é%’ 76
fef:é% S sl R o Sl Gty ol
180u Al a ser Asp A yr Allgo y Thr
260 265 270 As e IIe VaI Asp Ay Ay Tyr Thr Leu

act C L rac b0 Sagmaag & 624
Thr Igiﬁl FF%Z%%%S&\G%%%;O igfz%ﬁléﬁg Syﬁﬂgfl cbﬁ'ét ruct

KRED kr h417
Cga cta ggg act caa aaa gag ttg g?g gaa ttg gtg gca ttt ttg 672
2;3 Leu Gly Thr Gln Eys Glu Leu Gly Glu Egu val Ala Phe Leu
15 0

tct ggc tct tgt gat tat ttg act g?c cag gtg ttt tgg ttg gca 720
Ser Gly Ser Cys égg Tyr Leu Thr Gly Gln val Phe Trp Leu Ala
235 240

? LLt ccc atg ata gaa cgt tgg ccc g?c atg ccc gaa taa 765
Gly Phe Pro geg Ile Glu Arg Trp ;ro Gly mMet Pro Glu *
4 50

<210> 36

<211> 254

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic construct

HHDH cys1.10

<400> 36

MeT
1
sSer
Glu

Pro

Ile

Tyr

Ser Thr Ala Ile val Thr Asn val Lys His Phe Gly Gly Met Gly
Ala Leu ggg Lgu Ser Glu Ala g}y %gs Thr val Ala g5s ﬁ?s Asp
Ser Phe Lys GIn Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
Gln Egu Lys Pro Met Ser é?u Gln Glu pPro Ala g%u Leu ITe Glu
321 Thr Ser Ala Tyr g%y Gln val Asp val Egu val Ser Asn Asp
Phe Ala Pro Glu gge Gln Pro Ile Asp Zss Tyr Ala val Glu igp
Arg Gly Ala 331 Glu Ala Leu G1n g?e Arg Pro Phe Ala Egu val
Page 30 '



Asn
Phe
Tyr
145
Lys
Tyr
Lys
Gln
Ala

225
Gly

Page 46 SEQLI ST-0339w0310-Corr <220> <221> CDS <222>
(1)...(852) <400> 53 atg get aaa aac ttt agc aat gtc
gaa tat cct gcc ccg ccg cca get 48 Mt Ala Lys Asn

Phe Ser Asn Val GQu Tyr Pro Ala Pro Pro Pro Ala 1 5 10

Zgéi acc aaa aacs%&éSTdﬁww@l@a@ma ctg gat ctg

s b St bu TS 11 SBUPR T T ST

I'Ieg'ld‘g‘ sert Aéacﬂacer?gmea@b/ aac 'ItmaLgEgG1at|Ieuggér' trae gcg
%E‘Olﬁ @G % 2 Ser e g Ser dy
% %/A'F?r B 305%5T CigY g’él:aé 9 ”éé‘t L?‘{ 15"‘%09 cag
Glu Qe gnlazucsyrga@n afte Igﬁgv@t @hbgmat alle 193 pheUsml @ G u
Al a Phe 18ba G n Val y AF@ Asp Val AIaIILETrp Tyr 50
Lev gt SeBe s VAP 4k Pg"ati_gﬁehwdrg?%aﬁrﬁgg BERy T§Bc ctg
Thrgﬁn AAR ABAnisAlaR4a SN vIRNLVEl Sy LR A Y Lys
% Ju Ala Leu AlzaoLys Lys yr 65269 75 80 ggc gta

éggd@a ghc Taagcbvegyg &Alualey gy CdatL yahgdat he &g gat

|
ser 309 ¢85 Sréfs Lt)éﬁsgﬁjgﬁlr% %E‘\%L% gf%ct“i\%? t Vgag

Gly g Bem Natcﬂaeaghgam"gtmp EE@ Gd&CMe‘:tt grgadu336 Val Lys
dn Thr %fe Gu @ n An EP@ Lys Asp Phe Ay His Leu

<210> 3Asp 100 105 110 att gtt gtg gcg aac gca ggc atc cca
<211> 769Qg act aag ggt gca tac atc 384 1Ile Val Vval Al a Asn
<212> DM a Gy Ile Pro Trp Thr Lys Ay Ala Tyr Ile 115 120
<213> A'it2§‘§bﬁ1 C8%'Y&F gac gat aaa cat ttt gac cag gtg gtg
<220> 0ac gtc gac ctg 432 Asp G n Asp Asp Asp Lys H s Phe
<223> sylsheti  Wattndak Asp Val Asp Leu 130 135 140 480 Lys vy

HNpd cy©o 1Zyr Val Ala Lais gcg At Arg is Phe Arg G u

220> 145s y y yr 150 Lys H 155 A9 H g 160 cgt ttc gaa aaa
<221> cffa g C aaa aag g ?c gcc ttg gtt ttt acg get tcc 528
<222> (Br.g.Pr&5)3 u Lys GQu Ay Lys Lys Ay Ala Leu Vval Phe

7'I'hr Ala Ser 165 170 175 atg tcg gt cac atc gtt aac

<400> 3

et s R SNGviaey MRS BE e U R enlld o o
1 ;80 185 390 gcg gcc aagnga ggg %Itg Egt CHt ttc gca
2 i 10 B R [ el s oos

gaa
Glu

cca
Pro

gct
Ala
65

atc
Ile

tac
Tyr

aat
Asn

ttC
Phe

ttt cct ttc gca cgzts gtt aac tct gtaptct cc
tat att aat 672 Phe Ala Pro Phe Ala Arg Val Asn Ser144

Ser e 57 SRR 233@?”32% &b At 05%1%2%1‘& Thr Tyr

35
cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
GIn Leu Lys Pro Met Ser Glu GIn Glu Pro Ala Glu Leu Ile Glu
50 55 60
gtc acc agc gct tac g?t cag gtc gat gtc ctg gtc agc aac gat 240
val Thr ser Ala Tyr Gly GIn val Asp val Leu val Ser Asn Asp .
70 75 80
ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Phe Ala Pro Glu Phe GIn Pro Ile Asp Lys Tyr Ala val Glu Asp
85 90 95
agg g?t gct gtc gaa gct ctg cag atc agg cca ttt gct cta gt 336
Arg Gly Ala val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu Va
100 105 110
gct gtg gct tcg caa aty aag aag cga aag tcg g%g cac atc atc 384
Ala val Ala Ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
atc act tcg gct act ccg tEc g%g cca tgg aag gag cta tcg act 432
Ile Thr Ser Ala Thr Pro pPhe Gly Pro Trp Lys Glu Leu Ser Thr
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tac
Tyr
145

aag
LysS

tac
Tyr

aag
Lys

caa
Gin

gca
Ala
225

ggc
Gly G

acc gag atc tct gat ttc gtc ccg caa gaa aca caa aat
aaa tgg tgg 720 Thr GQu Ile Ser Asp Phe Val Pro @n
Gu Thr A n Asn Lys Trp Trp 225 230 235 240 agc tta
gtc cca ttg ggt cgt ggt ggg gaa act gcg gaa tta gtt
ggt 768 Ser Leu VaAeQPrer108adw@yoAcgrdy Ay du Thr
130 Ala Qu Leu Val3@y Page 47 SEQ49ST- 0339w0310- Cor r
act cgRYHC et Clgd hi€ GhOgdC a 96§ 99C 480
Thrtﬁ %Aggoﬁmcgﬁl%gdaa@% 86 Lemg% aT&Efg}ct SE%U Al a
Ser Asp Al al5@y Ser Tyr Al aIphr Gly Thr 260 266 270

93t gac E 93k éﬁ C E 852 5
20038 BE o felofBod% BY giroticd dlortd 556 280 °
<210> 546&211> 283 <21227PRT <213> Art|f17(5| al
cta nglg%agé20>é?<2cé§> Syn%%tl cgconﬁt %(étﬁﬁgl}jRED krh4lrz
0 n e r Pro
Leu{ﬁa e(p E’ro BAE AIlPa ﬁ P i’E ﬁ h_rgoLySO ;&sn Au
Ser Leu @n VaI Leu Asp Leu Phe Lys Leu Asn 20 25 30

e ) B I LERIGIN T motperan gy e

Ay AIaAsp Val Ala lle Trp Tyr 50 55 60 Asn Ser Hi s

Cga Ad; haThrcad 9ad ¥sg Aits da) gaRatlgdedt al E Tyr 672
57368 %76 y73hgFin gi?‘ PGy GTY db\l"%l?\l%ﬁ %%s a Asn

Val Ser Ser Ser AspAIa85909 Val Lys @n Thr Ile
tct @ga Gt t@ rpaltl eatl g Asp | stteggAsyy gdH0 105720
ser 1y $¢re CyalAspaTyrALay Adw Gg;y\/q | BheprT@p Thegy Lys

Ay Ala TyrPle 115 120 128%°Asp A n Asp Asp*hsp Lys

%c Hits 8he afgutd gad/abe Mg A6P gYal aSPcd @daldd 135 140 765

y |Ahe la‘cvaaIﬂ@ S}TUTy\rg\Tmp Ara Glly svedli grllcdud@®y Arg Hi s
Phe Arg2@u 145 150 1552360 Arg Phe Gu Lys Gu Qy
Lys Lys Gy Ala Leu Val Phe Thr Al a ser 165 170 175

<210> 38t Ser Gy Hs Ile Val Asn Ile Pro G n Phe An Ala
<211> 25Mhr Tyr Asn 180 185 190 Ala Ala Lys Ala Ay Val Arg

:ﬁg; Pﬁ#{’hﬁ Blfhys Ser Leu Ala Val Gu 195 200 205

<220>
«223> Synthetic construct

HHDH cys2.12

<400> 38

Met
1
ser
Glu
Pro
Ala
65
Ile
Tyr
Asn
Phe
TYyr
145
Lys
Tyr
Lys

Gin

Ser Thr Ala Ile val Thr Asn val Lys His Phe Gly Gly ?gt Gly
5 10
Ala Leu égg Leu Ser Glu Ala Gly His Thr val Ala Ala His Asp
25 30
Ser g?e Lys GIn Lys Asp géu Leu Glu Ala Phe Ala Glu Thr Tyr
45
gén Leu Lys Pro Met Ser Glu GIn Glu Pro Ala Glu Leu Ite Glu
55 60
val Thr ser Ala ;%r Gly GIn val Asp val Leu val Ser Asn ggp
75
Phe Ala Pro (8;1u Phe GIn Pro Ile gap Lys Tyr Ala val Glu Asp
5 - 95
Arg Gly Ala val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu val
100 105 110
Ala val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
ITe Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
150 155 160
Glu teu Gly Glu Tyr Asn ITe Pro val Phe Ala Ile Gly Pro Asn
165 170 ; 175
Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val Ala Phe Leu
Page 32



Phe Ala Pro Phe Ala Arg Val Asn Ser Val ser Pro Gy
Tyr Ile Asn 210 215 220 Thr Qu Ile Ser Asp Phe Val
Pro An Gu Thr A n Asn Lys Trp Trp 225 230 235 240
ser Leu Val Pro Leu dy Arg Ay Ay GQu Thr Ala du
Leu Val Gy 245 2505%55Tﬂ3é9wq&10l-_@rrPhe Leu Al a Ser

210
y 70 Asp

58 ser g e i A%sp dy élha} %}F G?E Brerdp Gho 5@0
Gly G1y4121]309rr55|et2[]]]a>6'853r‘g<&b2PrtDMy<lQélt3Pr¢\M'lhfi Ci aI

Sequencé43><220> <223> syAbhetic construct KRED krh483
210> 36:220> Page 48 SEQLI ST- 033910310- Corr  <221> CDS <222
<211> SKSL) .(852) <400> 55 atg get aaa aac ttt tcc aat gtc
<212> D %a tat cct gcc ccg ccg cca get 48 Mt Ala Lys Asn
<213> &gl Ae#ePsf G u Tyr Pro Ala Pro Pro Pro Ala 1 5 10
<220> 15 ~cat acc aaa aac gaa tca ctg cag gta ctg gat ctg
<223> syrthedba cohgrraae 96 H s Thr Lys Asn Au Ser Leu Gn

KRER krledd3asp Leu Phe Lys Leu Asn 20 25 30 ggc aaa gtc
<220» 9CQg tct atc acc ggt agc aac tca ggc att ggt tac gcg
<221> cof4 G Y Lys Val Ala Ser Ile Thr Ay ser Asn ser Qy
<222> (1.e-@52)Tyr Ala 35 40 45 ctg gcc gaa get ttt gcg cag
5gtt ggc gca gac gtt gcg atc tgg tat 192 Leu Ala Gu

<400> 3
A3 Bie AL agd DY P ! yr 5
G A A R R R LR
1 get aaa éaa tat 240 Asn Ber H's Asp Ala r dy Lys
65 70 75 80 cC gta
it el e ddaeled wiodl B e plhget o o o
gcg Val n Val

Ser Ser Ser AI a 85 90 95 gtg aaa cag act att ag
ik

g?;iszgéé;@gf weetg%;%&w NI HE Lo

100 105 110 ata gtt gtg gcg aac gca ggc atc cca

15 80 8 ooy B IR
t

125 gat cag gat gac gat aaa cat t gac cag gtg gtg

aac agc gag gmx: gg';acac«:t %maﬁa gca gag gcc ctg gct aaa aaa tat 240
Agg ser Gln A a Th r Lys Ala Glu A;g Leu Ala Lys Lys Tyr
80

ggc gta aaa gtc aag gct tat aaa gct aat gt agc tcg agt gat gcg 288
Gly val Lys val ng Ala Tyr Lys Ala Asn val Ser Ser Ser Asp Ala
90 95

gtg aaa cag act att gag cag cag atc aag gat ttt g?c cac ctg gac 336
val Lys GIn Thr Ile Glu GIn GIn ITe Lys Asp Phe Gly His Leu Asp
100 105 110

att gtt gtg gcg aac gca g?c atc cca tgg act aag ggt gca tac atc 384
Ile val X%S Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
_ 120 125

gat cag gat gac gat aaa cat ttt gac cag gtg gtg gac gtc gac ctg 432
AsSp ggg ASp Asp Asp Lys g;g Phe Asp Gln val val Asp val Asp Leu
: 140

aaa g?c gta g?c tat gta gca aaa cat gcg g?t cgc cat tat cgt gaa 480
Lys Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Tyr Arg Glu
145 150 155 160

cgt tic gaa aaa gaa ggc aaa aag g?c gce ttg gtt ttt acg get tcc 528
Arg Phe Glu Lys g%g Gly Lys Lys Gly g]g Leu Val phe Thr Ala Ser
7 175

atg tcg ggt cac atc gtt aac gtg ccg caa ttt cag gcg acc tac aat 576
" Met Ser Gly ?ég Ile val Aasn val Pro Gin Phe Gln Ala Thr Tyr Asn
. 185 190
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gcg
Ala

trt
Phe

acc
Thr
225

agc
Ser

gce
Ala

gat
Asp

Asp @ n Asp Asp Asp Lys His Phe Asp G n val Val Asp
Val Asp Leu 130 135 140 aaa ggc gta gggc tat gta gca
aaa cat gcg ggt cgc cat ttt cgt gaa 480 Lys Ay Val
Gy Tyr Val Ala Lys Hs Ala Gy Arg His Phe Arg Glu

gcc 145 15091‘?59,%%,60g gEQ.Ltf@T a%\gﬁio g aaa aag ¢ u524
to &t 8 s d
Mag{;‘g ES@ Q 5?&& oLeu Lﬁ‘ﬁeselrh lﬁg sge§1 f%% 170

175 atg tcg ggt cac atc gtt aac gtg ccg caa ttt cag

gct Ec 9 accgéaﬁttsaec Yt 98krtcy sctHogc [ag akd aAsn Val 672
g}gge% % &7 YR lran e ’1‘% S&gnﬁﬁ 1Y 19 A§eg gtc

aag gca g ?c gtg cgt cat ttc gca aag tcc ctg gcc gtg
824 galcVatc kys ddlaag®l wc¥ataaAngt Has Rjetdg a Lys7'20

GW%a BRI ARP aghgavabpuo 199 6bo %gs‘sm ASyely's CHP g% gca

cgt gtt aac et gta tct cct c tat att aat Phe
tta Ajta Rta)tE’@q;?él égtﬁdggt g 484 a%ergiabaSara P ghy TYr 768
Leu [Vagd FbEngll(ﬁ 15@9@3/ gg% TarcAltacGlgaeuttad gle ccg

caa gaa 28¢a caa aat aaa tgg 720 Thr % 1le ser
tac A Bhe cVglgBr B tek NeadSPed Yo g TdR TER 225 816
o A% Cegtﬂ% SRt Ged ér%éc gk

Tyr aager W@ AJtat &ettgyrggta ay THOg gaa
act &Y gaa tta gtt 9@5 768 Ser Leu \250 Pro Leu Gy

atc A9 T% gc ce§lUhafal S Y 245 250 255 gg4

I1e3a99v&a‘% %ﬁ?y%’@o ‘éw@l Bl ot at oty ttc ctg
gda agt gat gcg g@g80tcc tac gcc acg ggc aca 816 Ala
Tyr Leu Phe Leu Ala Ser Asp Ala Ay Ser Tyr Ala Thr

<210> 4¢3y Thr 260 265 270 gat atc att gt9 gac ggc ggc tac
<211> zacg ctg ccg taa 852 Asp llelle vat Asp Ay Ay Tyr

<212> P

Pro 275 280 <210> 56 <211> 283 <212> PRT

<213> Aﬁéf%ﬂr??%ﬁ&?%ﬂ Sequence <220> <223> Synthetic
<220> construct KRED krh483 <400> 56 Met Ala Lys Asn Phe
<223> syBehetancdtadtrtt Tyr Pro Ala Pro Pro Pro Ala 1 5 10 15

<4
Met
1

His
Gly
Leu
Asn
65

Gly
val
Ile
ASp
Lys
145
Arg
Met
Ala
Phe
Thr
225
Ser

Ala

KREDskMHB3Eys Asn G u Ser Leu G n Val Leu Asp Leu Phe
a4d-YS Leu Asn 20 25 30 Gy Lys Val Ala ser Ile Thr Gy

% Ala 36k A5 pRersed Asnl V&1 @WJ '-Ir)\/rr P%aﬂa:gl':'—’rcf"gr'&a?rlaehhab‘l a Gu

Ala Phe Ala @ n Val p Val Ala I1% Trp Tyr
Thr dyschsrgglu AeR Sur Gy s\zfjlsbe%wapw ehey L%ys!—eﬁll asd u Al a

Lys |¥%‘}' aaséysﬂlzyﬁwr:r%gy Ser Ser ser Gly Ile Gly Tyr Ala
45
?Aa Glu Ala phe Ala Gln val Gly Ala Asp val Ala Ile Trp Tyr
55 60
Ser GIn Asp Ala ;gr Gly Lys Ala Glu ?;a Leu Ala Lys Lys g%r
val Lys val ggs Ala Tyr Lys Ala Sgn val Ser Ser Ser Asp Ala
95
Lys GIn Thr Ile Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Gln Asp Asp Asp Lys His Phe Asp Gln val val Asp val Asp Leu
130 135 140
Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Tyr Arg Glu
150 155 160
Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val pPhe Thr Ala Ser
165 170 175
ser Gly His Ile val Asn val Pro GIn Phe GIn Ala Thr Tyr Asn
180 185 190
Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile ser Asp Phe val Pro GIn Glu Thr Gln Asn Lys Trp Trp
230 235 240
Leu val pPro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
' Page 34



Asp

<211> 8

65 70 75 80 dy Val Lys Vval Lys Ala Tyr Lys Ala Asn
Val Ser Ser Ser Asp Ala 85 90 95 Val Lys An Thr Ile
GQu dn dnlle Lys Asp Phe Ay H's Leu Asp 100 105
110 Ile Val Val Ala Asn Ala Gy Ile Pro Trp Thr Lys
Gy Ala Tyr Ile 115Ql29r-D259woB3p-@rm Asp Asp Asp Lys
e Hid :Fﬁ?eAAs%TG& Val '"\'?E Ang val Asp Led0130 135 140
Bys @'y A élyyl'igo ALPYs Hs Ala Ay Arg Hi s
Phe Arg Gu 145 150 155 160 Arg Phe Qu Lys Gu Ay

t Ser Ay His Ile Val Asn Val Pro G n Phe An Al a

<210> 41’%3 Lys Ay Ala Leu Val Phe Thr Ala ser 165 170 175

<212> D

<213> ArIFiddN SSduend80 185 190 Ala Val Lys Ala Ay Val Arg

<220> A Pro
<223> iﬁggﬁﬁ%ﬁlg%’lﬁrﬁ% 220 Thr Gu Ile Ser Asp Phe Val Pro
ndu

H s Phe Ala Lys Ser Leu Ala Val du 195 200 205 Phe
Phe Ala Arg Val Asn ser Val Ser Pro Ay Tyr

Thr A n Asn Lys Trp Trp 225 230 235 240 Ser

<220> Leu Val Pro Leu Ay Arg Gy Ay GQu Thr Ala Qu Leu
<221> Cigy) g 245 250 255 Ala Tyr Leu Phe Leu Ala Ser Asp
- 535)

<222>

Ser Tyr Ala Thr Gy Thr 260 265 270 Asp Ile

<400> 411e Val Asp Ay Ay Tyr Thr Leu Pro 275 280 <210> 57

atg
Met
1

cat
H1s

ety

ctg
Leu

aac
Asn
65

ggc
Gly

gt
Va

att
Ile

gat
Asp

aaa
Lys
145

cgt
Arg

gcg
Ala

gctl GRA13a@GBPt agR @3t ga218at Arctiddccted cge get <2208
Ala Lys ASTSPit (R6F 45T SRS HCTYT RRED Ry HQPZG"‘Q%AWZZD

CDS <2223 (1)...(852) Page 50 SEQLI ST- 0339W0310- Corr
acc ddlzaddaatigagety aaq @accty lgat cxgaatc @he QaRatiat cct 96
Thr dye /ti%%'téeéc'aﬂgéﬂn&gg Mt AAD deluyBhead s PRyl S8 Asn

Val d& Tyr Pro Ala Prd Pro Pro Ala 1 8010 15 cat acc
aaa afa taatkCacClhgt @ teh dahrClogt lidc Ctg 144
Lys %& %%CSH% SEWhThrL%gy% %m sSe%‘clﬂl;emG%gyvalr Eg Asp

Léa Phe Lys Leu Asf®20 25 30 ggc a¥m gtc gcg tct atc

el asRila il 6 degn Bl gl w0

50 Al a 55
agc cag gat gcc acc ggt aaa gca gag gcc ¢tg gct aaa aaa tat 240
ser GIn Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
70 75 80
gta aaa gtc aag gct tat aaa gct aat gtc agc tcg agt gat gcg 288
val Lys val Lys Ala Tyr Lys Ala Asn val Ser Ser Ser Asp Ala
85 90 95
aaa cag act att gag cag cag atc aag gat ttt g?c cac ctg gac 336
Lys GIn Thr Ile Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
gtt gtg gcg aac gca g?c atc cca tgg act aag g?t gca tac atc 384
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
cag gat gac gat aaa cat TTT gac cag gtg att gac gtc gac ctg 432
GIn Asp Asp Asp Lys His Phe Asp GIn val Ile Asp val Asp Leu
130 135 140
ggc gta g%c tat gta gca aaa cat gcg g?t Cgc cat tat cgt gaa 480
Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Tyr Arg Glu
150 155 160
ttc gaa aaa gaa g?c ata aag g?c gcc ttg att tEt acg gct tcc 528
Phe Glu Lys Glu Gly Ile Lys Gly Ala Leu ITe Phe Thr Ala Ser
165 170 175
tcg ggt cac atc gtt aac att ccg caa ttt cag gcg acc tac aat 576
Ser Gly His Ile val Asn Ile Pro Gin Phe GIn Ala Thr Tyr Asn
180 185 190
gcc aag gca g?c gtg cgt cat ttc gca aag tcc ctg gec gtg gaa 624
Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
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ttt
Phe

Ala

gat
Asp

35 40 45 ctg gcc gaa get ttt gcg cag gtt ggc gca gac
gtt gcg atc tgg tat 192 Leu Ala Gu Ala Phe Ala dn
Val Gy Ala Asp vVal Ala Ile Trp Tyr 50 55 60 aac agc
cat gat gcc acc g 9t aaa gca gag gcc ctg get aaa aaa
tat 240 Asn ser Hi SEQASpTAIBEIWFRIOEgrilys Ala Gu Al a
&3 Ala Lys Lys Tyi%9%5 70 75 80 gy %r Sgta aaa gtc aag
gctQ_Q:tt tad g@ﬁacﬁbt’@aatac%@t 9§ &Qgc&gbggﬁatgg& 288 G VYer2
Ala \fad AVal argySaAlaanTydr ks sAlrapAsia]YaryrSeTe 3eh Ser
210Asp AI a 85 90 855 gtg aaa cag a&?0 att gag cag cag atc

o] tct g 3¢ ,C %36 Val %glfég IIe7
acc 920038 B o B Rk BRE o coa oy o8 0 0" 05720
225 110 att gt230gtg gcg aac gcaz3§gc atc cca tggaaot aag
agc tta ca.tac at c g384 |1 a gNta GE
sgc ceaibly 950 tiad o B 597 accasd 68 30" 0 o 7

gat gac 2gat aaa cat gse cag gtg gtg gass gt gac
gce 432 As GInAs As Asp sHlsPheAs dn Val

tac 1 '5 40t%Fa ¢ tat 816
Tyr\ft%l % qad" ca er épﬁg Eht Xt ?13% gg ggf) Lys
y Val Ay Tyr VaI Ala Lys Hs Ala Ay Arg H s Phe
atc /4ty g QMEBQFSG 438c18y ctgtccyttaygdgaaaa gaa g 9c aadhd
ﬂea}ig ‘é‘ﬂ AﬁEc‘ﬂtytfj Yoyt thr é‘c’:% Pj8t tcc*528 Arg Phe du
Lys Au @y Lys Lys Gy Ala Leu Val Phe Thr Al a ser
165 170 175 atg tcg ggt cac atc gtt aac gtg ccg caa

210> 431t cag gcg acc tac aat 576 Met ser Ay Hs Ile Val
:212§ p@sn Val Pro Gn Phe Gn Ala Thr Tyr Asn 180 185 190

<213> ARGFieiL 8aguehca ggc gtg cgt cat ttc gca aag tcc ctg

<220>

Al s Ser
<225 el o

Met
1
His
Gly
Leu

Asn
65

Gly

val
Ile
Asp
Lys
145
Arg
val
Ala
Phe
Thr
225
ser
Ala

Asp

gcc gtg gaa 624 Ala Val Lys Ala Ay Val Arg H s Phe
ruc% Ala Val du 195 200 205 ttt get cct
gtt aac tct gta tct cct ggc tat att aat
672 Phe Ala Pro Phe Ala Arg Val Asn Ser Val Ser Pro

<400> 4 | e Asn 210_215 220 acc atc tct at ttc
Tk e Tl

Ala P8 YaAShcR! cHlY 2xk PRRAtggre f5o7R e au

Thr'Ly@ﬁ;ﬂ{ PsdPheeVATnRiA i AShULelhbh& Y sABEL ¥s Trp
225 230 235 240 zmyc tta gtt cca t3og ggc cgt ggt

bm Saetﬂg!c@hrg yt3er §er SgthVsz]e Sdy TeuAVal Pro
A1a%§ PRE TG ¥, %1&03‘{ Aba\/a(’l:‘ 1&‘51%\/‘?4 %V 245

gcc tag ctg Cgp agt gdat gc tcc
sertcac gmAaagTngGhaws%& GN a‘liylred_QMaFPJye L;esu TNa Ser

y_Thr e
v 38, (R EEAT r esrhs JB0 alsd e300 5 a$§° AP gt
Lys gaa POC 108Cc TG 1R &InCE1R Qszg AsgapHEb 31y Aﬁ@ L akpe val
Asp Q@Y Gly Tyr Thr LEX$ Pro 275 280
val val Ala Asn’Ala Gly Ile Pro Trp Thr Lys Gly A1a Tyr Ile
115 120 125
GIn Asp Asp Asp Lys His Phe Asp G1n val ITe Asp val Asp Leu
130 135 140
Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Tyr Arg Glu
150 155 160
Phe Glu Lys Glu Gly Ile Lys Gly Ala Leu Ile Phe Thr Ala Ser
165 170 175
Sser Gly His Ile val Asn Ile Pro GIn Phe GIn Ala Thr Tyr Asn
180 185 190
Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile ser Asp Phe val Pro Gln Glu Thr GIn Asn Lys Trp Trp
230 235 240
Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
ITe T1le val Asp Gly Gly Tyr Thr Leu Pro
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<210>
<211>
<212> D
<213>

<220>
<223>

<210> 58 <211> 283 <212> PRT <213> Artificial
Sequence <220> <223> Synthetic construct KRED krh476
<400> 58 Met Ala Lys Asn Phe Ser Asn Val du Tyr Pro
Ala Pro Pro Pro Ala 1 5 10 15 His Thr Lys Asp Qu
Ser Leu dn Val LeuSE%fDStél,’r39’th®1KJySoﬂreu Asn 20 25 30
Y Lys Val Ala S€f011e Thr Gy Ser Asn Ser Ay Ile
483y Tyr Ala 35 40 45 Leu Ala Qu Ala Phe Ala @ n Val
SSGIy Al a Asp VaI Ala Ile Trp Tyr 50 55 60 Asn Ser Hi s
Q aa7|Thr Lys Ala Gu Ala Leu Ala Lys Lys Tyr
ABSTTE' 5588 &Py Val Lys Vval Lys Ala Tyr Lys Ala Asn
Val Ser ser ser Asp Ala 85 90 95 Val Lys A n Thr Ile
syHthe@ q cGhsicruce Lys Asp Phe Gy His Leu Asp 100 105
KREPOKIM467val Val Ala Asn Ala Ay Ile Pro Trp Thr Lys
Ay Ala Tyr Ile 115 120 125 Asp A n Asp Asp Asp Lys

350 o s Phe Asp Gn Val Val Asp Val Asp Leu 130 135 140
<222> (Lys.@53p)val Ay Tyr Val Ala Lys Hs Ala Ay Arg Hi s
<400> iﬁe Arg Gu 145 150 155 160 Arg Phe Gu Lys u dy
atg gct ladl h-é/cs tEk Yagdd ﬁaﬂ—%’ﬂc\% E’Q@ c-Elﬂrg&‘! %c% cgléx ZQ 175 48
‘Met Ala Nbts &mr pekysdd asd val al ARY erédrroPh®

1 Thr Tyr Asn 180 185 190 Na VaI Lys Ala QY VaI Arg

s we A R Bilie i B Al st e

IIe A&(h 210 215 220 ™r du lle Ser Asp Phe Val Pro

ot S A el @g§ 5(;%922%%%5%5@@4%%8

Vals dy 245 250 2 eu P g5 Le er As
Ala Ay Ser Tyr Ala Thr y Thr 260 265 270 Asp: IIe

ctg gcc

Leu A1a|g§§1%38§§§§\jglg}s %@1§T EES:J\Q{%F; ﬁ ?%Sq%%r)%gr.Zlo 53

aac agc cag gat gcc acc ggt aaa gca gag gcc ctg gct aaa aaa tat 240
Asn ser Gln Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr

65

70 75 80

ggc gta aaa gtc aag gct tat aaa gct aat gtc age tcg agt gat gcg 288
Gly val Lys val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala

gtg aaa cag act att gag cag cag atc aag gat ttt g

85 90 95
Cc cac ctg gac 336

val Lys GIn Thr Ile Glu G1n Gln Ile Lys Asp Phe G?y His Leu Asp

att gtt gtg gcg aac gca g?c atc cca tgg act aag g
ITe val val Ala Asn Ala Gly

100 105 110

?t gca tac atc 384
Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125

gat cag gat gac gat aag cat ttt gac cag gtg att gac gtc gac cig 432
Asp ggg Asp Asp Asp Lys g;g Phe Asp GIn val Ile Asp val Asp Leu
140

aaa g?c gta g?c tat gta gca aaa cat gcg ggt cge cat ctt cgt gaa 480
Y y

Lys G

145

val Gly Tyr val Ala Lys His Ala Gly Arg His Leu Arg Glu

150 155 160

Cgt ttc gaa aaa gaa g?c aaa aag g%c gcc ttg gtt ttt acg get tcc 528
Y y

Arg Phe Glu Lys Glu G

Thr Sser G

Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175

acg tcg g?t cac atc gtt aac att ccg caa ttt cag gcg acc tac aat 576
Yy

His ITe val Asn Ile Pro GIn Phe GIln Ala Thr Tyr Asn
180 185 190

gcg gcc aag gca ggc gtg cgt cat ttc gca aag tcc ctg gcc gtg gaa 624
Ala Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu

195 200 205
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Tttt
Phe

acc
Thr
225

agc
ser

gce
Ala

gat
Asp

<220> <223> Synthetic construct KRED krh495 <220>
<221> CDS <222> (1)...(852) <400> 59 Page 52
SEQLI ST-0339w0310-Corr atg get aaa aac ttt tcc aat
gtc gaa tat cct gcc ccg ccg cca get 48 Met Ala Lys
r Cn Ll?he %er Asn tVaISE@LDS 39‘?@1%@@r0 Pro gro Al a 672
313 SrA0he TRl 288 siic bR LfeRt OB ¢ Hiateto oa
210Cctg ttc aaa Ctggp As 27 Leu
@n Val Leu Asp Leu Phe Lys Leu Asn 20 25 30 ggc aaa

9ag t@ gﬁéttt&t@t €€e9 ct3cadggaa atag tac 720
Glu %‘%{ASE} he, VA, @5?% G ﬁ?l%]“Tﬁfpgﬁ & g%r Ser
GIyIIeGIy yr Ala 35 40 4 ctg gcc gaa gcc ttt gcg

tta gt 03 eg ggt agtcgdgggad attal®x ggeu Al a768
Le”%ﬁ % gg ' P]ygl Y %?Waﬂgg%wew% Fle Trp
Tyr 50 ég 60 aac agc cag t gcc acc ggt a gca gag
tac gag ttg cggtigcaaagtagat terdy @ tcésmchfc Gy a& a Thrgie
Tyr ey Phss LAy p i@ ﬁﬁf‘Al‘\arJLﬂél@ SEysTyLryshT;Thr y70hi75 80
ggc 6?4 aaa gtc aag P tat aaa get adf9gtc agc tzlg
atc 8 I L Ala Tyr Lys
neliﬁ % ?\gg%%eg?fs%g&% Eﬁ% % ¥ gtg aaa cag aggt55
&’® gag cag cag af8laag gat ttt ggc cac ctg gac 336
Val Lys Gn Thr Ile du d@n dn Ile Lys Asp Phe Ay

<210> 444 s Leu Asp 100 105 110 att gtt gtg gcg aac gca ggc
<211> 2&k c cca tgg act aag ggt gca tac atc 384 Ile Val Val

<212> P

I[le Pro Trp Thr Lys Gy Ala Tyr lle

<213> A 1t1%l ng %‘g’eﬁg cag gat gac gat aaa cat ttt gac cag

<220> att gac gtc gac ctg 432 Asp G n Asp Asp Asp Lys
<223> s K'%Fz? g%cm#r@rh Val |le Asp Val Asp Leu 130 135 140
a

‘gta ggc tat gta gca aaa cat gcg ggt cgc cat

<400> 44 at cgt gaa 480 Lys Ay Val dy Tyr Val Ala Lys Hi's

Met
1
‘His
Gly
Leu
Asn
65
“Gly
val
Ile
Asp
Lys
145
Arg
Thr
Ala
Phe
Thr
225
Ser
Ala

Asp

Ala Alya @Gry PRe GGeHi ssnTyal Arg Gnu P4 n1h50rad PPo 6@ ATt ttc
h a gaa aa gc at g aa cc tt? att t¥x acg get
Trtqé’ & &' S8 P "ée'-élé”yAﬂl'a Leu

Lys Ma® Sérhfﬂé' 'ﬁhrSG‘Iy ﬂrgro 5@75G]ygf’9e "qu H49h1£ac atc
gt aac att ccq cdé ttt cag gcg acéstac aat 576 Val

Ma@é# 3 Phe Alp InVHRT A5 M@Appova@ AlPHde@m® Bym Thr
Ser E’ﬂ'l AN a1801,18 y1?95 %gGﬁP%TQa\_ élgﬁﬁa %?g %ng gt cat

gca aagotcc ctg gcc gtgrzgaa yS Al a
val (Eyy Y| L)A$ o 1Rl ByrPhes Ala v8ersdreseAlsar Vislp Glau 195
9 95

Lys ?qu ﬂw I1e Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Gln Asp Asp Asp Lys His Phe Asp GIn val Ile Asp val Asp Leu
130 135 140
Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Leu Arg Glu
150 155 160
Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175
ser Gly His ITe val Asn Ile Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 180
Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile Ser Asp Phe val Pro GIn Glu Thr GIn Asn Lys Trp Trp
230 235 240
Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Ile Ile val Asp Gly Gly Tyr Thr Leu Pro
275 280
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ttt get cct ttc gca cgt gtt aac tct gta tct cct ggc
tat att aat 672 Phe Ala Pro Phe Ala Arg Val Asn ser
Val Ser Pro &gy Tyr Ile Asn 210 215 220 acc gag atc
tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg
720 Thr du Il e SeaeQAsyr-PAMIORIcord n A u Thr G n

:ﬁ(l)i g%sn Lys Trp Trp 225 230 235 240 agc tta gtt cca ttg

<212~ pidt cgt ggt ggg gaa act gcg gaa tta gtt ggt 768 ser
«213> Artddiidiall Bsquehess Ay Arg Ay Ay Au Thr Ala Gu Leu

<220>

Val Ay 245 250 255 gcc tac ctg ttc ctg gca agt gat

. 9 C gcc acg ggc aca 816 Ala Tyr Leu Phe
w2 Rt

<221> C
<222>

p Ala AySer Tyr Ala Thr Ay Thr 260 265
270 Page 53 SEQLI ST-0339w0310-Corr gat atc att gtg

% p@% Ay Tyr Thr Leu Pro 275 280 <210> 60 <211>
83 '<212> PRT <213> Artificial sequence <220> <223>

<220> [1%? g 9c ggc tac acg ctg ccg taa 852 Asp lle Ile Val

<400> 4%synt hetic construct KRED krh495 <400> 60 Met Ala Lys

atg gct geg di"ﬁet ERIASFAVIEC §33 §34 CPE ISRl BCPICEI @ BFD Ala 48
vt K12 S M Pme e Tl AT EreBTaL B & i A ncp
Leu Phe Lys Leu Asn 20 25 30 Gy Lys Val Ala Ser lle
cat aﬁc PAR @G/ 98ertcaeflaSeng @ty ¢ g iPyttcAlaaa Q% 4a8c 45 Lewé
His Thr Ava AJIUCH 2ePHeUARSN 53 WBH ABPy-eM) BN YS VAl AP 11 e
Trp Tyr 50 55 60 Asn"Ser A n Asp Ala cr‘hr Ay Lys Ala
g?c aaa @tu PloattewtA acd yet lage Ty tcdHygeOairid g?f) tad ycd/al Lysi4
Gly Lys \Vgg Alps s &Wy’FhfL?%Wﬂea‘ AYN SeBlGlyeFlesely Jerr Abp Al a 85
90795 Val Lys An*®hr e dudn®@nile Lys Asp Phe
ctg gcc Gay ditstteychHSehg 400 ghSydalQat | R tVadg Mok #Ygardsn Al ag2
Leu Ala @ly AlaePir a1ar@InTHal Gly Aay Adp avalykld Itde TPSTIR0 125
50 Asp G n Asp AspAsp Lys His Phe®sp @ n Val Ile Asp
aac agc Yak ﬁstpgé@lécé t13Ra a‘&g cH Vﬁ\]{t ga redal Al &y
o 2 o b e e e St B ot 160
65 Arg Phe Qu70ys Au Ay Ile Eys Ay Ala Leu I8® Phe
a r 6? 179 17% Val . ser H s lle Val As
ggc gta QE C agéa cé at_ada fC t gt ag éb ag% gat gc rESS
Gly Va1;5y§ 4101 &] hfyHSEps 1@ Vi%rseés r Ser Asp 312
85 g0 95
gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 336
val Lys GIn Thr Ile Glu GIn Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
atEhgtt gtg gcg aac gca g?c atc cca tgg act aag ggt gca tac atc 384
Ile val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
gat cag gat gac gat aaa cat ttt gac cag gtg gtg gac gtc gac ctg 432
Asp GIn Asp Asp Asp Lys His Phe Asp Gln val val Asp val Asp Leu
130 135 140
aaa ggc gta g?c tat gta gca aaa cat gcg g?t cgc cat ttt cgt gaa 480
Lys Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
cgt ttc gaa aaa gaa g?c aaa aag g?c gcc ttg gtt ttt acg gct tcc 528
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175
atg tcg g%t cac atc gtt aac gtg ccg caa ttt cag gcg acc tac aat 576
Met Ser Gly His Ile val Asn val Pro Gln Phe GIn Ala Thr Tyr Asn
180 185 190
gcg gcc aag gca g?é gtg cgt cat ttc gca aag tcc cig gcc gtg gaa 624
Ala Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
ttt gct cct ttc gca cgt gtt aac tct gta tct cct g?c tat att aat 672
Phe Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
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acc
Thr
225

agc
Ser

gcc
Ala

gat
Asp

<210>

180 185 190 Ala Ala Lys Ala Gy Val Arg H's Phe Al a

Lys ser Leu Ala Val Gu 195 200 205 Phe Ala Pro Phe

Ala Arg Val Asn Ser Val ser Pro Gy Tyr Ile Asn 210

215 220 Thr GQu lle Ser Asp Phe Val Pro G n du Thr

A n Asn Lys Trp. TrpSEQ@25T-23693302¢0°r ser Leu Val Pro
20 eu @y Arg G918y Gu Thr A28 u Leu Val Gy 245
gag 2R 280 gafl BecTtc lRY ENegl£UcA &aSaht ASR gat%y S€r720
GluTire 2¢raAShrrH@ yaTirro @G0GROTh2 7€InAspn Iye tipe TRl Asp

Ay Ay Tyr23bhr Leu Pro 2733380 <210> 61 <244> 789

22, 32aPVeloh f A& %&%g c %§o> <288

tt b tt 768

S el s hestodhy d-Esn (51 Bl e M),
(1)...(789) <400> 61 at@d>@at ccg gat ttaz¥aa g 9a aaa

c t_att aca a get get,_48 Mt Tyr Pro Asp

t T t tee t 816

TorLid W VA LA CURR B EE e groaiontt A pad
54 SEEQL| ST- 0339\/\0318-mrr 15 10 15 270a dgg ctc gga
aa c%g atg gcc att cgc ttc ggc aag gag cag gca 96

atc g C CAP 2ty gg%rg Phe Gy Lys 853

ﬂeéﬁé %n%&g ogi%ﬁﬁ%ag@sg{’gggu atc aac tat tat agt

aat aaa caa gat ccg aac gag gta 144 Lys Val Vval lle
4§sn Tyr Tyr Ser Asn Lys A n Asp Pro Asn G u Val 35 40

<211- 2¢© aaa gaa gag gtc atc aag gcg ggc ggt gaa get gtt
<212> pgtc gtc caa ggga 192 Lys GQu Qu Vval Ile Lys Ala Ay

<213> Agiyidal sequevaé val Val Gn Ay 50 55 60 gat gtc acg

<220>

aaa gag gaa gat gta aaa aat atc gtg caa acg gca att

<223> sytfetSRoY@rydhr Lys Au Qu Asp Val Lys Asn Ile val

kKREDNkAHB87Al a |le 65 70 75 80 aag gag ttc ggc aca ctc
at att atg att aat aat gcc ggt ctt gaa 288 Lys Gu

<400> 4
et 12 0% A0 BRC e R SBL e, S e P Bed Ma B Mg e

His
Gly
leu
Asn
65

Gly
val
Ile
Asp
Lys
145
Arg
Met
Ala
rhe
Thr
225
Ser
Ala

Asp

Thr agg clggegatenddn glad BA6 Asp\reuPrite Vb 1RuoaSer Hi s
€] t _Pro Leﬂ‘L Aop Trp Asp _Lys. Va0 100 105 110
Lys ol AlGe s g 5al £1Y 5 41 SSECW £14 CAYGHA AR cot
?aasmaa éﬂthﬁ@tA138§gn val Gly Ala Asp val Ala Ile Trp Tyr
60
Ser His Asp Ala Tgr Gly Lys Ala Glu ?1a Leu Ala Lys Lys ggr
7 5
val Lys val Egs Ala Tyr Lys Ala Sgn val Ser Ser Ser Asp Ala
95
Lys Gln Thr Ile Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Gln Asp Asp Asp Lys His Phe Asp GIn val val Asp val Asp Leu
130 135 140
Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
150 155 160
Phe Glu tys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175
ser Gly His Ile val Asn val Pro GIn phe Gln Ala Thr Tyr Asn
180 185 190
Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 _ 205
Ala Pro Phe Ala Arg val Asn ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile ser Asp Phe val Pro Gln Glu Thr GIn Asn Lys Trp Trp
230 235 240
Lteu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Giu Leu val Gly
245 250 255
Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Ile ¥le val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 47

<211> 855
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<212>

Ile Gy Thr Asn Leu Thr Ay Ala Phe Leu Ay Ser Arg
GQu Ala Ile 115 120 125 aaa tat ttc.gta gaa aac gat
atc aag gga aat gtc att aac atg tcc 432 Lys Tyr Phe
Val GQu Asn Asp Ile Lys Ay Asn Val Ile Asn Met Ser
130 135 140 agt gt gSERESTHR3grepidttott tgg ccg tta

DYA t . C ca 480 Ser Val Hs Qu val Ile
25 AR Bdek 0 9

Phe Val H's Tyr Ala Ala 145 150 155

<220>- 160 agt aaa ggc ggg atg aag ctg atg aca gaa aca tta
<223> i@ﬁt&%gaa‘tm@ 528 Ser Lys Ay Ay Mt Lys Leu Met
r

hr Leu Ala Leu Gu Tyr 165 170 175 gcg ccg

<220> aag g 9c att cgc gtc aat aat att ggg cca ggt gcg atc
<221> CRfac 576 Ala Pro Lys Ay Ile Arg Val Asn Asn Ile Ay
<222> (Bro-E&3Aa 11e Asn 180 185 190 acg acg atc aat get
<400> 4Pag aaa ttt get gac cct aaa cag aaa get gat 624 Thr

atg
Met
1

CE_.lt
Hls

ggc
Gly

ctyg
Leu

aac
Asn
65

&

gt
va

att
Ile

gat
AsSp

aaa
Lys
145

cgt
Arg

atg
Met

gcg
Ala

Ottt
Phe

get THaa hde tAsnaddl aatlgtclys lPhe dragdspelrarglys Ged Lys 48
Alaplys Astp Phe55€200sR 081 g6 grp PagcAte @ratRrocerp alg gga
tat atc dgc gaa ccg gag gay atc 672 Vval dl ser Met
acclda@ BiO Bt ¥rd Wagl 4@ Gty dahtlUcty 8 dhaG 4y Lhe 210 g¢
Thr 235 R90 GjucsqgcheytcdAngea Qe AsggLal Phgalyst cei aag gaa
gcc afft tac gtc aca 720 Ala Ala Val A3 Ala Trp Leu
aaa A2 @8 te¥Saild Y AR SHc TN 8! odhh @2% 280 égg 240 144
sedh BY hon hidrall 3L Seoduniadinant B8 (i
cét tca ttc 768 @49 Ile Thr Leu PhasAla Asp Gy Gy

gcc(’%;gata Tpr tggn c‘l%/r Preg Sger P@e 92é5 250 255c cag, gea ggc192

25 8 ATobikaltd o 400 s MR g Ho el ios

5062 Page 55 SEQL$ST- 0339w0310-Corgy  <211> 261 ¥212> PRT
<213> Artificial sequence <220> <223> synthetic

wrE R i W B

Ser Ay Leu Gy Lys Ala Met Ala Ile Arg Phe Ay Lys
gt% @asg 9}’]2 aAf PCEOLPE ag@ 9qtysat/gtc\gic the agntay gcdyr Se288
Val &g8 Y35 L A Prys AR 651, Vo Serssen@ersTYS 18 u G u

