WO 2011/ 041231PCT/ US2010/ 050249 VARI ANT LOVD POLYPEPTI DES AND THEI R USES 1.
CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit oWoUWoB/04p30vi si onal application nos. 61/ 247, 253 pamaSedinB8024274,
both filed Septenber 30, 2009, the contents of all of which are
incorporated herein in their entireties by reference thereto. 2. REFERENCE
TO SEQUENCE LI STI NG [0002] The Sequence Listing concurrently submtted .
herewith under 37 CFR 1.821 in a conputer readable form (CRF) via EFS-Wb
as file nanme CX2- 02 ARGANTP LGWD' i . The
el ectronic copy of the Seq?zgnce %ﬁgﬂﬁgﬁgr@gtﬁgﬁggﬁ eptenber 24, 2010,
wth a file size of 52 Kbytes. 3. BACKGROUND [ 0003] Sinvastatin is a
sem - synt het LRoSsRIeErRENCRAGRENAAED UPBRICRPIONEt i de | ovastatin which can
0 p

be isolated fromthe fernmentation brot ergillus terreus. Sinvastatin

and | ov f : r +.as _chol esterol: | ng, drugs
that r ool TRsFpmibyolRicift Gehet ol 'S PrdRuo Y aiP Ralor et R ot

| ovast a61/24B274YEMAGIR( 8¢ptemb& 30420090t Toitehfd of ll lo8 Whichtalirichrpblated HereihS @
pot ent j nhi.bitor of hydroxynethylglutaryl coenzyme A reductase, the

rat e- | | YHURSIREAtERHSH B hisrange therdP-est er ol ~ bi osynt hetic pathway (Xie et al .,
2006, Chem st rI¥ & Biology 13:1161-1169). The anal og sinvastatin (al so

i |1 ustrated RBFERENCE)TO SEQBIENGELISTING i n treating hyperchol esterol enia
(Manzoni & Rollini, 2002, Appl. Mcrobiol. Biotechnol. 58:555-564; Istan &

Di esenhi6082], TieORkneieildsting caBGirichfQ sibibitted hSebsthivindéd IINCPR §t1NE21 in a

a- net hyl but yr at e ﬁlisge ch(?i rssof | ovastatin with the a-dinethylbutyrate side
chain f‘i?&?}m;!‘?fﬁeaéﬁ‘ (G RE)R B Pt Wehay fileiname 62922t 15 inporppnatedyherein by
proper tiefRgentbi ii ' i | ry,C 003,
Ao i Ea For e o g o Sl el e ibded h btz o VAR

i mpor t anidle stk of SAKdyteat i n, various nulti-step syntheses starting from

| ovastati n have been described (see, e.g., WO 2005/066150; US Application

No. 200%b/ O0OEACKGRIRINDp! i cati on No. 2004/0068123; US Patent No. 6,833, 461,
WD 2005/ 040107; WD 2011/ 041231PCT/ US2010/ 050249 Hof fman et al ., 1986, J.

Med.  CH@003] 39S 49atBbid a sk ' HRkA -
b 1307 131]._1). (LgOOGaSThe genetlc%PﬁlgFgfﬂ%%% firal¥Real ?’ﬁk{fﬁ%g%%ag@f@hﬁ{as
been preatbeisslafedifen thdfean¢sation oty of Asperpalismtrréds. Stmasiathadd likesntay et
aL, 199 ien 4-1368-1372: Hutchjnson et al_., 2000, Antonie Van
Leeuver %2‘55 ?'g"r%g#%@ T C?(I':‘“;m% & EIEPIF?FIPH%”C&% drygs that sgduce therpisk g hgast enzy e
LovD, wiicale: Gathadsyaints R ORG and I Ss@ifin LOWAR REDR@! 0synt hesi's. [ 0007]
Briefly, the decalin core and HMG CoA noieties that mmc portions of the

| ovast apg . i i P v ti naket i de
oot hado0y TRRBAHTE R RU M PRS A pllel! bR & AR RN b G e
chai n df rddovtase, dteiratetlimiting ehasiziadhéd choldsteolbhiodyatheaé pathivad (XRtet gle, 209pt hase

i oos QP guoiogh B & R o ASa1es tiow asntn fan lagtedi F5QI Do st y
Tonacol B i D A BT KRS 200F AT Wth S8 o8 0P
Cheni stBigteghngl.GI8§y-563; Istad ik DiGephofer, 2001, Science 292:1160-1164). Substitution of
the a-methylbutyrate side chain of lovastatin with the a-dimethylbutyrate side chain found in
simvastatin significantly increases its inhibitory properties while lowering undesirable side

effects (Klotz, Ulrich, 2003, Arzneimittel-Forschung 53: 605-611).

[0005] Because of the clinical importance of simvastatin, various multi-step syntheses starting
from lovastatin have been described (see, e.g, WO 2005/066150; US Application No.
2005/0080275; US Application No. 2004/0068123; US Patent No. 6,833,461; WO 2005/040107;



[0008] It has recently been discovered that the LovD acyltransferase has
broad substrate specificity towards the acyl carrier, the acyl substrate
and the deoabiwn4aasyl acceptor (Xie et alL, 2006, Chem Bipolr/Uus2@onhi®1s 1169) .
For exanple, LovD can efficiently catalyze acyl transfer from CoA

t hi oesters or N-acetylcysteam ne ("SNAC') thioesters to nonacolin J (id).
Significantly, when a-dinethyl butyryl-SNAC was used as the acyl -donor, -LovD
was able to convert nonacolin J and 6-hydroxy-6-desnet hyl nonacolin J into
si nvas LN h S S [ a ddp Strain
engi ne%ﬁ’fg%wfn ovewé;)%p}; 2&@?&%@ Bg8k-¢ mﬁ%%c@irﬂt{&l elglugcl}tggl’ l;z}s?l Eg?lg%nar ative
quant i Migfbidl. 63:0FstAL).N wer e synt hesi zed in a single fernentation step
(id.). [0009] The above studies denobnstrate that LovD acyltransferase is an

attr act[owsp qhé Bk élﬁé’telti’@?lo%ﬁﬁi&ﬂlhb@ﬁiﬂ&sﬂma@'B@ernrpié‘ﬁbhhsﬂj&déslcblbd:d’r(]aw t«z@n,tUS
chol esterol -1 owering drugs such as sinvastatin. in suba ﬂ)@ﬁ
ction

exper i PetensNoat,39le2B30 itenpgdyre? ﬂéol%eﬂcltwﬁgéﬂ%&é”%t%ﬁlﬁ% Zx
t d YA
75 Sobdnsgne an dstirimbogh 15289 Rh Enpfin RGeS s o e Mo Bl me