Val Ile Lys Ala Ay Gy u Ala Val val vVal" A n Qy
aaa 3gbactt@tt Asyy ¥ad cibratdcysaddgat @t Agp oMal ctgygadsn | 1336

Lys\&n Fhn ITa Gl 1 n Ile Lys Asp Phe Gly His Leu Asp
VN Thin TTArGTA G (6 Ile His

gtt gtg gcg aac gca ggc atc cca tgg act aag g?t gca tac atc 384
val Xi; Ala Asn Ala Gly igg Pro Trp Thr Lys Gly Ala Tyr Ile
125

cag gat gac gat aaa cat ttt gac cag gtg gtg gac gtc gac ctg 432
Gln Asp Asp Asp Lys His Phe Asp G1n val val Asp Val Asp Leu
130 135 140

ggc gta g?c tat gta gca aaa cat gcg ggt cgc cat ttt cgt gaa 480
cly val Gly Tyr ng Ala Lys His Ala ggg Arg His Phe Arg Glu
160

ttc gaa aaa gaa ggc aaa aag g?c gcc ttg gtt ttt acg gct tcc 528
Phe Glu Lys gég Gly Lys Lys Gly ?13 Leu val pPhe Thr Ala Ser
70 175

tcg g?t cac atc gitt aac gtg ccg caa ttt cag gcg acc tac aat 576
Ser Gly His Ile val Asn val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190

gcc aag gca g%c gtg cgt cat ttc gca aag tcc ctg gcc gtg gaa 624
Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205

gct cct ttc gca cgt gtt aac tct gta tct cct gge tat att aat 672
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 o215 220
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65 70 75 80 Lys Qu Phe Ay Thr Leu Asp Ile Met Ile
Asn Asn Ala Ay Leu GQu 85 90 95 Asn Pro Val Pro Ser
Hs Qu Met Pro Leu Lys Asp Trp Asp Lys Val 100 105
110 Ile Ay Thr Asn Leu Thr Gy Ala Phe Leu Gy ser

acc gagAr d ugAI a |l eJC 11?012& 1%35% prdd ym Phe Val gg? 24857(120
s Sl P et 1 aintbe e e 1

Tyr Ala Ala 145 150 155 160 ser Lys Gy Gly I\/Iet Lys

agc ttaL NVER ttarggg G9Tiget iﬁgugqg gaqygtal: 175 758
ser Leu {a] Pty LEBEOTA 970 (1Y 4 %ﬁ RS Y 1 '§
AIaIIeAsn 180185190 ThrIIeAsn aGIuLys
gce tac Ritg pta chgmdar agtlgst@ay b s tAkata&SHcc 1H2h @0aldH5 Vadle
Ala Tyr diey LetATR) éerpﬁém\%@ S’FVrTMfI alg &grcﬂy ho G u
du fie 210 215 220 Aa Ala Vval 2 Trp Leu Al a
gat atc Sat gus g&t W @g’;cS&bcTaﬂg ved c'EBrtaa22§a 230 235 240 dgss
Asp I1e|3ﬂ Tt Ase s IpPhe )AITw‘ﬁEhm‘ @y PEby Met *Thr A n Tyr Pro
Phe 245 250 258° dn Ala Ay Arg Gy 260 <210> 63
<211> 789 <212> DNA <213> Artificial sequence <220>
<210> 48&223> synthetic construct GDH 2331 <220> <221> CDS

211> 2
ol 28%22> (1)...(789) <400> 63 atg tat ccg gat tta aaa g

g get att aca gga get get 48 Met Tyr Pro
213> ﬁqfa@%} Eg%& E§/ Lys val Val Alalle Thr Ay Ala Ala 1

<220> 10 15 tca ggg ctc gga aag gcg atg gcc att cgc ttc

<223> S %@k%%g@&‘gt”éﬁb gca 96 ser Ay Leu Ay Lys Ala Mt
Arg Phe Ay Lys GQu Gn Ala 20 25 30 aaa gty

<400> 4gtt atc aac tat tat agt aat aaa caa gat ccg aac gag
Met Aladtys Asm Pht;ﬁ@rvmn val G1IueT>ﬂtsrﬁ’r6yAﬂaTyro $ep mmnAleys €] n

1 Page | ST- 033 18 Corr
His Thr‘ﬁ%@4 {iPq a anséafatl%agllgt\%qa%eu gga eélgpléegzyaglteu gn get gtt
Gly Lys %tzgd gt seaaﬂggﬂwl%y Ser Asn Ser Gly Ile Gly Tyr Ala

45
_ Leu ?ga Glu Ala Phe Ala §1n val Gly Ala Asp Vgl Ala ITe Trp Tyr
5 6

Ash Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 75 80
Gly val Lys val égs Ala Tyr Lys Ala Sgn val Ser Ser Ser Tyr Ala

95
val Lys GIn Thr Ile Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
ITe val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Asp GIn Asp Asp Asp Lys His Phe Asp Gln val val Asp val Asp Leu
130 135 ) 140

Lys Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val phe Thr Ala Ser

165 170 175
Met Ser Gly His Ile val Asn val Pro Gln Phe GIn Ala Thr Tyr Asn
180 185 190
Ala Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
- Phe Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220

Thr Glu ITe Ser Asp Phe val Pro Gln Glu Thr GIn Asn Lys Trp Trp
225 230 235 240
ser Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly

245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 49
<211> 852
<212> DNA
<213> Artificial Sequence
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<220>

Lys Qu GQu Vval Ile Lys Ala dy Gy Qu Ala Val Val
Val dn Gy 50 55 60 gat gtc acg aaa gag gaa gat gta
aaa aat atc gtg caa acg gca att 240 Asp Val Thr Lys
GQu Gu Asp Val Lys Asn lle Val dn Thr Ala Ile 65 70
75 80 aag gag ttc TRIatd36PeogatCatrt atg att aat aat
gcc ggt ctt gaa 288 Lys GQu Phe Ay Thr Leu Asp Ile

<223> siitheti@ cOasciel Ala Ay Leu Gu 85 90 95 aat cct gtg

KR#ma ktlet26cac gaa atg ccg ctc aag gat tgg gat aaa gtc
336 Asn Pro Val Pro Ser Hs Gu Met Pro Leu LyS Asp

:%%% cddp Asp Lys Val 100 105 110 atc ggc acg aac tta acg
<222> (Ugt..ges)ttt tta gga agc cgt gaa gcg att 384 lle Gy

<400> 4

atg
Met
1

CE:.lt
-H1s

aly

ctg
Leu

aac
Asn
65

ety

gt
va

att
Ite

gat
Asp
aaa
Lys
145
cgt
Arg

atg
Met

qcyg
Ala

ttt
Phe

acc
Thr

Thr Asn Leu Thr Gy Al a Phe Leu Ay Ser Arg Au Al a
gct .Jla% %éLCSt%gOa 1c25 ta%g t at é@%g%%aa aac gat atc aag
1 gtderah v@ r g

Ala As o ysiGI yg BTk E&%ngfgs@% 135
140 agﬁ §tg cac gaa gtg att cct tg ccgttattt gtc -

ST (O SRS S R i e

aaa gyctggg tatg aag ctg atg aca gaa aca tta gcg ttg
aaa spatc KgE agoyady \FCpEqgc 9Bt umgmr A ul44
Lys # %ﬁ SA L ke g 485 Sf'?OG?i’ g% léggé BegAlag ggc

att cgc gtc aat aat att ggg cca ggt gcg atc aac 576
gcc Aaa §rto thy oGl g et ¥ed gAsrgtAsocd laecGgy Pao Gy 192
Ala gly Al Phe e '5*[8’51 /1%5 A&@SEC‘%&%E& dae U¥ Tyaa aaa

50ttc get gac cct aaa cag aaa get gat 624 Thr Pro lle

agc Ast gdmgtt laclcy§?tpﬁ@a/§c@ 48P gPE ctlgy §ctGaBa lass AR ASpP 240
Ser 135 290A20TFhgcelwans dgje aty AéatLechﬂaatLgsgga rat atc
ggc gaa ccg 7gag gag atc 672 “Ala Gu Ser Met $%e Pro
gta b G adyTgck! €a1CGa¥a G BAO & Uidd Hed la Gt g4 g&é 220 g3
val ggs gcla Lgﬂ; algCeyigtys tAJg &éd VgiBtSeIr'Cgeraagr T& agc
tac gtc dta 720 Ala Ala &l Ala Ala Trp L%u Al a Ser

aaa I'éé ﬁf" aﬁ% geéag-rﬂig \{aaclc %—% Q%E tt% 3?2%gc240 3 ¢ gt C336

Lys&;ﬂ TﬁraI a%n dde Adp Phac 'i—l"i‘s tca
ttc Ay Val Thr 10su Phe Al a Asp t Thr
gtt g V% éa Pro Ser Phe 245 250 255 ca gc c ggt 84
e 1,118 551 higes ]fz-f C<o11

<21 > PRT 2 f| cial "Se nce > <223>
Synt heti c construct GDH 2331

cag gat gac gat aaa cat ttt gac cag gtg gtg gac gtc gac ctg 432
Gln Asp Asp Asp Lys His Phe Asp GIn val val Asp val Asp Leu
130 135 1490
g?c gta g?c tat gta gca aaa cat gcg ggt cgc cat ttt cgt gaa 480
Gly val y Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu

150 155 160
ttc gaa aaa gaa g?c aada aag ggc gcc ttg gtt ttt acg gct tcc 528
Phe Glu Lys Glu Gly Lys Lys Giy Ala Leu vVal Phe Thr Ala Ser

165 170 175
tcg ggt cac-atc gtt aac gtg ccg caa ttt cag gcg acc tac aat 576
ser Gly His Ile val Asn val Pro GIn Phe GIn Ala Thr Tyr Asn
180 185 190
gtc aag gca g?c gtg cgt cac ttc gca aag tcc ctg gcc gtg gaa 624
val Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205

gCt CCct tic gca cgt gtt aac tet gta tct cct g?c tat att aat 672
Ala Pro phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
gag atc tet gat tic gtc ccg caa gaa aca caa aat aaa tgg tgg 720

Glu ITe ser Asp Phe val Pro GIn Glu Thr GIn Asn Lys Trp Trp
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225
agc
ser

gcc
Ala

gat
Asp

<210>

Page 57 SEQLI ST-0339w0310-Corr <400> 64 Met Tyr Pro
Asp LeU Lys Ay Lys Val Val Alalle Thr Ay Ala Ala 1
510 15 Ser Ay Leu Ay LyS Ala Met Ala Ile Arg Phe
Gy Lys u @n Ala 20 25 30 Lys Vval Val Ile Asn Tyr
Tyr Ser Asn Lys G nsEBpSProd3fe3iG@corval 35 40 45 Lys
Gu du Val?3%e Lys Ala Ay23y Au Ala val V4P val

tta @t QY ¢ Sc RSl gV val L

Leu?&ﬂ bhee L ﬁl%% ngg%‘?yﬁg% E%%Eﬁ%ﬁ%g%%t yﬁﬁ%?b u Phje/G%
Ay Thr 2teu Asp Ile Met PP@® Asn Asn Ala @3 Leu Gu 85

9 0 | _Pro s Hs GQu Mt Pro leu Lys

tac o A ysS.

et ws el b SbHa At ot ag S e T

Gy 2@ Phe Leu Ay S5 Arg u ‘Ala Ilwo 115 120 125

tL Tyr Phe Val G u Asn Asp Ile Lys Ay Asn Val Ile

%ﬁé% 3;% ,g\%rg%%g?%%ﬁgﬁ? c écgaTi‘aHi s du Val Ile Pré>?
“B7s Pro Leu Phe VakoH's Tyt APa Ala 145 150 155 160

y

ser Lys Ay Ay Met Lys Leu Met Thr Gu Thr Leu Al a
sg-eu du Tyr 165 170 175 Aa Pro Lys Ay Ile Arg Val

<211> 28N Asn Ile Ay Pro Gy Ala Ile Asn 180 185 190 Thr
<212> PpEAro Ile Asn Ala Qu Lys Phe Ala Asp Pro Lys A n Lys

<213> Anyifigiyd Sq@@mnee0 205 Ala Gu Ser Met lle Pro Met Ay
<20 1yr lle dy Qu Pro Qu Qu Ile 210 215 220 Ala Ala

<223> syfaheBAcoh&rlep Leu Ala Ser Lys Gu Ala Ser Tyr Val

KRHor krt326 230 235 240 dy Val Thr Leu Phe Ala Asp Ay

<4005 S(g y Met Thr Leu Tyr Pro ser Phe 245 250 255 dn A a
Met Ala Pv¥ A0 6Rsn T 6$g< > 78 23 DNA, <213>
i 2 Aryt i fi cinT %éqgsenngéioi% 3 ﬂéé“!z’s&ﬁ? Eég’i gocénst ruct

His
Gly
Leu
Asnh
65

Gly
val
Ile
Asp

Lys
145

. Arg

Met
Ala
Phe
Thr
225
ser
Ala

Asp

Thr GDH 22791« 220>L e1< 324 alDEe 1< 2321 i1 Phe LYEE%B AsH00> 65

Lys g?1 Ala ser Ile Thr ggy Ser Asn Ser Gly Ile Gly Tyr Ala
45
géa Glu Ala Phe Ala g;n val Gly Ala Asp gg] Ala Ile Trp Tyr
Ser His Asp Ala ;gr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
75 80
val Lys val ggs Ala Tyr Lys Ala gsn val ser Ser ser Asp Ala
0 95
Lys GIn Thr Ile Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Gln Asp Asp Asp Lys His Phe Asp GIn val val Asp val Asp Leu
130 135 140
Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
150 155 160
Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175
Ser Gly His Ile val Asn val Pro GIn Phe Gln Ala Thr Tyr Asn
180 185 190
Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile Ser Asp Phe val Pro GIn Glu Thr GIn Asn Lys Trp Trp
230 235 240
Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
Tyr teu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Ile Ile val Asp Gly Gly Tyr Thr Leu Pro
275 280 '

val

<210> 51

<2131> 852

<212> DNA

<213> Artificial sequence

<220>
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atg tat ccg gat tta aaa gga aaa gtc gtc get att aca
gga get get 48 Met Tyr Pro Asp Leu Lys &gy Lys Val
Val Ala lle Thr Ay Ala Ala 1 g 5 10 g 15 ser Ay Leu
G a aag Ala Met Ala@siﬂle A%angy@%s GQu An Ala caca 96
Q.Ly 25 Phe vy L3BT Wy Ugterratc aac tat tat
<223 ﬁ%ﬁ'ﬁ%{oggé{gg’"@éﬁ gat ccg aac gag gta 144 Lys Val Val
IlTe Asn Tyr Tyr Ser Asn Lys G@n Asp Pro Asn Au Val 35
<220> 40 45 aaa gaa gag gtc atc aag gcg g ¢ g t gaa get gtt
j%%%;% c gﬁgﬁ)caa gga 192 Lys Gu du Val lle Lys Ala Ay
Yy dUu“Ala Val val val Adn @y 50 55 60 gat gtc acg
<400> Shaa gag gaa gat gta aaa aat atc gt caa acg gca att 240
atg QCtﬁg 34 CTRradsysa@aic@aps Asp oval gtoyschsmgl tea Yak A n 48
Met Alahys Ay PEFeS afen 58] %Fﬁ-"@'%@‘ﬁo@[@-”@@r pro gta 7o 75
80 C

i ‘
aag gag ttc ggc aca cfc gat att atg at}’ aat aat

cat acc gmytyagtitcagatg 288 gtaystddgatPey @y abar ctedadsp || @6
H1S Thrﬁg ‘1\%&? GAY nSefis he\GAN (YAl Lew ASPuL86 PBO 195 Leinfsect gtg
cca tcl cac gaa atg ccg ctc aag gat tggPgat aaa gtc
ggc aaa 336 gApRcPrarcVate Bg@ R' akt Scd dydVBit Jg@ U gkyS ASPig4
G?y Lys Mag Nsi]oSEysIMaTFhli@gylsﬁ" Ad10 Seatgtl;yggd:e dg Hg&cgﬂga acg
gdf gcc ttt tta ggdlagc cgt gaa gcg4att 384 Ile Ay
ctg gee YAk te€UchhEadFg¥t 0L e Uy & Gy Aa
Lell Ala Idle ﬁgpma&?észgaa%’% < g@ba?/zgaé% Aaegpl a0 aag G-
5093 aat gtc att ¥ac atg tcc 432 @0ys Tyr Phe Val du

Lledys,a g val 1le Asn Met Ser 130 135

tp 2o 30 A shu el O O sbe e iBles dhal B o 2

65 cac tat gcg7gca 48 Ser Val 76is G u Vval I'le o Trp

. ggc gta Prég @uanécVal r:%sa%cri Al aggl a 145c150t155 160 agt288
C t t ttg’

Gly val gaa tac LgQS.I sg; ng y%?y E/Z%galié%%(l_ggﬂ %gﬁr Gu

Thr Leu Ala Leu Gu Tyr 165 170 175 gcg ccg aag ggc

Y
gtg aaa gag At PY28af2h 489 ATC gatatigy Catl® gac 576 336
vl Uys &1 Fro 9 SHEGIRE f}gg O ARG Y 1SS AFD G v
Ala Ile Asn 180 185 19 acg cca atc aat get gaa aaa
att gtr ot aga@cacy9ndsc cag ben agetaagatgyda T aBro || 384
Ile val ﬁg %éga”‘%‘ Lf‘1E‘y§?yPIi%8ﬁ‘"3 B&H TPF d-Msy if“ﬂa[@@ Ala Asp
200 205 gcc gaa agc atg att cc tg gga tat atc
gat cag ggt @EAagatagadaigagt ajae 64 gt drgGhac 98E gt ctde Pros2

Asp GIn KEp Agpy ATy rLyB| i;selppe @sg Fhovd wadl asn Vel 245 b 220

130 gcc gea gta geogce tgg ctt getl40cg aag gaa gec agce

aaa ggc lg88 HcCracyrh26ca AbR Ak lggf AL ThP dUgdl a Serygg
Lys Cly Nyb QlyuTyF vaSerTaTyye ws%gﬂgsﬁﬁsm 28be 24 QRyC gt C
145 acg tta ttd3fcg gac ggc ggt 18%g aca caa tat &6? tca

cgt tcc LS a7a6c189a§g¥; V@el EQ eu Fé']%t tA%Pt g (%tyt Met Thr528
Arg Ser Gl E&ﬁrggg(t1§e[y§3 ?é Gly %}g Leé“é§1 Phe Tﬁ§ g1a Sgg
175

atg tcg g?t cac atc gtt aac gtg ccg caa ttt cag gcg acc tac aac 576
Met Ser Gly His ITe val Asn val Pro Gln Phe Gln Ala Thr Tyr Asn
180 185 190

gcg gtc aag gca gtj;c gtg cgt cat ttc gca aag tcc ctg gcc gtg gaa 624
Ala val ligg Ala Gly val Arg %(SJ Phe Ala Lys ser Leu Ala val Glu
205

Tttt gct cct tic gca cgt gtt aac tct gta tect cct g?c tat att aat 672
. Phe 3\113 Pro Phe Ala Arg \zlﬂ Asn Ser val Ser Pro Gly Tyr Ile Asn
220

 acc gag atc tct gat tfc gtc ccg caa gaa aca caa aat aaa tgg tgg 720
Thr Glu ITe Ser Asp Phe Val Pro GIn Glu Thr GIn Asn Lys Trp Trp
225 230 235 240
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agc
ser

gcc
Ala

gat
Asp

245 250 255 cag gca ggc cgc ggt taa tga 789 Gn A a
Ay Arg Gy * 260 <210> 66 <211> 261 <212> PRT <213>
Artificial Sequence <220> <223> synthetic construct
GDH 2279 <400> 66 Met Tyr Pro Asp Leu Lys GlyLys Val
Ala Ile Thr QASST-ABIWEAP-T@ry Leu Ay Lys Ala

tta vaal t G@E it a a t 68
S BRSO B SR R ] AR

. Gltu Val £5 40 4&3/ tLys Gu Gu%/aal Ile Lys Ala Ay (%Il)g

ac §tg M Q cval99afdVEaRt QY gk gec acyg gge aca

Tr g@@_ L6%4dR03T0 e r 25"‘5‘ %%9/5%'"6 '"Aéba@g THr WGs @ u
GQu Asp Val Lys Asn Ile Val Gdn Thr Alalle 65 70 75

atc gat g aef @ Pheg@tyCTdmg tea cagptdd e Met Ile Asn Asn 852

ﬂeég? é%/”‘ﬂé& & G %§§g§@5Le%§ﬁ°Pr"b Val Pro Ser Hs du

Pro Leu Lys ASp Trp Asp Lys Val 100 105 110 Ile

@y Thr Asn Leu Thr Ay Ala Phe Leu Ay ser Arg Gu

<210> 5y a Ile 115 120 125 Lys Tyr Phe Val Qu Asn Asp Ile
21> 28%s gy Asn val Ile Asn met Ser 130 135 140 Ser Val

<213> Atii$iE8a Yéduehke Pro Trp Pro Leu Phe Val His Tyr Ala

<223>

Ala 145 150 155 160 ser Lys Ay Ay Mt Lys Leu Mt

<220> Thr Qu Thr Leu Ala Leu Gu Tyr 165 170 175 Ala Pro
Synthe
K

mMet
1
His
Gly
Leu
Asn
65
Gly
val
ITe
AsSp
Lys
145
"Arg
Met
Ala
Phe
Thr
225
ser
Ala

ASp

kﬁﬁog?rl'setrﬂ% Val Asn Asn Ile Ay Pro Ay Ala lle
Asn 180 185 190 Thr Pro Ile Asn Ala Qu Lys Phe Al a

Ala \wE A§ne PR Sefpts
Thr 439 £&oa
du XMa S

<400> 52Asp Pro Eg/s d nr(Layls Ala Asp 195 200 205 Ala Gu Ser

g1 Bl Tye P yAla B"@ﬁ’@%ﬁé@ S lle
/ &a

£&erAl@ A1 WAl L&l ash @uThige ltgg astEr Lys
er Tyr Val T3r 225 230 235 2 y Val Thr

Lys |Vaj #veSar éhﬁ]@ﬂ%y Gey At SThrG1@ BlawlyPhvo Sbr Phe
Ala E Eﬁopﬁé%a%fn A QGq’iyyAﬂ Qs&%’g#ﬁ@a Ile Trp Tyr

50
Ser His Asp Ala Thr Gly Lys Ala Glu ¢1a Leu Ala Lys Lys g%r
70 5
val Lys val Egs Ala Tyr Lys Ala Sgn val ser Ser Ser ggp Ala
Lys GIn Thr Ile Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
GIn Asp Asp Asp Lys His Phe Asp GlIn val val Asp val Asp Leu
130 135 140
Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
150 155 160
Ser Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala ser
165 170 175
Ser Gly His TIle val Asn val Pro GIn Phe GIn Ala Thr Tyr Asn
180 185 190
val Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala Pro phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile ser Asp phe val Pro GIn Glu Thr GIn Asn Lys Trp Trp
230 235 240
Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Ile Ile val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 53

<211> 852

<212> DNA

<213> Artificial Seguence

<220>
<223> Synthetic construct

'KRED krh417
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<210> 67 <211> 789 <212> DNA <213> Artificial

Sequence <220> <223> synthetic construct GDH 2379
<220> <221> CDS <222> (1)...(789) <400> 67 atg tat
ccg gat tta aaa gga aaa gtc gtc get att aca g a get
get 48 Met Tyr ProSERpSTels3lys310t¢orirys Val Val Al a

w2 1€ Thr Ay Ala Ala 1 5 10 15 tca ggg ctc gga aag gcg
<221> ced g gcc att cgc ttc ggc aag gag cag gca 96 Ser dy
<222> (Leu.@52)Lys Ala Met Ala Ile Arg Phe Ay Lys Gu A n

<400> 53A‘I

atg
Met
1

cat
H1s

STy

ctg
Leu

aac
Asn
65

ety

gt
va

att
Ile

gat
Asp G
aaa
Lys
145
cgt
Arg

atg
Met

gcg
Ala

ttt
Phe

dccC
Thr
225

agc
ser

a 20 25 30 aaa gtg gtt atc aac tat tat agt aat aaa

A3 9 ¢¢t% a&tg Y§cValk n Tyr
get AR S8l EER M UR LE crvBeo Bt Mo Ll gton Tyl e
gaa gag §tc atc aag gcg gie gyt gaa get gtlS gtc gtc

2 5 et St { e o
e 4 I of i A s sasofihal ook e gag °
gaa gta aaa aat atas gtg caa acg gcaoatt 24
aaaé@% %’é @gs Gu d ut VaI % ysS Asn ’LI e5VaICC(éEIg Thr 144
t t att
Ly att Saat aa?ﬁC gq igga SQE %q g e Ay
Thr LeuAspIIeI\/btIIeAsnAsnAIaGIyLeuGIu859O

gcc EtY TEATL g §a9 ccta9 zay gat 192

“a% %@ G E%‘%w A Bt ¢ooay 3? I# &2f TS T bt
Pro Leu Lys Asp Trp Asp Lys Val Page 60

agc SEQ 9BTI06Iwogdt0adargca &P gt05cthl fcataeagaa agy aac 240

serfig %%A&@tT;ggE % LYstAla ghh "%PCL%‘QNQ;&HSM 5@ 384
Ile Ay Thr n Leu Thr Ay a Phe Leu Gy S

gta Gad dt@ahy eyctltatldfa lgth aa@ ghatadd €cPlatopa ga§ gat 288

val 416 %ﬁig ngaﬂaafyrgws & agrc Val gsdrceed 32r ATyr Phe
val n Asp Ile Lys @Y Asn val 1le AS? Met Ser

aaa 13 é§5aiﬂ a@9%taPclg CAe 9 t t tta

Lys teﬂg mliha%1ga¢1%egg glla 4%2%%%&8&2 5%&; %%u%ggl Il e336
Pro 3%} Pro Leu Phe V5 His Tyr Al a Al1d0145 150 155

5 ) EE I S i Gt L

GI u Thr Leu AllaOLeu Au Tyr 16525170 175 gcg ccg

C aat aat att cca atc
o dif ettt e e B g e B T o v

130 Pro

g?c gta g C tat gta gca aaa cat gcg ggt cgc cat ttt cgt gaa 480
y val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
150 155 160

ttc gaa aaa gaa g?c aaa aag g?c gcc ttg gtt ttt acg gct tcc | 528
Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175

tcg g?t cac atc gtt aac att ccg caa ttt cag gcg acc tac aat 576
Sser Gly His Ile val Asn Ile Pro Gin Phe GIn Ala Thr Tyr Asn
180 185 190

gcc aag gca g?c gtg cgt cat ttc gca aag tcc ctg gcc gtg gaa 624
Ala &gg Ala Gly val Arg 283 Phe Ala Lys Ser Leu Ala val Glu
205

gct cct tte gca cgt gtt aac tct gta tct cct g?c tat att aat 672
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220

gag atc tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720
Glu Ile Ser Asp Phe val Pro GIn Glu Thr Gln Asn Lys Trp Trp
230 235 240

tta gtc cca ttg g?t cgt g?t g?g gaa act gcg gaa tta gtt ggt 768
Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
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180 185 190 acg cca atc aat get gaa aaa ttc get gac
cct aaa cag aaa get gat 624 Thr Pro Ile Asn Ala Qu
Lys Phe Ala Asp Pro Lys A n Lys Ala Asp 195 200 205
gta gaa agc atg att cca atg gga tat atc ggc gaa ccg
gag gag.gtc 672 VabEQIHT S8 It 10t CerrPr o l\/bst Qy Tyr
Ile Ay uProduGu P 21021522093% gca gta
cc tac € ctgJoct b tt @At HC Gealicdt akg aca gig
gTa Tyr% gme aeglg%avagg%ga g%a%‘?’?pselrewmgaase# E%ST&U Al a
Ser ¥4 val Thr 225 2% 235 240 ggc &% acg tta ttc

atc QG ~a t t tcattc 768 dy

gg; I'lequ% g‘% g&g%%g?%%ﬁﬁé% %E@ %%ytﬁt Thr @n Tyr Pro 852

S Phe 245 250 2980 cag gca g 9c cgc ggt taa tga 789

Gn Ala dy Arg Ay 260 <210> 68 <211> 261 <212> PRT
<210> 54213> Artificial sequence <220> <223> synthetic
<211> 28bnstruct CDH 2379 <400> 68 Met Tyr Pro Asp Leu Lys
<212> Pg.;{c.L s Yal Val Ala lle Thr Gy Ala Ala 1 5 10 15
<213> Are1r1é/a§/ E/%‘EJUE@IC§ Lys Ala Met Ala Ile Arg Phe Ay Lys
<220> GQu dn Ala 20 25 30 Lys Val Vval Ile Asn Tyr Tyr Ser
<223> SmheEﬁﬁs cehstridsp Pro Asn Gu Val 35 40 45 Lys Qu Gu

KRER kh4d7 ys Ala Gy Gy Gu Ala Val Val Val Gn Gy
<400> 560 55 60 Asp Val Thr Lys Qu Gu Asp Val Lys Asn lle

Met Ala\als @mpPRarsedl asd val & 7O Pro80la bys Goupinal1sd y Thr
1 Asn Mn Al a Gl\éhLeu di 85 90 95

- Leu As le Met Il

His Thr Ayg %’gG\félseﬁrbe“Sg n ? EfY) ARRLLaEr Bhe dy LR ASH Trp
1 AMes s¥alT1 e 198 il Q@ oy ThY for Ay
o Lysg%g PT)r?zsLeuI 5 y 5£§Arg ’é; uAIea ?I]Iye4sePagg E?UA

Leu gga SEAKTPO8IIROBID Vabrely Alis Aspovai2sla e Tyr TPhe Val

- 1] 199 | n_Met Ser 130
’éé“ Serclﬁéé 1 oAﬁ%grnga }ﬁﬁg%ﬁ%ué@gl?\! Il‘ee upg%ﬁ%y B llﬂ}rsoSg{éu Phe
Gly val \lys WIsLTyrATAl yrAlLas AD4SA950alerl66r sSeradpyalddy Ay

8 Au Tyr 165
‘val Lys Llrﬁg %IE’?%T%&] nTlg[InG{I(l)% E&sr AESUPH%I g’IyL(?lillics) Leu Agp
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125 _
Asp GIn Asp Asp Asp Lys His Phe Asp Gln val val Asp val Asp Leu
130 135 140
Lys Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val phe Thr Ala Ser
165 170 175
Met Ser Gly His ITe val Asn Ile Pro Gln Phe GIn Ala Thr Tyr Asn
180 185 190
Ala Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Phe Ala Pro Phe Ala Arg val Asn Ser val ser Pro Gly Tyr Ile Asn
210 215 220
Thr Glu Ile ser Asp Phe val Pro Gln Glu Thr Gln Asn Lys Trp Trp
225 230 235 240
Ser Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr.Gly Thr
260 265 270
Asp Ile Ile val Asp Gly Gly Tyr Thr teu Pro
275 280

<210> 55

<211> 852

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct
KRED krh483

<220>

Ile
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Ala Pro Lys Ay Ile Arg Val Asn Asn Ile Ay Pro Gy
Ala Ile Asn 180 185 190 Thr Pro Ile Asn Ala A u Lys
Phe Ala Asp Pro Lys A n Lys Ala Asp 195 200 205 Val
GQu Ser Met Ile Pro Met Ay Tyr Ile Ay Au Pro Gu
GQu Ile 210 215 220sSEQArarAI3@donGd10AterrAla Trp Leu Al a

<221> C[ﬁ%_r [;%;%)G u Ala Ser Tyr Val Thr 225 230 235 240 dy
€ Thr

<222> (

Leu Phe Ala Asp Ay Ay Met Thr A n Tyr Pro

<400> 5Ber Phe 245 250 255 dAn Ala dy Arg Ay 260 <210> 69

atg
Met
1

cat
H1s

ety

ctg
- Leu

aac
Asn
65

aly

gt
va

ata
Ile

gat
Asp

adad
Lys
145

cgt
Arg

atg
Met

gcg
aAla

ttt
Phe

acc
Thr
225

agc
ser

9%’5 FA13aC AYE TPt g 3 1AL At 944 Cal cCBegtienct <2208
Ala L5385 it 65T IAdt T rYr FBA A BHBES P{sz"f Al®21> CDS
<222> (1)...(1206) <400> %9 atg gca aaa g% cta tgt
acc (. @d@ ghat tattgaiagc gtd @atcggctah 48 abket Al a 96

Thr [lys Gllléus‘@yée"k/éﬂ“Lg oy MﬁpL%yﬂhPrqS\/aqfu Ash Ay
Tyr 1 10 15 ccg aad-acc tat gca cgt 8at gat cta ccg

aaa ap@ Gid tgatateabcd afgrCa 8¢ tRaOgdy St YgrTvdc k@ Ar g 144

Lys Al Ak Seeul TRy ashrtysgyé% Asip s}dirsg%rrw:gigymm%go ggt
g cag acc cta ccdlacc ccg aaa gcatatt gat ttt acc

ce g n lgak€ T s Al

255 e A heoirihey st Y e AT 0 S S L0

30gtt agc ggt gaadTta ggt cta cgt @ha tat cta 192 Gn

I u_lLe Leu Arg Lys
agc Y gy%ée %/%aas?gcra g t ga\ﬁ Sah £ y 240
Ser'L{M%E @ﬁé : 53 90%%31595;”]62 2368 OJATOEL Ott
acc agc gat 7#ag gac ggc cct Z80 Gu sér Asn By Hi s
ot S el T (P IR B e
1 L T tﬁg % gac
va gta gtg atth agcy28§s Asp sgr Va %eeG UFA% u Leu
Val Asp Ala Asp Val Val Ile ser 85 90 95 cag cct ttc

aza Gt a8E (9A0afagCAg 39 935G EIRIFECEW an 336
s S8 T AR e B AR BT R A 0

Ile Ala Lys Ala 100 105 110 aag aat cta aag cta gcc
gt & g€ cuggge9atatc bor aghcaaaggytggadtk atys Asn384
Vel 5&%‘3 R AR A &1 dde TP NIt 108y ARSI AR H <

al 115 120 125 gac cta cag agc gcC att gac cgc aat
cag giag gex ggt gaa@ccgtgaﬁt g asg gé?th gac gtc gac ctg 432
d

GIn Asp Asp Asp Lys His Phe Asp G1n va Asp val Asp Leu
130 135 140

g?c gta g?c tat gta gca aaa cat gcg ggt cgc cat ttt cgt gaa 480
Gly val Gly Tyr ng Ala Lys His Ala Gly Arg His Phe Arg Glu
155 160

ttc gaa aaa gaa g?c aaa aag g?c gce ttg gtt ttt acg gct tcc 528
Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala ser
165 170 175

tcg ggt cac atc gtt aac gtg ccg caa titt cag gcg acc tac aat 576
Ser Gly His Ile val Asn val Pro Gln Phe GIn Ala Thr Tyr Asn
180 185 190

gtc aag gca g?c gtg cgt cat tic gca aag tcc ctg gcc gtg gaa 624
val igg Ala Gly val Arg gaa Phe Ala Lys Ser Leu Ala val Glu
205

gct cct ttc gca cgt gtt aac tct gta tct cct g?c tat att aat 672
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220

gag atc tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720
Glu Ile Sser Asp ;gg val Pro GIn Glu Thr Gln Asn Lys Trp Trp
235 240

Leu val Pro Leu Gly Arg Gly Glu Thr Ala Glu Leu val

tta gtt cca ttg ggc cgt g?c ggg gaa act gcg gaa tta gtt g?t 768
Gly Gly
245 o 250 255
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gcc
Ala

gat
Asp

Asp Leu Gn Ser Ala Ile Asp Arg Asn val Thr val Al a
A u val Thr Page 62 SEQ.I ST-0339w0310-Corr 130 135
140 tat tgt aat agc att agc gtg gcc gag cat gtg gtg
atg atg att cta 480 Tyr Cys Asn Ser Ile Ser Val Ala

H s Val Val l\/thEK&IST-IOé?;M,BlmAG:rJ:SO 155 160 agc

tac Ha Bt 4y 888 HCEctames cgt 816
TerLt% bﬁ@ g%gﬂa g ? g%& éeASWrTQ;l?@ % Q%Er H s
Glu Trp Al a Arg Lys Gly 165 170 175 ggc tgg aac atc
atc 1012 t 89¢ ¢ec cay decattagat ctg gaa gcg 576 852
ﬂe%% g‘ﬁ) ﬁ{grfs XAITE AdY E,%“Vﬁl Ser His Ala Tyr Asp
Leu Qu Al a 180 190 atg cat gtc ggc acg gtc gcg
Cg ggc cgt atc gcc ctg gcg gtc ctg 624 Mt H s Val

21> gy Thr val Ala Ala Ay Arg Ile Ala Leu Ala Val Leu
<212> pp@d 200 205 cgt cgt ctg gcg ccg ttt gat gtc cat ctg

<213> Ac@Eitfitadl 8equepat cgt cat 672 Arg Arg Leu Ala Pro Phe

<220>

Asp Val His Leu Hi's Tyr Thr Asp Arg His 210 215 220

223> § % 9{ 889: a. tcg gta gaa aaa gaa tta aac tta acg
<223> siitpefic BicoD

Met
H1S
Gly
Leu
Asn

65
Gly

Arg Leu Pro Qu Ser Val Qu Lys Qu
Leu Asn Leu Thr Trp Hi s Ala 225 230 235 240 acg agg

<400>
Ma%ts Pﬁq- tac cca a tgt gat gta gta acg tta aac

"Y' AR FTEVAIapPEY VAP T8PsARSp Val

Thr @k AdH GE-@LSe/r\S[bLF%% %5 A¢pLeuChRe 148 GRL ASFa gaa
acg ﬁa cat at%1 att &@ac gat gaa acg tt3@ aaa 816 Pro
asep dle

Lys 1% géy Qe Mrs S%tdm é1eA§ﬂy/s@p* &ga Thr

6
s3e S b oREROZEN st seponah B8 digrice 7

Ser @iy mmATgerhrI@'IWays Ada Thr AAhaLe&r gl@Lys Lys tyeru 275

van 398 G0 LSt 200 80 80 ) ot 93,90 18 030,

val Lys Aﬂg ﬂdraﬂ.elmfﬂ GﬂnSeiln (ig)é A g aAbp PRl 812985 A% 389 ggc
g gtc ttt ccg caa c 0gcg ccg aaa
Ile val % Agl%dﬂ é; PApaT@ JhAyys p PelMo dn
Asp Gln 8 ANPABS CLy'sY!% sAﬁF?e Hisp Sp vallia3l %‘91 Ap94@9 aga
130 acg atg ccg tat3saac ggc atg acgw;)cg cat att tca ggc
iﬁs Gly ¥ed8G1yPyr W% agLsmmm]aPﬁébywwg mpmawnvbﬁ“ltrhr Pro
he fdhg || Ws 5 a 0zgCcg caa
Arg Phe gcg a)lgjr’a(1;5-1‘?(5;%61 elfy gcg g é'?a ng§%1ag&aﬁb9@%6s Thr Thr
Met Ser Eéu Hitsr TP &val AsnAval Aur d'w PAE &G 1Al mﬂmaﬁmr A9 Gu
atgc ttt ttt a cca
s vat W€ RRcRiRad e b O e al T e %ﬁﬁﬁy@a he Phe
~ pPhe Ala @rd rEy AT Q\rEr\E}aﬂ én Al® WSIP st brby eyrlie B&p 360
210 365 gtc ca % gcc ctg gca2ggt acc gcc cat
Thr Glu (e Y84t ARt g \@11 5@61%@@% GW S Ava "E"@ung ady
ser Leu AN ﬁoyi_é!a %1 | SrgoBTy BIY SRS T g’SA'Ia Glu Leu val Gly
255
Ala Tyr Leu pPhe Leu Ala Ser Asp Ala G'Iy Ser Tyr Ala Thr Gly Thr
260 265 270
Asp Ile Ile val Asp Gly Gly Tyr Thr Leu Pro
275 280
<210> 57
<211> 852
<212> DNA
<213> Artificial sequence
<220>

<223> Synthetic construct

KRED krh476

<220>
<221> CPbS
<222> (1)...(852)
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370 375 380 ggt aat gcc acc gt ggt tct gaa gaa gcc

aaa ttc aaa aaa gcc gtc 1200 Gy Asn Ala Thr Ay Qy

Ser Qu Qu Ala Lys Phe Lys Lys Ala Val 385 390 395

400 taa tga 1206 Page 63 SEQ.I ST-0339w0310- Corr

<220> <221> CDS <225kl {99-0330dd398)Ccore400> 71 atg aaa
<400> sALC gta ctc gta ctc tac gat gca ggc aaa cac gca gca
atg gct 33h 4% tMetedYsad I8 \@la Lcﬁj Y@l gdeed WegAS 2 Ay 43
Met Ala liys ASrsS PR efl AasrAvRaT 1T T0r ¥oo ,gaaapg@a:rga:a«w tatac ggc
1 tgc acg faa aat aag ctg gyE att gca aat 965 u Gu

3 3R éfg“g%sg Fih it ohabed bt redonct é%fﬁ” "o

tg
acg azn;; tca gat aag gas 14 rp Leu 8 Asp Gly
g c aaa Leu cThr Thr Ser u 35 40 4 144
ot 52 Bpech kol hy W L e e it o
atgs atc Gi Leu ﬁ Ile
Pro Asp Ala Asp IIe IIe 50 55 60 atc aca aca ccc ttc

ctg gcc Bt AQet a acgu Cotdg pap || el92
e Al G e %m‘? Vel oy MR A B e &0 arg
IIe Asp 65 70 75 80 aaa get aaa aaattg aaattg gtc
aac agc (giag %atcg eta 1gta@a t2C atc®88ct laps #aathys Lys240
ASD Se'"l_ & A3 AlRUD Wélys @ @y AGRyLaaflaglys ders l\g 85 90
cac atc gat ttg gat tac atfc aat caa aca g aaa
g% gtaaaaa gtcc abg gcgyt tat33dBa ddtsadt @tAsqyd ecg AP dayr gkge Asnegs
Gly val @giyg el W@y“éngﬂmél s%vaél Serpger G8ri1Afp Alag gaa
gtc aca g%t tcc aat gtc gfC tcc gtc get ¢ cac gtc
tg aaa $ag &4 artQagCay Yah k¥ asd Yabetru Vak ser Valzzg
3a? Lys /mg TruIHe %3:;1@%@%1:1]& n%)gtﬁ@m%%msagg gtg gtc
ttg Y& aga aat ttc gt® ccc get cac gddlcaa 432 Met

\V/ P, H s
ate get K M abEud éé%ﬁ%zafés 89 Leted o dlealt she 1 ° 300

dét get atc get aéaogat get tac 4802511 e IIe Asn HIS

u Val % % a L r 145
gat cag (B A ol al (g t'cBe /s ca%teza gy e&%& W Tare

130ggt get ggt aga3mtc ggt u Gly Lys Thr
aaé ggc IJ%E Al atTh:% Ile G a%% G Ile‘_:l 165 170 175 480

t t b % aaa

s o ko gl RS s

Phe Asn Pro Lys Qu Leu Leu 180 185 190 tac tac gat

arg phe g HR BTG KT R i SRR AT GEF oot

165 175

atg tcg g%t cac atc gtt aac gtg ccg caa ttt cag gcg acc tac aat 576
Met Ser Gly His Tle val Asn val Pro GIn Phe GIn Ala Thr Tyr Asn
180 185 190

gcg gtc aag gca ggc gtg cgt cat tic gca aag tcc ctg gec gtg gaa 624
Ala val &gg Ala Gly val Arg gag Phe Ala Lys ser 58? Ala val Glu

Tttt gct cct tic gca cgt gtt aac tct gta tct cct g?c tat att aat 672
Phe %13 Pro Phe Ala Arg g%} Asn Ser vVal Ser Pro Gly Tyr Ile Asn
220

acc gag atc tct gat ttc gtc ccg caa gaa aca cag aat aaa tgg tgg 720
Thr Glu ITe Ser Asp Phe val Pro GIn Glu Thr GIn Asn Lys Trp Trp
225 230 235 240
agc tta gtt cca ttg g?c cgt gg:[lt g?g gaa act gcg gaa tta gtit ggllt 768
Ser Leu vVal Pro |2_21§| Gly Arg Gly Gly (2318 Thr Ala Glu Leu val Gly

5 255

gcc tac ctg ttc ctg gca agr gat gcg g%c tec tac gcc acg g%c aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
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gat
Asp

Tyr Tyr Asp Tyr Gn Ala Leu Pro Lys Asp Ala Gu GQu
Lys Val @y 195 200 205 get cgt cgt gtt gaa aac ata
gaa gaa ttg gtt get cag get gat ata 672 Ala Arg Arg
Val Qu Asn Ile Qu Gu Leu Val Ala @n Ala Asp lle
210 215 220 gtt accSEHLESHAG3IP@i3l0eqoitrt g cac get gggt
acc &h ggt ttg ata a#k® 720 Vval Thr V&P Asn Ala Pro

atc LAY HS A Jdhsc e Asn 225 230 235

11e 241@ ?@%gs%g?t é%y h@g%}%ﬁ%@%@&rgﬁéa!aaa aaa ggt get t99852
t47§ ctt aac acc 7880 Lys Qu Leu Leu Ser Lys Phe Lys
Lys Gy Ala Trp Leu Leu Asn Thr Page 65

<10s> 58EQLI ST-0339w0310- Corr  <210> 70 <211> 400 <212> PRT

<%%%> 28213> Pseudononas sp. strain 101 <400> 70 Met Al a Lys

<2le> PR Le s Val Leu Tyr Asp Asp Pro Val Asp Ay Tyr 1
st S

<213>

W't§s Thr Tyr Ala Arg Asp Asp Leu Pro Lys

<220> Ille Asp His Tyr Pro 20 25 30 dy Ay Gn Thr Leu Pro
<223> syfithePrq cbystrdica 11 e Asp Phe Thr Pro Ay 35 40 45 A n

KRESUK{RAf6G y Ser val ser Ay Gu Leu Ay Leu Arg Lys

<400> 58yr Leu 50 55 60 du Ser Asn Gy H's Thr Leu Val Val

Met
1

His
Gly
Leu
Asn
65

Gly
val
Ile
ASp
Lys
145
Arg
Met
Ala
Phe
The
225
ser
Ala

Asp

Alalys Sar PAssdryasrAspl @ Pyo préSaiéd0rdd B0 pASPISEr Val
Phe du /]5« du LeL]J Val. A8p Al a Asg Val V& Ile ser 85
The gSoAsP &It 8oL ehé 'Tr%gk%“ AR B PReUYPhEePAEN G u Arg
Lys Wa8@ Alaskysridl #he E30 Adrl GekYS1Ase LAY HySakgu Al a
Beu Thr Ala Ay |l4e Gl]y Ser Asp HigsVal = 115 120 125
&

g])a@y Ay Pl ngeEmvm 1§l Abp AspgvaAsala/dlleTRir Var Al a

5
ser G4 3@l TR SIN395 100 Ty O R 58 therPer Val

val Sgs Va&luLyalAlar gyrAses Thla Asu VBt oseBesetiserGhap Rip Al a

s8 y 165 170 175 9%y Trp Asn |]l.e Pt a Asp Oys

s SR B = Yok g7“r§ﬁ8"§;§ PEuAeP g §1Y 48 19580 et

val Wa3 Mal aGhaTEhciwalie A Ar@ TREYLAT 61 |8 aAa Ege Al a
VdP Leu 195 200 288 Arg. Arg_Leu A% Pro Phe Asp Val

C101A°8 AR ARP é—yﬁyﬁgsl'ﬁ’lheﬁ%%’ g}rg Veil sV%iGSIQI'WZQ%P LfYg Leu
Gly Ria® QZ\UT§F»‘VVaVa 133&95 Lyis A Gh?ug: niiheﬁl‘le-rm_lg &g Hs
) Al a 25 2330235 240 Thr Angsd u Asp Met Tyneéro Val
Phe @ly lagp G\mIGTyalysThiys L€l Akn Leysval Phe Thr Ala ser
o ) 11[456'l 170 d 175
ser Gly His Ile val Asn val Pro Gin Phe GIn Ala Thr Tyr Asn
180 185 190
val Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile Ser Asp Phe val Pro GIn Glu Thr Gin Ash Lys Trp Trp
230 235 240
Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 _ 265 270
Ile Ile val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 59

<211> 852

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

KRED krh495

<220>
<221> CDS
<222> (1...(852)

<400> 59
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245 250 255 Pro Leu H's Pro u Thr Gu Hs Mt lIle
Asn Asp GQu Thr Leu Lys 260 265 270 Leu Phe Lys Arg
Ay Ala Tyr Ile Val Asn Thr Ala Arg Ay Lys Leu 275
280 285 Cys Asp Arg Asp Ala Val Ala Arg Ala Leu Gu

. tSer %%tﬁjﬁ Leu Al aSiZE@SQJS!gE\MBlOG‘_g’rrTyr Al a GID Asp a8
atg gc Fg? Q\ﬁ @ 9?@5 310
Mit Maﬁég PhE’rsoer‘Tr & gﬁl’ér'é?—;%lr ﬁ’}_% t Thr
Pro H s IIe Ser Gly 325 330 335 Thr Thr Leu Thr Ala
cat aCCG 2¢Q AR GECRY £t QAQ’@ Gy Jefhr cir 1:Gléuh’:ll teg a3d0 345 96
His h'"éé’é 35, Capise bep &P AaPy Lot Pr'ggl M ARG Asp
yr Leu Ile 355 0 365 Val dn Ay Ala Leu
ggc aaa/gt& G: tfhrat@d ycAlggtHgsage Tya altysg 76&(3@59380 144
Gly Lys da%' A&%} SAr al tenfhiaG)y 39, ser %’“ug;u y"slnyHéa Lys Lys
val 385 390 398 400 <210> 71 4211> 1098 <212>
ctg gcc [NA g2d IxtAjdd tagigdh RROYENGRC &‘8{2@2 <4¢3vgorat het i cigp
Leu A1a<,fd|usﬂru<fhe ARHGPDMED 16! yPalie 64 %QAIIS‘W@BB@J/\UB&O Corr
0245 250 255 get>tgt ggt get ata €c gtt get gaa gat
aac agc Mg §8¢ @etage Etaga%é g B8 Aoy flpchie Oysyyg
Asn ser \@n gfmA(EhUTthsg Wa.lys Ta ﬁtapAlaaLéxgs:?ﬂQqu@& 26b 270
65 tca ggt cag At g cgt ggt tac ggt ggt gat gtt t8¢ ttt
6 Y. 4 y Gl y
ggc gra &g a% ggc% fat 280 ddv % é‘gfrg"g %@* g 288
'G?y val ASie @gﬁg E h?yTPrLQs 2 E’E@ é% r9 §¢
gat cac 86g tgg cgt gat ae@ cgt aac aaa taas g 9t get
gtg aaa /_}rlr g ag ta 8 S i Q TrP g C
1 5298 70 S Hesilae et Plodilerd 4 "eco”
cac i@x tca t acc mgcC Ciag
t t1:AI a Met Thr Pro Hs Tyr %er Thr Thr L%?sp AI a (3138r11
a §59¢32 9C € % ge%agca ahaa aac
Tie Vai %? cAggaA]tac Eti t%ﬁgt c—?f 09's % g fyH'Aa an
Gly Thr Lys Asn IIe Leu A u Ser Phe he Thr 325 330
gat cag RS gafgtgabosmat £t g&t qeat C@@tgt caticggc gaccagc ctca32
Asp ﬂg c“tSB A A@@tw@a?% B Ay 9119@ Phie ASH VRJrAs gero G n
e lle Leu eu Asn Gy G u 340 345 350 tat gtt
aaa g?c a_.}_ta @?Btgtogﬁaagcag a8h @aage@cg?gantgcaaat aat tgaghga 109830
Lys Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Tyr Arg Glu
145 150 155 160
cgt ttc gaa aaa gaa g?c ata aag ggc gcc ttg att ttt acg gct tcc 528
Arg Phe Glu Lys Glu Gly Ile Lys Gly Ala teu Ile Phe Thr Ala Ser
165 170 175
gtg tcg g?t cac atc gtt aac att ccyg caa ttt cag gcg acc tac aat 576
val Ser Gly His Ile val Asn Ile Pro GIn Phe Gln Ala Thr Tyr Asn
180 185 190
0cg gcc aag gca ggc gtg cgt cat ttc gca aag tcc ctg goc gtg gaa 624
Ala Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Tttt gCct cct ttc gca cgt gtt aac tct gta tct cct gge tat att aat 672
Phe Ala Pro Phe Ala Arg val Asn Ser val Ser Pro G?y Tyr Ile Asn
210 215 220
acc gag atc tct gat ttc gtc ccg caa gaa aca caa aat aaa tgg tgg 720
Thr Glu Ile Ser Asp Phe val Pro Gln Glu Thr GIn Asn Lys Trp Trp
225 230 235 240
agc tta gtt cca ttg ggt cgt ggt g?g gaa act gcg gaa tta gtt ggt 768
ser Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
gcc tac ctg ttc ctg gca agt gat gcg g?c tcc tac gec acg ggce aca 816
Ala Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr

260 265 270
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gat
Asp

Tyr Val Thr Lys Ala Tyr Ay Lys His Asp Lys Lys a 355
360 <210> 72 <211> 364 <212> PRT <213> candi da
boidinii <400> 72 Met Lys Ile Val Leu Val Leu Tyr Asp
Ala Gy Lys Hs Ala Ala Asp 1 510 15 du Qu Lys
Leu Tyr s ThrsEQLUSADI3dwsS1Detor@ y [l e Ala Asn 20

atc 9 g 5&5%; C Has Gu Leu Ile Thr T4

ﬂe@r‘* ‘ﬂge &5;}5 gq;e ggGy Asn ser Val Leu Asp
@n Hslle ProAspAIaAspIIeIIe 50 55 60 1Ile Thr
Thr Pro Phe His Pro Ala Tyr Ile Thr Lys Au Arg Ile

DLILIe %p 65 70 75 80 Lys Ala Lys Lys Leu Lys Leu Val Val

<212> P

| Ala Ay Val Ay ser Asp 85 90 95 His Ile Asp Leu

<213> ApSIFiTial BequeAse A n Thr Gy Lys Lys Ile Ser Val 100

<220>

105 110 Leu GQu Val Thr Gy Ser Asn val Val Ser Val

<223 s ta,eg bhseryal Val 115 120 125 net Thr Met Leu Val

Met
1
His
Gly
Leu
Asn
65
Gly
val
Ile
Asp
Lys G
145
Arg P
val
Ala
Phe
Thr
225
Ser
. Ala

Asp

95Ar g Asn Phe VaI Pro Ala HsG@u dn 130 135 140
||e||eAanISAS p Gu Val Ala Ala lle Ala Lys

<400> 6
1SR A e e 48 *75%2&5&5%951% ko e Y5175

Thr Tys Asg GVl selceteuGelin Arag LﬁﬂAVaI r_e‘ar phPhgs At RE® Lys
€] E&ELeu 180 185 2690 Tyr Asp'g An Ala Leu
S SRS 1A BTG G BYfs son o ji© £9% DB0AR5 Ala
Ala A0 AT PNalATE €1 rASRT Id1§ ﬂauA wahekha\/&he/\*r% M Ala
50 Asp Ile 210 21% 220 Val Thr Va0 Asn Ala Pro Leu Hi s
Ser A3 GWAT‘hrThLy%UGLyS 1da 1w 7A§nl-euzela 230 %5T§mo Lys

R AT T MR e R

0 255
Lys Alla g&m yﬂAI @in Gén (%ﬂs Masl ABp PhE G'IyAss-lp)sVla';iu Ai;m Al a

va1 83 KIS 19200 288 ko T b, S15 48 ' e Y Y

GIn RAsp Ass AdS LyHl |$19°Pﬁe Tsp &9 vé$m1MEAsM1A@® LMS Tyr
130G é 290_289% 300 Ay Asn_AlHOMet Thr Pro H| s Tyr
é¥ VyT‘JI‘ﬁrV 'J)'I*ﬂTaLéMS Aglﬁ N%Ggrﬁrg His Tyr Arg G 160

Phe GTu Lys Glu G'iy ITe Lys Gly Ala teu Ile Phe Thr Ala Ser
165 170 175
Ser Gly His ITle val Asn Ile Pro GIn Phe Gln Ala Thr Tyr Asnh
180 185 190
Ala Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile Ser Asp Phe val Pro GIn Glu Thr GIn Ash Lys Trp Trp
230 235 240
Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
Tyr Leu Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
Tle Ile val Asp Gly Gly Tyr Thr Leu Pro
275 280

<210> 61

<211> 789

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

GDH 2313

<220>
<221> CDS
<222> (1)...(789)

<400> 61

atg
Met

tat ccg gat tta aaa g?a aaa gtc gtc gct att aca gga gct get 48
Tyr Pro Asp Leu Lys Gly Lys val val Ala Ile Thr Gly Ala Ala
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305 310 315 320 Thr Arg Tyr Ala G n dy Thr Lys Asn
Ile Leu Qu Ser Phe Phe Thr 325 330 335 dy Lys Phe
Asp Tyr Arg Pro G n Asp Ile Ile Leu Leu Asn Ay Qu
340 345 350 Tyr Val Thr Lys Ala Tyr Ay Lys H's Asp
Lys Lys 355 360 <SEQOrsT7833RdbB20-+Grr <212> DNA <213>

1 Artificial sequence <220¥ <223> syntheti d3construct
tca ggy 'd'ﬂ%%%%@é (3 Bé cc<2a%Q>c <c2%J:E g(gpsaa %2{ cd (765) 96
ser Gly 4400& y73y§lt/%ga£tgzg¢@ 1get Ag@ @hgt@yagi)@é? &g (%éég?eaa cat

ttt gla g t atg ggt 485 Met Ser Thr Al d0lle Val Thr
Mal 5. |E|it°,LPIa ngé% l\/btg 1.5 10 15 agc gﬁt
aaagt&rﬂa agsca a taag)é/caaagc C 4
Lys Val Gl PGOAGE GyROFy08ar Oah th?\sgc rIGn g Vo cat
gab 96 ser Ala Lew0Arg Leu Ser wmAla Ay H's Thr
aaa gaaVaI Al aagéagi %ﬁ C20 25 3% geaa g{gc;: tggt%l%ag cag aala‘},2
52 S RS SRR B el g e e
Y 5(L)IP e Lys nyLyss56~spy eu "G Ul aa1P§e1,]Aﬁa u Thr
Tyr 35 40 45 cca cag ctg aaa cca atg agc gaa cag gaa
25 U5 G R P asatiasts qua azateresgci e BE doponpr o mereds
g8 T ser duta R TRPYY AV a'LTedd 1T s 95550 get
gtc acc agc get tac ggt cag gtc gat gtc ctg gtc agc
aag gag atgé ? agFtcAyat wat aTIgraﬁelaamaatg%trc %y atngdfml Asp88
Lys G1u he CluThniledetspadte ASh Ble pen Asnghla &i¥ i SHet cca
gaa ttt Cag cca atc gat aaa tac get gtc ca9 gat 288
aat cct Igft? Flaett xaPrgnaCGatg Rirg Qo aky @alcl egcfept Llass dyd Al a 336
Asn Pro Vg| ﬁgnsﬁrsphssmgw% Proakelagys dgp Tat Agp o-yga¥ahet ctg
cag C agg cca ttt g1t—915 cta gtg 336 *9Arg Gy A a
atc ggc ¥Mel dutfd achesytGhbc 1the t¥0 obf QglheyrAgaa Ly ¥ 100 384
Ile G?y 108 AshOLewahr gelty gig Phet Ldwc Gl @rasiy aag Aagibga aag
t'dg ggg cac atc af20384 Asn Ala VB> Ala ser G n Met
aaa tat L¥e dohSgdY glalﬂe’%qatsﬂc Ga gas aht gélcl ;?ttl%l?c]% 12 t1C 43,
Lys Tyr ®he vt GI€ GsgeAspdle 0§ W AG9dA1CER hog gs&ag cta
130tcg act 432 P Ile Thr Ser Alld0Ala Pro Phe Ay Pro
TP Lys y JEe ser Thr 130 535 140 tac, act tcg get
agt gt cag at e&kt (ofm a_ T t ac % t qc 480
ser Va? @9e &I%t \g/Q%Q'IQ ro ¢ gtPQ'g P 1ét\g/a i r“ﬁ'l% g 480
145 Tyr Thr Sens&l a Arg Ala Ayista cys Ser Leu #@m Asn
Ala Leu ser Page 67
agt aaa ggc g%g atg aag g atg aca gaa aca tta gcg ttg gaa tac 528
Ser Lys Gly Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175
gcg ccg aag g?c att cgc gtc aat aat att g?g cca ggt gcg atc aac 576
Ala Pro Lys Gly I1e Arg val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190
acg acg atc aat gct gag aaa ttt gct gac cct aaa cag aaa ¢gct gat 624
Thr Thr ITe Asn Ala Glu Lys Phe Ala Asp Pro Lys GIn Lys Ala Asp
195 200 205
gta gaa agc atg att cca atg g?a tat atc g?c gaa ccg gag gag atc 672
val Glu ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
gcc gca gta gca gcc tgg ctt gct tecg aag gaa goc agc tac gtc aca 720
Ala Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr val Thr
225 230 235 240
g?c atc acg tta ttc gcg gac g?c g%t atg aca caa tat cct tca tic 768
Gly Ite Thr Leu Phe Ala Asp Gly Gly Met Thr GIn Tyr Pro Ser Phe
245 250 255
ca ca C cgc ggt taa tga 789
612 g1a g?y A?g g?y * g '
260
<210> 62
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SEQLI ST-0339w0310- Corr 145 150 155 160 aag gag cta
gga gag tac aat atc ccg gtg ttc get atc ggg ccg aat
528 Lys Gu Leu Ay GQu Tyr Asn Ile Pro Val Phe Ala
Ile Ay Pro Asn 165 170 175 tac cta cac tcg gag gat
tcg ccg tac ttc tacsSmRLgsedB3fasloegortrgg 576 Tyr Leu
el g%s Ser Gu Asp Ser Pro Tyr Phe Tyr Pro Thr Qu Pro
213> aiRidB0 38p.che@ aag act aat ccg gag cac gtg get cac
gtg aag aag gtg act get cta 624 Lys Thr Asn Pro Qu
<220> His val Ala His Val Lys Lys val Thr Ala Leu 195 200
<223> 5@%3&%68@%%5 ggg act caa aaa gag ttg ggg gaa ttg
gtg gca ttt ttg 672 dAn Arg Leu Ay Thr A n Lys Qu
<400> 62eu Ay GQu Leu val Ala Phe Leu 210 215 220 gca tct

Met Tyr ge fm LegtLygaby dvstYy %6 ﬂdgclt%@hgtfdyt %}h{ B4y ttg

S y @n
Ser Gly g_“elﬂ %{'E)p rélp@feﬁéi;ﬁ\lgz;{xZgg% %Eg 812/4%95 et e t t ccc
Lys val afag a’[faAgaaT)ﬂ‘gtFy!t ge Adhgagcergaantabu Y86 Ay

Lys G'Iugjé ‘é%h'(e) Il?gﬂ& @%%ﬁ, Ai;'% A'Jl'r p,Ar Q;E%J%Pﬁo Gu

ASp Va'l Amtri Ey<cical cSlenmem;m 1522 A3n qaasmsxsmﬁ heilri £1£@met r uct
65 HHDH OlgglmB 12 _<400> 74 7%t Ser _Thr. Al a BPe Val

Lys Glu-plhe |Leuy &sRyIdepiiE E§ AN AMAIEG)Y ew6le 15

Asn ProSAN AR SERUHA 81+t S8 Y hkaadd ¥rlisp 5 vai Ala
Cys WG Asp 20 25 30 108 u Ser Phe Lys 1@on Lys Asp Qu

Ile G1y§2§ &1 LAk aThhe Ty aca’hg Tel G’ryrserssrgmﬂns#\h dl€ n Leu
P t,Se BLQ Le Au
Lys 133/5 5%6{10 H/E < %f )%eg%}\gkﬁm %El % Lﬁ% ls is Val

ser val g ¥Rl vSérﬂAeroﬁspp B 76u PheB8(nl Hhe THirea a1£’ro Au

ser Lys fﬂly glr é Ly,gu ge@ifgté's ﬁr Tbéﬁ'-e\éaNﬂLg“Asﬁ; 5?%92h25

Ala Pro Alya d;BjJ I\ValArglOéH »Qh AlsllOIPélme Brovally A1a AGhn Met
Thr]?ll ﬁ% Lys Ser Q86 His Ile Ile. 1P® 120 125 Phe
|

Thr AZRIGTA BYSNPREFATS AFR PEP YL LAE TrYSLYE 6Pl Leu

0
val G1u53%fr M&Y 138 rb3Red &9y ﬂbf’ 1161 veET '%ﬁQ é\hﬁ‘lﬁey Al a
210Cys Ser Leu' Al a21Asn” Al'a Leu Ser220145 1
Ala Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr Va1 Thr
225 230 235 240
Gly Ile Thr Leu ggg Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Phe

250 255
GIln Ala Gly Arg Gly
260

<210> 63

<211> 789

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct
GDH 2331

<220>
<221> CDS
<222> (1)...(789)

<400> 63
atg tat ccg gat tta aaa g?a aaa gtc gtc gct att aca gga gct get 48
Mgt Tyr Pro Asp Leu Lys Gly Lys val val Ala Ile Thr Gly Ala Ala

5 10 15

tca ggg ctc g?a aag gcg atg gec att cgec ttc g%c aag gag cag gca 96
Ser Gly Leu G % Lys Ala Met Ala I;e Arg Phe Gly Lys Glu G1ln Ala
5 30

aaa gtg gtt atc aac tat tat agt aat aaa caa gat ccg aac gag gta 144
Lys val val Ile Asn Tyr Tyr Ser Asn Lys GIn Asp Pro Asn Glu val
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dad
Lys

gat
Asp

Lys Qu Leu Ay GQu Tyr Asn Ile Pro Val Phe Ala lle
Ay Pro Asn 165 170 175 Tyr Leu His Ser A u Asp Ser
Pro Tyr Phe Tyr Pro Thr Qu Pro Trp 180 185 190 Lys
Thr Asn Pro Qu Hs Val Ala Hi s Val Lys Lys Val Thr
Ala Leu 195 200 ZOBEQLGSTrOQngdLﬂLO -@rnyr Thr A n Lys Qu
Led dy Qu Leu Val®Al a Phe Leu 2104215 220 Al a ser

P aBY SadS B fdeyofd Qedafech p Leu 49,
g?ﬁ%m vé{tz%a g %&9 G éwﬁ%% %Ev%tﬁ é ﬁ u Arg
50Trp Pro Ay I\/let553ro €| u Page 68 ®EQLI ST- 0339\/\10310 Cor r

gue AKS, FROoat R (0 o8 080 arp el e e Bt 01290

65 HHDH I\/Izl | 4HE0<220> < 21> CD@5<222> (1)...(768) <400>
aag gag E aﬁcg et atc gt%acc aﬁc tcéﬁa%tc%t? 288
LsG1u he%%ég_g g&%@@agﬁﬂx §1| Asn
Y a LYyS kss Phe GIy {s gagCc get ctg
ctg agc gaa get yo9t cat acc gtc get tgc cat at
a5 sedhY 56 S falclntoions it o somiartiesn o val 336
a t a ‘ca aa.g;at
SRR byl Pl 1FSLA38 By %g Foal
gaa ctg gaa get ttt get gaa acc tac 144 du Ser Phe
a%c 99‘3 Qq tE 1G|9 C Gtiu adRhegiilgaa@ay Ipt Tyr BB
Tle it 3:8 Tc,hgg g cl:%”étg Hc/fad Watf gt cca get
gaa ctg atc gaa 1 5 Pro A n Leu Lys Pro net ser Qu
aaa tat Gltua @dau gPa caadl gatGatic Laaig g%;a a@ltugta0abb B0 Pef tgt ¢ acc432
Lys Ty de ek Gﬂ'ad\sggi ga@e Juve § Agﬂcvaﬂt §lgtAshaipt et gat
240 Al a Val P Ser Ala Tyr GI 0Gl n Val Asp Val Leu
agt V:&lc el g»ﬁ%rht/ﬂsﬁc@?zga(hcz_ﬁt'g@ el ged the AL §&Agoaa llag0
ser ¢ag €baVat (Tlgabradaptfae ged Phecvajadigatyr28t Aldle Phe
145 Ala Pro A u®he dn Pro IlelA8p Lys Tyr Ala Y@ Qu
agt aaa R &ny %Q g LEF a@@gacgggaﬁ%tcag{t% g ) gag at 928
_ Ser Lys %g G‘QaM'e tLygeLewNatgltr@ ﬁﬁTthLeuAE@&‘éQ %é% Sl/
Ala Leulébn Ile Arg Pro Pfﬂa Al a Leu VaI 100G 105 110
tcg g 99
gcyg ccy Jaq gc gar.t %gt % aag aaé a% agg 576
Ala Pro CL@E g%e n I é" ‘1’%' Frod gy “Ig akys Lys
y Hs l18s 190
acg cca atc aat gct gaa aaa ttc gct gac cct aaa cag aaa gct gat 624
Thr Pro Ile Asn Ala Glu Lys Phe Ala Asp Pro Lys GIn Lys Ala Asp
195 200 205
gcc gaa agc atg att cca atg gga tat atc ggc gaa ccg gag gag atc 672
Ala Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
gcc gca gta gca ¢gcc tgg ctt gct tcg aag gaa gcc age tac gtc aca 720
Ala Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr val Thr :
225 230 235 240
ggc gtc acg tta ttc gcg gac ggc ggt atg aca cta tat cct tca ttc 768
Gly val Thr Leu pPhe Ala Asp Gly Gly Met Thr Leu Tyr Pro Ser Phe
245 250 255
cag gca ggc cgc ggt taa tga _ 789
GIn Ala Gly Arg Gly * =
260
<210> 64
<211> 261
<212> PRT
<213> Artificial Seguence
<220>

<223> Synthetic construct

GDH 2331
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Met
Ser
Lys
Lys
Asp
65
Lys
Asn
Ile
Lys
Ser
145
ser
Ala
Thr
Ala
Ala
225
Gly

Gln

115 120 125 ttc atc act tcg get act ccg ttc g 99 ccg
tgg aag gag cta tcg act 432 Phe Ile Thr Ser Ala Thr
Pro Phe Gy Pro Trp Lys G u Leu Ser Thr 130 135 140
tac act tcg get cga get ggg get tgt act cta get aat
et cta tcg 480 TySEQIhsT-B8BAI3A0ATgrAla Ay Ala Cys

<400> © : Al Al
et yr i AR G eclals ! BiL Adeers ol 88 ceg

Gly a@at SBBLys I aGher hea Qleyakd whEys1yAsys Idie ErrmoavVal Phe

AI?;I%_QS dy Pro Asn 185 170 175 tac d0a cac tcg gag
val g2 tlegARRd Tablt §EM1ARD by GBtAPafredgntey 8a6  Tyr
clu l@Y Vs 1hernyd M Lshy I8y BIe al¥rvAheaTwa FEm &y A u
50 Pro Trp 180 18% 190 aag act aa#d ccg gag cac gtg get

val dhe 'g\thGénag%aa/gsrgw dots e ;%ﬁaVaéza n 0ps At é% n Pro
' I j S, Yaka.T 195

Glu %‘% &21 5@,@6{'96@' %fé%&@&gg%?é&p%ﬁ O/} :&ﬁﬂ@g’a c‘ga cta
Pro §gd &t Seaaliaa@lyNgttRip geg LyaaAdpt grm%pg@& wat ttg

18 n Arg L r dn.Lys du Lef u Leu
G1y§é§ ﬁ"anﬁﬁﬁ[egpyz%égf b%%é¥a§etrcﬁg% ”t’ﬁang? gat
Tyr tPht ¥41gGchciasgoLspcale Olyg Gl1y Asgovdit g19ean /2 sé&Fa Ser
1303y ser Qés ASEEST r Leu Thr G yl4@ n_Val Phe Trp Leu
val Nﬂg OB Vy (ﬂgs 0221[{3p Hecl e hgt‘f‘ﬂcﬁbs avg %\%i?a cgt
Lys @9 €6CMEEG YAt GeiLfibr 9B ERR ThPD euCr¥a ey ENETHF O Met

Ile Qulgsg Trp Pro Gy Mam Pro Qu 245 263 <210> 76

Pro £¥316lyo8he Azgi1val PRT ASPIBe AlviHnocEhly Adagllkenésn <220>

8 i 0c >
rro FEHPAS I &SRk LI AR

Glu Mer @ty Iid PFoletlBly Sor AladlewsAr gro&luseiu Gier Al a

210 i s Thr Vadloal s Hs Asp2280 25 30 u ser Phe
a1a fpt Aealbarofelinda 35 s giggbhaewwdﬁ B "
val 3hrdGeudbhPraaaGdp ey dlysmér ahMateuSeyr Gry Sdrmpkd U Pro
Ala Qu2feu Ile Au 50 B 60 Al a Val Thissser Ala Tyr
Ala gly M9 604 Asp Val Leu Val Ser Asn Asp 65 70 75 80
Ile e Ala Pro GQu Phe Gn Pro Ile Asp Lys Tyr Al a

<210> 6%al G u Asp 85 90 95 Tyr Arg Ay Ala Val Qu Al a Leu

<211> 783 n |le Arg Pro Phe Ala Leu Val
<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

GDH 2279

<220>
<221> CDS
<222> (1)...(789)

<400> 65

atg
MetT
1

tca
Ser

ada
LyS

ddd
Lys

gat
Asp

tat ccg gat tta aaa g?a aaa gtc gtc gct att aca gga gct gct 48
Tyr Pro Asp Lgu Lys Gly Lys val Va& Ala Ile Thr Gly Ala Ala
1 15

ggg ctc g?a aag gcg atg gcc att cge ttc g?c aag gag cag gca 96
Gly Leu ng Lys Ala Met Ala I;e Arg Phe Gly Lys Glu Gin Ala
5 30

gtg gtt atc aac tat tat agt aat aaa caa gat ccg aac gag gta 144
val Vg} Ile Asn Tyr Tyr 525 Asn Lys Gln Asp Pro Asn Glu val
45

gaa gag gtc atc aag‘gcg g?c g?t gaa gct gtt gtc gtc caa gga 192
G;g Glu val Ile Lys A;% Gly Gly Glu Ala val val val GlIn Gly
60

gtc acg aaa gag gaa gat gta aaa aat atc gtg caa acg gca att 240
val Thr Lys Glu Glu Asp val Lys Asn ITe val GIn Thr Ala Ile
Page 58



100 105 110 Asn Ala Val Ala ser A n Mt Lys Lys Arg
Lys Ser Ay Hs Ile Ile 115 120 125 Phe Ile Thr Ser
Ala Thr Pro Phe Ay Pro Trp Lys Gu Leu Ser Thr 130
135 140 Tyr Thr Ser Ala Arg Ala Ay Ala Cys Thr Leu
AI a Asn Al a Leu Serseqla5T-18094&80164rr Lys Gu Leu Ay

65 u Tyr Asne Pro Val Phe APa Ile Gy Pro A8% 165
1t7tQ %{;5 Yércga Hies %% f Q g«é/{ g@e Tyr
aag gag ac tC t 288
Lys GluPH LLeWgsﬂ'rIﬂe % Ash & g %%S/ g o G u
Hi s Val BAba His Val Lys L9& Val Thr AI a Le915 195 200
Thr n Lys G u A u Leu
aat cct ot % gb 336
Asn Pro@% A%Séﬁrqggdls g . : |%s§éﬁg§ V@%S Asp
yr IL(mJ Thr Gly dn V_“eds Phe rp Leu Allao 25 230 235
atc g 3{ % gtPro Vet GIuAr Trp Pgoqc 84
sic ot il 1y st Sty dug dyotd rboatt 1o
Artisi ficia quenqgo < < 2he IC Construct
HHDH P016229 F-04 <220> <221> CDS <222> (765)
aaa tat pged g SbﬁQv@i@le Tgar greagps apz @ﬁ%tagc acc432
y 133’0 Y3 gc‘% Cgre 82478ty R;f[ 9 A58 '¥Oreht g ggt
Met Ser Thr AI alle Vval Thr n Val Lys HIS Phe
agt g tat@ ¢t t§g10-glbta cact gads atcg gty
ggg ts 4 Ve q CRrYTEP gt Lejt P gt adawsaéws@ idP Leu
Arg Leu Ser uAIaGIy H s r Val Ala Cys Asp 20
agt aaa c3@gg gaq aagcctd tatgascaCagh ara Al gopatgt ghagagc get t34
Ser Lys @%Mg;é%abemmt THruGBemhPheeul %a Gen }usTWSp Au
Leu Gu'®a Phe Ala Gu Ft Tyr 35 40 45 1%Cca cag ctg
gcg ccg &g att o206t HAALCAG 8@ ¢f 2 SOl Jaaye
Ala Pro 192 GBr al&Aargleail lags /Emoﬂ\detG]% 0@2%5/ %gg Leauabio Al a
Ay 18U Ile G u 50 5580 get gtc acc d9@ get tac ggt
acg cca GAY S gBflgadl QaaCtth% gg&:) a%at:ai/ %ta yal Thresy
Thr pPro SAk ﬂrﬁATa(r%G Vy<3pRe ﬁtt alL dlys ag§ Asp i3
7-@575 80 atc ttt ZQet cca gaa ttt 2@y cca atc gat aaa
Qe 98 a8 9% P8R
gcc gaa a t ?a at atc ggc gaa ccg gag gag atc 672
Ala Glu ser Met I1e Pro Met Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
gcc gca gta gca gcoc tgg ctt get tcg aag gaa goc age tac gtec aca 720
Ala Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr val Thr
225 230 235 240
g?c gtc acg tta ttc gcg gac g?c g?t atg aca caa tat cct tca ttc 768
Gly val Thr Leu phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Phe
245 250 255
cag gca ggc cgc g?t taa tga 789
Gln Ala Gly Arg G ¥ %
260
<210> 66
<211> 261
<212> PRT
<213> Artificial Sequence
<220>
<223> Synthetic construct
GDH 2279
<400> 66
Mit Tyr Pro Asp Lgu Lys Gly Lys val \1/31 Ala Ile Thr Gly Ala Ala
15
ser Gly Leu g&y Lys Ala Met Ala %}e Arg Phe Gly Lys Glu GIn Ala
30
Lys val val Ile Asn Tyr Tyr Ser Asn Lys Gln Asp Pro Asn Glu val

Lys

Glu Glu val ITe Lys Ala Gly Gly Glu Ala val val val G1n Gly
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Asp
65

Lys
Asn
Ile
Lys
Ser
145
ser
Ala
Thr p
Ala
Ala
225
Gly

Gln

<210> Gfm

Ile Phe Ala Pro u Phe An Pro Ile Asp Lys Tyr Ala
Val Qu Asp 85 90 95 tac agg ggt get gtc gaa get ctg
cag atc agg cca ttt get cta gtg 336 Tyr Arg Ay Ala

Val Qu Ala Leu An lle Arg Pro Phe Ala Leu Val 100
5o 105 110 aat get gt FYEETIHG % Oiﬁ?f"raag aag cga ﬁl/&blg
Va1tﬂg C tg 13 n t
R P el A S AT P R
G1Ualtl‘@ ﬁ}tly Tﬂﬂ@gL@eﬂsadﬂ ecer e AgsggAscmag@yaa gdg cta

t 2. I r. Al Pro
Fro \Paq EP‘; éﬁ i {Eﬂée“re%ﬁo f%ﬁ LféSES.LpAfHIPaﬁEaHS e yget
G1yc gat L@ggﬂgemygaﬂaame cka @Jot s@alargatiuchva tigg 480
. h{§ g Gi s1¥hr Leu Ala Asn Al a
133’8Leu 57 GlHSA‘TSQﬁ. el'G’Cf %g*sga?kﬂéegﬁ;& Y&y SeAc aat
val atic GT@ V@l grld ergetrpaso g6d p@@gvamhéz@r hys aGh U Leu

Tyri¥sn Ile Pro Val 1Ble Al B6o Asn
Lys 1%% ’%7)0 §5Lyst keu Mex -UH"CG% g"”hg’agwéﬂatl@g TYBC ttc

prolidG & aet Jaf @Snt A UASD
lnoslgr% PP@% ITyrA eaTyrnPJ:gz Thr éy 'b‘#%b‘l’hulﬂ,%l

% At AdatSlechyy ec%ﬂ(a g5y Ayet Lm@gjtlg/saa‘ga} aag gt g
2 Hi
e B0 e Rl I BT AL

Alaggd ata Adaarr@aaetgagatsq gg:g GgaaATat gegligrgedl trhé ttg
#3bys Qu Leu Ay2@u Leu

val %I Lblg ﬁLeﬁs‘?fa¥2Cf§ ?&)@Eaﬂ%?y’@gpd"ot FPBE gat
Alataly Mggeatgzt ggc cag gtg t tgg ttg gca 7 Al a Ser

Ay & Cys Asp Tyr Leu Thr Gy A n Val Phe Trp Leu
a 225 230 235 240 ggc ggc ttt ccc atg ata gaa cgt

<211> 78999 ccc ggc atg ccc gaa taa 765 dy Gy Phe Pro Met
<212> pNA e Gu Arg Trp Pro Ay Met Pro Gu 245 250 <210> 78
<213> Amjfiecipl SEQENST- 0339w0310- Corr  <211> 254 <212> PRT

<220>

<213> Artificial Sequence <220> <223> Synthetic

<223> syiRstidehnsddiPH P016229-F-04 <400> 78 Met Ser Thr Al a

GOH @3%&l Thr Asn Val Lys Hs Phe Gy Ay Met Ay 15
10 15 Ser Ala Leu Arg Leu Ser Qu Ala Gy H's Thr Val

:§§2§ cla Cys His Asp 20 25 30 G u Ser Phe Lys G n Lys Asp

<222 (QLu.tmedu Ala Phe Ala Gu Thr Tyr 35 40 45

<400> 67

atg
Met
1

tca

ser

aaa
Lys

dda
Lys

gat
ASD
65

aag
Lys

aat
Asn

tat ccg gat tta aaa gga aaa gtc gic gct att aca gga gct get 48
Tyr Pro Asp Lgu Lys Gly Lys val val Ala Ile Thr Gly Ala Ala
10 15

9gg CtC gga aag gcg atg gcc att cgc ttc ggc aag gag cag gca 96
Gly Leu ng Lys Ala Met Ala Ile Arg Phe Gly Lys Glu 613 g1a
25 30

gtg gtt atc aac tat tat agt aat aaa caa gat ccg aac gag gta 144
va Vgg ITe Asn Tyr Tyr 525 Asn Lys GIn Asp Pro Asn Glu val
45

gaa gag gtc atc aag gcg ggc ggt gaa gct gtt gtc gtc caa goga 192
G%g Glu val ITe Lys A}g G?y Gly Glu Ala val val 8a1 Gln g%y
60

gtc acg aaa gag gaa gat gta aaa aat atc gtg caa acg gca att 240
val Thr Lys Glu G}g Asp val Lys Asn Ile val Gln Thr Ala Ile
75 80

gag ttc g?c dCa CtC gat att atg att aat aat gcc ggt ctt gaa 288
Glu Phe Gly ng Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
: 90 95

CCL glg cca tct cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336
Pro val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys val
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atc
Ile

aaa
Lys

agt ¢
ser
145

agt
Ser

acg
Ala

acg
Thr

gta
val

gcc
Ala
225

ey

cag
Gln

Pro An Leu Lys Pro Met ser GQu G@n GQu Pro Ala Ay
Leu Ile u 50 55 60 Ala Val Thr Ser Ala Tyr Ay dn
Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 |Ile Phe
Ala Pro Gu Phe dn Pro ”0?33?531%/8 Tyr Al a VaIGIGI:JI
As 90 95 Tyr A?E:P Y- W -@urAla Leu An lle
0 g?% Phe Ala Leu V&Y> 100 105 110 A%WAla I\/al Al a
g cS@crg Gho tvat ady/ Yot YAt ee ks ald Yegdid € lae® 115334
?y 235 LeRhEni IGgy'IZﬁra Bl LALEG se:PrmrgR% g]ay iPeo Trp
du Leu Ser Thr20130 135 140 Ty25Thr Ser Al a /1xr50
tatpﬁf':t ¥ haafd YatHecl s Al ackew. t%;clS
Tyr 18t %D g?by&&ﬁ%ﬂphﬂle ég/ msﬁygaA&nel sﬁ! % Phe
1304 a IIe Gly Prd3&sn 165 170 17514G'yr Leu H's Ser Gu

0 185

AT EI@ P;:g Gu_Pro Trg 18 480

ST B SR schiais R Syl o o Sl of HANEE
Val Thr AI aliﬂeu 195 200 205155G n Arg Leu d yedhr G n

aaapg/%g Cé(% u Leu Val ;ﬁcléa j%he ée};}:g%éo %E 220 578

Phe

Hys LE% ®ba 225 236 i@mi s y ﬁ Yiet 11e

Glu Ar Trp Pro Ay Met Pro Qu 245 250 <210> 79

ccg aar) gt |F<Fft|9 @ac <220576
meg’\% %ﬁ HEH &2 c?n@?t ?%e %fg&%ﬁl ASZ220>

<221> CDS <222> (1). (765) <400> 79 atg agc acc get
cca @cgae‘t'aéa gat qctt aggaagotaaagyr gadt 48 624
P "0@ ArGIA by t%e\fwa AR FASNLXRCIVySH & PRR Ay

Met Gly151(§ agc get ctgggcfag agc ng\ get

gaa gty aatccqyt etgepatign aad ggat gHo ccPfaghhay ke g 672
G“‘ T ¥et Ite A ? %;%Eymsr The oVxl Gl areyduHibl A3 20 25
21030 gaa agc tt aa cag aaa gat2 a ctqg gaa gz; ttgt
ca a€Ctdgaettl 4ttt {dgUuaRPgaRhgecd ¥ a@ LS afsP A Uy
?\hﬁl]h %%gMaT%ﬁeetA%gaGaﬁ E}% ngpfc gﬁ) o VeFlagBr' 72

SEQLI ST- 033 R0310- Cor r 240
atc acg tta ttc gcg gac g?c ggt atg aca caa tat cct tca ttc 768
Ile Thr Leu Phe Ala Asp Gly Gly Met Thr GIn Tyr Pro Ser Phe

245 250 255
gca ggc c¢gc ggt taa tga 789

Ala G?y Arg Gly *

<210> 68

<211> 261

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

GDH 2379

<400> 68

Met
1
Ser
Lys
Lys
AsSp
65
Lys
Ash

Ile

Tyr Pro Asp Leu Lys Gly Lys val val Ala Ile Thr Gly Ala Ala

Gly Leu %y Lys Ala Met Ala Ile Arg Phe Gly Lys Glu Gln Ala
25 30

val §%1 Ile Asn Tyr Tyr 28r Ash Lys GIn Asp Pro Asn Glu val

45
ggu Glu val Ile Lys éla Gly Gly Glu Ala val val val Gln Gly
5 60
val Thr Lys Glu Géu Asp val Lys Asn Ile val GlIn Thr Ala I&e
7 75 8
Glu Phe Gly ;Er Leu Asp Ile Met Ile Asn Asn Ala Gly bgu Glu
90

Pro val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys val
100 105 110

Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
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LysS
ser
145
ser
Ala
Thr
val
Ala
225
Gly

Gln

cca cag ctg aaa cca atg agc gaa cag gaa cca get gaa

ctg atc gaa 192 Pro G n Leu Lys Pro Met Ser Gu dn

GQu Pro Ala Gu Leu Ile u 50 55 60 get gtc acc agc

get tac ggt cag gtc gat gtc ctg gtc agc aac gat 240

Val Thr Ser AI%SERLKSG(%B@WBNatomsp Val Leu Val

D, 65 tt (f% cca gaa it cag

11‘)3/(I3cca g??: GggtAsgaggé)é[c gl'gtgs S Sth Va]g 585 '?(% Bhe Al a
vaipPtic Jdw vRhelld ArdPriopl ke Aew Flhyésvél'lymﬁ\l‘l@rVMa @ha Asp 85

s 8 B T 0 PR S B R o

ProGlys l;’l}e IAe argr QaPhenAsh el Y3l Prlpmy'l-Qﬁal Agat get

tcg caa a aag cga aag td@Og cac atc
Pmi,% g Aladgluplys \g%g dQ ASRPrE W”‘Ngg lLys 4 AAPg Lys
Glu fty 1 Sprol Red lc8y AR 320 hgoct tG.GI ud&tu §§8 9et

210act ccg ttc gggixca tgg aag gagmta tcg act 432 Phe
Ala|yad #hg Aér;erTw heuTia ey Phe CGIuyAPr GefryrLyal Gho Leu

T o33 t g g @% get
rie S0 107 phIhESRH e 6L FHEOfh, R 9R00et: B0 oot
A1aAﬂg Ara Gy Al a cys Thr Leu AI a Asn Ala Leu Ser 145

150 4%5 160 aag gag cta gga gag tac aat atc ccg gtg

<210> gdtC get atc ggg ccg aat 528 Lys Gu Leu Ay Gu Tyr
<211> 1Zwn |le Pro Val Phe Ala Ile Ay Pro Asn 165 170 175

<212> D cac tc a at tcg ccg tac ttc tac ccg act
A’&d%‘&‘@a g gag ¢ g g g

<213>

PEY'BYE Tyr Leu His Ser Qu Asp Ser Pro Tyr

<220-> Phe Tyr Pro Thr Qu Pro Trp 180 185 190 aag act aat
<223> syafetha coactrgty get cac gtg aag aag gtg act get cta

FIgDEDHRSEs Thr Asn Pro A u His Val Ala His Val Lys Lys

<20- Val Thr Ala Leu 195 200 205 caa cga cta ggg act caa

<221> ci¥a gag ttg ggg gaa ttg gtg gca ttt ttg 672 Gn Arg
<222> (Leu.-A306Thr G n Lys Au Leu Gy Gu Leu Val Al a Phe

<400> 64'

eu 210 215 220 gca tct ggc tct tgt gat tat ttg act

atg gea MAACeLRdEa iy e L9 1o IpB Bl ey L0 BRI 4D ) 0V s

1 235 240 Sggc ggc ttt ccc mg ata gaa cgt tiyg ccc g 9c
y e Pro Met Ile GQu Arg
ccg aaa %(c% % % a t g@ 926
Pro Lys Th TVO yAr g 53'95 g% g ?{pﬁ gorgz"@%g 254
<212>PRT <213> Art| 12Gi a quence é 0> < >
ggt ggt nt het |Cc c%nstruct HHDH P016230- A-08 <400> 80 l\/let144
g g tyagc :
&y &y E @f; (8 b %ﬁﬁvéﬁ RS AT TR A B GRS 8y A
45
cag cta cta ggt agc gtt agc ggt gaa cta ggt Ccta cgt aaa tat cta 192
Gln Leu Leu Gly Ser val Ser Gly Glu Leu Gly Leu Arg Lys Tyr Leu
50 55 60
gaa agc aac g?t cat acc cta git gtt acc agc gat aag gac ggc cct 240
- 'Glu Ser Asn Gly His Thr Leu val val Thr Ser Asp Lys Asp Gly Pro
65 70 75 80
gac agc gtg ttc gag cgc gag cta gtg gac gcc gac gtg gtg att agc 288
“Asp Ser val Phe Glu Arg Glu Leu val Asp Ala Asp Vval val Ile ser
85 90 95
-cag cct ttc tgg cct gcc tat cta acc cct gag cgc att gcc aag gcc 336
GIn Pro Phe Trp Pro Ala Tyr Leu Thr Pro Glu Arg Ile Ala Lys Ala
100 105 110
aag aat cta aag cta gcc cta acc gec g?c att g?c agc gac cat gt 384
Lys Asn Leu Lys Leu Ala Leu Thr Ala Gly Ile Gly Ser Asp His Va
115 120 125
gac cta cag agc gcc att gac cgc aat gtg acc gtg gcc gag gtg acc 432
5p

Leu GIn ser Ala Ile Asp Arg Asn val Thr val Ala Glu val Thr
: : Page 62



tat
Tyr
145

agc
ser

oy

atg
Met

cgt
Arg

cgt
Arg
(225

acg
Thr

cCa
Pro

tta
Leu

tgc
Cys

iy
305
ccg
Pro

acg
Thr

ttg
Leu

gtc
val

&y
385

taa

&

1510 15 ser Ala Leu Arg Leu ser Au Ala Gy Hi's Thr
Val Ala Cys His Asp 20 25 30 du Ser Phe Lys dn Lys
Asp Qu Leudu Ala Phe Ala Qu Thr Tyr Page 73
SEQLI ST-0339w0310-Corr 35 40 45 Pro A n Leu Lys Pro
130t ser Gu d n3§ USWSN@3@VQBIIQeG0rM e Gu 50 55 60
Ala Val Thr Sef aTyr dy @& nl Asp Val Leu Val
tgt Sert aR8Pagdgtd et cat! 450 he G
Cys Prso ﬁggIAspSgt ga%%ﬂa %p\u{ak \%%uéf%ﬁlggﬁa Og%%gigf)yr Arég]80
Ay Ala Vall 8 u A a Leu Gln1I5I5e Arg Pro Phe Ab8 Leu

cta cdOQad 0110, AR s Lys
Leuﬁa{\%J AénggﬁrTﬁ yea'hlifro § G1i Eg g%g é?f' € _I_h5r28
Ser Al al®hr Pro Phe Gly BY® Trp Lys Qu LielB Ser Thr