(hour s) 3D, Whgihcafagtzesﬂleqwageﬁbfnﬁvmﬁtmmms;&ms{stlvp and slowy (days) at
| ower concentrations (- 10 M (id.). In addition, it was found WO

20117 0446iPA TEAkly e %éa@ﬁ't%?@aﬁdftmabaA\tﬁ&xnétetﬁat&ﬁﬂu@p@@uﬁt of tht Tovasth i n,
conpet enzynme, significantly inpeding the overall net rate
of acyloampomc( ard synth@/eQ]in Five by dwndstetia powaketidasysthahe @Hﬂ& b@r@ntbrepéccessory

fold t wh d E.
Whol o corPTHes: ol oG 0y oGt Sie Rug ot FERER T By Pefedhube AN BRACT, o,
(Xie etgyahige 5%9(9;?;” bﬁPRts S ahy c@a&nﬁ?%acl@@ 2 e 281 cabh¥® BdhalnofdvEhioit to

i ncrease |_ov Ity wthout Toss of catalytic activity, nutants of
wi | d- t ythieester lirknge usovlywbabywendferase, sstthen ahde toresfrctively drapsfer 1bstst ei ne

resi dues ositi ons 4 s60) . w

yi el ded" F’ﬁﬁ%‘b’ rﬁ%?’ﬂ)&%@gﬁy&ﬂ rf?u%%mwhg}toghgg#’Fggligoca%qﬁyt iC
act t JEeS ti96cangey.ti ng t hese two

res: \élu selgg&gén% fg%l%réggl ?r@bgm no zbati%g)smg%dog\?\gg t hat nys4:) gAI a ("C40A") and

Cys60- ( ]g;g;‘lj lhas Yol diti&art’ % and 26%
i ncr ea %&]rlega%q\%&lﬂg%éﬁ &19&%%??%?% ocat al ﬁfﬁﬁé‘gﬁl vity (i 3) VWhen
conbi ne@eclﬁa@sewﬁrﬂsam my.k carrion dlek za:gmsubsme and thh deb@mbacm@m @69 bt @.,mut ant

exhibitin pI’OXI mat el y 50%.i crease B \ cel |
bi ocat & gi heptBigl dy: llgbél@i) Eﬁ’faﬁr@ % Hétv %’ézreﬁ% ﬁeese LovD
mutant sp 4h o ”&%e&t@% dpgtxf Qe ;jl?y Va”g@{‘SNM@jﬁﬁbés@é}sﬁfmsmwﬁuw)n in

cell-free systens itro s or nutants of wild-type A terreus
LovD ergiymiisaritiiaivheix bidimkthiylbatyeyleSiNACOpE dsed 8s the acyirr#maoe dovh wasebleitbd- t ype
and/ or known nutants woul d be desirable. 4. %‘ﬁ {Ilgoj':gl‘b}éﬁ asgtissed
above, Qoneertwm@élné agfl 67y drepredesmnstod gena F° ft T8 naf t er
cal l ed Loyl e o'-cfl)é faéttzs@mésme Qr "LovD')
capabl ee‘?ﬁec g’&ﬁl thSln %ﬁzﬁzgkﬁgpﬁlﬁ@ﬁ%ﬁgﬁe gix? product of thec-nat ur al

pr Oductblb@‘taaﬁit rt=: ativ@ Riantitis tod sinivastitie werwsg/mlmsme@m a sieglp famentatioi 8tep osur e
have di scovere at LovD pol ypeptides including mitations at certain

resi dueligbsi ti ons exhi bit inmproved properties as conpared to the wild-type
LovD pol ypeptide produced by A terreus (SEQ ID NG 2). [0014] Accordingly,
in one [&Qﬁ%]c"fhe ahiowe pindise demenssieledBaid VY asyitehasterass isamatiaRiipe 5’6@?‘&{9 Mes

that have one or .npre | s sfadaxiagn LovD

poI ypea]? Pﬂ@ erslér?tfﬁ W@F&%ﬁgﬁ}?’gﬁ%@gpwegfﬂaZeﬁg&gﬁa{iﬁgs El% Lcs)vD var?ant S

i ncl udereReveR)inFbRqMRA akpepiRtent caiddant edthissated hosDichayme stabditaaed wi t h one
or nore |rrproved properties, such as increased _catal

2011/ og:raqmmm@ﬂw@e@m (e & Tangy 20T pRlaBYTqD, lﬁréeblolgéb?qﬂt%%o)
The-var SEREERv o1 DHEG Ben LB FRRSf e Tl o) & Rich pr¥Ei b Oafalibhl®

singl e cat@MVY atd Q6wBX@ER) 8 loReEctioeRidtdNIT B0 ttM)Qlat)hdh allditiomdswactouad yt i c
activity), or nmutations fromtwo or nore different categories. By selecting

mutations correlating with specific properties, variant LovD pol ypepti des
suitabl e for use under specified conditions can be readily obtained.

[ 0015] Positions in the wild-type LovD pol ypepti de sequence of SEQ I D NO 2
at which nutations have been found that,correlate with one or nore inproved
properties, such as increased catalytic activity include, but are not
limted to, Al 23, ML57, S164, S172, L174, A178, N191, L192, A247, R250,
S256, A261, &X75, @97, L361, V370 and N391. Additional positions at which
mut ati ons have been found which correlate with one or nore inproved
propertles such as thernal stability, |nclude but are not Ilnlted to

AN/ A P o PNA A PN 7 a .1 ) o, I L .. o o




[0016] Positions in the wild-type LovD pol ypepti de sequence of SEQ I D NO 2
at which nutations having no detrinental effect (or at which nutations

i nproved wbeowapsiti es of the LovD enzyne) were found ipoTiusd@o/obazus ar e not
limted to, 14, A9, 1(26, R28, 135, C40, S$S41, N43, C60, S109, S142, A184V,
N191S, A261, L292, 97, L335, A377, A383, N391 and H404. Parti cul ar
enbodi nents with inproved properties can include, but are not limted to,
LovD pol ypeptides with nutations at positions L174 and Al178, and optionally
fromzero.to about 30 J L - ' LIS RESIHd SicgiThagtyent , the
addi ti glﬁf‘gltherﬁf{%ﬁ?sgﬁg P5°fdg‘g‘!a%‘m§%§éf“t‘%%§‘tp§§$Z‘E:rtdééa §¥ omﬂityhe ’plégsi ti on}g'3

i dent i fiinpelinkteverlall oo efidegRitiow (9, LovD pol ypeptides with i nproved
properties include mutations at positions Al 23, L174, Al178, N191, A247 and
L361, ﬁgﬁof] MY ASDEnYPmb & ARPRENIFDr@ab nhiefeldinglihd i @egated when syeeci fi C
enmbodi rrent, the additional nmutations are at positions selected fromthe
posi t i @mpressddimn Ff el mukingeven obolrrcethieqatalysis wxiempsiless fham idenl fos romppergigh

wi | d-type, LavD, pol i 0 I . correlate with increased

cat al ytHredugEeR ‘Fﬁygfrgtohgg?w{?ﬁg@?ﬁﬁg@%g?dma ed to, Al 23P, ML57V, S164G
WO 2011/ 041231PCT/ US2010/ 0502 72N, 7 Al7 191G., L19 (S,
R250K, [69H41n amsHertto imsregse E@ég?‘é%blﬁ%‘l’}%ﬁo‘@% P*&%@%@%&% ’6‘3‘%}5 pelcd?fi c,
exenpl O LhGielY REp O PR ERER I H8ucaat SE:Ridnd 4¥@nd 60 hat
correl g:&%e%%ﬁ% ncr gfslae‘@mt%ﬁ%\%tprae stg%i I ?y [ r}{cl ude, but are not |limted to,
Q41M (62600-nd @866 witk aldih2 Residued yie]deSpmpiovements e hpth gngymesadebibityands ¢ he
w | d-type LovD pol ypeptide of SEQ |D NO 2 that correlate with. ¢ d

aggr egavhaercslhbiogatalytie, agtivay Lido, 57 Wr‘lk‘ﬁ’i PEREERSSIS BRI BB Y ﬁ‘é‘“ﬁ&]be%%%foo 20]
Speci fi g Y P18t ArRiRS aBifis kiRRvetithal-cyxpe—Lay PariArpeiRt Cs005ASEQ | D
NGO 2 tﬁg?lgﬁéeg??étﬁaalt 8%%1 incraeaged st abi | i)%éy i ncl E}de., but are not limted
to, CAQRC6@EORuatatioid25ite ridd0bdreficial, atriding 3R aand{2e¥% ingreasds EsPesEshpl iBr v

nmut ati ons di sc| osed above, it h been di scover ed : isfdes
Can-t ol wrelreSEbigrga e potie (4 ot e PR Sk ERaRES ot aRtaE Sk e
Wit houtcpt/CsiRHothle %Jtﬁﬁ%xmbﬁﬂ@%gpmkﬁna@mowﬁmmgsm bbtheohility badal
mut ati ons al so confer the LovD pol ypeptides with beneficial or inproved
pr oper twhde-cdlhbmeatalytic uétoneyl nut ati ons i nclude, but are not limted to, the
followi ng specific and exenplary nutations: 14N, A9V, K26E, R28K, R28S,
| 35L, QOQHJ Iﬁéb?it'e tHefQmprd&4d Brop¥A Y, th&sdkvDOB0Mnts@EONMsulatde fordago srals142N,

V, N

A184T, Al8 91S, A261T, A261E, A261V,. L292R (QR97E, |335M .A377V,, A383V,
N391D apredydtion rf sipayastai in UHssYSiE@St X&é&l"ﬂé‘y""’iﬂ%‘ﬁ | B‘“Léﬂ‘gs %W@ﬁﬁ@e 4

mutatio it J . ! SOIGRhERNA pRdfr t he
vari antE%S@%%%ﬁ?f%&lgé}ystg@ggE}?ﬁgg’édﬁg}%@?ﬁﬁgﬁoﬁﬁrt he ?ol | ow'ng two

mut at i oaewnldutdhts avedldBe/@dsiralslad optionally from zero to about 30 additi onal
mutations. In a specific enbodi nent, the optional additional nutations are
sel ecteg froguiigARa i ous nutations identified above. [0023] In sone

enbodi nents, the varjant LovD pol %ge;%%—des descrj bed hgr ei 0 V\nelc)éh i nclz#ge at
| east t19813]oAs disrussedabone.ithpiovihgensl 4 ferrqes CRAOASE an R JTABSTEASCHNCTS, and

L361IM oy LT O P61 Bebtfiel 01808 s Afte 29 lbth AbkrafBiérale QR LGN OREEMIE 5OM  he

vari ous feren ons i ed above. [0024] In general, variant

LovD po¢atwering deshatalinl 1y dicrtyydeplesis prodnetrth éresnatdralmrodudt brvastatinite simvgsiaaa-er

catal ytie activity, For examgle, whereas a SRept{l pibkles HlaH] N9
mutations at certain residue positions exhibit improved properties as compared to the wild-type

LovD polypeptide produced by 4. terreus (SEQ ID NO:2).