13 T Thr el
o fachbing ol hdeikfbadds o Sk Lo
3U Tyr nlle Pigs Val Phe Al a I B®0
65 170 175 Tyr Leu His Ser du Asg Ser Pro Tyr Phe

s i1 £ @{VE@ HPROH i st b e o

200205 GInAr Leu Ay ThrGIn LysGIu LeuGIyGIu

cgt tli"h a*L Gcztlact 216, CaR(tatAReg Lt @ty c8er Cysb72
Sggﬁﬁ E %1 d'T Y "Bhiel¥fy § ﬁgLeﬁfw%? 1595 230

235 240 Gly Gly Phe Pro Met IIe GQu Arg Trp Pro Ay
Ctg M9 30 LQY WR462PB0a gaRalOta @c<hlacg B9y «r19eg DNA 720
Leu Byoaalunper 1Y a@ Glu d¥§Hhckeu «gggotﬁkmeirgyfrhﬁqi@

construct HDH P016096- (0 20> <221> CDS 2>
agg (glat)1 gat( 69 )tac<d@Dpt8lrat gagRaap g€f @hCafi €gBCC aamss
Arg ld %Mggﬂyrt PrqyvVeh q@ysodsmtvg] g¢tl 38 LebBtAsecydhr Al a

Ile Val “Thr Asn Val Lys #% Phe Ay Ay MY Ay 1 5 10

tta kat @gC g8ftacet a2 et g @Q@ agé‘agag:ebazggitcgcﬁta gg¢ 9tc gie

Leu gds Eg%cGi:latThgaGTLQGm Met Ile Asn Asp Glu Thr Leu Lys
265 270
ttc aaa agg gga gcg tac att gtc aac acg gcg aga ggc aaa titg 864
Phe Lys Arg Gly Ala Tyr Ile val Asn Thr Ala Arg G?y Lys Leu
275 230 285

gat aga gat gcg gtc gcg aga gcg ttg gaa tca ggc aga tt ca 912
Asp Arg Asp Ala val Ala Arg Ala Leu Glu Ser G?y Arg Leg g1a
290 295 300
tat gcg g?c gat gtc tgg ttt ccg caa ccg gcg ccg aaa gat cat 960
Tyr Ala Gly Asp val Trp Phe Pro GIn Pro Ala Pro Lys Asp His

310 315 320
tgg aga acg atg ccg tat aac g?c atg acg ccg cat att tca ggc 1008
Trp Arg Thr Met Pro Tyr Asn Gly Met Thr Pro His Ile Ser G%y

325 330 335
acg ttg acg gcg caa gcg aga tat gCt gcg ggc acg aga gaa att 1056
Thr Leu Thr Ala GIn Ala Arg Tyr Ala Ala G?y Thg Agg g1u Ile
_ 340 345 350
gaa tgc trt ttt gaa g?c aga cca atc cgt gac gaa tat ctg atc 1104
Glu Cys pPhe Phe Glu Gly Arg Pro Ile Arg Asp Glu Tyr Leu Ile
355 360 365

cag g?t g%t gce ctg gcc ggt acc ggt gec cat tct tat tect aaa 1152
Gln y Ala Leu Ala Gly Thr Gly Ala His Ser Tyr Ser Lys
370 375 380
aat gcc acc g?t g%t tCt gaa gaa gcc aaa ttc aaa aaa gcc gtc 1200
Asn Ala Thr Gly Gly Ser Glu Glu Ala Lys Phe Lys Lys Ala val

390 395 400
tga . 1206

¥
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Ser Ala Leu Arg Leu Ser u Ala Ay His Thr Val Ala
Cys H's Asp 20 25 30 gaa agc ttt aaa cag aaa gat gaa
ctg gaa get ttt get gaa acc tac 144 du Ser Phe Lys
Gn Lys Asp Gu Leu u Ala Phe Ala Qu Thr Tyr 35 40
45 cca cag ctg aaasEtaASEt(F3&gel§acorrag gaa cca get

«220- 9Jaa ctg atc gaa 192 Pro Gn Leu Lys Pro net Ser GQu
<221> csdn Gu Pro Ala GQu Leu Ile Gu 50 55 60 get gtc acc
<222> (lge - GEI98bac ggt cag gtc gat gtc ctg gtc agc aac gat

<400> 7

atg
Met

gaa
Glu

tgg
Trp

ggc
Gly G

atc
Ile
65

aaa
Lys

cac
His

ttg
Leu

atg
Met

atc
Ile
145

gat
Asp

tac
Tyr

tac
TYr

gct
Ala

gtt
val
225

add
Lys

0 Ala Val Thr Ser Ala Tyr Ay dn Val Asp Val Leu

aaa @l & cééfbt%SEt@%aZO%fg%’ G&@t Lad tcgc%% g%a Ega tet

Lys crag ¢£h Laticvfat eggrt e Phe’
Ala Pro &8u Phe G n Pro |Il@ Asp Lys Tyr Al Val du

gaa'%%g §§C% g5 8gaeclgg gt get gtt aa get ctg cag aLc
Gl g@e % %g 'fg gage gﬁal a

eArg PrzcsP aLeu va s
IST 0339\/\10310 Corr 100 105 110 aat get

“ Eél Shlteran e iy

Hs Ile Iletd;115 120 125 ttc atc act tcg get act ccg
g ceat a &CECHPtaOft 432 aRhat¢| e Thi92
?yé %%’E Lel'—"rg%? i Cg' 15%%) Pf?? %;"GIA&F'LQL? &8 Thr
130 135 140 tac act tcg get cga get g g get tgt act
aca thatcagetccyat tteg 480 acdyaaaThaa Sgpn Magdr g Al a240
T’“"g}c‘!] %egapb*;ré“ghF“LéhﬁdWa Ash T, d-)'LSeG“SeN'"glIﬂJ? AS) 155
160 aag gag cta gga gag tac'aat atc ccg gtg c get
gct ahe PggteghaaattpyBe deysgdd lgctegii?tht’c Gou doer gden || ex8s
Ala pys \if LPhdvAl ked Vel Gla) Vb ARsG1Y68all y 15 Asmc cta
cac tcg g gat tcg ccg t¥ ttc tac ccg a® gag ccg
atc 1938 P gat Wacl £tk Hhe R8rald YgfSRaS8ia BhP Jo gBhe TYr33g
Ile Rsp ddw A& rylPr olelapn 180 'ﬂ%GgQQ_ysaags ade :&atvstg gag
cac Hl% get cac gtg aﬂ&é aag gtg act gdfl0cta 624 Lys

gaa BRE £3NgFE GE s . flagH \éag S Yal Thr g
&iu aﬂﬁUG%‘B SAEgEs o ¢ S gt 25k 1@@5‘ Géﬁ 8 gag’
tltlg ggg gaa ttg gﬂgOgca ttc ctg 6725 G n Arg Leu Gly
G u Leu Val A a Phe Leu 210

aca é%gog c
19 cag
I?E gtig ttt ig%g ttgaggggg7 E% Vgieﬁ%(§1;/§§ @sg%:sp Tyr
Leu Thr dn Val Phe Trp Leu Ala 225 230 235 240

atc
3t gk :g@cgg%g Begringie g6 a%; T
gaa y y e I gigg P Pro
Gy Met Pro G u x 245 250 <210> 82 <211> 254
atc gaa ggt aaa aca atc gct aca atc g?t gct g?t aga atc g? 528
Y

Ite Glu Gly Lys Thr Ile Ala Thr Ile Gly Ala Gly Arg Ile G
165 170 175

aga gtc ttg gaa aga ttg gtc ccc ttc aat ccc aaa gaa ttg ttg 576
Arg val Leu Glu Arg Leu val Pro Phe Asn Pro Lys Glu Leu Leu
180 185 190

tac gat tac caa gct ttg ccc aaa gat gct gaa-gaa aaa gtt ggt 624
Tyr Asp Tyr GIn Ala Leu Pro Lys Asp Ala Glu Glu Lys val G?y
195 200 205

Cgt cgt gtt gaa aac ata gaa gaa ttg gtt gct cag gct gat ata 672
g;g Arg val Glu Asn glg Glu Glu Leu val Ala Gln Ala Asp Ile
220

acc gtt aac gct ccg ttg cac gct ggt acc aaa ggt ttg ata aac 720
Thr val Asn Ala Pro Leu His Ala Gly Thr Lys G?y Leu ITe Asn
230 235 240

gaa ttg ttg tca aaa ttt aaa aaa g?t gct tgg ttg ctt aac acc 768
Glu Leu Leu Ser Lys Phe Lys Lys Gly Ala Trp Leu Leu Asn Thr
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<210>
<211>
<212>
<213>

<400>

<212> PRT <213> Artificial Sequence <220> <223>
Synthetic construct HHDH P016096-@ <400> 82 Met Ser
Thr Ala Ile Val Thr Asn Val Lys Hs Phe Ay Ay Mt
Gy 151015 Ser Ala Leu Arg Leu Ser Au Ala Ay
H's Thr Val Al a Oys i4LdSh}3320039-80rr G u ser Phe Lys
AGn Lys Asp Qu Leu u Ala Phe Ala G u Thr Tyr 35 40
45 Pro @ n Leu Lys Pro Met Ser Qu An Qu Pro Ala Qu
7§gu lle Qu 50 55 60 Ala Val Thr Ser Ala Tyr Ay Gn

S Asp Val Leu Val Ser Asn Asp 65 70 75 80 |le Phe

PewioméitasCey. Bieafd nofro Ile Asp Lys Tyr Ala Val Qu
Asp 85 90 95 Tyr Arg Ay Ala Val Qu Ala Leu dn lle

100 105 110 Asn a Val Al a
met "“a@ gﬂo . CyL & t%“ATyd" R SR PRY yalisP §bY Ve 115
Pro Lys 120 125 A1 E’hta"gl hep BRp 1Sr P a yEht1 s.PUt\Qp Rh% & pREO Trp

u Leu Ser Thr 180 135 140 Tyr er Ala Arg

Gly GW% Y LRE Py ShTrolets Al ];i@nAiﬂ hEeTl!i“"Sé"r‘O Gbage 75
Gln Leu @TsQSC’x%WD%O rd1u lé@ c1yOL ﬁ% Cj-yrs Gu Leu
50 Ay GQu Tyr Asaslle Pro Val Pee roAsn

65

Glu 59—"]?6*5' 470 H175;hrTyeu Vel Vs Tisersed wmsps Sep G’hoPTﬂyr Phe
8 1 @sn Pro
Asp Ser -é}élr] ﬂfésj g@gl H1 Lgu\yeﬁ Qéﬁ%% Es\?a %Agﬂ! S&h 195

GIn Pro 2@ 12!&5 PrGIAﬁIaATg" Leu KEryPﬂ’chrtﬂGI A(rd_5[$e G1u Leuaty Gl u

5220 Ala 3éP dy ser

Lys Asn bﬁ,@ it Lﬁ%ﬂ’”f‘hlve”c;erg A's @ér ﬁﬁeG e"e‘ﬁpﬁh“a"yvébs 230

Asp Leu 23h 240 A18 M eGhyp Rag AZhovai eth\Qﬂ ‘lla/?sﬂg vdiprhro Ay
130 Vet Pro G u 2483950 <210> 83 <pDl> 765 <212> DNA

145

ser Leu GANSAFHGEn DEL PRLE O P @
165 170

Tyr Cys Longsennd{e 566 W1 SdadMcis ﬁ%o\ﬁakmwesyﬂt%%ggc

2¥Fﬁ Ala Arg Lys Gly
175

-Gly Trp Asn Ile Ala Asp Cys val Ser His Ala Tyr Asp Leu Glu Ala

180 185 190

‘Met His val Gly Thr val Ala Ala Gly Arg Ile Ala Leu Ala val Leu

195 200 205

Arg Arg Leu Ala Pro Phe Asp val His Leu His Tyr Thr Asp Arg His
210 215 220
Arg Leu Pro Glu Ser val Glu Lys Glu Leu Asn Leu Thr Trp His Ala

225

230 235 240

Thr Arg GTu Asp Met Tyr Pro val Cys Asp val val Thr Leu Asn Cys

245 250 255

Pro Leu His Pro Glu Thr Glu His Met Ile Asn Asp Glu Thr Leu Lys

260 265 270

Leu phe Lys Arg Gly Ala Tyr Ile val Asn Thr Ala Arg Gly Lys Leu

275 280 285

Cys Asp Arg Asp Ala val Ala Arg Ala Leu Glu Ser Gly Arg Leu Ala
290 295 300
Gly Tyr Ala Gly Asp val Trp Phe Pro GIn Pro Ala Pro Lys Asp His

305

310 315 320

Pro Trp Arg Thr Met Pro Tyr Asn Gly Met Thr Pro His Ile Ser Gly

325 330 335

Thr Thr Leu Thr Ala GIn Ala Arg Tyr Ala Ala Gly Thr Arg Glu Ile

340 345 350

Leu Glu Cys Phe Phe Glu Gly Arg Pro Ile Arg Asp Glu Tyr Leu Ile

355 360 365

val 61ln Gly Gly Ala Leu Ala Gly Thr Gly Ala His Ser Tyr Ser Lys
370 375 380
Gly Asn Ala Thr Gly Gly Ser Glu Glu Ala Lys Phe Lys Lys Ala val

385

<210>
<Z211>
<212>
<213>

<220>
<223>

390 395 400
71
1098
DNA
Artificial Sequence

Synthetic construct
FDH FDHCb13
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<221> CDS <222> (1)...(765) <400> 83 atg acc acc get
atc gtc acc aac gtc aaa cat ttt g a ggt atg ggt 48
Met Thr Thr Ala Ile Val Thr Asn Val Lys His Phe Ay
Gy Mt Ay 1 5 10 15 agc get ctg agg ctg agc gaa get
ggt cat 2%EC gt ¢ getSEHQGESTAS3Gen3l96Corser Ala Leu Arg
Leu Ser uAla @y Hs Val Al a Cys H?@AspZOZS

gct cgt It gewd adgcrdct ragar dad giat gdagcelgfdt gh ttt 816
Ala Argddy %’B&a I&cd:ytsa\taHMaC%%JAszeng/&aFPhﬂaLyﬂ;a g ag@s%Mp

Leu €U Ala Phe Ala @& Thr Tyr 35 40248 cca cag ctg
t t t RIEad A fAEL+8334CL 'i’ gaa ggq
ser g%ykﬂ fgf@ %L&r % 8 ryOAﬁ;Et\%%Sef%%aDae %‘%g o Ala

@7l§ Leu IIe GI u 5@885 60 get gtc aéss agc get tac got

o5t cra i S A Sobie Bt A8 BPendithndde 7 aeh nep 0

29070 75 80 atc 29!1 get cca gaa t3ao cag cca atc gat aaa

ta cca at 288 IIePheAIaProGIuPheGIn
o5 s MesherdRdocas ) S bagaiata o

305 ggt get gtcgjgaa ge ctg cagi3akc ag

t%‘a%:%% Tyr Arg Ay AIaVaI:EGIuAIaLeLFJG|tgIIeArg008
acc cg c ILeRC/3P2 7RG CEgogad aget tc
Thr Arg TX% gj%ﬁg? a%ﬁ cggsafgé' z 1&‘a e'"%g % 7 Asn

Ala val Ala Ser A n Mt Lys Lys Arg Lys ser Ay His

g?t aaa |ytg 93te tal 3-g120ca] 28gtgad atc aactCﬂccEt gegcomit gay ttclos6
Gly Lys djé'ﬁ A?I%TY’@@"Sapgmg&z gsg ftg) TdgtLleazbe P@g GlyeGThr ser
a Pro Phe Ggy ro Trp Lys Qu L a ser Thr 130

tat gtt 1335 aaﬁbOgtactaacg aga geic ggtaagetaa;ggaangatgt act ctaipes
Tyr val %@g leyegt Aé%tTYdft ggs 496 ASyLYFhyysSef AFa Arg Ala Ay
Cys Thr Leu AFAd”"Asn Ala Leu ser 145 150 155 160
Page 76 SEQLI ST-0339wo0310-Corr aag gag cta gga gag
<210> 72 ac aat atc ccg gtg ttc get atc ggg ccg aat 528 Lys

<211> 3
5102 pag U Leu Ay Qu Tyr Asn Ile Pro val Phe Ala Ile Gy

<213> cdnd9ddRidfimil70 175 tac cta cac tcg gag gat tcg ccg
tac ttc tac ccg act gag ccg tgg 576 Tyr Leu H's Ser

<400> 7 % Ser Pro Tyr Phe Tyr Pro Thr GQu Pro Trp 180
Met Lys i[ég e OL‘;‘éd’gﬂ alegu %éf AéegA Gl desgtts géu %ﬂcbﬂq g aalg
t f R | s Va
alu 6Ty 239 GhoTae! 6126‘@50&@« %gﬂ acr Sy d L}et‘éﬁﬂlng‘*oé‘ ahs Ve
Trp Leu gga ft&paGyggﬂacmsCaau d&s Gy Tht ghg g dam iysgGht g gea
Gly G1y érgv 7%_exlci§?) 9 I-J'lgu '%03551% % &\éptICI;e ﬂ_eu Ay

Leu gggc tct
Ile Thr tTgr Igax PheitH1Btlg"oamagg'® Thy ThE g yist d;ht gggtile gem 720

65 70 75 80

Lys Ala Lys Lys égu Lys Leu val val 381 Ala Gly val Gly Ser Asp
95
‘His Ile Asp Leu Asp Tyr Ile Asn GIn Thr Gly Lys Lys Ile Ser val
100 105 110
Leu Glu val Thr Gly Ser Asn val val Ser val Ala Glu His val val
115 120 125
Met Thr Met Leu val Leu val Arg Asn Phe val Pro Ala His Glu Gln
130 135 140
ITe ITe Asn His Asp Trp Glu val Ala Ala Ile Ala Lys Asp Ala Tyr
145 150 155 160
Asp Ile Glu Gly Lys Thr Ile Ala Thr Ile Gly Ala Gly Arg Ile Gly
165 170 175
Tyr Arg val Leu Glu Arg Leu val Pro Phe Asn Pro Lys Glu Leu Leu
180 185 190
Tyr Tyr Asp Tyr GIn Ala Leu Pro Lys Asp Ala Glu Glu Lys val Gly
195 200 205
Ala Arg Arg val Glu Asn Ile Glu Glu Leu val Ala Gln Ala Asp Ile
210 215 220
val Thr val Asn Ala Pro Leu His Ala Gly Thr Lys Gly Leu Ile Asn
225 230 235 240
Lys Glu Leu Leu Ser Lys Phe Lys Lys Gly Ala Trp Leu Leu Asn Thr
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Ala
Ser
Ala
Gly
305
Thr
Gly

TYr

Ala Ser Ay Ser Cys Asp Tyr Leu Thr Gy dn val Phe
Trp Leu Ala 225 230 235 240 ggc ggc ttt ccc atg ata
gaa cgt tgg ccc ggc atg ccc gaa taa 765 dy G Y Phe
Pro Met Ile Qu Arg Trp Pro Gy Met ProG u 245 250
<210> 8% <211> 254 SERIIB-PRweIADIconr tifi ci al

wro LA 1 R0 A S AR PR IS TR e

Gly\@in Les AFp SGIBhEy SelyGhly Wep v@lyTril pbe FrolSln $eo Al a

3 Arg Leu Ser G289Ala Gy His The8val Al s Hs
pro iS5 AP SES S by, %ar%ge{ﬁgc?@ b2 5B #Een @ u
AsnAlla kee TAFapr@ Wiy r Tydr 639 e Pe@ Adpbnateihys Pro
nmet S_g_:{ Adwldn u Pro Ala3d@u Leu Ile Gu 330 55 60
ArO AYE Vet § @rG@th'NLé(ST%Pr“ %% L@“nG\Valseﬂspﬁ‘elg 80 Val
Lys S¥e ASD TP PargBhrd @1A5ASP 118 118 PhE M@ RHOGTY W1fhe G n
Pro B4@® Asp Lys Tyr A4 Val G n Asp 83580 95 Tyr Arg

Va]gaﬁ e AVal TYY GIAILySLEE 65h Uviselysrg Pro Phe Ala Leu
100 105 110 f Ala val Ala Ser G n Met Lys Lys

<210> 7Arg Lys Ser Ay Hs Ile lle 115 120 125 Phe Ile Thr
<211> 7&er Ala Ala Pro Phe Ay Pro Trp Lys GQu Leu Ser Thr

212> D
DEIT e Ax%(}_i%s&gl %g%ueﬂggr Thr Ser Ala Arg Ala Gy Ala Cys Thr

Leu Leu ser 145 150 155 160 Lys Gu Leu

<220> Qy Gu Tyr Asn Ile Pro Val Phe Ala Ile @y Pro Asn
<223> syghetir) coFstrutyr Leu H's ser G u Asp ser Pro Tyr Phe

HHRI PRIy 14813 u Pro Trp 180 185 190 Lys Thr Asn Pro

- <220> Gdu Hs Val Ala H's Val Lys Lys Val Thr Ala Leu 195
<221> ¢c00 205 An Arg Leu Gy Thr An Lys Qu Leu Ay Qu
<222> (Dey-VHS)Al a Phe Leu 210 215 220 Ala ser @y Ser Cys
<400> 78sp Tyr Leu Thr Ay G n Val Phe Trp Leu Ala 225 230

atg
Met
1

. agc
ser

gaa
Glu

cca
Pro

gct
Ala
65

atc
Ile

tac
Tyr

dat
Asn

ttc
‘Phe

tac
Tyr

ser Nthr AMrao TG Wad4Bh2%6n y Cor r

agc e 40 atl gtcGhyc Bae d¥c0aMetcak! € a%ﬂﬁtﬁg EBQ Ay 48
geyd HiSEd BTy @333
<210> 85° 10

gct ctg agg

Ala

agc
ser

cag
Gln
50

gtc
val

ttt
rhe

agg
Arg

gct
Ala

atc
ile
130

act
Thr

Leu

ttt
Phe
35

ctg
Leu

acc
Thr

gct
Ala

ggt

at
va
115

act
Thr

tcg
Ser

Arg
20

aaa
Lys

ddd
Lys

agc
Ser

cCa
Pro

gct
Ala
100

gct
Ala

tcg
Ser

gct
Ala

ctg
Leu

cag
GIn

cCa
Pro

gct
Ala

gaa
Glu
85

gtc
val

tcg
ser

gct
Ala

cga
Arg

agc gaa gct

Ser

aaa
Lys

atg
Met

tac
Tyr
70

Tttt
Phe

gaa
Glu

caa
Gln

gct
Ala

gct
Ala

Glu

gat
Asp

agc
ser
55

&ty

cag
Gln

gct
Ala

atg
Met

ccg
Pro
135

999
Gly

Ala

gaa
Glu
40

gaa
Glu

cag
GIn

Cca
Pro

ctg
Leu

aag
Lys
120

ttc
Phe

gct
Ala

ggt
Gly
25

ctg
Leu

cag
Gln

gtc
val

atc
Ile

cag
Gln
105

aag
Lys

ety

tgt
Cys

cat
His

gaa
Glu

gaa
Glu

gat
Asp

gat
ASp
20

atc
Ile

cga
Arg

cCa
Pro

tcc
Ser

acc grc gct

Thr

gct
Ala

cca
Pro

gtc
val
75

aaa
Lys

agg
Arg

aag
Lys

tgg
Trp

cta
Leu

val

Tttt
Phe

gct
Ala
60

ctg
Leu

tac
Tyr

cca
Pro

tcg
ser
aag
Lys
140

gct
Ala
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Ala

gct
Ala
45

gaa
Glu

gtc
val

gct
Ala

ttt
Phe

a1y
125

gag
Glu

aat
Asn

tgc
Cys
30

gaa
Glu

ctg
Leu

agc
ser

gtc
val

gct
Ala
110

cac
His

cta
Leu

gct
Ala

cat
His

acc
Thr

atc
Ile

ddac
Asn

cag
Gln
95

cta
Leu

atc
Ile

tcg
ser

cta
Leu

gat
Asp

tac
Tyr

gaa
Glu

gat
Asp
80

gat
Asp

gt
va

atc
Tle

act
Thr

tcg
Ser

96

144

192

240

288

336

384

432

480



145
aag
Lys

tac
Tyr

aag
Lys

caa
Gln

gca
Ala
225

ety &

<211> 765 <212> DNA <213> Artificial Sequence <220>
<223> synthetic construct HHDH P016097-H10 <220>
<221> CDS <222> (1)...(765) <400> 85 atg acc acc get
atc gtc acc aac gtc aaa cat ttt g9a ggt atg ggt 48
Met Thr Thr Al a || eseaISTHIB3 3283 10adordrys H's Phe Gy
Ay nmet Ayl 5 10 15 agc déP ctg agg ctg adélgaa get
a t 8 ty+SE U Sersgy
gagd %ggﬁﬂﬁﬁ%t@@&f%ﬁ% ﬁsﬁ%ﬁl é%%?’%géffﬁéﬁ 20 %5
30 gaa 3§k ttt aaa cag aadod gat gaa ctg ga¥’get ttt get

a6 Bl fouib Al 1k B, S

cca M(g agc gaa cag gm cca get gaa ct1@0atc gaa

$§.E@e3?x b0 985 o Big oy s OB t‘i“"‘éc ;aggm @%ga @mm cep

gitos gat gtc ctg gtpgagc aac 4005 Al a r Ser
Cga%% Tyr Ay at(gg Vtz:lglag o p Val LguEVaIgEsercaAsn A;g 65 7%@

t C t aaa t

Arg L 3 @i’y igggg ga ?géu Hﬂggﬁ]tgﬁl tﬁg?’%ﬁ %h?%@’n Pro

l e Asp Lys Tyr Ala Val dn Asp 85 90 95 tac agg ggt

tct heaoagetatet agec att tyggety gca gtg 720

ser% 9 a%GTX/’”;d% C% ?X c§%I L&Ge drR teSM g Pro
Phe AI a Leu vaI 100 105 110 "aat get gtg get 'tcg caa
ggc ity e@y adapteggamagtti oy ggy ggacatat ecatgaa3Bh Asn Al a765

Gly \Pile AroaMeprIlE Qe LTy gﬁ GAy Mqty Breérlu@y His Ile
e 1152420 125 ttc atc tcg get get ccg ttc ggg
cca tgg aag gag cta tcg act 432 Phe Ile Thr Ser Al a

<210> 7Ala Pro Phe Gy Pro Trp Lys Qu Leu ser Thr 130 135

211> 2340 tac act tcg get cga get ggg get tgt tcc cta get

D13 ARdlFi g8l 6hgudned 480 Tyr Thr Ser Ala Arg Ala Ay Ala
a

<223>

Cys Ser Leu Asn Ala Leu ser 145 150 155 160 aag

S Gu Leu dy GQu Tyr Asn Ile Pro Val
a IIe y Pro Asn 165 170 175 tac cta cac tcg

AI
<220>S ctag gtac aat atc ccg gtg ttc get atc ggg
H&g

<400> 749ag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576

Met
Ser
Glu
Pro
Ala
65

Ile
Tyr
Asn
Phe
Tyr
145
LYS
Tyr
Lys
Gln
Ala

225
Gly

Se'"Tf;hr Ay Il vadeFhGagn Agy) Hbg OPHRY 6 1P YTYEt RiY Thr
A1aCEeH gago %&881.}%% 3 Q‘hgtc\yag?gﬁ%%g gAQSC gtg

ser ghe Lys G1n Lys Asp géu Leu G1u Ala Phe Aga Glu Thr Tyr
5 4
gén Leu Lys Pro Met Ser Glu GIn Glu Pro Ala Glu Leu Ile Glu
55 60
val Thr Ser Ala ;%r Gly GlIn val Asp ¥§1 Leu val Ser Asn ggp
Phe Ala Pro g1u Phe GIn Pro Ile gap Lys Tyr Ala val S;n Asp
5
Arg Gly Ala val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu val
100 105 110
Ala val Ala Ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Thr ser Ala Arg Ala Gly Ala Cys Ser Leu Ala Asn Ala Leu Ser
150 155 160
Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
165 170 175
Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu val Ala Phe Leu
210 215 220
Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gin val Phe Trp Leu Ala
230 235 240
Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
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Lys Thr Asn Pro u H's Val Ala His Val Lys Lys Val
Thr Ala Leu 195 200 205 caa cga cta ggg act caa aaa
gag ttg ggg gaa ttg gtg gca ttt ttg 672 Gn Arg Leu
@y Thr An Lys Qu Leu Gy GQu Leu Val Ala Phe Leu
Page 78 SEQLI ST- 033%8ah330-033Pwo31R100r215 220 gca tct
ggc tct %'gt gat tat ttg 489 ggc cag gtg ttt tgg ttg

"<210> 79ca 720 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay Gn
<211> 76/l Phe Trp Leu Ala 225 230 235 240 ggc ggc ttt ccc

<212> DNy g ata gaa cgt tgg ccc gggc atg ccc gaa taa 765 Qy
<213> A iEid BROSBE 11 Qu Arg Trp Pro Gy Met Pro G u
<220> 245 250 <210> 86 <211> 254 <212> PRT <213>

<223> swrtheticicahssegtience <220> <223> synthetic construct

HHRHOMZ BEHI8097- HIO <400> 86 Met Thr Thr Ala Ile Val Thr

<220- Asn Val Lys Hs Phe Gy Gy Mt Ay 1 5 10 15 ser
<221> ¢ a Leu Arg Leu Ser u Ala Ay H's Thr Val Ala Cys
<222> (H.s-£599)20 25 30 Qdu Ser Phe Lys A n Lys Asp GQu Leu

<400> 7

atg
Met
1

agc
ser

.gaa
Glu

cCa
Pro

gct
Ala
65

atc
Ile

tac
Tyr

aat
Asn

ttc
Phe

tac
Tyr
145

‘aag
Lys

tac
Tyr

aag
Lys

u Ala Phe Ala Au Thr Tyr 35 40 45 Pro A n Leu Lys
agc Ric@ $ergld Heddalc Q¢ BEP Akac Yot &t 4

2 b N Vel Ve Sans A bus Aty SV el B L

Val Ser Asn Asp. 65 70 75180 Ile Phe Ala ro Gu Phe

i BE SRR (08 o8 BB, Do

Leu &l 100 105 110 Al§n AI a VaI Ala S8o G n t Lys

agc %ﬂé agC a?,él ﬁs;?rgé gq‘s/ g@ et _@1%%120 125 Phe 11
S ATh Ophl K1 %‘3 %«' Ser
il 130 135740 TyoF&Ié% sef %I Eﬂ' ' cys

Ser Leu Ala Asn Ala Leu ser 145 150 155 160 Lys Qu

cag 21358 §2 oval IPh gaa A gl ¢ Pro 192

Ghis%g %3% %@g %%?lr’ [ &F %e‘ﬂé@g ér o Tyr
Phe Tyr Pro Thr Qu ProTrp 180 185 190 Lys Thr Asn

gtc RCce W gilr staVaDQW gHs SR ditgscloygtd/algcTdmc ghn Leu 240

val 185 sRjpA ﬁsmdshf g e A y%hlreuevw 596 AUARRU Gy

G u Leu Val RI a Phe Leu

tit gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Phe Ala Pro G;g Phe GIn Pro Ile Asp Lys Tyr Ala val Glu Asp
90 95

agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gt 336
Arg Gly Ala val Glu Ala Leu G1In Ile Arg Pro Phe Ala Leu Va
100 105 110

gct gty gct tcg caa atg aag aag cga aag tcg g?g cac atc atc 384
Ala X%g Ala Ser Gln Met &58 Lys Arg Lys Ser Gly His Ile Ile
125

atc act tcg gct act ccg ttc g?g ccg tgg aag gag cta tcg act 432
i;g Thr Ser Ala Thr i;g Phe Gly Pro Trp Lys Glu Leu Ser Thr
140

act tcg gct c¢ga gct g?g gct tgt act cta gct aat gct cta tcg 480
Thr Ser Ala Arg igg Gly Ala Cys Thr ng Ala Asn Ala Leu Ser
1 160

gag cta g?a gag tac aat atc ccg gtg ttc gect atc g?g ccg aat 528
Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
165 170 175

Cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190

act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Thr égg Pro Glu His val ggg His val Lys Lys val Thr Ala Leu
205
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210 215 220 Ala ser Ay ser Cys Asp Tyr Leu Thr Ay
A n Val Phe Trp Leu Ala 225 230 235 240 dy Ay Phe
Pro Met Ile Qu Arg Trp Pro Ay nmet Pro G u 245 250
<210> 87 <211> 765 <212> DNA <213> Artificial

uence <220> <228%AL Tttﬂ?pétiwaﬁlﬁe@mtrr uct HHDH

caa cga % Ca2oa%R, 9ag tltﬂ 22 gca itg <400572
Gln ArgdF P@?Tég %Eé{‘}“ﬁ g% ? ? ”303'%5 8get atc
gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48 I\/Iet
gca tCt'IQ?C THf TAF Dt gat/iitg $tH|t$!9Ptﬂ§J m: 720
g;? erNEY 'y A58 5P0 MM Felg g@ g PE?gT'”Hg'ce“g get ggt
cat acc gtc get tgc cat gat Ser Al a Leu g Leu
g%;c ?CSBTC Ga aAbat@ gadicgt Tityg ved %lcaa@scdrllgﬁa 20 25 30765
Gly Gly fhg ag e tﬂsaﬁ“bégga“'a"@ NaMeh Groddu ttt get
gaa acct c 144 Qdu Ser eLySGIn Lys Asp G u Leu
GQu Ala Phe Ala Au Thr Tyr 35 40 45 <cca cag ctg aaa
<210> 7®ca atg agc gaa cag gaa cca get gaa ctg atc gaa 192

<211> 2
<317% p 0 Gn Leu Lys Pro Met Ser Qu Adn GQu Pro Ala Qu

<213> amBY¥itlA S4lenled5 60 get gtc acc agc get tac ggt cag
220 gtc gat atc ctg gtc agc aac gat 240 Ala Val Thr Ser
< >

553 % _}/ g/ A@n Val Asp Ile Leu Val Ser Asn Asp 65 70
<ce3> Sy ﬁ@lc a0t get cca gaa ttt cag cca atc gat aaa tac
get gtc cag gat 288 1le Phe Ala Pro GQu Phe dn Pro

<400> 761 e As Tyr Ala Val dn Asp 85 90 95 tac agg ggt
Met Ser J&yr @tac I@&d/adefh'"ct“gn cag hye "'é\@g”@cﬁ"! tGﬂY%gt 6w gtg
ser Ala 3!.%@ A.Tg\’ﬁ_et?*rﬁr%t’u All%%'@ A A %Q L2859 Pro

Ma Leu va 100 aat get get tcg caa
Glu ser dthg By Ghag-ysgasm N%@Utkﬁgl gl}g Ad acPleet e1at(ﬂu381¢' TAsn Al a

- o BB ATE G Al B

Ala va1 Crba Sgg Aaagl'yg‘ag'Ith;ant\Qg asp v4$2LeuPhe1 Ide@ Adir ASer Al a
65 Ala Pro Trp Lys 78 u Leu_ Ser _Thr §QO 135
ITe phe 213 Pl ShUPEch 8o CgE G5t (9B0Mor1S Rl 688 oot

Tyr Arg @ty S’ﬁi Vﬁ'! ETCA L8y chwr I1@rAr§eﬁrd°"Pﬁ‘e Mg Lﬁvg y Ala
Leu Ala Asn A0a Leu Ser 145 15Q0155 1
Asn Ala Va1 A1a Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile I1e
115 120 125
Phe ITe Thr ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 ' 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
. 165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
GIn Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val Ala phe Leu
_ 210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gin val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro get Ile Glu Arg Trp Pro Gly Met Pro Glu
45 250

<210> 77

<211> 765

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct
HHDH P016229-F-04

<220>
<221> CDS
<222> (1)...(765)
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aag gag cta gga gag tac aat atc ccg gtg ttc get atc
ggg ccg aat 528 Lys Qu Leu Ay Gu Tyr Asn lle Pro
val Phe Ala Ile Gy Pro Asn 165 170 175 tac cta cac
tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg
576 Tyr Leu Hi s SefHQLGSAE3Bea31PreorTyr Phe Tyr Pro

<400> 77Nr Gu Pro Trp 180 185 190 aag act aat ccg gag cac

atg agc Hcdt §ot a€agt@t c@adc ARG 94D Att t@egStRL62 %VS Thr 48
g A R o e S B ey o g y Ala
1 Leu 195 200 205 caa cga cl@ ggg act caa aakb gag ttg
t t 2 .G y Thr
agt gct c&gt ga %té% E‘Iig ﬁz t Q}%l’g J:aetu 96
ser A1a%§ %L usgl%e ?%%ya W hed THal 33& 31 I't‘gsLﬁ'H‘. 2 215
220 g¥B tct ggc tct tgts gat tat ttg acBoggc cag gtg
Lt ttgaa%ca 720 Al a Ser GI%/ Ser %sAs T%/)r Leu
gaa agc-tt o a a i C a 144
o 29U 1Y o R erR (0 O Sl A s oo
ggc ttt ccc atg atapgaa cgt tgg cccqagyggc atg ctc gaa
cca Cagtaa %;?Sc G A ch Phg Pro Met Ile Qu Arg Trp Pro Gly192
Lo LA st K
S G R s e S
Sequence <220> <223> Syntheti.c construct HHDH
91Ct 8"% 6P 94l Ltac49ar-Cgg t 999t h¢t9AB§§ lge asgd 9Thr Asn240
Aol VAIVA Y5 A STYBREDGEYN AR A VeLy-eU Vel PN SER Al a
Leu Arg Leu ser Au Ala Ay H's Thr Val Ala Cys Hi s
atc ttt Agp @G 86a 30t Glgu cSeratthgat ywea@avr byts ghspgdd yateu G288
Ile Phe Al3 PGl Phe @RI TRle ASK'LYe W8 Bt Val rEluedskys Pro
Met Ser ud@nd du Pro GQu Leu lle d 50 55 60
tac agg Algd oad glbrgaSegcAlcag Tadg &y aghncodaktAger | ¢ bey Val 336
Tyr Arg §3w Aen VAL s 1u6h] 70eF 3180114 IAg¢gPh® Pha APaoLa@ ug%he An
Pro 1% Asp Lys Tyr A% val dn Asp 83480 95 Tyr Arg
aat gct V@l cad s Nad apahglet rQcPiig Ata Leu 3gq
- Asn A1a§§;}? AT08ed @A nl M%Lﬁgaﬁ\ Ly Siecérsg%)é:@iﬁ Met 1lys Lys
Al Lys Ser Ay H80lle Ile 115 1225125 Phe Ile Thr
ttc atc cE:)rgc %@c E{D@ot Paa AEaG aLiu §g Thr 432
Phe I"Ie%%& %g%&hﬁwg RE G¥§' p Q'—é lgy W Gy dlraThys Thr
130Leu Ala Asn Al ®3%eu Ser 145 150:0155 160
tac act tcg gct cga gct g?g gct tgt act cta gct aat gct cta tcg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 ' 150 155 160
aag gag cta gga gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro val phe Ala Tle G%y Pro Asn
165 170 175
tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
caa cga cta g%g act caa aaa gag ttg g%g gaa ttg gtg gca ttt tig 672
Gln Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu Val Ala Phe Leu
210 215 220
gca tct g?c tct tgt gat tat ttg act g?c cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr teu Thr Gly Gln val Phe Trp Leu Ala
225 230 235 240
g?c ggc ttt ccc atg ata gaa cgt tgg ccc g%c atg ccc gaa taa 765
Gly Gly pPhe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu *
245 250
- <210> 78
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Lys Qu Leu Ay GQu Tyr Asn Ile Pro Val Phe Ala lle
Ay Pro Asn 165 170 175 Tyr Leu His Ser A u Asp ser
Pro Tyr Phe Tyr Pro Thr Qu Pro Trp 180 185 190 Lys
Thr Asn Pro Qu H's Val Ala H's Val Lys Lys Val Thr
Ala Leu 195 200 20%EQLESH-R3gwedd-Grr Thr A n Lys G u
ol Zﬁnu Gy Gu Leu Val Ala Phe Leu 210 215 220 Ala Ser
<213> Wi SeL] @yg udel Tyr Leu Thr Gy A n Val Phe Trp Leu
Ala 225 230 235 240 Gy Ay Phe Pro Met Ile Qu Arg
<220> Trp Pro Gy Met Pro Gu 245 250 <210> 89 <211> 765
<223> 3&?&2&1@%" oSS Artificial Sequence <220> <223>
synthetic construct HHDH P016231-A-03 <220> <221>
<400> 7&€DS <222> (1)...(765) <400> 89 atg agc acc get atc
Met Sergthe Al Td&cVag Ehafsncyal Lys *@Qap@@@at@)’gg tA3Y Met
Ser A1as_eéu IFH asé:J %'Iy%haTETy 8 el vy S bl & sPliss Gsy Ay
agesget ctg agg ct@gmgc gaa get ggt
Glu Serc%tte ar:s: G@ncLsgseﬂsm gducaeu Gav Ae PheAlAl GluLghr Atryg Leu
pro 51038 G4 BbACELHCLTE V5, A VST Sfgpe 29,25 30
t aagscag aaa ga aa ge get
Ala Va1gﬂfr aerc AﬂaCT}dr4¢'|y@1h gElr AE’he/al]ySeLva Lyes- ASrpA@bu Leu
63 h_[ie 5 40 45 cca ggctg aaa
tle rhe dlh 806 cPs B Eioghle AL 38 TadTe i agE das Sob
Tyr ArgREg A viaRUcly A191@uMeIn 296 AG' up/d 'ﬂ'hQAJIaP[&l Aaa Gu
Leu 0@ G u Page 81 SEY | ST- O 39wo0310-Barr 50 55 60
Asn Alagal flg SgEGHylegdy tla)és 669 wagsmg ?dﬂsgﬂ:e &g gtc

he 11 3¢ A9atTH4P r é Ty Fhn Val
Pne {38 Asp Val ALeuTvahg%er Asn K;srg Té? %ygb‘l'? du & atc ttt get
Thrtssr ghra Att"gtA’@agH:cPdaatIXS ght LaeaaAIaaesgoodagteu a gat

Tyr

145 8 ro | s Tyr

Lys G]uﬁ[e% %&%&Bg%éﬁﬁo’g zacpeagg &g? J‘g]é’tfs gaa get

Tyr Leucmg Salg GathAﬂJggecG&otT)tr gﬁé 'lf)'/tr‘aPngt ghB3Blu ryd TAPg G Y
? Jl' Pro Ph&0Al a Leu val

Lys Thr@g ﬁtbst 0" Saif @%@ Gt V@btwtscbvscé@ at'y Atdy 8Hg cga

G1n Argadd &P 990G GREy A udt &y 384 c1BSPe g Vil fhe 1 SBT G N

210Met Lys Lys Ar@iiys Ser Gy His2ade Ile
Ala Ser Gly ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala

225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
. 245 250
<210> 79
<211> 765
<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct
HHDH P016230-A-08

<220>
<221> CDS
<222> (1)...(765)

<400> 79

atg agc acc get atc gtc acc aac gtc aaa cat ttt gga ggt atg g%t 48
Met Ser Thr Ala Ige val Thr Asn val Lys His pPhe Gly Gly Met Gly

1 10 15

agc act ctg agg ctg agc gaa gct g?t cat acc gtc gct tgc cat gat 96
Ser Ala Leu Agg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
25 30

gaa agc ittt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu Ser ng Lys GIn Lys Asp G}g l.eu Glu Ala phe Ala Glu Thr Tyr
45
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cca
Pro

gct
Ala
65

atc
Ile

tat
Tyr

aat
AsSn

ttc
Phe

tac
TYr
- 145

aag
Lys

tac
Tyr

115 120 125 ttc atc act tcg get act ccg ttc ggg cca
tgg aag gag cta tcg act 432 Phe Ile Thr Ser Ala Thr
Pro Phe Ay Pro Trp Lys G u Leu ser Thr 130 135 140
tac act tcg get cga get g 99 get tgt act cta get aat

cag_get ctactcg 480g Ey?aEQIhﬁT@éBfWﬂOﬁ@cg‘rAl a dy Ala Cys 92
a

cln Ml ?aﬁﬁﬁ%@é‘\'ﬁu% i .%5%?‘5%13%1 I S%g gag'

socta a gag tacsgat atc ccg gtg C get atc g g ccg

aat 528 Lys Qu Leu Ay Qu Tyr Asn Ile Pro Val Phe

gtc Acs 9% 9ck \tamy oINSy 970 gLZ5Cctg §EC iga eAc ety gage4o
val Jar ?‘?:@_A?EgT ey & ”t]% (ool V?gt Lghyet Sy 8 B Tyr
Leu Hi s Ser u Asp Ser Pro Tyr Phe Tyr Pro Thr du

ttt Rrag Jegp 9280ctk86ad ¥a wEgyACtaaaatac ggt gag gacggt g get288
Phe Ad@ By Gégg“fﬁa@“gfgog&te 8 LdﬁaTSG‘ZA?an Gl Aggn Pro
I

GQu Hs Ala H's Val L Lys Val Thr Al'a Leu 195

cgt 205 gtaaggacticgogEy acd aggacadatgagtt &€ geg 0aa 336

Ar"g%g %@ Vgt Ala tgueyld TG mrorgro ebe @ly Méw v& n Lys
au Gy Gu Leu VP Al a Phe Leu 288Y215 220 gca

ctt te§lcdaOhtPAbglaly L4 361t QA bE¢ 199 384

g&attg;t g%sa 0:;C1nAMa§tgsrng %%yA riy Se%%gwé teurTar Ay
Gl val Phe Trp Lé40Al a 225 230 2332240 g c g c ttt

atc &t g aa ag.£9 ctg%;% t%ECa% ag  &a 765 432
11e Glhy g@A%er rﬁri@he' %%ET Ly 81%._@“@ Pro
130d u x 245 250 133210> 90 <211> 26 <212> PRT <213>

Artificial S%quence <220> <223> synthetic construct
act c agh C a t 480
e O R I AE 5 2 (PRI L L v

Thr Asn Valisoys H's Phe Avyi16y Met y 519 15

Ser Ala Leu Arg Leu Ser Qu Ala Ay H's Thr Val Al a

y
gag g a50)aA3l; agp C t C ncqdy &8s p q 8
cfi P88 Sl Rttt o B st SRR BT O
Lys Pro Met Ser Au Gn QQu Pro Ala Qu Leu Iledu

cta Praget@g%cg_altsrcmgsgmlmmap c@®0atb 980 ¢dgatd¥ml Thrs76

Leu @) §e'“c;f’ﬁ°\7%g W TYEI Poe BN VAL ASR Asp
n Pro Ile Asp

65 7 5 80 Ile Phe a Ser du Phe

aag aﬁt laps dogr gﬁﬂh a:q‘dabt%ﬁlgutAgm @%9@99&9 gy aﬁltggsqﬁﬂ ytdAl a Vad24
Lys Thr @&s G i a Afi L vl ¥a rygla Leu