[0014] Accordingly, in one aspect, the present disclosure provides variant LovD polypeptides
that have one or more improved properties as compared to wild-type LovD polypeptide from 4.
terreus (SEQ ID NO:2). Generally, the LovD variants include one or more mutations at selected

positions that correlate with one or more improved properties, such as increased catalytic

_3-



WO 2011/ 041231PCT/ US2010/ 050249 residue positions (Li 74F and Al 78L)

exhi bited approximately two-fold greater activity than wild-type LovD, and
a speci fiwowarivem3s1i ncl udi ng nutati ons at six residue pesrTiusens/§@GEQ | D NO
120) exhi bited approximately 12-fold greater catalytic activity than

wi | d-type LovD, one specific variant including 28 nutations (SEQ ID

NG 114), one specific variant including 29 nmutations (SEQ ID NO 116) and
one specific variant including 32 nutations (SEQ ID NO 118) each exhibited

appr oxi sek dro2lg -er |yt I Vi Ny W, |4 e, LovD.
Table 1 di _g?lﬁgs e?ﬁ&%@gﬁtﬁg&?f ?ﬁ?ée?oaé fe%%ﬁ?%ée“\é‘@rﬁ’é@%%.@%i’?‘f%opwg’éﬁlsabout
10- to edsdiitony55he yasladt o ddpelypeptidey canyinthide ohdrer mbdeiityfienslftnnba giglepept i de

f SEQIDNO 2 Using th | i fi i ant LovD pol tides,
acilr  "OHREODES PSP 0t e B B FRIca SHELTIC BHAY DAL RS RO 40 T

30-, 40two d1Qnore @K ss: Bk ftations i 3 . -,

600-, 700-, 800-, 65%%??&%%86& ,B%%fgﬁt}’?éj T%%‘?{,}S ﬁoé"c?)eg%ngl‘i‘g&p,ecéf‘gg’é‘?ﬁe%%goo-,
1700- f oagianiohody pelypepgideesuitabletforiseyntléraspetified vorlditidng pen bowadippbhtampd.i de of
SEQ I D NO 2 can be readily obtained. [0025] The specific variant LovD

pol ypepidd1FsPwftichaii the &vimaﬂypaLSﬂ)lpelggslﬁdiets@qﬁeﬁwa SEQhbaO: VAR LovD

pol ypeptides that have specified conbinations of inproved properties.

[ 0026] I#H@U%Srhaefa?e%fpwafﬁihatmlaa@wtb@p@ PHEoreiEre edauopasties, sudey al so

option i ar: r L .3t i i i o the
it at | ang el 8o ARy inbE HEERE O B Figh P57 S1eR AN BT ot ons
wi || noAlZ8oMiOL Slel R2pAR4T,RD50a8286, A26% G2BY1)299% 3619873 30anBRBIRYAddikiodae of
t he overal |l seqyubelg]%reﬁ Wthﬁut i ntending.to be bound by any particul ar

t heor y ROFIUGRRR utationg haye hegr fopnd rehich gparelate with st er miorgiogirevedn 76 rmay

be i nvalysehidn sl s -t IS, r.esidue iR ul d be

pr ef er;ﬂgl I35/}91;;\/5(’)? der]a. Ie?ﬁl?ISSt%qffétg’ %lg{a?%\%uégl{%ﬁz)% hﬁlﬂgggorﬁ%%a‘é‘?ﬁg @gﬁf} ition
79, 1484128¥etfutthar pBBRnsatwhioh imitdishe have iReh #busdli that cbiteRRWitle SRO6H hsyet S,
vari ant. LovD ol%{gtepti des that jinclude optional conservative nutations wll

cont ai MPFTH Prapsiss. WGk As rdread agaTeLation, dnsdtide; by atle nokimaficdtn 43, D6 aadht
LovD p e ol j ; Lk ' ' Q_15 anino
aci ds' oy pa Coer ARHHE Bl IS A ToRel MRERHCERR WSS ol Tmbrodl be
oni t t ecrépetiest $ush@s ireredsedigabiigGAAIdddn batreé hetrlinisqiae] C40,[G60ding @33ur e
provi des pol ynucl eoti des encodi ng the variant LovD pol ypepti des descri bed

her ei n.[0016] Posiioaninate wiattgpd DEvIRPSIPiptde BEIEACIRED A N@D &t Ralch of an
expressi on vector conprising one or nore control sequences suitable for

di r ect iTyannshavag oA dstrimanéal effed Py Vdé@fy@n‘@léionmin@rhmitth@ plopertics of there
011/ 04D er) ERSER SRR BN Shelre LBYIREIR, B A6 R 43001 H0% n

bact er iG66) SHIf; 8143 Aig4Vpdll 9L $,A2EdL297 GRY7H.330 141377 30383, RSbudas Hao®r onot er
sequen%e, . Sﬁgh@s a lac pronoter sequence, operably linked to the encoding
sequenc@ttichiar epbadimsnts widh wenre rdprepratiessan irclude, bufare netdithitesl tocgedhce can
be opt igi : : i L - b0 G Ul host cel | interest. [,Q028]
'm yor PONBEdeS w3 podhiche A7 it a7 3 cpl Bty Hrosa e Alout 50
conpr i sidigoral wautataoms. Loy Epeeificatibodirpeaitythe addiaénal an@ftionk Rfe@S pbditionsect or . I'n
sone e oGoFI%ngnts the,hos%ciglél is a_bacteriumsuch as but not limted to
E. col Feleepdbitpmdhe pegitiensadentified aboyg- (b serpe embedimeniseLovD polypentidas with
prepar @hbhew i i I | e S,170r | t,gnnat | , they
Can be oeaes BlopRBEe el e VALRAL ol KRR MR A M M PRREBM RS 1o
pr oduc endfromezstap to avodt 2Hadditicanl mutatip) A0]a spbefiv ambedimeh ViR daaitiopapt i des
descri beg herein esterify the C8 hydraoxyl _groufp of nonacolin J in the

pr esenTBAHODS Areat 8?%?%;%‘8&‘?3&??1 thepeutpRyidepiiiiedipboyat e to yiel d

Si rrvasi@ti n. Accordingly, in another aspect, the present disclosure

pr ovi d€914EPResdac, sxemplriviguistionsafites Widtyne LasDhpolypeptideof SRQ IDVO:2 that

ronacor T g G R B Ao T R RE R ec ATREE W SR <6467

a-di met hyl butyryl thioester co-substrate under conditions which yield
sinmvastatin. In some enbodi nents, anal ogues of nonacolin J may be used as
precursor substrates to the formation of other statins, such as, but not
limted to, huvastatin. [0030] The variant LovD pol ypepti des descri bed
herei n recogni ze a nunber of different,a-di methyl butyryl thioester
co-substrates, including by way of exahple and not |imtation,

a-di met hyl butyryl - S-N-acetyl cyst eam ne (" DVB-S-NAC'),

a- di met hyl butyryl - S- et hyl t hi ogl ycol ate ("DVB-S-MIG'),

a- di et hyl butyryl - S-met hyl ner capt opropi onate "DVB-S- MWP"),

a- di net hyl butyryl - S-et hyl nercaptoproprionate ("DWVB-S-EM"),

T . I ESNR AN M~ R




WO 2011/ 041231PCT/ US2010/ 050249 solid carrier. In sone specific

enbodi nents, the variant LovD pol ypeptide is isolated and purified prior to
use. I n ovbentigpemsific enbodi nents, the variant LovD polpgpapsteidesizg9
supplied as a crude |ysate of host cells engineered to express the variant
LovD pol ypeptide, with or without renoval of the cell debris fromthe cell

| ysate. [0032] The nonacolin J substrate can be included in-the reaction

m xture in purified form or, alternatively, it can be generated in situ by
hydr ol y$i v t i i i 0885 STHO- 7Geaction is
carri eéﬁ?}%}l’oélnﬁg’ gﬁlg ’é\ﬂ ;)93@9%2!}%’ {Agm%?’ss’tliezgogf ggsessf st glrxfepggs%ﬁdﬁ | ovast ati n.
[ 0033] 13bEMWBhodmdQNBDI8e carried out under a variety of conditions,

dependi ng upon, anong other factors, the activity of the specific variant

LovD p%mg Bhdifc RebmglatERdiatibnd ¥Rhe MildiPREL b polypéptide of SBQUD NOtDthac0
g/L, al'so 25to _ZOO g/L,” and often 1 to 200 g/L, nonacalin Aﬂ?@%gﬁ%ﬁ%or
anal oguerr¢lhtervetf incrssseddhermal gabilitringlyde byt ate soblimyted top ngm t
1.0to 1‘2Q9' Elguiv, also 1.0 to 5.0 equiv, and often 1.0 to 4.0 equiv) and
about @ &2Ro g/L LovD variant pol ypeptide. |In sone enbodi nents, a

typi cal ti i ncl ude .20 to, 200 ./ L, 50-ta 20Q. q/ 0 g/L
e Sone b A e A bR e PP o
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greater activity than the wild-type LovD polypeptide of SEQ ID NO:2. Using these exemplary

specific variant LovD polypeptides, additional LovD variant polypeptides having greater than
about 10-, 20-, 30-, 40-, 50-, 60-, 70-, 80-, 90-, 100-, 150-, 200-, 300-, 400-, 500-, 600~, 700-,
800-, 900-, 1000-, 1100-, 1200-, 1300-, 1400-, 1500-, 1600-, 1700-fold, or even greater, activity
than the wild-type LovD polypeptide of SEQ ID NO:2 can be readily obtained.

[0025] The specific variant LovD polypeptides of Table 1 can also be used to readily obtain

variant LovD polypeptides that have specified combinations of improved properties.

[0026] The various variant LovD polypeptides described herein may also optionally include one
or more conservative mutations in addition to the mutations described above. Typically, such
optional conservative mutations will not comprise more than about 20%, 15%, 10%, 8%, 5%,
3%, 2%, or 1% of the overall sequence. Without intending to be bound by any particular theory
of operation, it is believed that the amino acid at position 76 may be involved in catalysis.
Mutations at this residue position should be preferably avoided. It is also believed that the amino
acids at position 79, 148, 188 and/or 363 may contribute to catalysis. In some embodiments,
variant LovD polypeptides that include optional conservative mutations will contain from 1 to 20
such mutations. In additional embodiments, variant LovD polypeptides include truncated
polypeptides wherein 1 to 15 amino acids may be omitted from the N-terminus and 1 to 6 amino

acids may be omitted from the C-terminus.

[0027] In another aspect, the disclosure provides polynucleotides encoding the variant LovD
polypeptides described herein. In some embodiments the encoding polynucleotides are part of
an expression vector comprising one or more control sequences suitable for directing expression

of the encoding sequence in a host cell. In some embodiments, the expression vector is suitable
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for expressing variant LovD polypeptides in a bacterium, such as but not limited, to an E. coli,
and includes a promoter sequence, such as a Jac promoter sequence, operably linked to the
encoding sequence. In such polynucleotides the codons of the encoding sequence can be

optimized for expression in a particular host cell of interest.

[0028] In yet another aspect, the present disclosure provides host cells comprising a variant
LovD encoding polynucleotide or expression vector. In some embodiments, the host cell is a
bacterium such as but not limited to E. coli. The host cells can be used to produce crude or
purified preparations of specific variant LovD polypeptides, or, alternatively, they can be used as

whole-cell preparations in the methods described herein to produce simvastatin and huvastatin.

[0029] The variant LovD polypeptides described herein esterify the C8 hydroxyl group of
monacolin J in the presence of an a-dimethylbutyryl thioester co-substrate to yield simvastatin.
Accordingly, in another aspect, the present disclosure provides methods of making simvastatin
utilizing the variant LovD polypeptides described herein. The methods generally comprise
contacting monacolin J with a variant LovD polypeptide in the presence of an a-dimethylbutyryl
thioester co-substrate under conditions which yield simvastatin. In some embodiments,
analogues of monacolin J may be used as precursor substrates to the formation of other statins,

such as, but not limited to, huvastatin.