@50 Aracledia vl %OAPQ Y&l LPRelYA ?o g vl
‘caa cga cta g?g act caa aaa gag ttg g?g gaa ttg gtg gca tit ttg 672
Gln Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val Ala Phe Leu

210 215 220
gca tct ggc tct tgt gat tat ttg act g%c cag gtg ttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly G1n val Phe Trp Leu Ala
225 230 235 240
ggc ggc ttt ccc atg ata gaa cgt tgg ccc g?c atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu =
245 250

<210> 80
<211> 254
<212> PRT
<213> Artificial Sequence
<220>

<223> Synthetic construct

HHDH P(O16230-A-08

<400> 80

Met
1
ser

Glu

ser Thr Ala I}e val Thr Asn val i%s His Phe Gly Gly Met Gly

: 15

Ala Leu Arg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
20 25 30

Ser Phe Lys GIn Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
Page 73



Pro
Ala
65

Ite
Tyr
Asnh
Phe
Tyr
145
Lys
Tyr
Lys
Gln
Ala

225
Gly

100 105 110 Asn Ala Val Ala Ser A n Mt Lys Lys Arg
Lys ser Ay Hs Ile Ile 115 120 125 Phe Ile Thr ser
Ala Thr Pro Phe Ay Pro Trp Lys Gu Leu ser Thr 130
135 140 Tyr Thr ser Ala Arg Ala Ay Ala Cys Thr Leu
Asn Al a Leu SerSEQMSFIB@M@ﬂOie@"r Lys GQu Leu Ay
G1n§%%§

i% P'%:?;r}\ae!tl gerP'_Gl V@er EEJ ﬁNRSﬂaS%m uF 'Pe % 1'?’35”

val Hrhm S'chr A(Bauy?r Gm’mpn \zaHOAi@E/aIQOeLLys] Ter ASQ-nAE’ﬁo Au

Val Adal _Thr AI a_Leu 8895 200

Phe 2‘8@ P'@ rS”&ngTeLgU‘ &9 ﬁﬁ H‘yEyEVFGIA M) @WARPu Leu
Arg \@ly ,Naavﬁm&;hﬁhl'la?l@u&iﬁn § & Argl AresPhe @1H veys ASP
A}aT I L@QJ);s-ggci,‘IG %tGIth \%]étf\’heéﬂ p%ﬁLigéAlT]?O %rZSIé%O 235
n rg dysl serasgy i Preo Met

11e B¢ G A345rhg'59ro %Egoflgggro % L3756 'Iuﬁ_%;!:zferm}lﬁ\" <213>

130Art ificial sequgnce 0> <223p4synt heti ¢ const ruct
Thr Hﬂ[DI—P«WMQB“SﬂﬂEGDB A1a<2<2z(}>Tkl22._’en mSAstzzaga =) Ser ( 765)

0] t a t t c 1889 cat
o T PLIaEge 3 45 IS Gs 3G BEAdRe oo
Leu Asls Sext G[lysAsidl SerPh?eoG‘yy chy TMEtPrG yhd (ﬂulﬁ)rol&rp agc get

.agc cat acc get tgc cat

e S8 B8 QoA drs TRl BB SRR 1S e
Arg \L&Iu TRy ek Syﬁ%mu Z_Qu251)3Q;1ug@@ agt AhlprRafegag aaa

210 aa ctg gaalget ttt aazzdcc tac 144 GI u Ser

Ser g_ SC@ Pygy'"Aé-S” dhy EBU U’%ﬂl BhoHEp Ay Thr
1 Bro t c ga ag gaa

¢ y?ﬂ:”% get zg;a gt gﬁgﬁgégra@ Brd E%&th&fgg Lys Pro. Met

Ser u dn Au Pro Ala GIULeu Ile AU 50 55 60 get

210> 8htc acc age get tac ggt cag gtc gat gtc ctg gtc age

<212> pac gat 240 Ala Val Thr Ser Ala Tyr Gy A n Val Asp
<213> ANGEFidel Veduewee Asn Asp 65 70 75 80 atc ttt get cca

<220>

gaa ttt cag cca atc gat aaa tac get gtc gaa gat 288

G U Phe Adn Pro lle Asp Lys Tyr Al a
22 e R ¥ 00 05

<220>
<221> CDS
<222> (1)...(765)

<400> 81

atg
Met
1

agc

Ser

gaa
Glu

CCa
Pro

gct
Ala
65

- atc

Ile

tac
TYr

agc acc gct atc gtc acc aac gtc aaa cat ttt g?a ggt atg ggt 48
Ser Thr Ala Ige val Thr Asn val Lys His Phe Gly Gly Met Gly
_ 10 15

gct ctg agg ctg agc gaa gct ggt cat acc gtc gct tge cat gat 96
Ala Leu Agg Leu Ser Glu Ala G;y His Thr val Ala Cys His Asp
5 30

agc ttt aaa cag aaa gat gaa c¢tg gaa gct ttt gct gaa acc tac 144
Ser ng Lys GIn Lys Asp G1g Leu Glu Ala Phe Ala Glu Thr Tyr
4 45

cag Cctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
G}g Leu Lys Pro Met Sgr Glu GIn Glu Pro Ala Glu Leu Ile Glu
5 60

gtc acc agc gct tac g%t cag gtc gat gtc ctg gtc agc aac gat 240
val Thr Ser Ala T¥5 Gly GIn val Asp val Leu val Ser Asn Asp
75 80

TLT gCct cca gaa Tttt cag cca atc gat aaa tac gct gtc gaa gat 288
Phe Ala Pro G;g Phe G1n Pro Ile Agg Lys Tyr Ala val Glu Asp
95

aag g?t gct gtc gaa g¢t ctyg cag atc agg cca tit gct cta gt 336
Arg Gly Ala val Glu Ala Leu G1n Ile Arg Pro Phe Ala Leu Va
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aat
Ash

tte
Phe

tac
Tyr
145

aag
Lys

tac
Tyr

aag
Lys

caa
Gln

.gca
Ala
225

ggc g
Gly

tac agg ggt get gtc gaa get ctg cag atc agg cca ttt
get cta gtg 336 Tyr Arg Ay Ala Val QU Ala Leu G n
Ile Arg Pro Phe Ala Leu Val 100 105 110 Page 83
SEQLI ST-0339w0310-Corr aat get gt9 get tcg caa atg
aag cga aag tcgs STAG3wma318toor384 Asn Al a Val
%@(?Gln Met Lys L¥® Arg Lys Ser A4 OHis Ile Ile
ct 20 t¢daht sr@la@ tg8 Qgtt Wctd& 999 Cca 384
g1at1fﬁ§ gbag Sgggﬂcnt vae%?l g% Agd Ly rwsg%%g HiE Bar 1A Thr
Phe Gy Pro TAgOLys GI u Leu Sed2¥hr 130 135 140

atcl@% Y g Efgaﬂsg cf %c g‘lazﬁtg a&%tta g%/ggi aat

IlegrRir SéraAllgEOr
130Thr Leu Al a Ash35A| a Leu Ser 145141350 155 160 aag gag

C tac aat afc ccg gtg ttc et at c ccg
2 i o LoH et
it B A B 90 A | phe
yis8ro ‘Asn 1 tac cta cacls@;g gag
gat tcg ccq tac tat tat cc act tgg 576 Tyr
ag ~g|ty

21” ﬁ ;?S%a%g %g?ﬁjt Sat! cc ?ngﬁqg Igﬁggg:tszg

cac gtg aag aag gtg act get cta 624 Lys Thr Asn Pro
Cta%‘& %gzalgam BCCHICS I \iRIC E%fs gsCGGaBCtI' 9Mcey Leq 195 576
Leu %&5 W42 A o a5 gggut'f'“g d60 gaa

ttg gtg gca ttt ttg 6 Gn Arg Leu yThr A n Lys
act @ag t@u 9 aGth gut \@c gtq aRhendgegt@ hat 24 280 gca 624
Thr @"gchi%tmﬁgYa géat'ﬁ'ts Y2y Lyetlysg gag Rlg tey tgg

]t gca 720 Al a 9GIySer Cys Tyr Leu Thr Ay
cga @t aPheaadrnd gug Al 330:t438t24@a BACcHPC tttg72
Aggcn@y @by Thr @1gala/scgﬂgttg§g? g%gggaegt ga%gdagm Lg% 765 G

Oy GY Phe Pro ¥ Ile Gu Arg B3 Pro Gly Met Pro G u
tct >
Ser /?%%. &%Egﬁgﬁégéﬁzﬁé ﬁs?ﬁgﬁ@ |1s‘euCQn5t r uct720

HHDH P01623B0E- 03 <400> 922%t ser Thr Al a R#@® Val

c-@%rt a%_/glatz‘?/ é&%% G%y'g%e Ya a5 10 15 765

G%yfﬁhé §§§;I g? ¢ Y g3u1%“' Val Al a
Cys Hi s28sp 20 25 3 psser Phe Lys G@n Lys Asp Qu
Leu Au Ala Phe Ala Au Thr Tyr 35 40 45 Pro G n Leu

<210> g8dysS Pro net ser Gu A@n GQu Pro Ala Qu Leu Ile Gu

<211> 2520 55 60
<212> PRT
<213> Artificial Sequence

<220> .
<223> synthetic construct

HHDH P016096-G9

<400> 82

Met
1
sSer
Glu
Pro

Ala

65 -

Ile
Tyr
Asn
Phe

Tyr

Ser Thr Ala I}e val Thr Asn val Lys His Phe Gly Gly Met Gly
10 15
Ala Leu ggg Leu Ser Glu Ala Gly His Thr val Ala gﬁs His Asp
25
ser gge Lys GIn Lys Asp ggu Leu Glu Ala Phe Ala Glu Thr Tyr
45
ggn Leu Lys Pro Met ggr Glu GIn Glu Pro Ala Glu Leu Ile Glu
60
val Thr ser Ala ;gr Gly GIn val Asp val Leu val Ser Asn Asp
75 80
Phe ATa Pro g1u Phe Gln Pro Ile Asp Lys Tyr Ala val Glu Asp
5 90 95
Arg Gly Ala val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu val
' 100 105 110
Ala val Ala Ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

Ile Thr ser Ala Thr Pro phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

Thr ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
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145
Lys

Tyr
Lys
GIn
Ala

225
Gly

<210

Ala Val Thr Ser Ala Tyr Ay dn Val Asp Val Leu Val
Ser Asn Asp 65 70 75 80 Ile Phe Ala Pro G u Phe dn
Pro Ile Asp Lys Tyr Ala Val Au Asp 85 90 95 Tyr Arg
Gy Ala Val GQu Ala Leu An lle Arg Pro Phe Ala Leu
Val 100 105 110 AS$EQAF[3T-\IQ33|39W¢ﬂOSEGFFG n Met Lys Lys

i BT Lot W bRy e e 5

Leu ]1-3@ 36&5 G140AspT}3ér Hro 5ar PRE aryAr grdiitar @y AFa@ teys Thr

Thr

Arg

E

E‘;”‘h G%%r”‘&sﬁaf
ages BA TREQINSTy )
210Hi s Ser
Se'"'lfﬂﬁ 59B86YL

i

G u Asplser

o1 6" LeysThIhE

GW\EHQ Wo? %%ﬁl Lys GQu

210 215 220 Al a Ser Gly Ser Cys Asp Tyr
Phe Trp Leu Ala 225 230 235 240 dy Gy Phe

> 8

<211> 7
<212> D

<213>

<220>
<223>

<220>
<221> C
<222>

<400> 8

atg
Met
1

agc
ser

gaa
Glu

CCa
Pro

gct
Ala
65

atc
Ile

tac
Tyr

aat
Asn

ttC
Phe

tac
Tyr
145

acc
Thr

gct
Ala

agc
Ser

cag
Gln
50

gtc
val

ttt
Phe

adg
Arg

gct
Ala

atc
Ile
130

act
Thr

i)

n
0]

Val
Met

lle Au Arg Trp Pro Gy Mt

Sequence

5

Pro

61J gAhap

ArZ Tei O3 sefiehee 765
<220> <223> synthetic construct
. (765)

145 150 155
Pic Val pRelys

T

W&E’Lﬂ@’l@ﬂ‘lh Lep

i
dop

8

Pro Thr

1
el
T algk T¥n Leu
Au Pro
€ THPS'-%IMN a Hs
g Leu

s Qu Leu
BEY Asn

AI a Phe Leu
Leu Thr Gy

<212> DNA <213> Artifici al

ggt atg ggt 48 Met ser

ser

3”%225
W

Tttt
Phe
35

ctg
Leu

acc
Thr

gct
Ala

at
115

act
Thr

tcg
ser

a Leu Arg Leu ser
Tys H s Asp 20 25 30

9% Tho%en

Leu

dad
Lys

dada
Lys

agc
ser

cca
Pro

gct
Ala
100

gct
Ala

tcg
ser

gct
Ala

cag
LBt

cag
Gln

cCa
Pro

gct
Ala

gaa
Glu
85

gtc
val

tcg
Ser

gct
Ala

cga
Arg

A
9

aaa
Lys

atg
Met

tac
Tyr
70

Tttt
Phe

gaa
Glu

caa
Gln

gct
Ala

gct
Ala
150

ad gzt @rtoca RcCeard gst Algo ot gser
qly aL‘ég Hi s Thrval Ala cys

gat
Asp

agc
Ser
55

&y

cag
GIn

gct
Ala

atg
Met

ccg
Pro
135

ggg
Gly

gaa
Glu
40

gaa
Glu

cag
Gln

cca
Pro

ctg
Leu

aag
Lys
120

ttc
Phe

gct
Ala

)

ctyg
Leu

cag
Gin

gtc
val

atc
Ile

cag
Gln
105

aag
Lys

&y

tgt
Cys

gaa
Glu

gaa
Glu

gat
Asp

gat
Asp
90

ate
Ile

cga
Arg

cCa
Pro

act
Thr

gct
Ala

cca
Pro

atc
Ile
75

aaa
Lys

agg
Arg

aag
Lys

tgg
Trp

cta
Leu
155

Tttt
Phe

gct
Ala
60

ctg
Leu

tac
Tyr

cca
Pro

tcy
ser

aag
Lys
140

gct
Ala

Page 76

sﬁ%ﬁ%@%nstﬁ%%P <221> CDS <222> (1).

s Hs Phe Gy Gy Mt dy 1 5 10 15

gct
Ala
45

gaa
Glu

gtc
val

gct
Ala

ttt
Phe

oty
125

gag
Glu

aat
Asn

HHDH

Pro du 245 250

<400> 93
{0 P@OBD9ACEY get atc gtc acc aac gtc aaa cat ttt gga
Thr Ala Ile Val

Thr Asn Val

agc get ctg agg
)gaa ggt ggt cat acc gtc get tgc cat gat 96
QQu Gy GY H's Thr Val
gaa agcatéttﬂaaa cag aaa gat gaa
g2t P@ac 492
2 PR &1

cca cag ctg aaa cca atg agc gaa cag gaa cca get

30

gaa
Glu

ctg
Leu

agc
ser

gtc
val

gct
Ala
110

cac
H1s

cta
Leu

gct
Ala

AL 7

His

acc
Thr

atc
Ile

ddcC
Asnh

cag
Gln
95

cta
Leu

atc
Ile

tcg
Ser

cta
Leu

Al a

Phe Lys 48

Asp

tac
Tyr

gaa
Glu

gat
Asp
80

gat
Asp

gt
Va

atc
Ile

act
Thr

tcg
ser
160

t ’FyY 35 40

A u 96

144

192

240

288

336

384

432

480



. Ala Ser

50 55 60 get gtc acc agc get ttt gggt cag gtc gat gtc
ctg gtc agc aac gat. 240 Ala Val Thr Ser Ala Phe Qvy
@n Val Asp Val Leu Val Ser Asn Asp 65 70 75 80 atc
ttt get cca gaa ttt cag cca atc gat aaa tac get gtc
g% 288 ILSGPh%EQAEaT??)«S‘B@ﬂOPh@*rG n Prolle Asp %28
) gCehtaget gt
caas%t%j Q%fg; % EIJ%ztt% %@ % Tyr
Ar Gly Ala Val Gu Ala Leu Gn IIe Arg Pro Phe Al a
tac ctaj Wﬂ g 009at05Cq B9 At T @ttagtgc Ettﬁ cantagg aags76

aad gag
Lys G]u

Tyr Leu 55'5 Cadd*Pcgey "68 pc Py 3"Ral Al a
Ser n Met Lys LysArg LysSer Ay HS1le Ile 115

aag act R} 4eH gl‘clbccaa:t gt@aictt cax egtgcaaag:gt t:n:tgmq eca tgg 624
2|

Lys Thr GBS Hdﬂchab?OM@zs V eLylsl eysTiR LAfa Pro
Gy Pro Trp Ly & u Leu Ser Thr 9%0 135 140 tac act

caa cgal@@ 96§ acfacPehagdiRglely agd act t€f @t ejcadett @e§ cta 672
GIn Ar‘gtl@g 480 Th?ryqﬂnThVS Sdu umaG%v 1Al geilGyal A aSefre Tan Leu

0Aa Asn Ala Le@lBer 145 150 1552;1060 aag gag cta gga

tac @Rl gt faLGloH& b @St g@f G0 a4 528
9 tcr% Gl E?}eﬁga Yy ElLien Tyt fld]ﬁevﬁ @ﬁé/z%%gP% 2"@ e %

225 Gy Pro Asr®3¥age 85 SEQLI ST-83339w0310-Corr 268 170
4 a g t{g tac ccg
a9 990 3 HE nhh o O MR B i & TR e

Tyr Phe2%yr Pro Thr GI u Ps® Trp 180 185 190 aag act

aat ccg gag cac gtg get cac gt9 aag aag gt9 act get
<«<210> gfta 624 Lys Thr Asn Pro GU Hs Val Ala Hs Val Lys
<211> 25_zys Val Thr Ala Leu 195 200 205 caa cga cta ggg act
<212> p aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672 Gn
<213> A'ﬁ&‘g GUefKE G n Lys Gu Leu Gy Gu Leu Val Ala
<220> Phe Leu 210 215 220 gca tct ggc tct tgt gat tat ttg
<223> swathegic coagrrgicg ttt tgg ttg gca 720 Ala ser dy Ser

HHQS PALGDOTYFY Leu Thr Gy A n Val Phe Trp Leu Ala 225
<400> g£30 235 240 ggc ggc ttt ccc atg ata gaa cgt tgg ccc

Met Thr 08¢ AT& 1960va@nt a@n AT L m& yhepaqu Fzﬂg Mat ghye Au
1 Arg Trp Pro Ay Met Pro 105 94" <211>

Ser Alajmy Acpipy Smmehméa %;r HT$ Jha| vaseqm@rro/@ HkAgP <223>

Glu Sermt;k%g e Va{s‘g#hm A’Csn Va §2§’%01‘ %’he thrQé”Met >

Pro ggn(gqp 1ys Pro Met ggr Glu G1n Glu Pro Ala G1u Leu I1e Glu
Ala val Thr ser Ala Tyr Gly Gln val Asp Tle Leu val Ser Asn Asp
65 70 75 80
Ile Phe Ala Pro g}u Phe GIn Pro Ile ggp Lys Tyr Ala val g1n Asp
5
Tyr Arg Gly Ala val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu val
100 105 110
Asn Ala val Ala Ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
Lys Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val ATa Phe Leu
210 215 220
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro ggg Ile Glu Arg Trp Pro Gly Met Pro Glu
250
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<210> 8
<211> 7
<212> D

1510 15 ser Ala Leu Arg Leu Ser Au Ay Gy His Thr
Val Ala Cys His Asp 20 25 30 du Ser Phe Lys dn Lys
Asp Qu Leu Gu Ala Phe Ala Au Thr Tyr 35 40 45 Pro
Gn Leu Lys Pro Met Ser Qu Gn Qu Pro Ala Gu Leu

le Gu 50 55 60 HWRIVEIO3FBwoHOrCAlra Phe Gy G n Val
%p Val Leu Val Ser Asn Asp 65 70 75 80 1Ile Phe Al a
o GQu Phe An Pro Ile Asp Lys Tyr Ala Val Gu Asp 85

<213> A0 f96iaTTgrqumge@ y Ala Val Gu Ala Leu An lle Arg Pro

22 sPRboly e At Lys Ser Gy His Ilelle 115 120 125

Phe Al a Leu Val 100 105 110 Asn Ala Val Ala Ser @n

pO1&nof b er Ala Ala Pro Phe Ay Pro Trp Lys GQu
Leu Ser Thr 130 135 140 Tyr Thr Ser Ala Arg Ala Ay

<220>
<331 cfd @ Ser Thr Leu Ala Asn Ala Leu Ser 145 150 155 160

<222>()y.s” %)Leu Gy Qu Tyr Asn Ile Pro Val Phe Ala Ile

atg
MetT
1

agc
Ser

gaa
Glu

CCa
Pro

gct
Ala
65

atc
Ile

tac
Tyr

. aat
Asn

tic
Phe

tac
TYr
145

aag
Lys

tac
Tyr

aag
LysS

caa
Gln

ro Asn 165 170 175 Tyr Leu His Ser A u Asp Ser

<400> 8?ro '2%/51 Phe Tyr Pro Thr Au Pro Trp 180 185 190 Lys

$ﬁﬁAla Leu §c€ %I?)ﬁﬂg%g\@é %ﬁq{tSt%g%gﬁ fﬁylha u48

Leu Ay GI u Leu Val Ala Phe Leu 210 215 220 Al a Ser

LGS M QeRTA I e s wp Loy o6

Trp Pro Ay Met Pro Qu 245 250 <210>795 <211> 765
agc F!etgea% CSE% SFat0839vaiglfaLarck tt2§2e chhllac2t3e 144
Ser AhE; kyicar éqﬁ%@% Lepp@lu &da3phesh Iﬁét‘lthrciﬁhétruct

HEDH S00890554 B> <221> CDS <22%% (1)...(765)
cag <AQ0zaDocatgagic 968 QO g Gchl fctagsa arg a‘ﬁccga@a catig2
GIntlter gfa POYtMest @e%gﬂuzrgn Vbt PBerATENG1AILaUlTle Whh Thr
S0Asn Val Lys His°Phe Gy Gy Met @y 1 5 10 15 agc get

gtc Glcd 9@@ ge% gta%gg%@%ag Gl ggzgtgteaétgas& Qe St ghgC catpag

Va1 gat- 96 Ala Tyr Gly GIn val A Leu val Ser Asn Asp

70 75 80
Tttt gCct cca gaa tit cag cca atc gat aaa tac gct gtc cag gat 288
Phe Ala Pro Glu Phe GIn Pro Ile Asp Lys Tyr Ala val Gln Asp

85 30 95
agg ggt gct gtc gaa gct ctg cag atc agg cca ttt gct cta gt 336
Arg Gly Ala val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu Va
100 105 110
gct gtg gct tcg caa atg aag aag cga aag tcg g?g cac atc atc 384
Ala val Ala Ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

atc act tcg gct gct ccg ttc g?g cca tgg aag gag cta tcg act 432
Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
act tcg gct cga gct ggg gct tgt tcc cta get aat get cta tcg 480
Thr ser Ala Arg Ala Gly Ala Cys Ser Leu Ala Asn Ala Leu Ser

150 - 155 160
gag cta gga gag tac aat atc ccg gtg ttc gct atc g?g ccg aat 528
Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn

165 170 175
cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205

cga cta g?g act caa aaa gag ttg g?g gaa ttg gt? gca ttt ttg 672
Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val Ala Phe Leu
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Ser Ala Leu Arg Leu Ser u Ala Ay His Thr Val Ala
Cys H's Asp 20 25 30 gaa agc ttt aaa cag aaa gat gaa
ctg gaa get ttt get gaa acc tac 144 du Ser Phe Lys
Gn Lys Asp Gu Leu u Ala Phe Ala Qu Thr Tyr 35 40
45 cca cag ctg_ aaasEtasat(y3isgelfacorcrag gaa cca get
194aa ctg atc gaglsl92 Pro An LetflLys Pro Met Ser Qu
ca tct QU 5t A faCGtgleMt %E +PP C acc
g'la Ser(a v pot cgt Sis%ggyr (Lag g«trcg té%tj\%%obge gt'?,r% gg’ti:?\ggc gat 720
225 240 A a Va3 Thr Ser Ala Pha38ly A n Val Asp2¥al Leu

ggc ggc\{atjt é_e{ %g aa6% Zot 75cg§ @t& EEC% ¢ gaa ttt765
Gly Gly @ B Ma 011961 1@& cﬁ é?.a Il e Phe
Al a Leu2&u Phe Gln Pro Rh@ Asp Lys Tyr Ala Val Qu

Asp 85 90 95 tac agg ggt get gtc gaa get ctg cag atc
<210> 809 cca ttt get cta gtg 336 Tyr Arg Ay Ala Val Gu
<§5> Ega Leu Gn lle Arg Pro Phe Ala Leu val 100 105 110
e Lo at.. ge t et tcg caa atg aag aag cga aag tcg ggg
<213> A tg@g}af} g%%-le%gg Asn Ala Val Ala Ser Gn Mt Lys Lys
<220 Arg Lys Ser Ay Hs Ile Ile 115 120 125 ttc atc act
. <223> Syrade 9mmcg ttc gggg cca tgg aag gag cta tcg act

HHPB’ZP 87tH1® Thr Ser Ala Ala Pro Phe Ay Pro Trp Lys
<400> g3 U Leu Ser Thr 130 135 140 tac act tcg get cga get
Met Thr 0@ ARL 18gtvadCthiCidn0Rll AR HeStpHe! 814 @Ay4RQ gTyr Thr
1 ser Ala A&rg Ala Gy Ala 3@r Thr Leu Ala" Ash Ala Leu
Ser Ala gep 495L115c¥EI5@“n géggl*g%g’hct‘éﬂggba § WigcAamt atc

Glu ser ¥h8 GlIciA G ydehsPlcd Upie? u gy
- erG yrGAsnngI eS%mouVal E’ﬁ%ﬂ? F‘%I EEEGI yaPr Ltﬁ 165
Pro G1n 170 WESPre af@tc:tser Gae cﬂ@gegag’rgaﬂat 6ty ¢eg 1Tlacclat tac
Tyr er Ju Asp Ser
sl va1 GG 860 RS0 o el e Y BB B 4R oot
Ile Phe asﬂa laa:t Gte Phgagirc@eogl1@ 4§ LOACTVI §1A8E1 agith @k@ act

a864 Hg lle Asn9®ro du HlsvalgﬂaHlsVaI
arg ¥ S1¥Hi o811 R 155 ATBPrR0Bh e ddacid ¥eh gg9g
Asn Ala aall ,masaua@ea@eﬂ tLgsg_yQ B8R LYk Gt §19GEs e k9 672
Gl15 Arg Leu Tha2@ n Lys u Leu1tl3y Gu Leu Val Ala
Phe ﬂe PhE iee"uAlzalmz gr Phe qﬂé(g%"CBTF'SE(g_SI Siu 0889%&3TOE Cor r
{ C ttt
Tyr Thr 3ef AL ABPGILC Q?s E%‘ L'ég Césrggﬁa I?[Egll gé{lgu Thr

145 tgg ttg gcasg2
Lys Glu @ey tGIynGVaITyPhesr:TrIﬂ)eLmu Wil paamasmezmym Agn C ggc

L ccl at ccc 9c a aa taa
ve e Y3k SECCPEABLE OB B DSRS0 BT HE Bl |2
Lys Thr Rsa IfﬂouG?Lﬂ5l125~ﬁh'l ﬂi&@ﬁ 596a1<2943-1y354a'! Thr Ala Leu

L Tyr

195
Gln Arg Leu Gly Thr GIn Lys G1u Leu Gly Glu Leu Va] Ala Phe Leu
210 215 220
‘Ala ser Gly Ser Cys Asp Tyr Leu Thr Gly GIn val phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250
<210> 87
<211> 765
<212> DNA
<213> Artificial Sequence
<220>

<223> Synthetic construct
HHDH P016099-A1

<220>
<221> CDS
<222> (1)...(765)

<400> 87
Page 79



<212> PRT <213> Artificial sequence <220> <223>
Synthetic construct HHDH 500890554 <400> 96 Met Ser
Thr Ala Ile Val Thr Asn Val Lys Hs Phe Ay Ay Mt
Gy 151015 Ser Ala Leu Arg Leu Ser Au Ala Ay
H's Thr Val Al a CysSEHALISRAIE3IMO3AB-GOr A u ser Phe Lys

atg acc 2 Phet 899 ¥ 99F 35 46
RaR 355 G5h 0 SerS ﬁhiezéﬁg%ﬁ% n@f‘ Bl fipaT gy | 95 0
Leu e Glu 50 55 60 Ala VaI Thr Ser Ala Phe Gy An
agc gﬁ:t Cvalag_Ceg?évact t A8 ARSPItBHCTLIESCBOgat| e Phedd
ser A aAuea A, L&Y CBn BT AR Y 1Y %T)&gpvadywrﬁvswas ¥a3P au
Asp 85 90 95 Tyr Arg y Al a Val ,alaLeuGInIIe
gaa agc Artg &0 cRpeaadl gat eaa\Malg gdﬂ@ciOﬁtﬂ@ﬁt/@a HMatval Al ai44
Glu Ser ShE Yy Gﬂ/ﬁt'—M_SyésFL;F%UAngJ Y4 Adar Phg 91g+|@u|ﬂer mve 115
8 125 Phe Ile TAP Ser Ala Ala Pr&° Phe Ay Pro Trp
cea cagl.cy:§ R4l ckelathehgd aa 13 35 t40gctlyha dtg S&f gdha Arqior
Pro G1nAlea arsy PAP MedeFeMiGiul@in Alw PRonATd &1l auguSEle 6145 150
0155 160 Lys G Leu Ay Gu Tyr%%sn Ile Pro Val Phe
gct gtc /ﬂc@ ddee gk Ve 99AHg 40 akéSct TX]EC L HSgRer G g
Ala val Ahp sar APa oryFy Gy n Tya Rew TTer e WaProarTagn A3B0 185
65 190 Lys IIe7/an Pro Glu His Val Ala His val L§8 Lys
atc tre Wik ﬁ‘é{ é‘!l %e 193 ﬂoﬁg #A{:Eéﬁu ﬁ é ghr G Jxs
Ile Phe& dIGlewp pdo LT ?ﬁar AL eu12d1h 245 220
Al a Ser @y Ser Cys Asp T90 Leu Thr Ay A9 Val Phe
e 2 o Hoskles e oo meabarl s | B
Tyr Ar I ®1 3’ a%up‘é4 % h o7
Y'ATS 1 1hoar65 <2125 “ﬁ% i ficial igequence <220>
. t<223> synt het i c construct HHDH s00994580 t<2%0> <221>
aat gc g g)aag cga aag tcg 9ggg cac atc atc
Asn Ala g%% %S (éQﬁ g-T§S)LyS Arg Lys Ser Gly His Ile Tle
115 120 125
ttc atc act tcg gct get ccg ttc ggg cca tgg aag gag cta tcg act 432
Phe Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
tac act tcg gct cga get g?g gct tgt act cta got aat get cta tog 480
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
aag gag cta g?a gag tac aat atc ccg gtg ttc get atce g?g ccg aat 528
Lys Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
165 170 175
tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
dag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
caa cga cta g?g act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
GIn Arg Leu Gly Thr Gln Lys Glu Leu Gly Glu Leu val Ala Phe Leu
210 215 220
gca tct g?c tct tgt gat tat ttg act g%c cag gtg Tttt tgg ttg gca 720
Ala Ser Gly Ser Cys Asp Tyr Leu Thr Gly GIn val Phe Trp Leu Ala
225 230 235 240
g?c ggc ttt ccc atg ata gaa cgt tgg ccc g?c atg ccc gaa taa 765
Gly Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu * '
245 250
<210> 88
<211> 254
<212> PRT
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<400> 97 atg agc acc get att gtc acc aac gtc aaa cat
ttt gga ggt atg pt 48 Met Ser Thr Ala Ile Val Thr Asn
Val Lys H's Phe Glydy nmet Gy Page 88

SEQLI ST-0339w0310-Corr 1 5 10 15 agc get ctg agg ctg

SEQEESTHO3 38wt 3
<213> Ar%%‘ig-g%] et q%%t cat SERtESTtO33§ee3 0gcomat gat 96  Ser

§ Ser Gu Ala Gy H's Thr val Ala Cys

<220- His Asp 20 25 30 gaa agc ttt aaa cag aaa gat gaa ctg
<223> sgamegé@cbhttngm gaa acc tac 144 du Ser Phe Lys Gn

<400>

_ Met
Ser
Glu
Pro

-Ala
65
Ile
Tyr

“AsSn

Phe

Tyr

145
Lys

Tyr
Lys

Gln

Ala

225
“Gly

HHRHS PRLGP9 A Leu Gu Ala Phe Ala Gu Thr Tyr 35 40 45
ggca cag ctg aaa cca atg agc gaa cag gaa cca get gaa
ThrCthg Ald 19@avali9Zhr RsA WL (Eg?LI-IﬂSYShéDrGny'\@ty W& g u Adn
GQu Pro Ala Qu_Leu lle u 50 55 60 get @ic acc agc
Aladeu £F9 L@atsed"a@@tﬂaa%): Hie Trgvat Nz%:;aﬁts 48P 240
5er'¥h% ?& GThrLy%eks;NGQU Gy Aanp@lai Vel IT?P val
Asn Asp 65 70405 80 atc ttt gas cta gaa ttt cag
G1nd<,ea hYe PgatMEa?aée't a?leg@tn gie FgaaA c1238u e cPhe Al a

Prq | S u Asp 85

va1 Lt G aherd ééy A\ AP beeqn,gfdgsaegagsn fapl fep 89
Phet/-ﬂta Bed Gdt:aPrgat g1r8316*0 fl'l)erAéw g-y6sl yyrAlada Mall &ruadpa Leu
" Ai Ala qu Val 100 105 199 aat get
Arggclﬂ @gﬁ Ve gﬂé’aﬁhatL&” A§aPafNe Y 3gt By Vehc atc
A1aaIaq 3&4 seAsdlnAM@tr (36 14 saAﬁiery@' ferMBly |+Vi% Eves A6 g Lys
Hs Ile II1é0115 120 125 ttazatc act tcg get
Ile gTékf é%'"g Aﬂ@cA@ggrgé’aewdg BB TgagLYs &1¢ dguaker 48D Phe
Thr'ée‘?ﬂ ;ﬁH A$§rA1%| 1y°‘|A§aP(5% Phe (GYaTd QsTTRalys, ki Leu
Ser 40 tac act 1569 get cga get dge®g get
Glu gepu ﬁbt G&tlaﬂg’eﬁsraslﬂegmo @ah PthchYIESCIﬂe'KiﬂW Fﬁh:r Aser Al a

LeuHid fglﬁd\s@ ggsgag fésa gg Yg 25 Eh‘" Al a?°c§5%glg? g

ThrtAsm ped GAt (HiggyaTteJaadits §2B LyEySysGVtﬂ I:mhu MSayeiu Tyr

ro Va OAl a | Pr@d0Asn 165 170 175
STt E{ya gg i’é cgt‘g Ha? ArlarBhe Ley act

Sergﬂg' ) cyggt\swgyr o HRUGH %1§e~va1GpHeA5+B S&I abg 0 Tyr
yr Tyr Pro23Dhr_ G u Pro Trp2B80 185 190 aagzapt aat
G]Yd’é‘ﬁ @'&g”ﬁ?cﬂg’t g1y éraceH® gg_% Gygetagrotguact get cta
624 Ly§ le Asn Pro Qu s Val Ala H's Val Lys Lys

<210> 8%al Thr Ala Leu 195 200 205 caa cga cta ggg act caa

<%%> 7Gaa gag ttg ggg gaa ttg gtg gca ttt ttg 672 4An Arg

< >'J,’eq_'g hr Gdn Lys Gu Leu Ay Au Leu Val Al a Phe
A iG]

<213>

Leu T8'958 gca tct gge tct tgt gat tat ttg act

~ <220> gQggc cag gtg ttt tgg ttg gca 720 Ala Ser Ay Ser Cys
<223> symghe cpeskrpt Ggy G n Val Phe Trp Leu Ala 225 230

HI-%I5P 31-A-03

<220>
<221> CDbS
<222> (1)...(765)

<400> 89

atg
Met
1

agc
Ser

gaa
Glu

cca
Pro

agc acc gct atc gtc acc aac gtc aaa cat ttt g?a ggt atg g%t 48
Ser Thr Ala Ige val Thr Asn val L{S His Phe Gly Gly Met Gly
15

gct Cctg agg ctg agc gaa gct ggt cat acc gtc gct tge cat gat 96
Ala Leu Agg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
25 30

agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Ser ng Lys GIn Lys Asp 613 Leu Glu Ala Phe Ala Glu Thr Tyr
4 45

cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
GIn Leu Lys Pro Met Ser Glu GIn Glu Pro Ala Glu Leu Ile Glu
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gct
Ala
- b5

atc
Ile

tac
Tyr

‘aat
Asn

titc
Phe

-.tac

‘Tyr
145

aag
LysS

tat
Tyr

aag
Lys

caa
Gln

gca
Ala
225

sty

ggc ggc ttt ccc acg ata gaa cgt tgg ccc g 9c atg ccc

gaa taa 765 Ay Ay Phe Pro Thr Ile GQu Arg Trp Pro

Ay Met Pro Qu 245 250 <210> 98 <211> 254 <212> PRT

<213> Artificial sequence Page 89

SEQLI ST- 0339w0310- GeRQLISEABEIweRD3corgynt het i ¢
S0construct HHDH300994580 <400>5®8 Met Ser Thr Al a
tcld® ¥g¢ gERrtaAShgi/al ' e 15
oS 18 e Ao o e el i s IO

Ala Cys His /R&sp 20 25 30 G USser Phe Lys d n8Qys Asp

tet @t hEY utﬁe@ hed 2.8 tT%r L §5 20,45 Bro G n,eq
pheCiLieua Eys g%q: €1 @rroc‘ft'lé T suryr AT BT IE@H I'le
Gu 50 85 60 Ala Val TheoSer a Phe dy9xd n Val Asp
Val, Leu Val Ser n _As 570 75 80 1le Phe Ala Le
299 5 IR 96 a‘:ﬁéggﬂ o383 S Blvace b
A Tor & rﬁ@éh% C{ i% 85 9
rg95%§/ Too Arg (lB'IIy AILau 5 A uiﬁgapLeu %&SI Ee{’jll rE Pro
Phe Ala Leu Val 100 105 110 Asn Ala val Ala Ser G n

il e o e g o o

Leu ser Thr 130 135 140 Tyr Thr Ser Ala Arg Ala Ay
agcmca = QifhraCLteGngAlth AF& Y98uadegag 48 1§D aLss5 160432
Tle W0 AR Ay el Red TPebYs §1WAeURMRY AN |11 e

Ay Pro Asn 165 170 175 Tyr Leu H's Ser A u Asp Ser
act Rrag Jor cyrogctygodPuot Ttyt & u Reogdir pat IR@ d86 t290 Lys480
Thr |geg Aﬁwm i}g ﬁs'JHAéa\)%ir{S Ahgy 'l-gi';sA\iﬂaPSfL)PéaL'y@ ggﬁ Thr

Ala Leu 1 200 205 4G@n Arg'Leu Ay Thr @& ys Gu
gag Lara @_Q/gﬁgutalcehlaﬁ/&ltcpdzc@ pbe dreugdlQtd Hpg2ddy adta Serszg
Glu@ey S STyaspsyie L Val FBeyAanIValGlvheroTapn Leu Al a

225 2301835 240 Ay Aylfhe Pro Thr 11e HY Arg Trp
cta @ &y giBtgadRr Bcddcdg24r €80 1at2dQPadP gagldey (B <2183

Leu DNA ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Giu Pro Trp
180 185 190

act aat ccg gag cac gt gct cac gtg aag aag gtg act gect cta 624
Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205

cga cta g?g act caa aaa gag ttg g?g gaa ttg gtg gca tit ttg 672
958 Leu Gly Thr Gln 5{§ Glu Leu Gly Glu Leu val Ala pPhe Leu
220

tct g?c tct tgt gat tat ttg act g?c cag gtg ttt tgg ttg gca 720
ser Gly Ser Cys égg Tyr Leu Thr Gly g;n val Phe Trp Leu Ala
' 5 - 240

g?c ttt ¢cc atg ata gaa cgt tgg ccc ggce atg ccc gaa taa 765
Gly Phe Pro gig Ile Glu Arg Trp ;ES Gly Met Pro Glu *

<210> 90

<211> 254

<212> PRT

<213> Artificial Sequence

<220>
<223> Ssynthetic construct

HHDH P016231-A-03

<400> 90

Met
1
Ser
Glu

Pro

ser Thr Ala Ile val Thr Asn val Lys His Phe Gly Gly Met Gly

Ala Leu Arg Lgu Ser Glu Ala Gly ﬁ?s Thr val Ala Cys ﬁ?s Asp’

ser g?e Lys GIn Lys Asp ggu Egu Glu Ala phe ﬁga g?u Thr Tyr

GIln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
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Ala
65
Ile
Tyr
Asn
Phe
Tyr
145
Lys
Tyr
Lys
Gln
Ala

-225
Gly

<213> Artificial Sequence <220> <223> synthetic
construct HHDH s01018044 <220> <221> CDs <222>
(1)...(765) <400> 99 atg agc acc get atc gtc acc aac
gtc aaa cat ttt gga ggt atg ggt 48 Mt Ser Thr Al a
Ile Val Thr Asn_Val SH_CyL§SH0§39Wré31G—90r@ y Mt Gy 15 10

a1y 995 RS EA 408 PP Lap e S 66 1

Phe(mya S-lers GThrPh‘éam:AIPa:oqf& hls;s L&spnaOA% 30 G'gaasﬁgc ttt

aa
o £ R Ay T B

AlaAla aUsEhrGTEYMeSELyQOL oAP§AySagkChly 3Rd £rAIL0 age
cag ﬁ;,ga cca gdi0gaa ctg atc gaa2i92 Pro G n Leu

ﬂgﬁ PRoA t@é"r Fhey wlyGP o Pire g%G@ U-eMesen Mer@ u 50
Thr 526012 RAGE1A0HEQh SLO3RMQFLY Catk A8CLesr 20¢ 200

get ttt ggtiswag gtc gat gtciggg gtc agc aac
GluAley @h GThrTYSeF\SVAIIéEFTPT@ Gh P@emMatﬂeAS.ﬁyval’ro Iaelm Val

Leu%ﬂ@ g?nG Pas ggg$£%§ qggtgépﬁﬁﬁgg IIeTE%g Z?g

Thr'lﬂesln Ei'cuGPhleﬂAr gaPm.OaIH1(S )@S‘p LbzySLy'EyWaNT&rVﬂ'la Gew Asp 85

g g9t20get gt a_ get 29 atc agg cca
A'ﬂgt"tefJ g@i TEF aGa'gtb)g g g LRy Gilf %?ESI ?j%ﬁ QLe¥ a Leu
Ser @W $dre P g\sBr@y hl@upﬂﬁ" (2:13 GVﬁ'V 0Bhd G3p 11 AR@t get
et tc% aa atg aag aag28§a aag tcg ggg e&g atc
Gh’g“[h@ e epf b (&P TAlpaP |G1GW?'CI\/BTOL 4 Lys Arg Lys
ser Gly s Ile Ile 115 % 125 ttc atc act tcg get

<210> 9pycc ccg ttc ggg cca tgg aag gag cta tcg act 432 Phe
<211> 7‘7}5|e Thr ser Ala Ala Pro Phe Gy Pro Trp Lys GQu Leu

zﬁgi rﬁgﬂr g%% 140 tac tct tcg get cga get g g get

gca C aat get cta tcg 480 Tyr Ser Ser Al a

<220> Ar Ala Ay Ala Ser Ala Leu Ala Asn Ala Leu Ser 145

<223> S

1R ®Yrughg gag cta g a gag tac aat atc ccg gtg
H'TDchP& 33if':c Odgg ccg aat 528 Lys Gu Leu Gy Gu Tyr

<220> Asn IIe Pro Val Phe Ala Ile Gy Pro Asn 165 170 175
<221> COsac cta cac tcg gag gat tcg ccg tac tat tac ccc act
<222> (ag-e@§tgg 576 Tyr Leu His Ser A u Asp ser Pro Tyr
<400> 9fYr Tyr Pro Thr Gu Pro Trp 180 185 190 aag att aat

atg

T Met

1

agc
ser

gaa
Glu

cCca
Pro

gct
Ala
65

atc
Ile

tac
Tyr

agc (g @rJat@@tgl ScddQhc GRC S a0t 2§D g8t cta 43
Ser gt Allayg14 [Vl Ashr Rso V@HUL ﬁ'lk/&the E? s 9 GLys Lys

val Thr Ala Leu

gct ctg agg ctg agc gaa gct g?t cat acc gtc gct tgce cat gat 96
Ala Leu Agg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
25 30

agc tit aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
ser ng Lys GIn Lys Asp Glg Leu Glu Ala Phe Ala Glu Thr Tyr
45

cag ctg aaa cca atg agc gaa cag gaa cca ¢gct gaa ctg atc gaa 192
Ggg Leu Lys Pro Met Ser Glu GIn Glu Pro Ala Glu Leu Ile Glu
55 60

gtc acc agce gct tac g%t cag gtc gat gtc ctg gtc agc aac gat 240
val Thr Ser Ala T¥5 Gly Gin val Asp val Leu val Ser Asn Asp
75 80

Tttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Phe Ala Pro G;g Phe GIn Pro Ile Asp Lys Tyr Ala val Glu Asp
90 95

agg ggt gct gtc gaa gct ctg cag atc agg cca tit gct cta gt 336
Arg Gly Ala val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu Va
- 100 105 110
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aat
Asn

ticC
Phe

tac
Tyr
145

aag
Lys

tac
TYr

aag
Lys

caa
Gln

gca
Ala
225

&y

195 200 205 caa cga cta ggg act caa aaa gag ttg ggg
gaa ttg gtg gca ttt ttg 672 Gn Arg Leu Ay Thr Gn
Lys Qu Leu Ay GQu Leu Val Ala Phe Leu 210 215 220
gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt
tt g ttgt\%cac720thl aE(EEST{QS)Z%effclO@;zsrnAsp Tyr Leu Thr384
a¢ I ri39L 2P APd EB5LOBGIQ3ROA ag C ggc
“aﬂgﬁ s Sg‘*?é?fgeaa'iggc@ts 59 VS gy al's e 1385 99
765 Gy Gy Phe Pro Val Ile GQu Arg Trp Pro Ay Mt
arc e U9 9EA5AC5QCg L0999 002 <Al 2aPgag «tA1Rcyg RRT <213432
Tie AlYi FReiMdP THqhERdEe @hofLo Jifs'ﬁéﬁﬂt' et 88 Rt r uct
HHDH 50108044 “<400> 100 Met ser Thr Ala Ile Val Thr
act Axy Yat dggsgdd g%@hﬁt@:gﬂ: @y dat g6l yatlgdr dth Xbg Ser 480
Thr e fby ARB A e G aciys AhB LauyAH dsThHylavegu AR Oy's
H s Asp 20 30 Qu ser P 5Lys H's Lys As;}6 u Leu
gag dta 448 dBoer aatatcThdg §y§ t125gd0 ade JJgockd Rateu Lyspg
Gluprey Bt GQerm@ asidTieGne Pab PNeaATd Tlkeilyl P Gso 50 55
60 Alaal Thr Ser Ala PA® Gy An val A% val Leu
cta \@lc tE§4% g Ha SEL- 1l O3 AP LY legg 82 70576
Leu 71-558@% %?g %Eséfa)r ety rGrir N%TRF%% é?d’ooﬁgg Lys Tyr
Ala ¥ Qu Asp 85 90185 Tyr Arg Gy W0a val Gu Al a

0 Asn
t LE& Gkkegre t%r%t%%p‘lc L uﬁlt 109 485 110 Asng,,
st o Rl B i et s
196 Ile 115 120 226 Phe Il e Thr 883 Ala Ala Pro Phe
Cga%@% géo#pcﬁysag ugkfu Ser E%Ertﬁéoti‘l%amo ,&II r ser672
G Byt A s
gi%Ser 1%5 150 1 518 yg’%g@u ﬁLm y u y#‘e nille
Pro val Phe Ala Ile Ay Pro Asn 165 170 175 Tyr Leu

ser Iy T6f Wks paisdit ok gty ttPrig@aTEYg GF& Pro 720
wer :gf?g ?{%ﬁﬁgl J igﬁ“"e%%éi‘é;%he hi'"g Vi Sk a Ir-|ios

Val Lys Lys Val Thr Ala Leu 95 200 205 dn g Leu

c@t a a Tt a& uatigegc¥/gdaaAtam Phe Leu 765
g?y %fg %g%g%y%ﬁaf\gg ‘Eg gggé@; Mg%Pro Egm *

<210> 92

<211> 254

<212> PRT

<213> Artificial sequence

<220> )
<223> synthetic construct

HHDH P016231-E-03

<400> 92

Met
1
ser
Glu
‘Pro
Ala
65
Ile
Tyr
Ash
Phe
Tyr

145
Lys

Ser Thr Ala I;e val Thr Asn val Lgs His phe Gly Gly Met Gly
1 15
Ala Leu ggg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp
25 30
Ser gge Lys GIn Lys Asp ggu Leu Glu Ala Phe Ala Glu Thr Tyr
45

Gln Leu Lys Pro Met Egr Glu Gin Glu Pro Ala Glu Leu ITe Glu

50 60

val Thr Ser Ala T%r Gly GIn val Asp val Leu val Ser Asn Asp
7 75 80

Phe Ala Pro g1u Phe G1n Pro Ile Agp Lys Tyr Ala val Glu Asp

5 9 95
Arg Gly Ala val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu val
100 105 110
Ala val Ala ser GIn Met Lys Lys Arg Lys-Ser Gly His Ile Ile
115 120 125

ITe Thr Ser Ala Thr Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr

130 135 140

Thr ser Ala Arg Ala Gly Ala Cys Thr Leu Ala Asn Ala Leu Ser
150 155 160

Glu Leu Gly Glu Tyr Asn Ile pro val Phe Ala Ile Gly Pro Asn
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© Tyr
Lys
Gln
Ala

225
Gly

Ala Ser Ay Ser Cys Asp Tyr Leu Thr Gy A n Val Phe
Trp Leu Ala 225 230 235 240 dy Gy Phe Pro Val Ile
GQu Arg Trp Pro Ay Met Pro Qu 245 250 <210> 101
<211> 765 <212> DNA <213> Artificial Sequence <220>
<223> Sént heti c corfﬁQLMET O3Bm31590103‘5939h75§220> <221>
< 09> 101 at C &C et att
teu Qﬁ% S(.zl2 t%eééa Cj:ﬁ Té/éaPré) n atcau Pro Met

Thr 93:1 mh:r G7N.| a-|1|s| anaz\lg)aTl-hrs %\Sh Lyal L)LsygngT?ﬂrFﬁ‘lﬁ Gbly Ay
5.10 15 et ctg agg2@fg_agc gaa get
518 ngegt GL%F *1'5cfﬂngg§ s i}étmaag ﬁaﬂ ddf Halteu Arg
Ser Lcﬂv Sar c bhspl B G ¥ Hne &Y oYal 8hngpHisy AP 20 25
aa aga3¥tt_ aag cat aaa at gaa ctg gaa Qebp ttt

G1yg°é'@ E%M%Fcﬂﬁa@tamg TpyP Pweeu_ysorq 4 Lys Asp Au
Leu Au a Phe Ala Qu ¥ Tyr 35 40 45 <cca cag ctg

<210> 93Raa cca atg agc gaa cag gaa cca get gaa ctg att gaa

<%%%> 7@592 Pro Gn Leu Lys Pro Met Ser Gu Adn Au Pro Ala
< -

29135 A #1&}l,| Hefﬁle(ﬁflfu 50 55 60 get gtc acc agc get ttt ggt

C ga C ctg gtc agc aac gat 240 Ala Val Thr

<220> Ser AI a Phe Ggy G@n VvVal Asp Val Leu Val Ser Asn Asp 65
<223> S @9 "G'Cttt get cta gaa ttt cgg cca atc gat aaa
“*i“é'c

gag gat 288 1Ile Phe Ala Leu Au Phe Arg

<220> Pro lle Asp Lys Tyr Ala Val GQu Asp 85 90 95 tac agg
<221> C (gt get gtc gaa get ctg cag atc agg cca ttt get cta

<222>

460 Tyr Arg Ay Ala Val Gu Ala Leu An lle Arg

<400> gfro Phe Ala Leu val 100 105 110 aat get gtg get tcg

atg
Met
i

agc
ser

gaa
Glu

cCa
Pro

gct
Ala
65

Satc
Ile

tac
Tyr

aat
Asn

tte
Phe

tac
Tyr
145

aag
Lys

agc Gad @dtgatagradgcCgac ape &0 @90 1Gaggalygt G Asn 48
ser Alhg M IM: &aSeThrGaan Meatl HIL y SPhar g?)L)GSySGH‘t y Hs

Ile Ile Page 92 SEQLI ST- 9wo310 Corr 118 120 125

t t C a
9L (19 RS B ack e B Al €00 Akl 00 52 10000 309 96

Pro ¥b Lys Au Leu Seb Thr 130 135 1460t ac tct tcg

a et aat ta tcg
agc & cgg aagS%tggé a(%tg %bﬁ:}h g% % 144
Ser' Lysyfﬂ qlys @ Au9G 3 eAE%‘a %gﬁ ra u Ala
AsA Al a Leu Ser 1450150 155 160 aags gag cta gga gag
tac aat atc ccg ttc get atc 9§ ccg aat 528
cag ctg aaa cca atg ag a cag daa cca gc¢ a ctd atc gaa 192

Gln Leu Lys Pro Met Ser G u Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gtc acc agc got ttt g%t cag gtc gat gtc ctg gtc age aac gat 240
val Thr Ser Ala P?S Gly GIn val Asp val Leu val Ser Asn Asp
75 80

ttt gct cca gaa ttt cag cca atc gat aaa tac gct gtc gaa gat 288
Phe Ala Pro Ggg Phe GIn Pro Ile Asp Lys Tyr Ala val Glu Asp
90 95

agg ggt gct gtc gaa gct ctg cad atc agg cca ttt gct cta gtg 336
Arg Gly %g val Glu Ala Leu c15(1)n Ile Arg Pro Phe Ala Leu val
5 110

gct gtg gct tcg caa atg aag aag cga aag tcg g%g cac atc atc 384
Ala val Ala ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125

atc act tcg gct gcc ccg ttc ggg cca tgg aag gag cta teg act 432
Ile Thr ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

act tcg gct cga gct ggg gct agt act cta gct aat gct cta tcg 480
Thr Ser Ala Arg Ala Gly Ala Ser Thr Leu Ala Asn Ala Leu Ser
150 155 160

gag cta g?a gag tac aat atc ccg gtg ttc gct atc g?g €Ccg aat 528
Glu Leu Gly Glu Tyr Asn Ite Pro val Phe Ala Ile Gly Pro Asn
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tac
Tyr

aag

Lys

. caa

Gln A

gca
Ala
225

ggc g
Gly G

<211

Lys Qu Leu Ay GQu Tyr Asn Ile Pro Val Phe Ala lle
Gy Pro Asn 165 170 175 tac cta cac tcg gag gat tcg
ccg tac tat tac ccc act gag ccg tgg 576 Tyr Leu His
Ser Qu Asp Ser Pro Tyr Tyr Tyr Pro Thr Qu Pro Trp
180 185 190 aag attERaTBg%9eijlcamrgtg get cac gtg
aag aagi§Pg act get cta 829 Lys Ile Asn  du Hs

ctaV@c D@ gl Sya¥akcd ¥ glvsc Yok (H c & ack&hgldy MQQ 205 574
Leu OH& sg;a Gltaaspgge@FiroCha &ha Tg@gpst ghgggug g gtg
gca 8% ttg 672 Gn Wy Leu Ay Thr AN Lys Gu Leu G

s S SR g

A% ser Gly Ser COP90Asp Tyr Leu ThrZOGy Gn VaI Phe

225 230 235 240 C ttt ccc tc ata
cga (.rt% %J ALacaa aa £g 672
o 0% & Tﬁggmcncey%&%‘ Zﬁ %%&&5‘ a g y_Phe
210Pro Val Ile Ap1Arg Trp Pro Glyz ro

<210> 102 <211> 254 <212> PRT <213> Art|f| ci aI

e g DR M

VaI Lys Hs Phe Ay Ay I\/EtGIy 151015 Ser Ala
%ggaE%LﬁtSeﬁaGCG'CAI% & Csatthecy/glaaptag Cys His 765
t3o¢ @"b”g@rﬁ"ﬁh i)ggyﬂf'%t PYR €A¥p @ u Leu Qu
Ala Phe a Gu Thr Tyr 40 45 Pro A@n Leu Lys Pro
met ser Gu @n GQu Pro Ala Qu Leu Ile Gu 50 55 60

<210> ggea Val Thr ser Ala Phe Ay G n Val Asp Val Leu Val

<212> P

r Asn Asp 65 70 75 80 Ile Phe Ala Leu Gu Phe Arg

<213> ARriditia Sequehye Tyr Ala Val A u Asp 85 90 95 Tyr Arg

<220>

@y Ala Val Gu Ala Leu @n Ile Arg Pro Phe Ala Leu

<223% Sﬁ“%@?ﬁ%&éﬁo Asn Ala Val Ala Ser Gn Met Lys Lys

<400> 9

Met
1
ser
Gl
Pro
Ala
65
Ile

Tyr

. _ Asn

Phe
Tyr
145
Lys
Tyr
Lys
Gln
Ala

225
Gly

Hs Ile lle 115 120 125 Phe Ile Thr
ser Ala Ala Pro Phe Ay Pro Trp Lys Glu Leu Ser Thr

i'&ﬁ 40 TﬁSersrAl Ar y Ala Ser Al a
Ser U0 Al ThE VoA T 8gn s Lom & acher sy fées M ty§1x; u Lo
Ala Wey S3dLdyIsefsEnd lc@y REQ M#d Tﬁpe\/aﬁ' ad |C§s
165 A0 175 Tyr Leu s Ser A u Asp seér Pro yr Tyr
ser @?F’ PO G LyE ﬁsrpﬁé Ty Glu Ala Phe ﬁ]sa Glu Thr Tyr
§8n Leu Lys Pro Met ggr Glu GIn Glu Pro Ala Glu Leu Ile Glu
60
val Thr Ser aAla ;Be Gly Gln val Asp val Leu val Ser Asn Asp
75 80
Phe Ala Pro g}u Phe GIn Pro Ile Sgp Lys Tyr Ala val Glu Asp
95
Arg Gly Ala val Glu Ala Leu Gln Ile Arg Pro Phe Ala Leu val
100 105 110
Ala val Ala ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Ile Thr ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Thr ser Ala Arg Ala Gly Ala Ser Thr Leu Ala Asn Ala Leu Ser
150 155 160
Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
) 165 170 175
Leu His ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 ) 185 190
Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val Ala Phe Leu
210 215 220
Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala
230 235 240
Gly Phe Pro Met Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 95
<211> 765
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Page 93 SEQ.I ST-0339w0310-Corr 180 185 190 Lys lle
Asn Pro Qu H's Val Ala Hs Val Lys Lys Val Thr Al a
Leu 195 200 205 dn Arg Leu Ay Thr Adn Lys GQu Leu
Gy Qu Leu Val Ala Phe Leu 210 215 220 Ala Ser Gy
ser Cys Asp Tyr LeuSHWAISGOB3@vo3 NMakoPhe Trp Leu Al a
DI D&ggjéﬁg 233,440 Gy Gy Phe Pro val lle du Arg Trp
ro Gu 245 250 <210> 103 <211> 768
<220> <212>, DNA <213> Artificial Sequence <220> <223>
<223> Sé@‘g& [QIEBISEr uct  HHDH 501009684 <220> <221> CDS
H g%%% . (765) <400> 103 atg agc act gcg att gtt
<220> act aac gtc aaa cat ttc ggt g 9t atg ggg 48 Mt Ser
<221 cor Ala lle Val Thr Asn Val Lys His Phe Ay Ay Mt
<222> (@y -§78310 15 agt gcg ctg aaa ctg tcg gag gcc ggt cat
<400> 9@ca gta gcg tgt cac gat 96 Ser Ala Leu Lys Leu Ser
atg agc@ae &t aGeygtd acdhiacVigtc Aha @Sttt S;:;?&SgpthQtéZ@ 380 gaag
- Met sergidy plx IJgavaladhaagngéal §ua HisgPhma lycelivt vet gdy gaa
1 act tac 244 du Ser Phe Ys A n Lys Asp & Leu Qu
agc gt Alg Bhie Aydadd Yad ce Ty, % t 38t Hec4gtc Ge RIS a@aa CCOyg
Ser Aladtey AR Lgaase!rag1@a!gacm: gty Thagvat matctysgags 8g Pro
G n L& Lys Pro Met Se¥> Gu Gn Gu Prd0Ala Qu Leu

g Q4 g ag gt
GHESE S e e Y ke oy
Pke Ay A n Val AsﬁOVaI Leu Val ser4®sn Asp 6 70 75

8 t1Qel, ct gaa ttc cag ccg att gac aa
s oddd F chadh bl e Hel o

5011 e Asp Lys TyrSEN a Va tac cgt gggt

g ca ct cag atc aag ccg ttc gc
955 955 38 etk iy o %@t%\' 24859 o fie 029 pr 0240
65 Leu nEN s 4 gt 98t 238t caa

at% aaa aaa cgt aaa tca g 9t cat att atc 384 Asn Al a
ttt

atc 1F"ﬁ'a'él riiqg ﬁaWthcaL Dy ap QC'SeQ‘tCGJ Rt || e 288

Tle Phe Alg ﬁ%G?o‘*fz%“hP&O agg X308 5ok oty oF gt
cca tgg aag gag ctg tcg ac 432 Phe Ile r Ser Ala

tac agg Al,?a flrtogpheza@ gcPreag Teqy hys aGhucdaeutsayctThra gt 336

Tyr Arg G val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu Va
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aag tcg g?g cac atc atc 384
Asn Ala ¥i5 Ala ser GIn Met igs Lys Arg Lys Ser Gly His Ile Ile
0 125

tte atc act tcg gct gec ccg tte g?g cca tgg aag gag cta tcg act 432
Phe {;8 Thr Ser Ala Ala Ego Phe Gly Pro Trp Lys Glu Leu Ser Thr
5 140

tac act tcg gct cga gct ggg gct agt act cta gct aat get cta teg 480
Tyr Thr Ser Ala Arg Ala Gly Ala Ser Thr Leu Ala Asn Ala Leu Ser
145 150 155 160

aag gag cia g?a gag tac aat atc ccg gtg ttc gct atc g?g ccg aat 528
Lys Glu Leu Gly g%g Tyr Asn Ile Pro Va0 Phe Ala Ile Gly Pro Asn
17 175

tac cta cac tcg gag gat tcg ccg tac tat tac ccc act gag ccg tgg 576
Tyr Leu His igg Glu Asp Ser Pro Iyr Tyr Tyr Pro Thr Glu Pro Trp
85 190

4ag att aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Ile Agn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205

caa cga cta g?g act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
Gln SEO leu Gly Thr Gln Eys Glu Leu Gly Glu Leu val Ala Phe Leu
: 15 220
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130 135 140 tat agt agt gcg cgc gcc ggg gcc tcc gcg
ttg get aac gca ctg agt 480 Tyr Ser ser Ala Arg Al a
Gy Ala Ser Ala Leu Ala Asn Ala Leu Ser 145 150 155
160 aaa gaa tta ggt gag tat aat atc cct gtt ttc gcc
%Qg £ga aac 5285EQL §T@339ﬂ@3jl @ru Tyr Asn |lle Pro

ret3de o
g;? Sel‘SE | ST- Q§§ g?;j %{EQ%O gﬁw%ga]\g %ca g?%%g agc e

cca tac tat tac ccatacg gaa ccg 1tjggg 576aG'tI'yr Leu Hi 5765
g9¢ 9 pa paprg ra GCtFma 3 Pro Trp
?y G?y%%“ %%TAE % ﬁtrngjaPczg tG aﬂetcgf"ogqg‘ gcg cat gtt

aaa aaa gta aca gcctta64 LyS Ile Asn Pro Qu His

al Ala Hs Val Lys Lys Val Thr Ala Leu 195 200 205
<210> 95

a cgt ctg ggt act caa aaa gaa ctt ggc gag ctg gtt
:%%%i ﬁgﬁg ttt ctc 672 Gn Arg Leu Ay Thr An Lys Qu Leu G
<213> Agti@inidlegeylancAl a Phe Leu 210 215 220 -get tct ggt agc
<2205 tgc gat tac ttg acc ggc caa gtc ttc tgg tta gcc 720

_ Cys Asp Tyr Leu Thr Gy A n Val Phe
<223 & ﬁggggc ytr%% 230 235 240 ggt ggc ttt ccg gtg att

ag cgc tgg cca ggt atg ccg gaa taa 765 dy G Y Phe

<400> 9 Pro G Pro 4 245 250
Mit Ser Trh?' %/%8 IE_LE\@? lrlllroﬁggz\f@ rgfml/mg'lprﬁ?ly 3

ser A]aAreml ArgiLall seqoaneda (:.<I8/29?s A3 IS KM ft@rfsl |¢1sCQB truct
HHDH2€ 01009684 <40025104 I\/Et Ser Thr 3 a |Ile Val Thr

Glu ser Ve GLg <Y Asiau diey &Y AletPhy ga £g Ty 13" ser

Pro G1nAlea L@ Pkb’SwéteS'erS%flu(EM 6’1@ PGOVAH 'Ithqu‘ie
50 Hs Asp 20 u Leu

g;a val dghy %@raAﬂJﬁe; ghgeajn -mﬂ A‘W va35LeJ,ova,‘5 Slérot\s@ nsrb_eu Lys

1le phe Fixﬁ‘a %} PPOE'I% Eéf? LésaTyg Hkvg}léué]g %ﬁ‘f ng 55

Tyr Arg \ﬁdly &br VA':!ermsma 65u7tﬂn751€8&r'glihe) Phe sMha diemald u Phe
085 90_95 Tyr

nan a1a G K10 skt S5eiclie AV Ah0 Lésnsqn 1o or s P Al

Phe Ile liwt & A1400a16& bﬁg AsNpAl ari¥alysAGRL BeL ATt Lys
130|_Sy A'*g Lys Se13SGI Hs Ille I e140
Tyr Thr ser Ala Arg Ala Gly Ala ser Thr Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ite Gly Pro Asn
165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Tyr Tyr Pro Thr Glu Pro Trp
180 185 190
Lys ITe Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
GIn Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu val Ala Phe Leu
210 215 220
Ala ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro Thr Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

- <210> 97

<211> 765
<212> DNA
<213> Artificial Sequence

<220>
<223> Synthetic construct
HHDH S00994580

<220>

<221> CDS

222> (1)...(765)

<400> 97

atg agc acc gct att gtc acc aac gtc aaa cat ttt g?a g?t atg g?t .48
Met Ser Thr Ala Ile val Thr Asn val Lys His phe Gly Gly Met Gly
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agc
Ser

gaa
Glu

CcCa
Pro

gct
Ala
65

atc
Ile

tac
Tyr

aat
Asn

ttc
Phe
tac
Tyr
145
aag
Lys

tac
Tyr

aag
Lys

caa
Gln

‘gca
Ala
225

aly

115 120 125 Phe Ile Thr ser Ala Ala Pro Phe Ay Pro
Trp Lys Au Leu ser Thr 130 135 140 Tyr Ser Ser Al a
Arg Ala Ay Ala Ser Ala Leu Ala Asn Ala Leu ser 145
150 155 160 Lys GQu Leu dy GQu Tyr Asn Ile Pro Val
Phe Ala |Lle Gy ProSE8ASTEB37@B1078rrTyr Leu Hi s Ser
A u Asp Ser Pro Tyr Tyr T}? Pro Thr Gu Pr¥ Trp 180
ct 199 ky¥Sadd BaLgRcPigx Gt FdcSqMal, Al j Lys
Elaﬁ% b g ool S R Ve e ot é%égﬁfé?ﬁ& y Thr®
An ¥ du Leu Ay A3 Leu Val Ala PhéOLeu 210 215

22Q 4 a5 X%%% Yied E% n Val

agce a agdaa gt

serRhe Iy GﬂgLLy@JGgsp_ % % g %ﬁ: 4&:@ %gl Y‘?' éyﬁ)ro vat**
113 Gu Arg Trp Préd0@y Met Pro G u4245 250 <210> 105
<2113 77 12> DNA Page 95 SEQLI ST- 0339w0310- Cor r

ca dad, CcCa X

seddbiaitdld & Gt anid e 2

50construct HHDH$H00817219 <22030<221> < >

gtcg(ﬁl“)f ggé?ﬂ%)t tt<§‘190%$%05 cat agc a&g 1get atc gt C'F acc a2a4%
. t % gg Gt B CSHC TAE Al a
va Ilhe Val Ai%rp%sn al n%ﬁ? |% ge"e@ ya%%grl\fﬁn & 1510
ttt15 agc gett ctg agg ctg agc gaa get ggt cat acc gtc '
déattigagraggca 9t apatasr gct @alcseaa Gghu Al a 288
Pheﬁ @G%rp%a$1"N§5°S§g i3 L,X§pT3’2"Og]2a5 vVah G%aés%gc ttt
aaa cag aaa gat gaa ctg gaa get ttt get gaa acc tac
agg 9l gtSwpaPhet kys @onatysighsqraGie lgeu Gaughy a Phe3se
Arg 'Y ggﬂ%rmvyﬁ%éaequgsﬂ%éagc%rg By %gd-%-'c&aht g agc
gaa cag gaa cca get gad ctg atc gaa 1 Pro Gn Leu
gct I_g)t? g0 thptcaSestdCag Gay &l aBhorc ggddcHe Lt hte G u f)Q
Ala gl etagser gilo YRIC LYB 0 YgeArd ags g Gy HYS Cligallgic ctg
¢ agc aac gat 2467 Ala Val Thr s> Ala Tyr Ay @n
atc Wk AgpPgdelgcketgVatc IR &.SantﬁﬁpaaGS%izé) cfa /Y a8l C tily3;

Ile gbr SwaAlmalatkrocabge Gy Rtc TYRLLYEA Aeu ORir gh€ gaa
130 gat 288 11e PR Ala Pro Gu PHe0G n Pro Ile Asp Lys

act -II_:)é[:j ﬁitacé@lgcg (é;?g/'\apt 8a§_]t99ct9§ta gct aat gct cta tcg 480

Thr ser Ala Arg Ala Gly Ala Ser Thr Leu Ala Asn Ala Leu Ser
150 155 160

gag cta g?a gag tac aat atc ccg gtg ttc gct atc ggg ccg aat 528
Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
165 170 175

Cta cac tcg gag gat tcg ccg tac tat tac ccc act gag ccg tgg 576
Leu His Ser Glu Asp Ser Pro Tyr Tyr Tyr Pro Thr Glu Pro Trp
180 185 190

att aat ccg gag cac gtg gct cac gty aag aag gtg act gct cta 624
Ite Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205

cga cta g?g act caa aaa gag ttg ggg gaa ttg gtg gca ttt ttg 672
égg Leu Gly Thr Gln 5{2 Glu Leu Gly Glu Leu val Ala phe Leu
220

tct ggc tct tgt gat tat ttg act g?c cag gtg ttt tgg ttg gca 720
Ser Gly Ser Cys Asp Tyr Leu Thr Gly GIn val Phe Trp Leu Ala
230 235 240

g?c ttt cCC acg ata gaa cgt tgg ccc g%c atg ccc gaa taa 765
Gly Phe Pro ;2; Ile Glu Arg Trp Pro Gly Met Pro Glu *
250

<210> 98

<211> 254

<212> PRT

<213> Artificial Sequence
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<220>

tac agg ggt get gtc gaa get ctg cag atc agg cca ttt

get cta gtg 336 Tyr Arg Ay Ala Val Qu Ala Leu Gn
Ile Arg Pro Phe Ala Leu Val 100 105 110 aat get gtgg
get tcg caa atg aag aag cga aag tcg g 99 cac atc atc
384 Asn Ala Val Al SE@®EFTA33MNet10gerys Arg Lys Ser

<273~ sﬁ%e'E'ﬁéc'ohgtMc% 115 120 125 ttc atc act tcg get get

Met
1
‘Ser
Glu S
Pro
Ala
65
Ile
Ty
Asn
Phe
Tyr
145
Lys
TYr
Lys
Gln
Ala

225
Gly

<210>

HEmY sbdIn48gQg cca tgg aag gag cta tcg act 432 Phe lle
Thr ser Ala Ala Pro Phe Ay Pro Trp Lys G u Leu ser

vee ser fic 475 3Rt 98030 L8 Lo 9T i o7 2,

tCC

AlaAlau G-g/ LAhas@/suSesnaL@w Aha AsNvAY mb,e@ssﬁfs kp 150
155 2860 _aag g gcta gag tac aat alc ccg gtg ttc
BT Gd@g'-yécé %%%'2984 Glysle Bhegle @ly WL TIYr Asn

cInlled By9 p¥8lmdheeAl@ul &8 Gy Feoars 814820l i tac
50 cta cac tcg gag5gat tcg] ccg tacedtc tac ccg act gag

valcly befg A37ebheTgly Idn ¥a'lsAservali LewAsp] Ser M1 A¥yr Phe
ohe Tifa EE9 o i PioTER: 180 485091309 of Mg coo

gag cacggtg get ca ag gtg act
ArglGly Ale VASG IRy e'IEGLIstuHE’En Ve’ﬂé AMbaritd sh&/allalyss s Val

Y Leu-19 0 2 aa c a_cta Oac a aaa
Ala \Pa] %Ta Sﬁﬁgmé‘ag %%éogltygs EE%L‘( PS¢t %gg é‘h Ii?g Leu
I]thhy émr AGh mllay sré&dphelery Shy 1Gbu|_5Lseu1 aleuPba Phe Leu

130210 215 220 gca3ict g C tct tgtl4fat tat ttg act ggc
Thrcs§§ éﬂag Arg A 61)”&6 Fho Lega@@ 6gn Ala Leu ser
61u SRRLERT <033H0RI0RaT o PAT PHR AT 11590, 9% & Ty

Leu Thr 16y A n Val Phe Trp Leu Al a
Leu gfjé %GﬂvtAS@céemPQOafﬁ 6}z ) TafgtP:tOgghc@dug@rm arg ccc

Trp Pro
N8 b ol il NV 8k TLey R Ape Joe o
Arg 2®4 GK2TAr ARTLYR 3 1At Giy clal LeSreqmbmae PH22@r <223>
glo_sﬁyq eti.c consgtuct HHDHQ{SOCR 12731 <400> 106 I\/Et Ser
er "a Y &Pl THFY ALK Ehwépd%}l%

Gly Ghg pro 5h&0l1b561|§@.ﬁ"gpif@ becu g\dé{eﬂr§QﬂuG u Ala @ y
H's Thr 2¢al Ala Cys His 2%p 20 25 30 du Ser Phe Lys
g3 n Lys Asp Qu Leu Gu Ala Phe Ala Gu Thr Tyr 35 40

211> 76 Pro G n Leu Lys Pro met Ser Gu An Gu Pro Ala Gu

<212> bN2eu Ile Gu
<213> Artificial Sequence

<220>
<223> Synthetic construct

HHDH 501018044

<220>
<221> CDS
<222> (1)...(765)

<400> 99

- atg
Met
1

agc
Ser

gaa
Glu

cCa
Pro

agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48
Ser Thr Ala Ige val Thr Asn val Lys His Phe Gly G?y Met Gly
10 15

gct ctg agg ctg agc gaa gct g?t cat acc gtc gct tge cat gat 96
Ala Leu Agg Leu Ser Glu Ala ng His Thr val Ala Cys His Asp
30

agc Tttt aag cat aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
ser ng Lys His Lys Asp Glg Leu Glu Ala Phe Ala Glu Thr Tyr
45

€ag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
G;S Leu Lys Pro Met Sgg Glu GIn Glu Pro Ala Glu Leu Ile Glu
60
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gct
Ala
65

atc
Ile

“tac

Tyr

aat
Asn

tte
Phe

tac
Tyr
145

aag
Lys

tac
Tyr

aag
Lys

caa
Gln

gca
Ala
225

cly oty

50 55 60 Ala Val Thr Ser Ala Tyr Ay G@n Val Asp Val
Leu Val Ser Asn Asp 65 70 75 80 Ile Phe Ala Pro G u
Phe A n Pro Ile Asp Lys Tyr Ala Val G u Asp 85 90 95
Tyr Arg Gy Ala Val GQu Ala Leu @dn Ile Arg Pro Phe
gtc eu VaI 100 1059EQL-IGTM3%M32}F%VEQE;W% S;% g%n Ng;yo
LS 1 5
val ?f# % %g%ilé: E’?%C ﬁé 3 Qah%erL%%n élsﬁ Leu
Ser Thr 130 135 140 Tyr Thr ser Ala Arg Ala Gy A a
};ﬁtgﬁst EE? Aauth) £9ALGFAAR léU aar taq 9260 Ly288
*d'd el 2@” PR Grenfironal ﬁg oYt PR Qy
Pro Asn 165 170 175 Tyr Leu His Ser GI u Asp Ser Pro
agg e gtjfrgaﬁr gcThatgFag Rro a‘[;gpccal&@tlg&& ¢80 glrys Thr336
A'“9 A Hhd V@ e 4] %Hewf%r Mg Aal thhe)%avaw L
Leu 5 200 205 dn g Leu @y Thr On Lys d u Leu
gct Cét}g Gty degucddabhtfaagPhw) ey aAb0tdgl9gd e M@ ader 4G y3ga
Ma%% &)& SAEPG Ty Met diySThHS &'y L@SnsévaIGTPhe sTE}e lIée Al a
230 235 240 &% Ay Phe Pro M25I1e Au Arg Trp
atc i@ G gtgddr ec§dtdc 288 g2 lers2 4
e @rZSe%I%Aa@bSPrgmhefzé% tgﬁui?’%é%%‘;%oéfi%ég 32
30synt hetic consfduct HHDH 500708@27 <220> <221> CDS
tet eg2gct bha- gdt! z%? Pt C gtc
Serﬁ gm%’gcgmg%:gn gg@ L&ugg(gt%éﬁ %cht Lé@ 480
Thr Ala Il el¥al Thr Asn Val 15%s HIS Phe GIy G‘:BQ I\/Et
ag Q4 ad le a2 I%F 0339 310 Cor 1
o O lofort it il U Wl epespatinges oy "2 e
gat 96 168r ‘Al a Leu I's Thr
Ala%s Hi s Asp 20 25 30 gaa agc ttt aaa cag aaa

&Lt §aC%c C'E 91990 t@Yy Ser>76
Kb ol as "BRLUATE &R Thr
Ty r 35 40 45 cca cag ctg aaa cca atg agc gaa cag gaa

att @@5 gcCcast at t%@g Q9P aag aag gtg act gct cta 624
Ile Asn g‘r@t Qu His a%%a 15 val Lys Lys val Thr gﬂa Leu

200 205

cga cta ggg act caa aaa gag ttg g?g gaa ttg gtg gca ttt ttg 672
E\Eg Leu Gly Thr G1n Iiy:g Glu Leu Gly Glu Leu val Ala Phe Leu
220

Val
cta
Leu

tct gglgc tct tgt gat tat ttg act ggl; cag gtg ttt tgg ttg gca 720
ser Gly Ser Cys Asp Tyr Leu Thr Gly GIn val Phe Trp Leu Ala
230 235 240

? TLT ccc gtc ata gaa cgt tgg ccc g%;c atg ccc gaa taa 765
Gly Phe Pro \2&515 Ile Glu Arg Trp Pro Gly Met Pro Glu *
250

<210> 100
<211> 254
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic construct

HHDH S0108044

<400> 100

Met
1
ser
Glu
Pro

Ala

ser Thr Ala I;e val Thr Asn val i5s His Phe Gly Gly Tgt Gly

Ala Leu ggg Leu Ser Glu Ala g}y His Thr val Ala ggs His Asp

ser gge Lys His Lys Asp ggu Leu Glu Ala Phe ﬁga Glu Thr Tyr

ggn Leu Lys Pro Met ggr GTu GIn Glu Pro 28a Glu Leu Ile Glu

val Thr ser Ala phe Gly GIn val Asp val Leu val Ser Asn Asp
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65
Ile

Tyr
Asn
.Phe
Tyr
145
Lys
Tyr
Lys
Gln
Ala

225
Gly

<210>

“130

Pro An Leu Lys Pro net ser Gu @n Gu Pro Ala Asp
Leu Ile Gu 50 55 60 get gtc acc agc get tac ggt cag
gtc gat gtc ctg gtc agc aac gat 240 Ala Val Thr Ser
Ala Tyr Ay A n Val Asp Val Leu Val Ser Asn Asp 65 70
75 80 atc $it get U I§a033Pwo T dgCerva atc gat aaa tac

g Phe’3 r e®@n Pro
eheffta G S0ZPREAg o, 11€ S0 Pl S EE%hg, ooy
Arggety gi@ vgdaGgetlztigucaly afie naggpmahéglggeéu ehd gtg
r. Ar Al a Gu Ala Le ¥ 1]le Arg Pro
Ala i ﬁ\lﬁ'sfgu&vngqgﬁqqgl'@és £19 Lyéa?‘*'“g%“%d’f‘é ﬁL‘i eg caa
Ileathy aeg AMaaakgar@atet 6 996 GRCLA ¢1alieu3ér ThAEN Al a
Val a Ser A a3Wet Lys Lys Argldys ser AyHs lle lle
Ser g A% A9sh kA ETurdaater Ay ggtAEbt‘\SEc"g"'at kel g6 cca
Gluligq 8RA GadnGt ash G9edslo 437 piNRId hfe Y BES agh@ Thr
Pro Phel18by Pro Trp Lys @& Leu ser Thr 138 135 140
Leuttys E% G B pspeber daoghir gyy Tyet PrgThaciluceer gep aat

. ?
g Pacpaiiunte IF A8 8%, By s 05

Argdtea gba Thagsinatyaalvatan Gty @ugLéd vayetlaatie ge®g ccg

210
28 Lys G%st eu u Ty?Z%As Ile Pro Val Phe
Se"@é{ ?T‘rgcésy%?@r Yy ﬁ”l&yfg@ %‘ZS\’& EEG ctR 'c%tA% g gag
Gly gle P vatarlteacld egtagp €64 AYtMaadrs @ut 99 % Tyr

Leu His2%2r A u Asp Ser Ps® Tyr Phe Tyr Pro Thr Qu

16y o Trp 180 185 190 aag act aat ccg gag cac gtg get

<211> 76AC gtg aag aag gtg act get cta 624 Lys Thr Asn Pro
<212> pMd u Hs Val Ala H's val Lys Lys val Thr Ala Leu 195
<213> AXg(iolE Eequengd cta ggg act caa aaa gag ttg g 99 gaa
«<20- ttg gtg gca ttc ctg 672 dAn Arg Leu Gy ThrdAn Lys
<223> sydtetRU cohdcrget Leu Val Ala Phe Leu 210 215 220 gca

<220>

HHOHt SGH3508% tgt gat tat ttg act ggc cag gtg ttt tgg
ttg gca 720 Ala Ser Ay Ser Cys Asp Tyr Leu Thr Ay

<221> cgd n Val Phe Trp Leu Ala 225 230 235 240 ggc g ?c ttt
- <222> (DGc.ates)ata gaa cgt tgg ccc g 9c atg ccc gaa taa 765

Met
1

agc gct

ser

gaa
Glu

CcCa
Pro

gct
Ala
65

atc
Ile

tac
Tyr

aat
AsSn

@y Ay Phe Prollelle Qu Arg Trp Pro Gy Mt Pro

<400> 1
5 %?O tgacchatcc 774 <210> 108 <211> 254 <212>
at teosc
£33 T L S

SEQLI ST- §339W0310- Cor r 2150t nets

construct HHDH 500708827
ctg agg ctg agc gaa gct g?t cat acc gtc gct tge cat gat 926
Ala Leu Agg Leu Ser Glu Ala ng His Thr val Ala Cys His Asp
30

agc ttt aag cat aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Ser ng Lys His Lys Asp Glg Leu Glu Ala pPhe Ala Glu Thr Tyr
45

Cag Ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg att gaa 192
G}g Leu Lys Pro Met Sgg Glu GIn Glu Pro Ala Glu Leu Ile Glu
60

gtc acc agc gct ttt g?t c€ag gtc gat gtc ctg gtc agc aac gat 240
val Thr ser Ala P?S Gly G1In val Asp val Leu val Ser Asn Asp
75 80

Tt gct cta gaa ttt cgg cca atc gat aaa tac gct gtc gag gat . 288
Phe Ala Leu G;E Phe Arg Pro Ile Asg Lys Tyr Ala val Glu Asp
a5

aagg g?t gct gtc gaa gct ctg cag atc agg cca ttt gct cta gt 336
Arg Gly Ala val Glu Ala Leu Gin Ile Arg Pro Phe Ala Leu Va
100 105 110

gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atc 384
Ala val Ala ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
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TtC
Phe

tac
Tyr
145

aag
Lys

tac
Tyr

aag
Lys

caa
Gin

gca
Ala
225

&ty

<400> 108 Met ser Thr Ala Ile Val Thr Asn Val Lys Hi's
Phe Ay Ay Met Ay 15 10 15 ser Ala Leu Arg Leu
ser Qu Ala Ay H's Thr Val Ala Cys H's Asp 20 25 30
G u Ser Phe Lys An Lys Asp Qu Leu Gu Ala Phe Al a
g Thr Tyr 35 40 %@m&&@ﬁmﬁd@-g Pro Met Ser Qu
1# Gu Pro Ala AsgYeu Ile Gu 58285 60 Ala Val Thr
atc Seft AR gty rgdd Yo e Vagdg 28R Rl adEYaydtaSelg AR ASP 432
116613!!"789%15%1%0%«13! %eﬂﬂme %?aPPoor uy%%é%{@em E’er%Thl"e Asp
1301 ys Tyr Ala Val38 u Asp 85 90 9840 Tyr Arg Gy Al a Val

o An i B8 S Bk ol o, 0

Ay His Ilel3 e 115 120 12555Phe |l e Thr Serl6® a Thr

Fr.g Yeadd Qad LR LYS %upﬁeu%er Thr 130 135 140
ag.ct tag dat, atc tic t 528
sie il Y dbrih Inllon B ke el ) sen
Al a LeulBBr 145 150 1551160 Lys GQu Léeuidy du Tyr
nlle Pro Val Phe Ala lle y Pro Asn 165 170 175

As €]
cta g C g Cefy ACHHIa g bgg Thr 576
Lei 3 bt RS b e S, T SRR O . T

Ala Hs Val Lys Lys Val Thr Ala Leu 195 200 205 dn

att g t t t t 624
SR TR LS

Thr Ay An Val Phe Trp Leu Ala 225 230 235 24OGlGIy
cga (gt apPE 0C3R| @ad lgeg Gy HgY GRRpLUEr gt aMett Pro u 672
518248 9 oTﬁgéﬁ?%g@ﬁwﬂbg&e@u 2¥aggia<mbeu

Artificial Sequence <220> <22 Synt heti c construct
tct maﬁagﬂzﬁaltaﬁz@aaza?@ c@@sggzze? tgd) ttg 0¢85) 720
ser &yoser1 0gs agta Byt LaecThyet Bat‘zidng\t Blex TaacLeyt é1maa cat

ttt gga ggt”>dtg ggt 48 Met 23&r Thr Ala Ile VAP Thr
ggc AGR Mal ghy athl §aPlegr Aoy €Y gifelatd ¥cd gaalthalS adc gggs
Gly dhg miggVvet glagelgaag getp ggj adatveacergiciuget tgc cat

<210> 102
<211> 254
<212> PRT
<213> Artificial sequence

<220> )
<223> Synthetic construct

HHDH S01035939

<400> 102

Met
1
Ser
Glu
Pro
Ala
65
Ile
Tyr
Asn
Phe
Tyr
145
Lys

Tyr

Ser Thr Ala I;e val Thr asn val Lys His Phe Gly Gly Met Gly
10 15

Ala Leu ggg Leu Ser Glu Ala g1y His Thr val Ala Cys His Asp

5 30
ser ;ge Lys His Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
40 45
ng Leu Lys Pro Met ggr Glu Gln Glu Pro Ala Glu Leu Ile Glu
5 60

val Thr ser Ala Phe Gly GIn val Asp val Leu val Ser Ash Asp

70 75 80

Phe Ala Leu g;u Phe Arg Pro Ile Ssp Lys Tyr Ala val Glu Asp
0 a5

Arg Gly Ala val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu val

100 105 110
Ala val Ala Ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Ile Thr ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

Ser Ser Ala Arg Ala Gly Ala ser Ala Leu Ala Asn Ala Leu Ser

150 155 160

Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
) 165 170 175

Leu His Ser Glu Asp Ser Pro Tyr Tyr Tyr Pro Thr Glu Pro Trp
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Ser Ala Leu Arg Leu Ser u Ala Ay His Thr Val Ala
Cys H's Asp 20 25 30 gaa agc ttt aaa cag aaa gat gaa
ctg gaa get ttt get gaa acc tac 144 du Ser Phe Lys
Gn Lys Asp Gu Leu u Ala Phe Ala Qu Thr Tyr 35 40
45 cgggcag ctg aaa é&léfgoﬁgwoyé)aceag aa cca get gaa

c P y r Au dn
vs ecl B SFT fe] 0 o B i 2
Gln ArgSE@GBT -ThB39w0 8§ H- cﬂor teu géy (QhJCLélEGlaﬂlgC'lagehe Ll got

gic a 240 Ala Vval Thr

Ala Se'" ﬁ'eZ% Sya% Egb ‘@@ Ph%aT'"Psé?“ AR Asp 65
Gly G1y7i@1e75rc80/a1aim Gl Ag@tTﬁpcar@aﬂyt hét G0 €A atCc gat aaa
tac get §bc gaa gat 288 2pPe Phe Ala Pro Qu Phe @n
<210> 1630 Ile Asp Lys Tyr Ala Val du Asp 85 90 95 tac agg
<211> 769t get gtc gaa get ctg cag atc agg cca ttt get cta
<212> D 336 Tyr Arg Gy Ala Val Qu Ala Leu An lle Arg
<213> Apir%mh@ Ap8Ueeg Val 100 105 110 aat get gtg get tcg
<220- Caa atg aag aag cga aag tcg gggg cac atc atc 384 Asn
<223> sitheYdd oBhacoet G n Met Lys Lys Arg Lys ser Gy His

HHDHe SP1@0%63% 120 125 ttc atc act tcg get gcc ccg ttc
<220» 9999 cca tgg aag gag cta tcg act 432 Phe 1le Thr Ser
221> cla Ala Pro Phe Ay Pro Trp Lys A u Leu Ser Thr 130

<222> (135.1A&>tac act tcg get cga get ggg get agt act cta
t aat get cta tcg 480 Tyr Thr Ser Ala Arg Al a GIy

e

<400> 1 %
q 5% E H%E Ser 145 150 155 160
a2t 20ras B el halcilt B aleBhenltsis o o

1 ggg ccg dat 528 Lys e Pro

agt g S\Iaglg s ‘é% Pro Asn 165 170 é?St tac cta cac o6
toddc g tgg
Ser A1a c§§ ZQ/VL esu ngégz if: ﬁ??% Cvgjlacg a%‘g% % gf? Pro
Thr Gu Pro Trp 180 185 190 aag act aat ccg gag cac

gaa agt ac Sttijedcetg@ac@k thys Thrid4
Glu Serﬁ% %ﬁ %" ggs'&/ﬁ “A&g Eﬁ A Py 813 UVEIT THE Al a
Leu 195 200 205 caa cga cta ggg act caa aaa gag ttg

cca cag Qpsta LY cag(gaatttetg Yaq c6d gcgChang Atg dtalighdy Thrig2
Pro GIn ey Y5 Pep eLe Gfu i EBY Pyl Al aTtPﬂ@uuels gig 215

50
: 220 gca tct ggc ct tgt gat tat g act ggc cag gtg
gcg gtc tace d@ggtt xrgcagd 289 dlgagSielgtd otgSEEt § I(Yr Lepao
Aég val Thr &8ry AGh iPhgak 1yPIGén Tvad Asu VAl A e228a P 4@ ggc

ggc ttt ccc’8tg ata gaa cgt f8g ccc ggc atg cét gaa

2 d@P ga¥l 4ot BRI BY ur24bad | P Ay
e e e St At Ll i s
95

tac cgt g? gcg gta gaa gca ctg cag atc aag ccg ttc gcg ttg gtt 336
Tyr Arg Gly Ala val Glu Ala Leu GIn Ile Lys Pro Phe Ala Leu val
100 105 110

aat gcc gta gct agt caa atg aaa aaa cgt aaa tca ggt cat att atc 384
Asn Ala val Ala Ser GIn Met Lys Lys Arg Lys Ser G?y His Ile Ile
115 120 125