[0030] The variant LovD polypeptides described herein recognize a number of different
a-dimethylbutyryl thioester co-substrates, including by way of example and not limitation,
a-dimethylbutyryl-S-N-acetylcysteamine (“DMB-S-NAC”),
a-dimethylbutyryl-S-methylthioglycolate (“DMB-S-MTG”), a-dimethylbutyryl-S-methyl
mercaptopropionate “DMB-S-MMP”), a-dimethylbutyryl-S-ethyl mercaptoproprionate
(“DMB-S-EMP”), a-dimethylbutyryl-S-methyl mercaptobutyrate (“DMB-S-MMB?), and
a-dimethylbutyryl-S-merceaptopropionic acid (“DMB-S-MPA”). Any of these thioester co-
substrates, or mixtures of such thioester co-substrates, can be used in the methods described

herein.

[0031] In some embodiments, the reaction is carried out in vitro with an isolated variant LovD
polypeptide, which can be purified or unpurified prior to use. In some embodiments, enzyme

tags may be added to either terminus of the LovD polypeptide in order to enable binding to a

-
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solid carrier. In some specific embodiments, the variant LovD polypeptide is isolated and
purified prior to use. In other specific embodiments, the variant LovD polypeptide is supplied as
a crude lysate of host cells engineered to express the variant LovD polypeptide, with or without

removal of the cell debris from the cell lysate.

[0032] The monacolin J substrate can be included in the reaction mixture in purified form, or,
alternatively, it can be generated in situ by hydrolysis of lovastatin. Accordingly, in some
embodiments, the reaction is carried out in a single pot as a two-step process starting from

lovastatin.

[0033] The methods can be carried out under a variety of conditions, depending upon, among
other factors, the activity of the specific variant LovD polypeptide being used. A typical reaction
includes about 1 to 250 g/L, also 25 to 200 g/L, and often 1 to 200 g/L, monacolin J substrate or
analogue thereof, excess thioester co-substrate (for example, from about 1.0 to 10.0 equiv, also
1.0 t0 5.0 equiv, and often 1.0 to 4.0 equiv) and about 0.1 to 10 g/L LovD variant polypeptide.
In some embodiments, a typical reaction may include 20 to 200 g/L, 50 to 200 g/L, or 50 to 150
g/L monacolin J substrate or analogue thereof. In some embodiments, a typical reaction may
include from 1.0 to 2.0, from 1.0 to 1.5, or from 1.1 to 1.3 equivalents of thioester co-substrate.
In some embodiments, 0.2 to 10 g/L, 0.5 to 10 g/L, 0.5 to 5 g/L, 0.75 t0 2.5 g/L, or 0.75 to 1.5
g/L of LovD variant polypeptide may be used. The pH of the reaction mixture, the temperature
at which the reaction is carried out and the duration of the reaction will depend upon, among
other factors, the specific LovD variant polypeptide being used. Most reactions can be carried
out at a pH in the range of pH 7.5 to pH 10.5, also pH 8.0 to pH 10.0, and often pH 8 to pH 9.5,
and a temperature in the range of about 20 to 50 °C, also 20 to 30 °C, and often 20 to 40 °C, for
approximately 2 to 54 hrs, 5 to 48 hrs or 10 to 48 hrs. Reactions carried out with variant LovD
polypeptides including mutations that correlate with increased thermal stability can be carried
out at higher temperatures, typically in a range of about 30 to 40 °C, depending upon the

particular variant being used.

[0034] The thiol by-product of the acyl transfer reaction may inhibit LovD polypeptides.
Accordingly, it may be desirable to include in the reaction mixture one or more scavenging

agents that might improve reaction rate and/or yield by removing or scavenging these thiol by-
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products. Scavenging includes, without limitation, chemical modification of thiol by-products,
such as by oxidation. Suitable scavenging agents may include, but are not limited to, compounds
that react with the thiol by-product and agents capable of chelating, adsorbing, absorbing or
removing the thiol by-product. In some embodiments where a scavenging agent is used, the
scavenging agent is activated charcoal. When used, the activated charcoal can be included in the

reaction mixture in quantities ranging from 1 to 30 g/L, 2 to 20 g/L and 5 to 15 g/L.

[0035] The monacolin J substrate may be in the form of a salt, such as an ammonium or sodium
salt. Reaction of the monacolin J substrate, such as the sodium or ammonium salts of monacolin
J, may optionally be run in the presence of a scavenger, such as activated charcoal. Monacolin J
may also be in the form of an ammonium salt. When the ammonium salt of monacolin J is
converted to the ammonium salt of simvastatin, the ammonium salt of simvastatin may be

precipitated from the reaction medium, for example, from water.

[0036] Other aspects and advantages of the disclosure will be apparent from the detailed

description that follows.

5. BRIEF DESCRIPTION OF THE FIGURES
[0037] FIG. 1 provides a diagram illustrating a pathway for synthesizing simvastatin from

lovastatin or monacolin J;

[0038] FIG. 2 provides a polynucleotide sequence encoding wild type LovD enzyme from
Aspergillus terreus that has been codon-optimized for expression in E. coli. (SEQ ID NO:1); and

[0039] FIG. 3 provides the polypeptide sequence encoded by the sequence of FIG. 2 (SEQ ID
NO:2).

6. DETAILED DESCRIPTION

[0040] In certain aspects, the present disclosure provides LovD variant polypeptides that are
capable of transferring an acyl group from certain thioester co-substrates to monacolin J and
analogs or derivatives thereof to yield therapeutically important statin compounds, such as but
not limited to simvastatin and huvastatin. The LovD variants have improved properties as
compared to the wild-type LovD acyltransferase obtainable from 4. terreus (SEQ ID NO:2), and
can be used in cell-based or cell-free systems to efficiently and cost-effectively produce statins

such as simvastatin from readily available starting materials, such as lovastatin and monacolin J.