Ttc att act agc gcg gct ccg ttt ggt cca tgg aag gag ctg tcg act 432
Phe ES Thr ser Ala Ala 55(5) Phe G?y Pro Trp Lys Glu Leg seg Thr
140

tat agt agt gcg cgc gcc g?g gcc tce geg ttg got aac gca ctg agt 480
Tyr Ser Ser Ala Arg Ala Gly Ala Ser Ala Leu Ala Asn Ala Leu Ser
145 150 155 160

aaa gaa tta g?t gag tat aat atc cct gtt ttc gcc att ggg cca aac 528
Lys Glu Leu Gly E%E Tyr Asn Ile Pro val phe Ala Ile G?y Pro Asn
_ ‘ _ 170 175
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tat
Tyr

aag
Lys

“caa

GIn

gct
Ala
225

&y

tga

<213> Artificial Sequence <220> <223> synthetic
construct HHDH s00772501 <400> 110 Met Ser Thr Ala
Ile Val Thr Asn Val Lys Hs Phe Gy Ay Mt Ay 15
10 15 Ser Ala Leu Arg Leu Ser Qu Ala Ay Hs Thr Vval
CtgAI a gs gHi s aAsgg 20 %@LEQT-(@i@WQgW"Qge" Lys €] ngLys Asg76
Leucﬁ\i iJG%ug\ﬁgl e?&oé# gp Tgﬁr P@#hgﬁu?gﬁlirgro G
Leu g Pro Met Ser Ggs A n u Pro Algg@ u Leu Ile
du 50 55 60 Page 100 SEQ.I ST-0339w0310-Corr Al a

1R T RN B m e,

Ile Asp Lys Tyr Ala Val A u Asp 85 95 Tyr Arg Gy

cgt gty gol C3Al aad @ga @ bpe gaggctyr gtPriEgAte kea Val 672
ara iy 4s %&ﬂgﬁoﬁ IH B QErLe NAMATALB E98 A
Lys Ser Ay Hs lle Ille 115 12 25 Phe Ile Thr Ser

tct Ajga Ay@ tBr gaRheaGtyg Pice §9p dapsg€d wrteiggSera ghe 130 720

Ser 13y 390 CYT\ASPTRYT S8 TraG gw ¥alGPhe Aira Sur ATar Leu

A a Asn Al #¥%u ser 145 1533%55 160 Lys déd*eu Ay
ggc Attt dyg gfgmattl gadlc@c Mg POL dfrdatd @cHhaPry Asn 165 745
G?y Fhg RME VaTykle el Arg Ser PG u%?;smetsero la Tyr Phe Tyr
Pro Thr 2&u Pro Trp 1802385 190 Lys Thr Asn Pro GQu
Hs Val Ala H's Val Lys Lys Val Thr Ala Leu 195 200,.4
205 dn Arg Leu dy Thr An Lys Qu Leu Ay Gu Leu

<210> 1043] Al a Phe Leu 210 215 220 Ala Ser @y Ser Cys Asp

<211> 2

Leu Thr Gy G n Val Phe Trp Leu Ala 225 230 235

r
5150 Ai4@i @y sQuanbhe Pro Met Ile Gu Arg Trp Pro Ay Met

<220>

Pro Au 245 250 <210> 111 <211> 762 <212> DNA <213>
uence <220> <223> Synthetic construct

Artificial Se
455 ol ilssi k- ool o

- <400> 104

Met
1
Ser
Glu
Pro
Ala
65
Ile
Tyr
AsSnN
Phe
Tyr
145
Lys
- Tyr
LyS
Gln
Ala

225
Gly

Ser Thr Ala I;e val Thr Asn val &55 His Phe Gly Gly get Gly
5
Ala Leu L%s Leu Ser Glu Ala g;y His Thr val Ala gys His Asp
2 0
ser gge Lys GIn Lys Asp ggu Leu Glu Ala phe Ala Glu Thr Tyr
45
ggn Leu Lys Pro Met Eer Glu GIn Glu pPro Ala Glu Leu ITe Glu
5 60
val Thr ser Ala gge Gly GIn val Asp val Leu val Ser Asn Asp
75 80
phe Ala Leu g1u Phe GIn Pro Ile Agp Lys Tyr Ala val ggu Asp
5 9
Arg Gly Ala val Glu Ala Leu GIn Ile Lys Pro Phe Ala Leu val
100 105 110
Ala val Ala Ser Gln Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Ile Thr Ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Ser Ser Ala Arg Ala Gly Ala Ser Ala Leu Ala Ash Ala Leu Ser
150 155 160
Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
165 170 175
Leu His Ser Glu Asp Ser Pro Tyr Tyr Tyr Pro Thr Glu Pro Trp
180 185 190
ITe Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
Arg Leu Gly Thr GTn Lys Glu Leu Gly Glu Leu val Ala Phe Leu
210 215 220
Ser Gly Ser Cys Asp Tyr Leu Thr Gly Gln val Phe Trp Leu Ala
230 235 240
Gly Phe Pro val Ile Glu Arg Trp Pro Gly Met Pro Glu
245 250

<210> 105
<211> 774
<212> DNA
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<213>
<220>
<223>

<220>
<221>

Met Ser8hr alx Iflttvajetrhctadangadl Ly HIGOPIC &

1

<222> (1)...(762) <400> 111 atg agc acc get atc gtc
acc aac gtc aaa cat ttt gga gt atg ggt 48 Mt Ser
Thr Ala Ile Val Thr Asn Val Lys Hs Phe Ay Ay Mt
Gy 15 10 15 agc get ct%)gaggg ctg agc gaa get ggt cat
t et tqgc catSEAISY p314-gotreu Arg Leu Ser
AE&&E\PC' %‘*9“%§ Thr Val Ala Cys H's Asp 20 25 30 gaa
agc ttt aag cat aaa gat gaa ctg gaa get ttt get gaa
Sarthet de codgtrugtu Ser Phe Lys His Lys Asp Qu Leu G u
HEDH SBORL7ALY G u Thr Tyr 35 40 45 cca cag ctg aaa cca
atg agc gaa cag gaa cca get gaa ctg atc gaa 192 Pro
c8dn Leu Lys Pro Met Ser Qu G n GQu Pro Ala Qu Leu

<222> (1) e-@hI50 55 60 get gtc acc agc get ttt gggt cag gtc
<400> % gtc ctg gtc agc aac gat 240 Ala Val Thr Ser Ala
atg agc

GV at Ngrahc ARV e bl MRl v 8€ gAYt SRy %g 70 75 4
?gatcllygﬁét a tac
get gtc éag gat 288 |le Bhe Ala Leu Glu Phle Arg Pro

il e, ge P, 85 . tac agg ggt
agc gct 'ty ﬁ? P48
ser AlaQ&iu § gng ag éwtngacg%/ § 1@\99350 gﬁt sﬂés gtg %

336 2|13/r ArgGIyAIa uAIaLeuGBn le Arg Pro

gaa gggakhc% aad cagl;ziéég%aé% tlfgﬁ éség gigatgétg%gg%é tcgeczilgjl44

ST 0339wo310 @orr a Ser n
%s Lys Arg Lys Ser Ay His Ile Ile 115 120 125ttc

AT B AR B R Y ey 1

. gct

Ala va

65

Ite Phe @19 B, G

Trp Lys G u Leu Ser Thr 130 135 140 tac tct tcg get

S G R IS e,
: C aat

Leu Ser 145 0 155 160 aag gag cta gga gag

rPhasQln [PEo g LPReTyA Al MalGEl Rsp Asn

atc tttaiat coy g%%gutt cagieraadt g8y aaagraaaycbBc daSget U Lewss

165 170 5 tac cta cac g gag gat tcg tac tat

190

tac agglqt §EC g€tgagaget @ligt @ YO agd Yeécal etk ldcs %3@%“ Asps3g

Tyr Arg Sdiy £t Vﬁ/rGWym afyeu Rlo The Ach wPHer phal 1ap a 1184l

aag H% aat ccg gag ¥ gt et cac gtldlaag aag gt
g g gag gtg ¢ g g g gtg

aat gct% %&s{t% Fa824¢ |a¥§ d ecﬁ‘?"ﬁa r&eggg?%ggﬁ @ afla Hi sy,

Asn Ala

shiysswadae ngs £ L1495 sCH@R §0a Cta
act caa aaa gé@ottg ggg gaa tththg gca ttt ttg

. sohdebaltells Eht o oo o el ol a2

130tat ttg act gg:c35cag gtg ttt tgg4otg gca 7 Al a Ser

tac act
Tyr Thr

145

Ser C,}/ Tyr Leu Thr Ay dn Val Phe Trp Leu
Agcé gct cg gct ?g gct tgt tcc cta gct aat gcet cia tcg 480
Ala Arg Ala Gly Ala Cys Ser Leu Ala Asn Ala Leu Ser
150 155 160

aag gag cta g%a gag tac aat atc ccg gtg ttc gct atc g?g cCcg aat 528

Lys Glu Leu G

y Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
165 170 175

tac cta cac tcg gag gat tcg ccg tac ttc tac ccg act gag ccg tgg 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp

180 185 190

aag act aat ccg gag cac gtg gct cac gtg aag aag gtg act gect cta 624
Lys Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu

195 200 205

caa cga cta g%g act caa aaa gag ttg g%g gaa ttg gtg gca Tttt ttg 672

GIn Arg Leu

y Thr GIn Lys Glu Leu Gly Glu Leu val Ala Phe Leu

210 215 220

gca tct ggc tct tgt gat tat ttg act ggc cag gtg ttt tgg ttg gca 720
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225 230 235 240 ggc ggc ttt ccc gtc ata gaa cgt tgg
Ccc ggc atg ccc gaa 762 Gy Gy Phe Pro val Ile Qu
Arg Trp Pro Gy Met Pro Qu 245 250 <210> 112 <211>
254 <212> PRT <213> Artifi ci al sequence <220> <223>

thetic constructSE @GS@GBOPK4OO> 112 Met Ser
had SerT%]S' gFaCI Pes 3l THreval qﬁ" GaY §. A%SVH §hphﬂ"pd9“? § Met
Ay 151015 Ser Ala Leu Arg Leu Ser aGIy

Q?C QS'JCHV@ The a\ml a gadyytHigy Asp RE 26y I@c ddautmer Phe Ly®es
y Glyifhe Py MesnTlg 1y dArodip ngg PyeMat ra@ @uThi Tyr 35 40
45 Pro nLeuLysPro Ser Qu Adn Gu Pro Ala Gu
tgaggatéeu Ile Gu 50 55 60 Ala Val Thr Ser Ala Phe Ay Gm
- | Asp Val Leu Val ser Asn Asp 65 70 75 80 'Ile Phe
E%}gi% a Leu Gu Phe Arg Pro Ile Asp Lys Tyr Ala Val Qu
<212> piSp 85 90 95 Tyr Arg Ay Ala Val Qu Ala Leu dn lle
<213> AArigiProl BaqueNca Leu Val 100 105 110 Asn Ala Val Al a
<220 Ser A n Met Lys Lyﬁ ArSg LXIS Silr GIPy Hlpﬁ ”Gle IIPe _}_15
e Thr Ser Ala Ala Pro Phe Gy Pro Trp
R ﬁ@%&ﬁ?ﬁiﬁ%? Thr 130 135 140 Tyr Ser Ser Ala Arg
la Ay AIa Ser Ala Leu AIa Asn Al a Leu Ser 145 150

<400> 1

y e Pro Val Phe
M3t e A ; ’}f %HA% 1\‘% 0 *&’?sphﬁaﬁgé alyiet 6ly
ser A1a$EQ_A&;TL@3ma1@-A®QT¢1y myg Theuvi ﬁ'l§nys i Asp Ser

Pro GQu Pro Trp_ 180 185 190 Lys
6lu ser ghs S H O hsticduiae Sla Vet 4 oLy o T

Pro GInAled L prd Wet298r 298 Sncfl ¢ BeM Ry, Hdghys Gu
ro 50 Leu Gw ESI u LeﬁlsR/a Al zg Phe [eLlsoa21O 21% 5120 %I a Ser

g;a val ghy %%’"r Aty STYAsPIVNEIn 1\ad Fsn vall yLG(H MaValer Phen Kslpé texr
gﬁéﬁ%‘*gé@ s PR 518 143l 5567 Ut

Ile Phe '9:!1% PRS2 ]
p Pros
Tyr Arg G y Ala val G1u Ala Leu Gln Ile Arg Pro Phe Ala Leu val
100 105 110
Asn Ala val Ala ser GIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Phe Tle Thr ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140
Tyr Thr Ser Ala Arg Ala Gly Ala Cys Ser Leu Ala Asn Ala Leu Ser
145 150 155 160
Lys Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
) 165 170 175
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 _ 185 190
Lys Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
Gln Arg Leu Gly Thr GIn Lys Glu Leu Gly Glu Leu vVal Ala Phe Ley
210 215 220
Ala ser Gly Ser Cys Asp Tyr Leu Thr Gly GIn val Phe Trp Leu Ala
225 230 235 240
Gly Gly Phe Pro MEE Ile Glu Arg Trp Sro Gly Met Pro Glu
2 50

<210> 107
<211> 774
<212> DNA
<213> Artificial sequence

<220>
<223> Synthetic construct
HHDH S00708827

<220>

<221> CDS

<222> (1)...(765)

<400> 107

atg agc acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48

Met ser Thr Ala Ile val Thr Asn val Lys His Phe Gly Gly Met Gly
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<212> DNA <213> Artificial
synthetic construct

<213> Artificial Seguence

Page 98

Sequence
KRED 501040430

<220> <223>
<220> <221> CDS

<222> (1)...(852) <400> 113 atg get aaa aac ttt tcc
aat gtc gaa tat cct gcc ccg gcg cca get 48 Mt Al a
1 Lys Asn Phe Ser AsnSBRAISGQ539ye3I0r-6oi a Pro Ala Pro
Ala 15 20 15 cat acc aad’aac gaa tca ctg %ag gga ctg
agc gctgedg abd@ dehCadingasigdt 96t ddcSgidhigckYycAsa: Ght Ser  og
ser Alalleay & q Leal SQ_rEGW\?ﬁaL@& Rhie Itysvi‘emé\saysz&ﬁ sp0  ggc
aaa gf¢ gcg tct atc ace ggt agc aac tcéoggf att g%;
te 858 ch§4aaCoyr ok é@és czeE Cc W2 QY267 AShyy
gaa agc aa t t
Glu serSare Mys Idle @syAényrmAI 814 ‘IQQ%ugﬂﬂ" §9F Tttt
gcy cag gtt ggc gcéOgac gtt gcg atc4ﬁgg bar iﬁz IlLeu
cca é“ 24 cta @% a a © 192
Pro G'In%% g’?éaﬂi%hgg é‘/‘?@tPrg 31 ‘ggpq_ G a gca
50gag gcc ctg getShaa aaa tat 240 e0Asn Ser H's Asp Ala
gctgtcThC %%g gGlu Ala Leu AIaLsLsTr 65 70 75240
t wichy bt L G b g o
atc tttAI a Asn Vgl Ser Ser Ser Asp AI at85 90 95 ﬂ%gg gaa cazg88
_ at taq EIC getg gac
Ile Phe% 2% Q ¢ ?ﬁ?% §§ éW’ﬂG“ﬁ Na %Aﬂ%p Phe
Ay His Leu Asp 100 105 110 ata gtt gtg ¢gcg aac gc?
tac agg ¢ 9E€ pARgYCacLy g aggacdaactatgrt38d gtde Val336
Tyr Argﬁg %% Airfﬂ)ﬂil %IEGIL?UI? g%% ATBpP"H‘IPh% a(}ey.l Xh Tyr
Ile 115 120 125 gat cag gat gac gat a Ocat ttt gac
aat gct tgtgg tca@aa:tgglaagm!a c§g adgd2tcgAghy @ab AsPadsSp Asps4a
ASn A1a§§ & SPRe1 AS%QG'—ES\IQAS Wed Lespseval | YdpsLBle 130 135
aaa ggc gta g tat gta gca aa 2% at gcg ggt cgc
tte atc Gt tdd gegtac@aecg48@c Sc@i)t alad Ggé(a'&ﬁ ]ﬁl all @ Lysys;
Phe Ile fjhs 9¢raAGh yrhAr %‘d—llee W yk467u 2@u 60 cgt
130t ¢ gaa aaa ga 9c aaa aag g bﬁ)gcc ttg gtc ttt acg
tac act 8% §&Cc g%ct%@g bee < %y Al 8450
Tyr Thr lseud AP TahaTyARRa E 1;7 a
145 SEQLI ST- 0339ﬂ0310 Cbrr atglﬁﬁg ggt cac atc gg? aac
ac_aat 576 th er
aag gag ttg %@ %5 % 528
Lys Glu %eﬁ @ca G ITy TC@ %1?'6& ﬁ‘%rt! Asn
180 1851490 gcg gtc aaglgra ggc gtg cg
aa 624
tac cta cgg Eéﬁcggé a%c cg cgg ac Ttc tac ccg act gag ccg tag 576
Tyr Leu His Ser Glu Asp Ser Pro Tyr Phe Tyr Pro Thr Glu Pro Trp
180 185 190
aag actl aat ccg gag cac gtg gct cac gtg aag aag gtg act gct cta 624
Lys Thr Asn Pro Glu His val Ala His val Lys Lys val Thr Ala Leu
195 200 205
caa cga cta ggg act caa aaa gag ttg g?g gaa ttg gtg gca ttc ctg 672
Gln g;g Leu Gly Thr GIn 5{§ Glu Leu Gly Glu ESU val Ala Phe Leu
0
gca tct g?c tct tgt gat tat ttg act g?c cag gtg ttt tgg ttg gca 720
é;? Ser Gly Ser Cys ggg Tyr Leu Thr Gly ggg val Phe Trp Leu élg :
g%c g?c ttt ccc ata ata gaa cgt tgg ccc g%c atg ccc gaa taa 765
Gly Gly pPhe Pro glg Ile Glu Arg Trp ggg Gly Met Pro Glu *
- tgaggatcc 774
<210> 108
<211> 254
<212> PRT



Ala Val Lys Ala Gy Val Arg H's Phe Ala Lys Ser Leu
Ala val Gu 195 200 205 ttt get cct ttc gca cgt gtt
aac tct gta tct cct ggc tat att aat 672 Phe Ala Pro
Phe Ala Arg Val Asn Ser Val Ser Pro Ay Tyr Ile Asn
210 215 220 acc gagSERLEST38ue30teomyt ¢ ccg caa gaa

<220~ Aaca cag aat aaa tgg tgg 720 Thr GQu Ile Ser Asp Phe
<223> syalhePio cohsitrdcy Thr A n Asn Lys Trp Trp 225 230 235

HIFAD SOGHB8RT a gtt cca ttg ggc cgt ggc ggg gaa act gcg

<400> 1682 tta gtt ggt 768 Ser Leu Val Pro Leu Ay Arg Ay G
met serYTHd Mid e Al Fhil AsaWafal y AW 26 €99 AYOmedtgytac ctg

1

—Sap

Glu
Pro
Ala
65

Ile
Tyr
Asn
Phe
TYyr

145
Lys
Tyr
Lys
-G1n
Ala

225
Gly

ttc ctg gca agt gat gcg ggc tcc tac gcc acg ggec acg
Alagey Ang eqiger| 6lu Pa buHm ahgeyalpspa Alya @y ASer Tyr
v JLh a %OL t g.gac ggc
SEFAJH% fAc G?&g"y;:gtés%%guta ggg A1%5Eh‘21 E?a %"gT Sp Ay
G7HCEI€5VI Tya PThrMelIeaelPIGGUZC?Bl 280 Pn§2él_'01>A1;14_eﬁ2111]e>6283
30 k122 2. PR <1213 Y@&I al Sequéhce . <220> <223>
ynt AEL 1o g yuéstn EBR . %84'6’11:35“’” K60 M AP Vet Al a
phe Lzyls mGﬁJha:hSemmrﬁo\/ﬂle el Lh¥r it a1 AhaTPs AKg Pro
t 15 _ H s Thr B@s Asn Qu Ser Lgu G n Val
Arg LGélX ?%VE lf”‘-"h@i%“% % AFg P Ble ﬁy'—ﬂ&yya\/al Al a
Ala SN sdRrG1f MetSEYs ASIY BB Lgsysérj @1 T:We g 35 40

435Leu Ala Qu Al a2fhe Ala G n V Asp Val Al a
Tie|Thg §grpAfg Thrs 058h6051YA§r\0 Sep HssGhspeAl sarmhrel y Lys

130
4t G 08 e BRI Pl L

G1UAlea 8'6/ G0u 9% r Al I[Lyspr@ mTHmhelMa A el By nerd nsﬂal e Lys
. E@ Ggy Hi 11(!)0 105 110 Ile M4 Val A a
e g‘gr PSP erP?BO hé e Yy Pre Th'"AIS%”TPﬁD MR 115
Thr 128 maﬁemxsns@ﬂ A3 HAspvasRybYissHig FRe Asp & n Val
\ab QS)P Val Asp L&00130 135 140 L¥s Gy Val Ay Tyr
A Ti‘_‘;/sG‘H AR dey APY Gﬂpsgzquh%ﬂwa@'hﬁ Leuws 150
Serhﬁ S a Leu

Y ERocyfie T Setl mhog o%i?s at e ¥p '% ﬁé e
Gly \?zhle mly?lﬂpr@h@ngm ercn GAY aveAl aroTy:ﬂuAsn

<210> 109
<211> 765
<212> DNA
<213> Artificial Sequence

<220>
<223> Synthetic construct

HHDH s00772501

<220>
<221> CDS
<222> (1)...(765)

<400> 109

atg

Met
1

age

Ser

gaa
Glu

cCa
Pro

agC acc gct atc gtc acc aac gtc aaa cat ttt gga ggt atg ggt 48
Ser Thr Ala I;e val Thr Asn val Lys His Phe Gly G%y Met Gly
10 15

gct ctg agyg ctg agc gaa gct g?t cat acc gtc gct tgc cat gat 96
Ala Leu Agg Leu Ser Glu Ala ng His Thr val Ala Cys His Asp
30

agc ttt aaa cag aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Ser ng Lys Gln Lys Asp Glg Leu Glu Ala Phe Ala Glu Thr Tyr
45

cag ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192
GIn Leu Lys Pro Met Ser Glu G1n Glu Pro Ala Glu Leu Ile Glu
50 55 60
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180 185 190 Ala Val Lys Ala Gy Val Arg H's Phe Al a
Lys Ser Leu Ala Val Gu 195 200 205 Phe Ala Pro Phe
Ala Arg Val Asn Ser Val Ser Pro Gy Tyr Ile Asn 210
215 220 Page 104 SEQLI.ST-0339w0310-Corr Thr Qu Ile
Ser Asp Phe Val ProS®AS&W3PMe318-Romsn Lys Trp Trp

225 380 235:24Qgr S8l | oty y dy
SRR S A IR Rl s 2 1S yr Leu” "’
65  Phe Leu Al a 7$br Asp Al a Gly Sér Tyr Al a Thr G89 Thr

e St P ALt Ra gt WAL AR YT T 50 2es

Artifi CI &b sequence <22080<223> Synt het i 09$onst r uct

o D s 91361 <220> <221> CDS <222> (1

tac 200 0ot BR0 0 461 ¢ et i g KR ot

gcc ¢em gcg cca get 5 e

Val Qu TécPro Ala Pro Ala Pro AIa 1 5 10 15 cat acc
%

aat 9cT g 33 at$1339c 3 aagqgt BLERct § 8 ctg 384
Asn Maaﬂg gi& B < P rae%y;ggé%ng %'% 8 S ? ? 'g %Céiﬁ Asp
ctc at Leu Phe Lys Leu Asn 20 25 30 ggc aaa gtc gcg tct atc
¢ atc dJCaPaéCg caa ttogggrag gay idgtacl y Ly432
Phe ﬂﬁ% g? ig AR BE C? %é@? TAEn'- Eleglel) S5 @y Tyr
Ala 35 40 45 g gcc gaa get t gcg cag gtt ggc gca
tac actga@ gttt cgeggcatt ggg ttaft 162 cthegctAhatr Gat At tBhe Al a1go
e Thr §eg ﬁaﬁ A@y‘\ I51>A%a\ﬁﬂf‘ Ahiy '-Iegeﬂlar pSTy¥la50e55e60 aac
agt cat gat cc acc ggt aaa-gca gag gcc ctg aaa
aag gagada Ga@d g2¢CacAsin 8t ddgs gp Rtd GtThE Ata dugyg
Lys Glu Aley &GM a'J'YLI”yBSI”LyféeTRATO 85! Phe7i a8®1§%§ g%lcg;iama gtc
aag get 1Pat aaa get aat &f® agc tcg agt glﬁ5 gcg 288
tac cta @a¥ g aYabed ¥egAlr T layzagl a 1.A§ﬁ Ser
Tyr Leu $HK %Gﬁgs%s% PQE Tyat ghéléc@r * & 8tp,£agsgag caSg76
atc Hy gat ttt ggc cH® ctg gac 336 \180 Lys G n Thr
aag act e # e LS A@ His_Leu As§ 100
Lys Thr g%tl-lﬁlsg dig rﬁa‘gg aagc%a: é§ ¢ %%;al_t g act®®*

d@g ggt gca tac ato0o3

caa cga Cta ggg act caa aaa gag ttg ggg gaa ttg gtg gca ttt tt 672
GlIn é{g Leu G?y Thr Gln 5{2 Glu Leu G?y Glu Leu val Ala Phe Leg
220

gca tct gge tct tgt gat tat ttg act g?c cag gtg ttt tgg ttg gca 720
Ala Ser Gly ser Cys Asp Tyr Leu Thr Gly GIn vVal Phe Trp Leu Ala
225 230 235 240

_g?c g?c Tttt ccc atg ata gaa cgt tgg ccc g?c atg ccc gaa taa 765
y Gly Phe Pro gig Iie Glu Arg Trp ggg Gly Met Pro Glu =

<210> 110
<211> 254
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic construct
HHDH S00772501

<400> 110
M?_t ser Thr Ala I;e val Thr Asn val Lys Wis Phe Gly Gly Met Gly
10 i5
Ser Ala Leu ggg Leu ser Glu Ala Gly His Thr val Ala Cys His Asp
25 30
Glu Ser ;ge Lys GIn Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr

Pro GIn Leu Lys Pro Met Ser Glu Gln Glu Pro Ala GTu Leu Ile Glu
50 55 60
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Ala
65

Ile
Tyr
Asn
“"Phe
Ty

145
Lys
Tyr
Lys
Gln
Ala

225
Gly

Ile Val Val Ala Asn Ala Ay Ile Pro Trp Thr Lys Ay
Ala Tyr Ile 115 120 125 gat cag gat gac gat aaa cat
ttt gac cag gtg gtg gac gtc gac ctg 432 Asp Gn Asp
Asp Asp Lys His Phe Asp G n Val Val Asp Val Asp Leu
130 135 140 aaa.ggcskuds yQﬁBBmS -gogta aaa cat gcg
val gé'l et “catbiq 161259‘:{1"'9‘251‘3%1T gg@ VaLy'selGIV A &5 é?r Val
pheA R kY& d'rlluSPIﬁJ 16 BroPi e s L@%eTﬁf Shg%ﬁfﬁsuﬁ 155
160 cgt85ttc gaa aaa gaa9 gc aaa aag g 9cogcc ttg gtc
Argrghy 2@ VgdtGlica1z1gu A&g Phera arq_y’be@u Cey Veys Lys
1a @M T{k, g tcg
A agm sle?UGNf'ihthS/s s Arg ?fga %retn%ag Sggg &?é { ac

cac att gtt aafegfg cc

5

Tleghtr 56 AlRagjea P06 PBEQE]YSP+0 3300 @ G:areru sMetther dy

1305 n r n
A Thr%% ‘Ll\jelsqa' “f@d‘iﬁégé@ﬂé %% % e lffggf‘é” b%\‘f . cAzca

Gluazy t;w, cﬂhgngce\sgtzgega:aa &3% Phé| AVahelyns AJ-@ y Val
I8he Ala Lys Ser Léy Ala val du 1965 200 205

i"E‘Jt'f1t% 9 GéEtA%pt éebdﬂ'oc r §he Ta‘(zEcP'f‘thﬂf ucbredragct at

Thraddn A eﬁZZm_c,Pbm Aha SOVth_ R‘%{‘L@@r val
S5 Pro Ay Tyr IIszAsn 210 215 22(20acc gag atc tct

AT de Blx Tgfcﬂfcg % ugkRy Sdw CdaaL%Naaaae}at Bee t.gy 720
T, Iy e T n Asn
Ser é;ls %gc E > % 2@? §3¥) Szgg\éat?gggﬁtp E%:ua zhgg ggc

Gly dtjee @gl:l"%ggI@aahamrggt@ aa dlyavayt Prggilu768 Ser Leu
Val Pro?feu Gy Arg Ay &9 du Thr Ala Qu Leu Val

210> 13y 245 250 255 gcc tac ctg ttc ctg gca agt gat gcg
<211> 7@30 tcc tac gcc acg ggc acg 816 Ala Tyr Leu Phe Leu

<212> D

Ala Ay Ser Tyr Ala Thr Ay Thr 260 265

er
<213> A'"Zt?%“ N Sﬁglte”gﬁt gtg gac ggc ggc tac acg ctg ccg tag
<220> 852 Asp Ile val val Asp Ay Ay Tyr Thr Leu Pro 275
<223> syBbeti@IOnsdrligt<211> 283 <212> PRT <213> Artifici al

HiG S8 HBS 96& 220> <223> synthetic construct KRED

<20 201091361 <400> 116 Met Ala Lys Asn Phe Ser Asn Val
<221> csdu Tyr Pro Ala Pro Ala Pro Ala 1 5 10 15 His Thr
<222> (Lys.f&2)3 u ser Leu A n Val Leu Asp Leu Phe Lys Leu

<400 1@;; 20 25 30 dy Lys Val Ala Ser Ile Thr Ay ser Asn
atg agc &‘é’ atltkegt(é| ¥ccT cA{].Jt% aé:[:"a'5 C%Q 14& g g t atg ggt 48
Met Ser Thr Ala 1le val r Asn Lys His Phe G Met Gly

1 5 10 15
agc gct ctg agg ctg agc gaa gct ggt cat acc gtc gct tge cat gat 96
Ser Ala Leu Arg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp

20 25 30
gaa agc ttt aag cat aaa gat gaa ctg gaa gct ttt gct gaa acc tac 144
Glu ser Phe Lys His Lys Asp Glu Leu Glu Ala Phe Ala Glu Thr Tyr
35 40 45

CCa Cag Ctg aaa cca atg agc gaa cag gaa cca gct gaa ctg atc gaa 192

Pro GIln Leu Lys Pro Met Ser Glu Gln Glu Pro Ala Glu Leu Ile Glu
50 55 60

gct gtc acc agec get ttt g?t cag gtc gat gtc ctg gtc agc aac gat 240
Ala val Thr ser Ala phe Gly Gln Vval Asp val Leu val Ser Asn Asp

65 70 75 80

atc ttt gct cta gaa tit cgg cca atc gat aaa tac gct gtc gag gat 288
Ile Phe Ala Leu Glu Phe Arg Pro Ile Asp Lys Tyr Ala val Glu Asp

85 20 95
tac agg g?t gct gtc gaa gct ctg cag atc agg cca ttt gct cta gt 336
Tyr Arg Gly Ala val Glu Ala teu GIn Ile Arg Pro Phe Ala Leu vVa
100 105 110

aat gct gtg gct tcg caa atg aag aag cga aag tcg ggg cac atc atc 384
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Asn

ttc
Phe

tac

Tyr

145

aag
LYyS

tac
TVYTr

aag
Lys

caa
GlIn

gca
Ala
225

ey

Leu Ala Gu Ala Phe Ala dn Val Gy Ala Asp Val Al a
Ile Trp Tyr 50 55 60 Asn Ser His Asp Ala Thr Ay Lys
Ala Qu Ala Leu Ala Lys Lys Tyr 65 70 75 80 dvy Val
Lys Val Lys Ala Tyr Lys Ala Asn Val Ser ser Ser Asp
Ala 85 90 95 Val LYy=LGT+0B3Bwd3®-Gur A n A n Ile Lys
“aﬁ%ﬂ P Seryc i Yet dySAsys ATO0-YEOSen Y Iie ViR TVal Al a
Asn Ala Ay Ile Pro Trp Thr Lys @ Al a Tyr Ile 115
atc 1t t@H gobsgeGeng ASp cAS Pxdgy 8adHigag Rita agkn Val 432
ﬂe\i%hr Asp AJal Alas rczeabelg%o £8% T@OLyiy%égmesa ;d!@éTGl"y Tyr
OVal Ala Lys H$Na dy Arg Histhe Arg Gu 145 150

tct 165 60 cgér@:tpg% @cu__ég/ts_g& T, yctt_xéat_%;&av__t@ﬁ Leuggg

Ser\gdr Fhe AfhralAd @laled ATH LelbATdMakn By skks Ile
val Asn Vall¥ o @n Phe G n¥ba Thr Tyr Asn 1880 185
gag 18Q Qb& Ml tdysad2. 4 S%t%rg H tE%AL LYS Ser sig
Glu e %yﬂ g.\l’gh Hsn 19% P’-’%Og »L_PthE]ﬁ 2'1@ 3%%16\52\' a Arg
Val Asni$ér Val Ser Pro @§ Tyr Ile Asn 210 215 220
T&r%g%egr PeyaﬁlProGlnGluThrGlnAsn
cta C d 576

oo s ot reebhe 3e W Hhskaagpdnal o o0
SEQLLSY- 0339wWw0310- Cor1gs Ser Leu Val PrmolLeu gy Arg
attGI é}% gg ucq'ghrt?ﬁllgat(} u Leu a;\é\/llagl azg yt245t25q: %JE?S Al a624

] ; eg &; a @ Thr
. e@% T rG ggﬁ' 2 ?S ﬁégﬁsﬁp e"y\s7a'ry§/)8 $%5T%ay I‘&ll’y Tyr
205
Thr Leu Pro 275 280 <210> 117 <211> 852 <212> DNA

cga L£ia3 Ef$a8 At gadUdi9c 899 GRA0BL<ARBICByFitthatd C 672
A0 LT dr D 50T B s 1 RoLeidat A e 5ss

(1)...(852) <400> 117 atg get aaa aac ttt tcc aat gtc
tct et tottgagctattdyg g gt gdB ttiviigg Aty bys Asn 720
Se"% TR S rHSpalyYGHE ﬁ%}% avar BhTaPPrsy Al 1 5 10

15 cat accaag aac gaa tca 159 cag gta ctg ctg
gglgc titte ac@ get ataagaP gt Higy dbd dg¥SaRsac&gaaSer Leu G n 762
Gly \Rile Peq \Zfﬁ%pﬂ@em@iﬁeg L gsegj GAgrMet Pro Glu

<210> 112
- <211> 254
<212> PRT
<213> artificial Sequence

<220>
<223> Synthetic construct

HHDH 501035968

<400> 112

Met
1
ser
Glu
Pro
Ala

65

Ile
Tyr
Asn
Phe
Tyr

145
Lys

ser Thr Ala I'Sle val Thr aAsn val L%S His Phe Gly Gly Met Gly
1 i5

Ala Leu ggg Leu Ser Glu Ala Gly His Thr val Ala Cys His Asp

25 30
ser gge Lys His Lys Asp ggu Leu Glu Ala Phe Ala Glu Thr Tyr
45
ggn Leu Lys Pro Met ggr Glu GIn Glu Pro Ala Glu Leu Ile Glu
60

val Thr Ser Ala ;Be Gly GIn val Asp val Leu val Ser Asn Asp

75 80

Phe Ala Leu ggu Phe Arg Pro Ile ggp Lys Tyr Ala val Glu Asp
95

Arg Gly Ala val Glu Ala Leu GIn Ile Arg Pro Phe Ala Leu val

100 105 110
Ala val Ala Ser GlIn Met Lys Lys Arg Lys Ser Gly His Ile Ile
115 120 125
Ile Thr ser Ala Ala Pro Phe Gly Pro Trp Lys Glu Leu Ser Thr
130 135 140

ser Ser Ala Arg Ala Gly Ala Ser Ala Leu Ala Asn Ala Leu Ser

150 155 160

Glu Leu Gly Glu Tyr Asn Ile Pro val Phe Ala Ile Gly Pro Asn
165 _ 170 175
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20 25 30 ggc aaa gtc gcg tct atc acc gut agc aac tca
ggc att ggt tac gcg 144 Gy Lys Val Ala Ser Ile Thr
Ay Ser Asn Ser G?y Ile G?y Tyr Ala 35 40 45 ctg gcc
gaa get ttt gcg cag gtt ggc gca gac gtt gcg atc tgg
tat 192 Leu Al a dsEQiaTRB8wbaocterVal Ay Al a Asp
Le"‘\h‘:ﬂs %E@GﬂPe“S‘Pr pemyro ?%EEYBOW&aB”hg’h'"g Bet Tgec acc
I1egﬂGstn Arst A iga c a 2 n Ser
% Asp Al a '% ?agmg Lys Aﬁﬁ %‘% L%aggieu Alﬂﬂgél tﬁg Lys
Argﬁy%u 15 7br7®nsgys §Ju puwGhaLigt tetaa(g1 gdiz plat Lema get

oo B ARt B9 D,

Gly gthg aaavahgﬂ@ct;hangaga cag dggved eraagugat ttt ggc
cac ctg?dac 336 Val Lys280n Thr Ile Au dn dnlle

<210> 11¥¥s Asp Phe Gy H's Leu Asp 100 105 110 ata gtt gtg
<211> 8YrQg aac gca ggc atc cca tgg act aag ggt gca tac atc
<212> DIgg4 IIe Val Val Ala Asn Ala Ggy Ile Pro Trp Thr Lys
<213> Aryigig]a] $pquence 115 120 125 gat cag gat gac gat aaa
<220> Cat ttt gac cag gtg gtg gac gtc gac ctg 432 Asp dn

<223> SykatheBBp cAsperuys His Phe Asp G n Val Val Asp Val Asp
S aE 013

140 aaa ggc gca ggc tat gta gca aaa cat

<220- 09Cg ggt cgc cat ttt cgt gaa 480 Lys Gy Ala G?y Tyr
<221> cpal Ala Lys Hs Ala Gy Arg H's Phe Arg A u 145 150
<222> (I55.(8®) cgt ttc gag aaa gaa ggc aaa aag g 9c gcc ttg

Cc ttt acg get tcc 528 Arg Phe u Lys Au Ay Lys

<400> 1
atg gct a8 G th adeihhc R T c’éltéc%eE Rg1dQ éZ? 304
Met Alatieg G8H PR@Geat xsrg%maéﬂ%m B9 PFE - %l 2CHY °
1 tac aat 576 Met Ser GIy:HDsIIeVa Asn\HI ProGIn
n 180 185 190 Pa
cat acc
b b inoe el BS gl ol o cor o
cat tac gca aag tcc ct@ gcc g g gaa al Lys
gqc aaa@s ad \g/gl tgr? Hi stPhe Al a Lys SertLeu Ala val Qu 144
' o R A,
: L
o 50 ) gbugbain it o sl R 1 oo
VaI Asn Ser Val Ser Pro Gy Tyr IIe Asn 210 215 220
ctyg gcc t 9cOcEay a!:ttcm a:gec aacggaacam tal aat 192
Leu Maﬁé % F@g‘ﬂ?z IPYRT A Tq 4oae GQAQ}JE‘ g V& T¥o an
GQu Thr dn Asn Arg Trp Trp 225 7230 235 240 agc tta
aac agc giet goagtt egoguicgha (poa gy ggaactacctg@gagad tha gtt 240
ASH Ser gige TeBAlTIbl ely VuF Mrotlied §Lyaum‘ga @y WsyT@ u Thr
ANa du Leu¥al Ay 245 250 % gcc tac ctg@Qc ctg
ggc gta ged Q@ a@flgcdCeatydba tid LAC g8E aRCHc PGt A azss
Gly val Tys YadulLPhe\laetyrAlLps 3dm ﬁsg)v as% ye%sgr% i]ég Thr
Ty Thr 289 265 270 95
gtg aaa cag act att gag cag cag atc aag gat ttt C cac ct 336
val Lys Gln Thr Ile Glu Gln G1g Ile Lyg gsp Phe g?y His Leg ggg
100 105 110
ata gtt gtg gcg aac gea g?c atc cca tgg act aag ggt gca tac atg 384
Ile val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
gat cag gat gac gat aaa cat ttt gac cag gtg gtt gac gtc gac ctg 432
Asp Gln Asp Asp Asp Lys His Phe Asp Gin Vval val Asp val Asp Leu
130 135 140
aaa g?c gta g?c tat gta gca aaa cat gcg g%t cgc cat ttt cgt gaa 480
Lys Gly val Gly Tyr val Ala Lys His Ala Arg His Phe Arg Glu
145 150 155 160
cgt ttc gaa aaa gaa g?c aaa aag g?c gcc ttg gtc tit acg gct tcc 528
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala ser

165 . 170 175
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gat
Asp

gat atc att gtg gac ggc ggc tac acg ctg ccg tag 852
Asp Ile Ile val Asp GY GY Tyr Thr Leu Pro 275 280
<210> 118 <211> 283 <212> PRT <213> Artifici al
Sequence <220> <223> synthetic construct KRED
$01091625 <400> 118dvetT-AI339%yR0AssrPhe Ser Asn Val
Gl% Tyr Pro AlaaProgAIa Pro Ala'C 1 g 10c15 Hi s Thr S76
0 Gt B R o Lo

er Asn

tcg
Ser

Asn 2¢b 25 30 y Lys1 a Ser

1:SerGI IIeGIy‘;IyrtAla 3540§5L$uAIaEuA|25P2§24
LA % 19 g Q%Fr’r § 3AGaTtqg ETgrgecT a88
val Aﬁ;é ger g&?s\/;ﬁsgr%ég Ate &% LSS ég@%aAg%\? GéY Al a

© Lys'Lys Tyr 65 7675 80 Gy Val 93 Val Lys Ala Tyr =~

get | ¢ Q@ IfsrcHNabtSaacseqt §ea aspcA gg85:agla®s aaval Ly&r2
Slggg Zfﬁﬁ ARG Valsfﬁsr”éerf VRb 51_93'/"325%61PhTé“"d1ﬁ A58 Leu
Asp 100" 105 1% Ile Val Val Ala"Asn Ala Ay Ile Pro
gag Brie fidw ghystt@ ytAla@gToaa bhe achléadlaft A% thspgéd N Aspeo
Glu Ads 2 ABpSPhg Yabieeo sty & T‘gal GNakhsmdysVaLP Asp Leu
130 135 14 Lys Ay Ala Gly2 "?yr Val Al a Lys2 ﬁ Alga
tta Gty &g th sgdehegiiggce ddct Ra 189 gAr ggPhe G kg
Leu (L%aé Bt LgdbyG?lgys?g_)ggy% gﬂmﬂﬁeﬁ%&%%%heuﬁm gﬁ]ﬁ Ser
165 1702475 Met Ser A y2¥s 11e val Asn 3 Pro Gn
tac g @ Thagd ¥ht %QE%&Q@ s Al ag
e Gl N che o sk AN 0t chTa R a3
200 285 Phe Ala Pro % Ala Arg Val AgA@ Ser Val ser

Prgg‘ﬁggr%ﬂ g%%élﬂizzo Thr Au Ile Ser Asp

t 52

e Ale hééﬁ? o0 e Cod paan &g Trp Trp 225 23
235 240 Ser Leu Vab Pro Leu Ay Arg Ay Ay Qu Thr
Ala Au Leu Val @y 245 250 255 Page 108

<210> 112EQLI ST-0339w0310-Corr Ala Tyr Leu Phe Leu Al a Ser
<211> 2@8sp Ala Ay Ser Tyr Ala Thr Ay Thr 260 265 270 Asp

<212> PRTle Ile val Asp Ay Gy Tyr Thr Leu Pro
<213> Artificial Sequence

<220>
<223> synthetic construct

KRED S01040430

<400> 114

Met
1
His
Gly
Leu
Asn
65
Gly
val
Ile
Asp
Lys
145
Arg
Met
Ala

Phe

Ala Lys Asn P?e Ser Asn val Glu 15r Pro Ala Pro Ala ;ro Ala
5
Thr Lys ggn Glu Ser Leu Gln 521 Leu Asp Leu Phe 5%5 Leu Asn
Lys ggT Ala ser Ile Thr GSy Ser Asn Ser Gly Ile Gly Tyr Ala
4 45
Aga Glu Ala Phe Ala GIn val Gly Ala Asp val Ala Ile Trp Tyr
5 55 60
Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
70 75 80
val Lys val ggs Ala Tyr Lys Ala ggn val Ser Ser Ser Sgp Ala
Lys Gln Thr ITe Glu GIn GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
GIn Asp Asp Asp Lys His Phe Asp GlIn val val Asp val Asp Leu
130 135 140
Gly val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
150 155 160
Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175
Ser Gly His Ile val Asn val Pro Gln Phe GIn Ala Ala Tyr Asn
180 185 190
val Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
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275 280 <210> 119 <211> 852 <212> DNA <213>
Artificial Sequence <220> <223> Synthetic construct
KRED S01094648 <220> <221> CDs <222> (1)...(852)
<400> 119 atg get aaa aac ttt tcc aat gtc gga tat cct
gcc ccg gcg cca ﬁletsatﬁISWBM@amySmﬁsn Phe ser Asn
ggg Gluykle gpg APYro o ¥a POy T Al TPEOGN asn '—5’510"!31%'"0 cat acc
g t,q, te %% ctg
ser w0 985 IR 10,590 B MED SR 1D 210
Ala Tyr|lay P LeysAllaeBer\sysp 201a2618Gergyor ada TircGgcght ct at ¢

C c att_agt tac gd§ 144 Gy Lys
As e fle Q\%A%gr‘;ﬁa‘é&rggﬁg% set ASn ser dy lledy Tyr

Ao 35 40 45 €1y Doo Gah got ttt §Cg thg i QUEGCA
<210> 1lc gtt gcg atc tgg tat 192 LeU Ala Gu Ala Phe Al a

j%ﬂ;ﬁ n Val Gy Ala Asp Val Ala lle Trp Tyr 50 55 60 aac

<213> ARGGFiERd1 9a§ugee acc gggt aaa gca gag gcc ctg get aaa
220> aaa tat i|40 Asn Ser His AspOAI a 'é'gr Ay Lys Ala Qu
eu L Lys Tyr 65 70 75 ggc gta aaa gtc
<223> ﬁ%ﬁgﬁggbggggaf”&ﬁ get aat gtc agc tcg agt gat gcg 288
@y Val Lys Vval Lys Ala Tyr Lys Ala Asn Val Ser Ser
<220> gSer Asp Ala 85 90 95 gtg aaa cag act att gag cag cag
:5%%1% C gsgz)gat ttt ggc cac ctg gac 336 Val Lys @n Thr
I'ée"d@U’dn Gnlle Lys Asp Phe Ay His Leu Asp 100
<400> 1105 110 ata gtt gtg gcg aac gca ggc atc cca tgg act
atg ggtzﬁ% tHE d-cCagatatc L34 gcvadccvatg Aica ¢snggd a G y 48
gt Alaly P p‘serhféswﬁéyﬁﬁwrﬁﬂuai Bra fda1Pne Ab% gat
cag gat gac gat aaa cat t gac cag gtg gtt gac gtc
cat acc @@ giq 948X calsty Gaa ghapcAspalsqrglysc Has Alyeadsp A n 96
His Thr \lys &%g G4 Pevalenspn Val 180 AsB5ePhedys ol 48m gge
tat gta gca aaa cat g gggt cgc cat t £P cgt gaa 480
ggc aaa lgts t¥alate ¥eclyht MatkiSgdd stARtFak H s 144
G?y Lys P;Ibtaé %%sa d1£4ﬁlﬂggy% A0 Secé‘:’i?)ﬂft fite gga maﬁé'ga ggc
add aag ggc gec tt89gtc ttt acg get4icc 528 Arg Phe
ctg gee gaH & Y ¥a e R Al a
ctg gec gt qoo et 1%751%25%%&@%3@%%3@%& gb%c%t{g ccg
50 caa ttt cag gcgdygcc tac aat 576 60Met Ser Ay His Ile
aac agt %g ﬁrcﬂqgé/@lac?rggtgaga Fg&% g(%gn g'(/_:\lc actél SCJ%EaAaSa% %z?to 185 240
Agg ser 199 Asp Ala T?S Gly Lys Ala Glu A;g Leu Ala Lys Lys ng

ggc gta aaa ¢gtc aag gct tat aaa gct aat gtc.agc tcg agt gat gcg 288
Gly val Lys val Lﬁg Ala Tyr Lys Ala Agg val Ser Ser Ser Asp Ala
' 95

gtg aaa cag act att gag cag cag atc aag gat ttt g%c cac ctg gac 336
val Lys Gln Thr I1le Glu G1n GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110

ata gtt gtg gcg aac gca ggc atc cca tgg act aag g?t gca tac atc 384
Ile val X%S Ala Asn Ala Gly i;g Pro Trp Thr Lys Gly Ala Tyr Ile
125

gat cag gat gac gat aaa cat ttt gac cag gtg gtg gac gtc gac ctg 432
Asp 2;8 ASp Asp Asp Lys Egg Phe Asp GIn val val Asp val Asp Leu
140

aaa g?c aca g?c tat gta gca aaa cat gcg g?t cgc cat ttt cgt gaa 480
Lys Gly Ala Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160

cgt ttc gaa aaa gaa g%c aaa aag ggc gcc ttg gtc ttt acg gct tcc 528
Arg Phe Glu Lys g%g Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
170 175

atg tcg ggt cac att gtt aat gtg ccg caa ttt cag gcg acc tac aat 576
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Met

acg
Ala

ttt

—Bhe

acc
Thr
225

agc
ser

gcc
Ala

gat
Asp

<210> 1
<211> 2
<212>

gcg gtc aag gca ggc gtg cgt cat ttc gca aag tcc ctg
gcc gtg gaa 624 Page 109 SEQLI ST-0339wWwo0310-Corr Al a
Val Lys Ala @y Val Arg H's Phe Ala Lys Ser Leu Ala
Val Qu 195 200 205 ttt get cct ttc gca cgt gtt aac

tct gta tct cct gggsEadlasTal}3%ae3loeda@rr Phe Ala Pro Phe
ser pply %é% N8| Vs ASSeRTvRIO Sdp RheoGly wigykhr Ter ASA 210
215 acc gag atc t gat ttc gtc c caa gg9a aca

gtcCaey §6d gaaagiQhoadat20ic Ban Loutdd @t§ecc e Val 624
Va1F’j‘99 &% QY WAThACS HIASPhapaa Tnp Sep e o
ay® tta gtt cca tt

Oggc cgt ggc gad®¥aa act gcg gaa

getléar gd ﬁﬂt_c_ﬁétt_i%"c__J_e@@_&\gg'ﬁgg%ch.Qa&ﬂﬂa@y__g__)_/_szz____ B

AlaGtno The AMbaard val esn\Vedr 1¥5Yyr gte AsAC Cctg
20t tc ctg gca agBlyat gcg ggc tcc22;c gec acg gge acg

8L A FafVird G 2 Zg%“ %aa 2CLad SR A g%tSer VI 720
foan 1 ittt el d itk ol el B e oo

ggc tac acg¥tg ccg tag 852 23Asp lle Il'e Val 248p Ay
tta% Igé)&lar Legg Procf275 289 <210> %ézo <(2)1t1%> 282 268
Leu 2prd| u%ﬁ@ﬁré’gﬁw %ﬁu%ﬁu%ﬁ: 'Iu{%g %a §§§

synt het izas5construct >~ KRER560109464 <400>55l Met Al a
k{s 1:As(p I;;hzejg seggAsntVaI GytgértPro Al agPro Alg Prlo 816

i Iﬁg rt3g gssSacar Va

Le% %gfﬁﬁfgu’“ geﬁl:l)ggpLgE gg% %6 D gba e‘nggﬁ[gyg(/al Al a
Ser Ile Thr Ay ser Asn Ser Ay Ile Ay Tyr Ala 35 40
atc tL% AR§ Q?Cug?ﬂ d3aPhacgacag @ca ¥l Ay Ala Asp Val AR
Ile ?% AT 1YY AR SEP His Asp Ala Thr Gy Lys
Ala Qu Ala Leu Ala'Lys Lys Tyr 65 70 75 80 dy Vval
Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp
Pﬁ

tac
Tyr

a 859095 Val Lys dn Thr Ile Qu dn d@n Ile Lys
p Phe Gy H's Leu Asp 100 105 110 Ile Val Val Al a

<213> AASIFid A Gyuenkce Pro Trp Thr Lys Ay Ala Tyr Ile 115

<220>

120 125 Asp @ n Asp ASP ASP Lys His Phe Asp 3 n Val

<2235 sthefPP ¢ gét p Leu 130 135 140 Lys Ay Val Ay Tyr
Kg% ﬁ@l I':'Il s Ala d

<400> 116

Met
1
His
Gly
Leu
AsSh
65
Gly
val
Ile
ASp
Lys
145
Arg
Met
Ala
Phe

Thr
225

y Arg Hs Phe Arg Gu 145 150

s yb

155 160

Ala Lys Asn P?e Ser Asn val Glu Tyr Pro Ala Pro Ala Pro Ala
10 15
Thr Lys éap Glu Ser Leu GIn val Leu Asp Leu Phe Lys Leu Asn
25 30
Lys §§1 Ala ser Ile Thr Géy Ser Asn Ser Gly Ile Gly Tyr Ala
4 45
Ala Glu Ala phe Ala GIn val Gly Ala Asp val Ala Ile Trp Tyr
50 55 60
Ser His Asp Ala ;gr Gly Lys Ala Glu Ala Leu Ala Lys Lys E%r
75
val Lys val Egs Ala Tyr Lys Ala Ssn val Ser ser ser Asp Ala
0 a5
Lys GIn Thr Ile Glu Gln GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
Gln Asp Asp Asp Lys His Phe Asp Gln val val Asp val Asp Leu
130 135 140
Gly Ala Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
‘ 150 155 160
Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175
Ser Gly His Ile val Asn val Pro GIn Phe Gln Ala Thr Tyr Asn
180 185 190
val Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala Pro phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile ser Asp Phe val Pro Gln Glu Thr Gln Asn Lys Trp Trp
230 235 240
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Arg Phe Qu Lys Qu Gy Lys Lys Ay Ala Leu Val Phe

Thr Ala Ser 165 170 175 Met ser Ay Hs Ile Val Asn

Val Pro Adn Phe G n Ala Ala Tyr Asn 180 185 190 Al a
VaI Lys Ala Gy Val Arg His Phe Ala Lys Ser Leu Al a

G u 195 200 205eqsg-Nd3awes1m-Pher Al a Arg Val Asn

ser Le“s\éaﬂ V5P Lsur GPt 4res g yTgiy |G|1§ WnAta_oﬂleaQ E GT'Mr du
ala Tyrl L& $PRE (RBPAT P y Tr p

"' Trp 28@5 230 Deev%s A et 2 Prlégﬂ;ip lﬂ’}ir

Asp ﬂeeé AU ABRr Gy &1@ TyrLehr Vel RBoy 245 250 255 Al a Tyr
0 Phe Leu Al a Se?rsAsp Ala Ay ser Tyr Ala Thr Ay

<210> 1Ihr 260 265 270 Page 110 SEQLI ST-0339w0310-Corr Asp

T TI I IIe Val Asp Gy Gy Tyr Thi Leu Pro 275 280 <2105

<212> D %ﬁlf > 789 <212> DNA <213> Artificial sequence
AL dc‘a 8Nt hetic construct GDH 501024744 <220>
<220> <221> CDS <222> (1)...(789) <400> 121 atg tat ccg gat
<223> synthezia atrae:a gtc gtc get att aca g9a get get 48
KRER S$I9915¢e Asp Leu Lys Gy Lys Val Vale Ala Ile Thr
<220- Ay Ala Ala 5 96 Ser g vy Lysgcg tt Alalle Arg Ay
<221> g Gu A n Alay Leu d 20 Lys Ala Me 25 g Phe y Lys
<222> (hha-§8P)gtt atc aac tat tat agt aat aaa caa gat ccg
<400> 1P#AC dag gta 144 Lys Val Val Ile Asn Tyr Tyr Ser Asn
atg getlaEs Qi AePtdd QadicFah Yot 32 4& 4eg ﬁac&ﬁﬁcgag gt Cag
Met Aladtys asig Phegsagyesggtalgen get rybtATH ergtAlacas ¢da 1
1 Lys Gu @& u Val IIeLysAll%tGyGyGIuAIhSVaI VaI

SR B e e Ve i e

Au @@ Asp Val Lys Asihille VaI dn Thr30AIa e 65

a fttc aca ctc gat att at att aat
oy i wip R B L el e iy e

l e Asn Asiao y Leu aat cct
_ Cca tCt cac gaa atg ccg ctc aag gat tgg gat aaa
ctg gccggéé tt gcg cag gtt ggc gcd gac gtt gcg atc tgg t 192
Leu Ala Phe Ala GIn val Gly Ala Asp val Ala Ile Trp Tyr
50 55 60

aac agt cat gat gcc acc g?t daa gca gag gcc ctg gct aaa aaa tat 240
Asn ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr

65 70 75 80

C gta aaa gtc aag gct tat aaa gct-aat gtc agce tcg agt gat geg 288
G?y val Lys val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala

85 90 95
gtg aaa cag act att gag cag cag atc aag gat ttt ggc cac ctg gac 336
val Lys GIn Thr Ile Glu G1n Gln Ile Lys Asp Phe G?y His Leg gsp
100 105 110
ata gtt gtg gcg aac gca g?c atc cca tgg act aag ggt gca tac atc 384
Ile val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
gat cag gat gac gat aaa cat Lttt gac cag gtg gtg gac gtc gac ctg 432
Asp GIn Asp Asp Asp Lys His Phe Asp GIn val val Asp val Asp Leu
130 135 140
aaa g?c gca g%c tat gta gca aaa cat gcg g%t cgc cat ttt cgt gaa 480
Lys Gly Ala Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 150 155 160
¢gt ttc gag ada gaa ggc aaa aag g?c gcc ttg gtc ttt acg gct tcc 528
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175
atg tcg g?t cac atc gtt aat gtg ccg caa ttt cag gcg acc tac aat 576
Met Ser Gly His Ile val Asn val Pro GIn Phe Gln Ala Thr Tyr Asn
180 185 190
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gcg g
Ala v

ttt
Phe

acc
Thr
225

Asn Pro Val Pro Ser Hs GQu Met Pro Leu Lys Asp Trp
Asp Lys Val 100 105 110 atc ggc acg aac tta acg ggt
gcc ttt tta gga agc cgt gaa gcg att 384 Ile Ay Thr
Asn Leu Thr Ay Ala Phe Leu Gy ser Arg Gu Ala lle
115 120 125 aaa t at SEQLISPt@B3§aa3@acogat atc aag ggga

cec 432 Lys Tyr Phe Val du
c - Qe § N624
ssss B ol Sofehoifc 2 ol Topactta 980 £33 140
a1j.15 gtg cac gaa gtzgpoatt cct t'gg ccapsta ttt gtc cac
ca 480 Ser Val H's du Val IIe Pro Trp Pro

ct t C it C 2 6
gieisht B ATy gl a0 scas oty el anacp
210C E aca gaa asgg t )
528 Sgr Lys GI I\/Et Lys Leu Met Thr Glu Thr Leu620
g t 1 g@o:gatt cg
Gmﬂﬁf lsg Aggtzge %d’d’%%g &S 9576 TAPa Pro
LysGIyIIeArgVaI AsnAsn eGIy ProGIy aIIe
tta /gt £680 t1859dkOQgt gaamcaagc@ agvag gaag tt get768

agc
Ser

‘gcc
Ala

gat
Asp

Leu ! BEe gga‘;@a@r% géﬁ BraAlaie Ag%? n Lys
A u Lys eAIaAspPro GInArgAIa 195 200

tac 20 tﬁagﬂghﬁﬁ.S&ﬂkhSTcQBnguﬁiOtQEQEc;ghag acadc atgne
Tyr gdiqu %2% Let A lggaer dspapd 2 §dx SexaTycglgaprgaty ahe 672
Val ser rretlleP’rQ)sl\/thyTyrll %Gy du Pro
arc Gt lak 2% @e§ Qg a gca gcc tgg ctt gsy
I1eg§3te @c gaa%%agggdgﬁﬁ Lag %etgza 720 Ala Ala Val
2 Ala Trp Leu A280Ser Lys G u Ala Ser Tyr Val Thr
225 230 235 240 ggc atc acg tta ttc gcg gac ggc ggt

<210> 1M g aca caa tat cct tca ttc 768 Gy Ile Thr Leu Phe

<%%> 2 a Asp Ay Ay Met Thr G n Tyr Pro Ser Phe 245 250
< >

C cgc g 9t taa tga 789 dAn Ala Ay Arg
2155 %ﬁ%c?@gag&@%g

> 122 <211> 261 <212> PRT <213>

<220> Artlfl ci al sequence <220> <223> Synthetic construct
<223> S %@%ﬂw¢6t<400> 122 Met Tyr Pro Asp Leu Lys dy
KfPs S

92 Alalle Thr Ay Ala Ala 1 5 10 15 ser

<400> 1fdy Leu Ay Lys Ala Met Ala Ile Arg Phe Ay Lys Qu

Met
1
His
Gly
Leu
Asn
65
Gly
val
Ile
Asp
Lys
145
Arg
Met
Ala
Phe
Thr

225
Ser

Ala Glys Atra PRB % 3@1 th/sc;Mah'yn\/aﬂlrolA& PBO AlMIpriyh1ger Asn

35 40 45 15
Thrlﬂ§s g%A1 és Ser Leu G?n ¥§1 Leu ASp Leu L%s Leu Asn
0 3
Lys ¥§1 Ala ser Ile Thr ggy Ser Asn Ser Gly Itle Gly Tyr Ala
45
?ga Glu Ala Phe Ala ggn val Gly Ala Asp val Ala Ile Trp Tyr
60
Ser His Asp Ala ;Br Gly Lys Ala Glu ?%a Leu Ala Lys Lys g5r
val Lys val ggs Ala Tyr Lys Ala Sgn val Ser Ser Ser Asp Ala
95
Lys GIn Thr Ile Glu GIn Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
val val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
GIn Asp Asp Asp Lys His Phe Asp GIn val val Asp val Asp Leu
130 135 140
Gly Ala Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
150 155 160
Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175
Ser Gly His Ile val Asn val Pro GIn Phe GIn Ala Thr Tyr Asn
180 185 190
val Lys Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
195 200 205
Ala Pro Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
210 215 220
Glu Ile ser Asp phe val Pro GIn Glu Thr GIn Asn Arg Trp Trp
230 235 240

Leu val Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly

245 : 250 255
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Lys Qu GQu Vval Ile Lys Ala dy Gy Qu Ala Val Val
Val dn @y 50 55 60 Asp Val Thr Lys Qu du Asp Val
Lys Asn Ile Val Gdn Thr Alalle 65 70 75 80 Lys Qu
Phe Gy Thr Leu Asp Ile Met Ile Asn Asn Ala Gy Leu
Gu 85 90 95 Asn PrmmLval-BrewsH0-¢brs G u Met Pro Leu

Ala Ile 115

Ala Tyr|hey %?prm,gsgewép\%%s Glmoserosyrmtbaﬂl'% Gy Thhr Asn

Asp Ilel®le
126

<210>
<211>

<212> D

<«213>

<220>
<223>

Y a1 r Arg a4y
125 y%WTyr)Pg%e Val ge&( I;.%Esn Asp Ile Lys Gy Asn

1VI Ile Asn Met Ser 130 135 140 Ser Val H's Gu Val
Ssie Pro Trp Pro Leu Phe Val H's Tyr Ala Ala 145 150
5 160 Ser Lys Ay Ay Mt Lys Leu Met Thr A u Thr
Ateifialal BEequedBlca Tyr 165 170 175 Ala Pro Lys Ay Ille
Arg Val Asn Asn Ile Gy Pro Ay Ala Ile Asn 180 185
Asn Lys GQu Lys Phe Ala Asp Pro Qu
ﬁgéffmq)'gir%ﬁg éf”xég 195 200 205 Val Qu Ser Met [le Pro
Met Ay Tyr Ile Ay Au Pro Au Gu Ile 210 215 220

:g%giﬂga Ala Val Ala Ala Trp Leu Ala Ser Lys Gu Al a Ser
<222> (1)yr 2yThr 225 230 235 240 dy Ile Thr Leu Phe Al a

<400>

1

wet Ala ggg%%% i 3

y GIy Met Thr A@n Tyr Pro ser Phe 245 250 255
13@ n Ala dy Arg S 260 <210> 123 <211> 789 <212>
|9

cqQg PCYg cca gct 48
%@%"g%gr%%?h i3 ¢1a

construct GDH 801052992 <220> <221> CDs <222>

i3s Thr (PF %%C( ggg)tckﬂmfaﬂwaaﬁ % 8t cuprgabatidoman gga ke

Seft tehEAN ot AgRt-ABPRQYS THRY AP Asp
LeuLysGIyLysVaI Ala lle Thr Ay Ala Ala 1 5 10

aaa Ii§c wﬁmtg‘gggfgca@: g?a mga@m:gcat%cgact agt ©g@cgtd C ggcla4

g%y Lys é’%@ @1&49 Sgg

cE'OETY Sar &R SealGld §1e wdy Ava AR Al a
[I"é Arg Phe Ay Lys"Gu Adn Ala 20 %5 30 aaa gtg gtt

ctg gce afa@ @cax:ttatgcgatag:lgtt Q@@gﬁ@%ﬁ%c&%ﬂca@b @80 gta 192

Leu Al

a 1An Ala phe Ala GIn val Gly Ala Asp val Ala Ile Trp Tyr
0 55 60

aac agc cat gat gcc acc ggt aaa gca gag gcc ctg gt aaa aaa tat 240
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr

65

70 75 80

ggc gta aaa gtc aag gct tat aaa gct aat gtc agc tcg agt gat gcg 288
Gly val Lys val Lys Ala Tyr Lys Ala Asn val Ser Ser Ser Asp Ala

85 90 95

gtg aaa cag act att gag cag cag atc aag gat ttt g?c cac ctg gac 336
y

val Lys GIn Thr ITe Glu Gin Gln Ile Lys Asp Phe G

His Leu Asp
100 105 110

ata gtt gtg gcg aac gca g?c atc cca tgg act aag ggt gca tac atc 384
y

Ile val val Ala Asn Ala G

Ite Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 12)5’ Y

gat cag gat gac gat aaa cat ttt gac cag gtg gtt gac gtc gac ctg | 432
Asp ggg AsSp Asp Asp Lys ng Phe Asp GIn val val Asp val Asp Leu
140

aaa 9?5 gta g?c tat gta gca aaa cat gcg g?t cgc cat tit cgt gaa 480
Y

Lys G
145

cgt ttc gaa aaa gaa

val Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu

150 155 160
C daa aag ggc gcc ttg gtc ttt acg gct tec 528

g
Arg Phe Glu Lys Glu G?y Lys Lys Gly Ala Leu val Phe Thr Ala Ser

165 170 175

atg tcg ggt cac atc gtt aac gtg ccg caa ttt cag gcg gcc tac aat 576
Met Ser Gly His Ile val Asn val Pro GIn Phe Gln Ala Ala Tyr Asn

180 185 130

gcg gtc aag gca ggc gtg cgt cat ttc gca aag tcc ctg gocc gtg gaa 624
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Ala

ttt
Phe

acc

TR

225
agc
ser

gcc
Ala

gat
Asp

Lys
Asn

ggt
Ile

Val Val I1le Asn Tyr Tyr ser Asn Lys A n Asp Pro

G u Val 35 40 45 aaa gaa gag gtc atc aag gcg ggc

gaa get gtt gtc gtc caa gga 192 Lys u du Vval

Lys Ala @y Ay Qu Ala val val Val Gn dy 50 55
C acg aaa Igad3daveyacaaa aat atc gtg caa

60 t
val %ggiaa%aytvaz‘ldr@rg /5%@ A:h]rLyEygerngu @ala @bolal Lys

getogu
A1a2an

210

gagadi
GTIu@g

tta
Leu

tac
Tyr

atc
Ile

<210> 1
<211> 2

<212>
<213>

<220>
<223>

Met
1
His
Gly
Leu
Asn
65
Gly
val
Ile
Asp
Lys
145
Arg
Met
Ala
Phe
Thr
225
ser

Ala

Asn
Al a

100

&

aaa
&
gaa

4%9
1

agg C

Lys

u
2
PRT €
Atg$iqi30 Sequpnaeg atc aat aag gag aaa ttt get gac cct

gaa

Ile Val G@n Thr "Ala Ile 65 70 ° 80 aag gag ttc

ata ehccggaytatdacater gtd @At c@AhgdCatgget agtt gaagz2
Phg/ A 1e ArgPal @sp ST VebbeAsprd IGéy Nbtr Lle Adsn Asn
Ay Leu d 6185 90 95 aat c 0gtg cca tct cac gaa

€€9 (At Criragrdalcg! 8h 94 RA%H 2836 §0_Valzsg
Serr Alsip sPh@ uaT\/EFlrgFlsbm ) g%ﬁﬂhyse% pgﬂ‘ I‘LQ(;IA‘B‘@%’]&‘V(S Val
105 110%23%tc ggc acg aad3bta acg ggt gcc2#bt tta

A A e I A

tat 2lbc gta gaa aac @3 atc aag gga aai5s gtc att

8 L& 3; L§Tr Ph%VaI G u Asn Asp lle Lys
B0 Vloos St gyd ot Senciants R ag el e
i@ att cct tgg cras tta ttt gtc cagotat” gcg gca
Ser val Hs GQu Val Ile Pro Trp Pro Leu Phe Val
T4 2eb a2ty i detin £ Srgo'seaot a2 got gyg at
tg atg aca aaggaca a gcg ttg gaa tac 528 ser
Ay Gy net Lys Leu Met Thr Lys Thr Leu Ala Leu
Tyr 165 170 175 gcg ccg aag ggc att cgc gtc aat
att ggg cca ggt gcg atc aat 576 Ala Pro Lys Ay
Arg Val Asn Asn Ile Ay Pro Ay Ala Ile Asn 180

cag aga get gat 624 Thr Thr Ile Asn Lys G u Lys

sytBeNAHSPAREe Gu G n Arg Ala Asp 195 200 205 gta

KREBAS@INO4648) att cca atg gga tat atc ggc gaa ccg gat
<400> 1

Ala

ag
?z%

atc 672 Val Gu Ser Met Ile Pro Met Ay Tyr Ile

SR SR L 20215220 055.%68 118 %52

Thr Alya $dracUalsedl betAlcan gl Lau Adb a cBeprhd L §sAdu Ak Cys
X\%hl Thr 225 230 235 240 Page 11330
ovs Qi

5833d %o '"O-g%lﬁrsre'" Yt Saf é(cg_r'ﬁ €AYt B 48y gac

Ala @06 QG PRé Qacenceal taly Ard A%_y?]a./atlt§137§8e Ay ke Thr

30 Leu Phe Al a As§b

Ay Met re0@ n Tyr Pro ser Phe

. Ay
ser $§ %Aﬁgg‘"cﬁb’ g¥a Ad@chg?@gteut AR tya BTG n Al a

val Gy¥ \ﬁﬁglég%' M1468 Eg&%ﬁalggdh

Lys
val
Gln
130
Gly
Phe
ser
val
Ala
210
Glu
Leu

TYr

Gln
val
115
AsSp
val
Glu
Gly
Lys
195
Pro
Ile
val

Leu

éﬂLE%rzéér Ser gsp Ala
5
Thr ITe Glu G1n GIn Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
120 125
Asp Asp Lys His Phe Asp Gln val val Asp val Asp Leu
135 140
Gly Tyr val Ala Lys His Ala Gly Arg His Phe Arg Glu
150 155 160
Lys Glu Gly Lys Lys Gly Ala Leu val Phe Thr Ala Ser
165 170 175
His iIle val Asn val Pro GIn Phe Gln Ala Ala Tyr Asn
180 ~ 185 190
Ala Gly val Arg His Phe Ala Lys Ser Leu Ala val Glu
200 205
Phe Ala Arg val Asn Ser val Ser Pro Gly Tyr Ile Asn
215 220
Ser Asp Phe val Pro GIn Gly Thr GIn Asn Lys Trp Trp
230 235 240
Pro Leu Gly Arg Gly Gly Glu Thr Ala Glu Leu val Gly
245 250 255
Phe Leu Ala Ser Asp Ala Gly Ser Tyr Ala Thr Gly Thr
260 265 270
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<212> PRT <213> Artificial Sequence <220> <223>
synthetic construct GDH 501052992 <400> 124 Met Tyr
Pro Asp Leu Lys Ay Lys Val Vaal Ala Ile Thr Ay Asa
Ala ser Gly Leu Ay Lys Ala Met Ala lle Arg Phe Ay
Gu dn Ala 205:—2&13@(1@3%&@10 -Yatr 1l e Asn Tyr Tyr
Asp Tleg i )t@h A5PsS ol ATASHTPFY ASH RIu Val 35 40 45 Lys Qu
g Val Ile Lys Al Ay @y @Qu Ala val val Vval d@n
<210> 1Ay 50 55 60 Asp Val Thr Lys Gu Gu Asp Val Lys Asn
:%ﬁz ’§9e Val An Thr Ala lle 65 70 75 80 Lys Gu Phe dy
r Met Ile Asn Asn Ala Gy Leu du 85 90
<213 ﬁ%ﬁkgﬁ é@g {ﬂc@ Pro Ser HHs G u Met Pro Leu Lys Asp
<220> p Asp Lys Val 100 105 110 Ile Gy Thr Asn Leu Thr
<223> S lcafg $gétru@a Ay Ser Arg Gu Ala Ile 115 120 125
¢ %?4 eVaIGIuAsnAsp'IIeLysGlyAanaI I'le
<220> Asn met ser 130 135 140 ser Val His Gu Vval Ile Pro
<221> CO¥p Pro Leu Phe Val His Tyr Ala Ala 145 150 155 160
<222> (Bor--((AQy Ay Met Lys Leu Met Thr Lys Thr Leu Al a
<400> 12U Gu Tyr 165 170 175 Ala Pro Lys Ay Ile Arg Val
atg tat Asmwy ésn tkheadd yoPraaaGoe ke ddreaSAca 485 ¢80 Thr 48
Met Tyr TR{i0 f$fe LAYNLMSy§TYALYSLYa Phk AlaallsphPrdyGhla &a Ar g
1 Aa Asp °195 200 205 ~Val & u Ser I\/Et e Fro I\/EtAIGIy
Totic lq@c U ddce 2 a Ala
A i S R R e e YA
Thr é% 230 235 240 8y Ile Thr Leu BRe Al a Asp Gly

aa gra Gk MR o el BeT Sy G, B AN0aRORCE IR ol 0! S

Ar3bi fi ci al Sequenceo <220> <223> syashetic construct

< > < > (])s
aaa gaa %:II 819 93714 g gc 22% (121221 t gtt gtc gtc caa gga 192
Lys Glu Ile Lys Ala Gly Gly Glu A1a val val val Gln Gly
50 55 60
gat gtc acg aaa gag gaa gat gta aaa aat atc gtg caa acg gca att 240
Asp val Thr Lys Glu Glu Asp val Lys Asn Ile val Gln Thr Ala Ile
- 65 70 75 30
aag gag ttc g?c aca ctc gat att atg att aat aat gcc g?t ctt gaa 288
Lys Glu Phe Gly Thr Leu Asp Ile Met Ile Asn Asn Ala Gly Leu Glu
85 90 95
aat cct gtg cca tct cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336
Asn Pro Val Pro ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Val
100 105 110
atc g?c acg aac tta acg g?t gcc ttt tta g%a agc cgt gaa gcg att 384
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125
aaa tat ttc gta gaa aac gat atc aag g?a aat gtc att aac atg tcc 432
Lys Tyr Phe val Glu Asn Asp Ile Lys Gly Asn val Ile Asn Met Ser
130 135 : 140
agt gtg cac gaa gtg att cct tgg cca tta ttt gtc cac tat gcg gca 480
ser val His Glu val Ile Pro Trp Pro Leu Phe Val His Tyr Ala Ala
145 150 155 160
agt aaa g?c g?g atg aag ctg atg aca gaa aca tta gcg ttg gaa tac 528
Ser Lys Gly Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175
gcg ccg aag g?c att cgc gtc aat aat att ggg cca ggt gcg atc aac 576
Ala Pro Lys Gly Ile Arg val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190
- acg acg atc aat aag gag aaa ttt gct gac cct gaa cag aga ¢gct gat 624
Thr Thr i;g Asn Lys Glu Lys 538 Ala Asp Pro Glu Gln Arg Ala Asp
205
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gta
val

gcc
Ala

2y

cag
‘G1In

<222> (1)...(789) Page 114 SEQLI ST-0339w0310- Corr
<400> 125 atg tat ccg gat tta aaa gga aaa gtc gtc get
att aca gga get act 48 Met Tyr Pro Asp Leu Lys Ay
Lys Val val Ala lle Thr GY Ala Thr 1 5 10 15 tca ggg
ctc gga aag gcg at gsgmasat®3368ge3tt-coggc aag gag cag

g @I%er Lys Ala Met Ala Ile Arg Phe
orolflh (R 00ei0 Aetitoblbatachoanst oeh B oy cifac o
210t at agt aat aaalsaa gat ccg aaczgag gta Lys va

Ile Asn Tyr Tyr Ser Asn Lys G n As ProAsnGIu

sl B e o S e

C caa e Lys

Gu A a VaI Val VaI Gln dy 50 55 60 gat

atc A Sad Cg ] gtantarcty & acg 768
ﬂeg%:hé‘ gé%] % &%Agﬁgﬁly ggh’%g s’ ﬁ T ASR ﬁ%ﬁs Asn
IIeVaI n Thr AIaIIe 70 75 80 aag gag ttc ggc
gca% Ggfc tt@tltgatg att aat aat gcc ggt ctt gaa 288 789
‘”alﬁ/ E{ Ke ‘@ y*Thr Leu ASP Ile Met Ile Asn Asn Ala
eu Gu 85 90 95 aat cct gtg cca tct cac gaa atg
ccg ctc aag gat tgg gat aaa gtc 336 Asn Pro Val Pro

<§ﬂ>% r Hs Gu Met Pro Leu Lys Asp Trp Asp Lys Val 100
5122 sAP5 110 atc ggc acg aac tta acg ggt gcc ttt tta gga

<213> ARGFietH1 gagucped att 384 1le Gy Thr Asn Leu Thr Gy

Ala Phe Leu Gy Ser Arg Gu Ala Ile 115 120 125 aaa

<220> t atc aa 9a aat gtc att aac
<223> acé % g gf 290 92 J 9 J
Géﬂ %47 25

<400>

Met
1
ser
Lys
Lys
Asp

65

Lys
Ash
ITe
Lys
ser
145
ser
Ala
Thr
val
Ala
225
Gly
Gln

§s Tyr Phe Val Qu Asn Asp Ile Lys Ay
e Asn Met Ser 130 135 140 agt gtg cac gaa

g%att cct tg*gj cca tta ttt gtc cac tat gcg gca 480
TYr & stsw@ Twaps Y BRb ATRpI e shi &l YPhE ¥aR Hi s

T 4 1 aa
G]ycl%éru %’S Laczléage%ggatfg gcég) [Jth?g&dﬁe% Qﬂﬁ A é? Lyg G

val| giGWe A WSTY_@§EWB$SNT|WS dlo Agpr Pt@ul\sAI allwal d u Tyr

%uggg %%glééﬁ yé’gggaa;g C aaS’ggg‘g%%} \'}angg q}ﬁg éa'S/G??é thrtg

val Viir 14sn 6As 1l espGvwi1 ARG &Y IAIe&vdﬂ e1IArlBR 136 190
] t dC%aat aaﬂ q\ﬁe% a7ttt get.gac cct aa cag
clu g G %ﬁ%zﬁsp He Mk I[¢ ASAAEN 912 @Y 19 Shhe Al a

proAGN FH S Widl @1AMEE Ard AP LJ95sp09r 2030l YaR age
W cca atg gga tH atc C gaa cagogag gag atc

tg
GW%% Aspal-eThrsaty %B Hhee'-@r((ﬁ we%er@;g Ble AleeIBy du
Tyr WUl Wsh! B2 g AgﬁCVan A@n%»ge% 9%{; t 99

130ctt get tcg aaggpaa a c taclﬂ)tc aca
val ils @luaVvAl &1¢r prd_aup Mra Ser PthVaCEI Hi AlTgr Selra Aya VaI
Eﬁ 150 15 160
Lys 9 Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175
Pro Lys Gly Ile Arg val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190
Thr Ile Asn Lys Glu Lys Phe Ala Asp Pro Glu GIn Arg Ala Asp
195 200 205
Glu Ser Met Ile Pro Met Gly Tyr Ile Gly Glu Pro Glu Glu Ile
210 215 220
Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr val Thr
230 235 240
Ile Thr Leu Phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Phe
245 250 255
Ala Gly Arg Gly
260

<210> 123

- <211> 789

<212> DNA
<213> Artificial Sequence
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<220>

225 230 235 240 ggc atc acg tta ttc gcg gac ggc ggt

atg aca caa tat cct tca ttc 768 dy Ile Thr Leu Phe

Ala Asp Ay @y Met Thr A n Tyr Pro ser Phe 245 250

255 cag gca ggc cgc ggt taa tga 789 Gn Ala G?y Arg
* 260 Page 115 SEQUEEOLIBRMBLerCorr <210> 126

273> s 34 > PRT <213> Artificial Sequence <220>
< éﬁ% ég@{gﬁet.c construct GDH 501063714 <400> 126

Met Tyr Pro Asp Leu Lys Ay Lys Val 10al Ala Ile Thr

<220> GIyAsaThr ser Ay Leu Ay Lys Ala Met Ala lle Arg
221> ¢ elys Gu Gn Ala 20 25 30 Lys Val Val Ile Asn
<2225 ( %r

Ser Asn LyS G n Asp Pro Asn Qu Val 35 40 45

<400>lls Au Glu Val Ile Lys Ala Ay Ay Qu Ala Val Val

atg tat yAB0 988 BG IS 9YACTTAE lya GEASp Val 48
Met Tyr | % Llef"e"xfalG YSIWSTY]‘}EQ g’sl]la 1'% '7OG 5A Algys Qu

Phe Ay Thr Leu Asp Ile I\/Et Ile Asn Asn Ala Ay Leu
tca 9(3‘-119 9QU98Ly Ata dRcoatMalcgPriccSagce ldrg ddgucddptgcPr o Lewos
Ser G VLL;Fé' gp Lye pA l&s et yd vé%}; AI@)O’“EO@“M.-@SW% &Y ATAr Asn

Leu Gy Ala Phe LeU Ay Ser ArgGIl}AIaIIe 115
aaa m aﬂcs aakysatTyat Rioe Mad abh WaAsgathepg lda by$ gehy Asnigg
Lys

aaa
Lys

gat
Asp
65

aag
Lys

aat
Asn

atc
ile

aaa
Lys

agt
ser
145

agt
ser

acg
Ala

acg
Thr

gta
val

gcc
Ala
225

\)@ ¥ %M@an’eﬂ'ygérerlw 135 GﬂnOASFser‘O\Aesln &l valu Val
e Pro Trp Pro Le?%Phe Val His Tyr a Ala 145 150

60 atSefad ¥8g Go¥ @t gMelgckY§ri§ 't' % Thrag;
2‘1"3{%“3 )%axh?aewia&g_g@r;%?yl o R d;thG y Ile

OArg VaI Asn Asn’lle Ay Pro Ay ®a lle Asn 180 185

viidhe i At ey e U DR ERT Bl BBRD € B

Met GIy Tyr e Ay Au Pro @u Qu lle 210 226 220

10%E B el e e Bl hes G i nne

Asp d Pr o he 2 255

CCct gtg cca tct cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336
Pro val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys Vval
100 105 110

ggc acg aac tta acg ggt gcc ttt tta gga agc cgt gaa gcg att 384
Gly Igg Asn Leu Thr Gly an Phe Leu Gly ser Arg Glu Ala Ile
0 125

tat ttc gta gaa aac gat atc aag gga aat gtc att aac atg tcc 432
Igg Phe val Glu Asn Agg Ile Lys Gly Asn ¥a1 Ile Asn Met Ser
1 40

gtg cac gaa gtg att cct tgg cca tta ttt gtc cac tat gcog geca 480
val His Glu val Ile Pro Trp Pro Leu Phe val His Tyr Ala A1S
150 155 16

aaa g?t g?g atg aag ctg atg aca aaa aca tta gcg ttg gaa tac 528
Lys Gly Gly I:\Ill_gt Lys Leu Met Thr Lys Thr Leu Ala Leu Glu Tyr
5 170 175

ccg aag g?c att cgc gtc aat aat att ggg cca ggt gcg atc aat 576
Pro Lys ES% Ile Arg vVal Asn an Ile Gly Pro Gly Ala Ile Asn
5 190

acg atc aat aag gag aaa ttt gct gac cct gaa cag aga gct gat 624
Thr igg Asn Lys Glu Lys 538 Ala Asp Pro Glu gén Arg Ala Asp
5

gaa agc atg att cca atg gga tat atc gygc gaa ccg gat gag atc 672
glg Sar Met Ile Pro get Gly Tyr Ile Gly Glu Pro Asp Glu Ile
15 220

gca gta gca gcc tgg Ctt gct tcg aag gaa gcc tge tac gtc aca 720
Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Cys Tyr val Thr
230 235 240
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Gn Ala dy Arg Ay 260 Page 116

SEQLIST-0339w0310-Corr

ggc atc acg tta ttc gcg gac ggc ggt atg aca caa tat cct tca ttc

Gly Ile Thr Leu

cag gca ggc cgc
Gln Ala Gly Arg

<210>
<211>
<212>
<213>

<220>

<223>

<400

124
261
PRT
Artificial sequence

260

Phe Ala Asp Gly Gly Met Thr Gln Tyr Pro Ser Phe

245

o5 a2

GDH 501052992

124

Met Tyr Pro Asp
1

ser Gly Leu

Lys
Lys
Asp
65

Lys
Asn
Ile
Lys
Sar
145
Ser
Ala
Thr
val
'A1a
225
Gly

GIn

<210>
<211>
<212>
<213>

val
Glu
50

val
Glu
Pro
Gly
Tyr
130
val
Lys
Pro
Thr
Glu
210
Ala
Ile

Ala

<220>

<223>

val
35

Glu
Thr
Phe
val
Thr
115
Phe
His
Gly
Lys
Ile
195
ser
val
Thr

Gly

125
7890
DNA
Artificial Sequence

Gly
20

Ile
val
Lys
Gly
Pro
100
ASn
val
Glu
Gly
Gly
180
Asn
Met
Ala
Leu

Arg
260

Leu Lys
Lgs Ala
Asn Tyr
Ile Lys

Glu Glu
70

Thr Leu

85

Ser His

Leu Thr
Glu Asn

val Tle
150

Met Lys

165

Ile Arg

Lys Glu
Ile Pro

Ala Trp
230

Phe Ala

245

Gly

GDH s01063714

<220>

<221>
<222>

cDSs
(D...(789)

tga

synthetic construct

Gly
Met
Tyr
Ala
55

ASp
Asp
Glu
Gly
AS

135
Pro
Leu
val
Lys
Met
215
Leu

Asp

Synthetic construct

Lys
Ala
ser
Gly
val
Ile
Met

Ala
120

p Ile

Ti"‘p
Met
Asnh
Phe
200
Gly
Ala

Gly

val
Ile
25

Asnh
Gly
Lys
Met
Pro
105
Phe
Lys
Pro
Thr
Ash
185
Ala
Tyr
ser

Gly

250

val
10

Arg
Lys
Glu
AsSn
Ile
90

Leu
leu
Gly
Leu
Lys
170
Ile
ASp
Ile
Lys

Met
250

Ala
Phe
Gln
Ala
Ile
75

Asn
Lys
Gly
Asn
Phe
The
Gly
Pro
Gly
Glu

235
Thr

Ile
Gly
Asp
val
val
Asn
Asp
Ser
vail
140
val
Leu
Pro
Glu
Glu
220
Ala

Gln

Page 114

Thr
Lys
Pro
val
Gln
Ala
Trp
Arg
125
Ile
His
Ala
Gly
Gln
205
Pro
Cys
Tyr

Gly
Glu
30

Ash
val
Thr
Gly
Asp
110
Glu
Asn
Tyr
Leu
Ala
190
Arg
ASp
Tyr

Pro

255

Ala
Gln
Glu
Gln
Ala
Leu
95

Lys
Ala
Met
Ala
Glu
175
Ile
Ala
Glu
val

ser
255

Ala
Ala
val
Gly
Ile
Glu
val
Ile
Ser
Ala
160
Tyr
Asn
Asp
Ile
Thr

240
Phe

768

789



SEQLIST-0339%w0310-Corr
<400> 125
atg tat ccg gat tta aaa g?a aaa gtc gtc gct att aca gga gct act 48
Mit Tyr Pro Asp Lgu Lys Gly Lys val val Ala 1Ile Thr Gly Ala Thr
10 15

tca ggg ctc g?a aag gcg atg gcc att cgc ttc g?c aag gag cag gca 96
Ser Gly Leu 625 Lys Ala Met Ala I;e Arg Phe Gly Lys Glu Gln Ala
5 30

aaa gtg gtt atc aac tat tat agt aat aaa caa gat ccg aac gag gta 144
Lys Va Vag Ile Asn Tyr Tyr Ser Asn Lys GIn Asp Pro Asn Glu val
3 40 45

aaa gaa gag gtc atc aag gcg g?c ggt gaa gct gtt gtc gtc caa gga 192
Lys 613 Glu val Ile Lys Aga Gly Gly Glu Ala val val val Gln Gly
5 5 60

gat gtc acg aaa gag gaa gat gta aaa aat atc gtg caa acg gca att 240
Asp val Thr Lys Glu G;S Asp val Lys Asn Ile val Gln Thr Ala 118
65 75 8

aag gag ttc ggc aca ctc gat att atg att aat aat gcc ggt ctt gaa 288
Lys Glu Phe Gly ng Leu Asp TIle Met Ile Asn Asn Ala Gly Leu Glu
90 95

aat cct gtg cca tct cac gaa atg ccg ctc aag gat tgg gat aaa gtc 336
Asn Pro val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys val
100 105 110

atc ggc acg aac tta acg g?t gcc ttt tta g?a agc cgt gaa gcg att 384
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125

- -aaa tat ttc gta gaa aac gat atc aag g?a aat gtc att aac atg tcc 432
LyS Igg phe val Glu Asn Agg Ile Lys Gly Asn val Ile Asn Met Ser
1 140

‘agt gtg <ac gaa gtg att cct tgg cca tta ttt gtc cac tat gcg geca 480
Ser val His Glu val Ile Pro Trp Pro Leu Phe val His Tyr Ala Ala
145 150 155 160

agt aaa g?c g?g atg aag ctg atg aca gaa aca tta gcg ttg gaa tac 528
Ser Lys Gly Gly MeE Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
16 170 175

gcg <cg aag gac att cgc gtc aat aat att g%g cca g?t gcg atc aac 576
Ala Pro Lys g;y Ile Arg val Asn ?sn Ile Gly Pro Gly A;a Ile Asn
0 35 190

acg acg atc aat aag gag aaa ttt gct gac cct gaa cag aga gct gat 624
Thr Thr {ée Asn Lys Glu Lys SBS Ala Asp Pro Glu ggn Arg Ala Asp
: 5 ‘ 5

gta gaa agc atg att cca atg gga tat atc g?c gaa ccg gag gag atc 672
val GTB ser Met Ile Pro Met Gly Tyr Ite Gly Glu Pro Glu Glu Ile
21 215 220

gcc gca gta gca gcc tgg ctt gct tcg aag gaa gec age tac gtc aca 720
Ala Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr val Thr
225 230 235 240

g?c atc acg tta ttc gcg gac ggc g?t atg aca caa tat cct tca ttc 768
Gly Ile Thr Leu 52§ Ala Asp Gly Gly get Thr GIn Tyr Pro SEE Phe
50 2

cag gca g%c ¢gc ggt taa tga 789
GIn Ala Gly Arg Gly * *
260
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SEQLIST-0339%w0310-Corr

<210> 126
<211> 261
<212> PRT
<213> Artificial Sequence

<220> .
<223> Synthetic construct
GDH sS01063714

<400> 126
Met Tyr Pro Asp Lgu Lys Gly Lys val ¥S1 Ala Ite Thr Gly i;a Thr
1
ser Gly Leu Gly Lys Ala Met Ala Ile Arg Phe Gly Lys Glu GIn Ala
20 25 30
Lys val g§1 Ile Asn Tyr Tyr Sgr Asn Lys Gln Asp Pgo Asn Glu val
4 4
Lys Ggu Glu val Ile Lys §1a Gly Gly Glu Ala val val val Gln Gly
5 5 60
Asp val Thr Lys Glu Glu Asp val Lys Asn Ile val Gln Thr Ala Ile
65 70 75 30
Lys Glu phe Gly g?r Leu Asp ITe Met ése Asn Asn Ala Gly Seu Glu
5
Asn Pro val Pro Ser His Glu Met Pro Leu Lys Asp Trp Asp Lys val
100 105 110
Ile Gly Thr Asn Leu Thr Gly Ala Phe Leu Gly Ser Arg Glu Ala Ile
115 120 125
Lys Tyr Phe val Glu Asn Asp Ile Lys Gly Asn val Ile Asn Met Ser
130 135 140
Ser val His Glu val Ile Pro Trp Pro Leu Phe val His Tyr Ala Ala
145 150 155 160
Ser Lys Gly Gly Met Lys Leu Met Thr Glu Thr Leu Ala Leu Glu Tyr
165 170 175
Ala Pro Lys Gly Ile Arg val Asn Asn Ile Gly Pro Gly Ala Ile Asn
180 185 190
Thr Thr Ile Asn Lys Glu Lys Phe Ala Asp Pro Glu GIn Arg Ala Asp
195 200 205
val Glu Ser Met Ile Pro Met Gly Tyr ITe Gly Glu Pro Glu Glu Ile
210 215 220
Ala Ala val Ala Ala Trp Leu Ala Ser Lys Glu Ala Ser Tyr val Thr
225 230 235 240
Gly Ite Thr Leu Phe Ala Asp Gly Gly Met Thr GIn Tyr Pro Ser Phe
245 250 255
Gln Ala Gly Arg Gly
260
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