9.
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g[0041] For the purposes of the descriptions herein, the abbreviations used for the genetically

encoded amino acids are conventional and are as follows:

Amino Acid |Three-Letter Abbreviation| One-Letter Abbreviation
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartate Asp D
Cysteine Cys C
Glutamate Glu E
Glutamine Gln Q
Glycine Gly G
Histidine His H
Isoleucine Ile I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tyrosine Tyr Y
Valine Val \%

[0042] When peptide or polypeptide sequences are presented as a string of one-letter or three-

letter abbreviations (or mixtures thereof), the sequences are presented in the N—C direction in

accordance with common convention.

6.2.

Definitions

[0043] The technical and scientific terms used in the descriptions herein will have the meanings

commonly understood by one of ordinary skill in the art, unless specifically defined otherwise.

Accordingly, the following terms are intended to have the following meanings.

-10-
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may be%&ﬁpﬁ?&ﬂ‘ &besg I?JE‘P]Z‘I‘ rhaod vemd Bitpact 5 sgeds dor ipitiatingsqagphesit find

nucl eotjp HXNPs20haRiaCh ' ' f ence in the
conpari sg%?wi ngg\%l tﬁgli}?ggﬂ(l)lﬂ%'r iqglle a %Elhﬁ %ﬁtstﬁ%r&géenl&ﬂé‘??loﬁrzoéh %‘I}&e“.s"g%ag%ﬁc‘lof 20
per centseguence &g as faree thearuedildtivetahgnmedtacerecan be ieensal. (WhelhtiehoReres ate

conprise;additions_.or deletions) for optinmal alignnment of the two
sequenccélgcuﬁ%ﬁiéusg%ﬁgﬂug G SraBTces theRarameigs M (Feardsorofer rgas o€ r esi dues,

and i nGhatgatie r@REORAVAY B and'R: '
2011/ 041231PCT/ US2610/ R [go(ggf%hy it tfﬁﬁ?Isgﬁﬂ%%&éme%]?@&%l‘e”%?éO)f &y
pol ynu@nane aeld sequepcssypepting enagregisenedtot dabildathe aimubaist saheUExtSRYos6eMuUence

identit vx,itcglhi .reference se% e ccia. I n many enbodi nents, sequences that
shar e “SuBeTIINE i Faqhirrefion ard led fyhers thq @liaatsenieomey sy talboolt utt, 089
or  evenud@dy X8Bhiis3haifuiNRhl0EETARS MSEHANER scL;%(g%El 10 780 @fﬁe?&;t?,hdéle to

"corresgondl ng to", "reference to" or "relative to en ‘used 1n
cont extthegccumalationbEeneaer rodreacgitiverscammguesidoé alligymapnes) oetherend of yithee | eot i de

t i f th i Cified refe
equencElifieisasichely Bn HIRSE i elline bmaieis §b oy xCheisminedbe Swwtente | <
conpar edd kgecti b tERGiGhkAt. MHe BISNSEN PRIHEA R nh&e&id@%&(&%@?%z ugés[%ﬁ defgkdiye

nunber or residue position of a given polyner is desi respect to
t he ref@rdigegth{¥eéhtanrexpersation () 0Hi0, tMed,aN+t-dadndracnenpaciadn pbisith steandsf t hat

residu Ml Lven ] id or polynucleotide sequ . JFor

excarpl & oFabiHoheld Goiates sRBLRSE nhogim it dElaill: » spr Sl T ot B

pol ypepkpadestion #B) &fel 02 b diihe BLIGS M6 kEdrRIBGRatHR Y362 1EMNT & HidHIBIE 11989,0aps to
optim ze residue matches between the two sequences. In these cases,

al t houé’ﬁOCt- Nat'bAgad. 3ele USAe8h0915).nNumerdye otheyalgbrithines aresvailableithmt thinestigh ven

am no s r I I . sequence, i e Wwth respect to the reference
sequen%@hggﬁﬁﬁ?@ﬁ%ﬁg&’gg%%%ggmggFaﬁ%g&n&?g% CILSERCNESsed catal ytic

acti vi y n ed in the context of the variant LovD pol ypepti de

descri E‘X"é"h@%ﬁffﬁfiiw%o Saueos 5t GempassonicaR be rendugted; ¢+ By fhedeeshs ed
conver §p@bloel a wexahih n | A I fl to

pr oduct (fé?peggﬁgkgaggﬁ§gg¥atin orpgggh ?Qt }ég%?"géﬁggﬁﬂgggéﬁggég

ref erence LovD pol ypeptide, as neasured in an in vitro or in vivo assay.
The origin of the increase in catalythé_activity is not critical. Thus, the
i ncrease could be due to changes in oné& or nore of Km Vmax or Keg or due
to decreased substrate inhibition. In sonme enbodi nents, for purposes of
conparison, catalytic activity can be conveniently expressed in terns of

t he percentage of substrate converted to product per unit of enzyne in a
specified period of time. Enzynes that convert a greater percentage of
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systens shoul d be used. In addition, the nunber of cells and anmobunt of LovD
pol ypeptide in each preparation should be determned, as is known in the
art. [0058D 20fienasowst abl e” or "thermal stable" in the cenoraskoiofnsizey D

pol ypeptides refer to variant LovD pol ypeptides that retain at |east about
50% of their catalytic activity when exposed to a tenperature of 30 C for a
period of 3 hrs. as conpared to the catalytic activity exhibited by that
vari ant LovD pol ypeptide at 25 C under the sane reaction conditions. [0060]
" Resi dugli e bl ofihnff 1948 C4 it X f pti des
and a nu_c%.eo_ti glg when ulgéeggl%ﬁt%?%ﬁggﬁ’elﬁ ngf N{)bc%l @ﬁ’bgﬁggﬁ‘?’ i i&}é{s?l.e SQE%%%’%]

" Hydr op#imilagtyamethed afPehrson & &dpmiare 1988 Peos Nat1 AnaduSichSxe Bst2ddiibpg a si de

hai i bi.ti . d hobi cji t f |l di to the.
o i ; SR el RPER Gt effouiii S AP ESHIa ER ST A s TabhR iy
Mol . Bi e GAG Wik i | il ] i.ds includ
The (7)o (G Cl TR SRR, U o ShsDHoAR el LG 08 | 1l
Arg (R) ProtocybsimMoleenian Biotogyrid Mchusubel af @] elise CurefieProtacolsaa foptveptaid i

am no agi.d_ hauin i de chai n exhi biti Ka val ue of | t han about 6
when thgét‘g'ﬁ‘]mn eﬁ%‘? gul?hﬁ%r\g Serdyes %%@E@P@Wﬁa{ &pg?r?p@ﬁt’ i18§5.s§mﬂqﬁp‘ént ni no
acids typLcally have negatively charged side chains at physiol ogical pH due
to | os s%ﬁkﬁaAﬂg‘HP‘E?é]é{ ng‘?tﬁtﬁ‘?m@‘i'é%fisﬁ‘ﬁ}ep% dippsatangdcheacent saaupreeddendiy ¢anc| ude
Adu (E) AsB [ . i C:oam i . ' y fer, Q. a

nydr oph ey SRBESETTR 0 prodfhindfh O EMistoflin SERUA eck BTt arca

val ue oMadisead), usingrdefdndtitardinetdre pravikedani no acid is included in a peptide
or pol ypeptide. Basic ami no acids typically have positively charged side
chai ns @0SYMReifetaei seqhendtt @ees tot Geeifiel 8éqdueRce/o twhi &l AHoPHr YehueREL is
Genetically encoded basic am no acids include Arg (R}, H's ( and Lys (K).
[0064] °myiaggd. Ahisierenss sedeance ey baa'subsst ef & larger sequgees fitri exampleps segnzent d

havi i Lot hat 1 i ol.ogi cal pH. _but, which has at
oot oo e i b it BolspBot GRS, BbpdE n Bt toBEhsnin 156t £ ot o
is gel phua:f:uog‘de bmmln‘( KI) abid é_esi@%e%in Ielggth@%tg)ﬁist 25@;@%«(}% lhﬂgt%gﬁ Qs (Rbidhesafil NO
acl ds 1. nc e , n y . O€r an r .
2011/ odi@@ﬁmﬁgﬂdi@tb%@mwﬂw@ﬂd orpplpsplidshi Sinegtvedoliiugleotidasesi due”

f =17 . : ] > hibig PRONNSE I
O eat o RRIEE AR EL KNG B 81D DB 0D B DoRiTE SRS it i ©
scal e cimfsenbenghetwasequent8§4ind §2) ) furtBeiodompkitd a beqrehdethalGe ABlek gt | Y

encoded hydrophobic am no acids include Pro (P), Ile I%, Phe (F), Val (V),
Leu (L) ,et%?eﬁ tﬁwo $PgEenCRy,> SeqyeRcq FYMpeRigonsyhetwaen two[(omele) palyondedtisleant no

acid or | " : ataylgr Ll r j C.am i.d _having a
side ¢ z%i )ﬁﬁk’ atarlc ?ﬁﬁ%@é’% g? &Il ea t&%ﬂ%&] zl[ilgS%glte?%qu?H%&?Jgrpgg’?lgggf’ﬁ@esﬂvﬁ@
Genet i cahipgrismowiidowae aleatifycandwompardocts régiedsuwdgedeieace shhilarfyr (Y) and Trp
(W. OnMng to the pKa of its heteroaromatic ring nitrogen, Hs (H is

cl assi f[0esB] iteaérh Asfeferity SURAQPIEn@infeAGIdGo be Sinflté to Wilditspasddiddcenahd y
classified as, an aromatic residue due to its heteroaromatic side chain.
[0067] caeHciidesnaibgerad vapaniand/op pliered pesiyencesef ers to an amino acid that has
a constrained geonetry. Herein, constrained residues include Pro (P).

[0068] (003 -homparison windaw? tefers to 2 sorndepthak epmest dfat kattybooy@iadvntgesusno aci d
havi ng ac%d(i chain that.is %nchac[&]%ed at . hg/si ol ogi cal pH and whi ch has
bonds IMCRRTEHPEIHODS 9 FMipP agids teSIqRS WhRLEIh SGAHeRGS AN PSP MRREF AP @rFgtereqce

gener alskynched 6 £ W48l 30/ c¥igfAshukotidi8 of WRhif) RIG 4ok -vﬁlereiltl hﬁ J%gﬁi% @ﬂl?é nis

not polar). Genetically encoded non-polar amno acids Inc G, Leu
(L), VAPquense injthecqrnparisive wirdow may cothprise/Additiodd 60delétiins (o gaps)eafizdo aci d or
residue’_refers to a hyd obi.c am no aci r. resi due having an aliphatic
hydr oc&F %:81%[ Ogil%g 2 RAMRE e@ﬁ'ﬁ? feggrlep%; S&ﬂﬂ%’(‘}ggv"g‘f’h GRS HOE comprizs AdIRs Phc| ude
Al a ( Adeledans) fof)optibfallalignmedP o the @wé sdquences. The comparison window can be longer

than 20 contiguous residues, and includes, optionally 30, 40, 50, 100, or longer windows.
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[0070] Cysteine is unusual in that it can formdisulfide bridges wth other
Cys residues or other sulfanyl- or sulfhydryl-containing am no acids.

" Cyst ei newbi2ka/messitdues” include cysteine and ot her am moTas:es/o502a2
contain sul fhydryl noieties that are available for formation of disulfide
bridges. The ability of Cys (and other ami no acids with -SH containing side
chains) to exist in a polypeptide in either the reduced free -SH. or

oxi di zed disul fide-bridged formaffects whether it contribut Ies net bt
hydr ophpyg oAt ki@ t . : | X Its
o by oo c A R P R o FicbliEe A RoREBAE Gullle o RSy ey

Ei senbesbyut 80%epinence dentity wittoBeferencprsequentd. Inaniny dasbadideits tseqintdrahatf or

ur poses _of.. t resent, di sclosure, S .S categorized into its own uni que
O onp. o ‘suA SE e TEILbS Tolr i 85000 oot s Sobe . S5%4.19 o3t or

resi due{aeﬁtgg‘apfosth&gbf&@n&rg’e&&n@g_i d having a side chain that is conposed of a
total of three or fewer carbon and/or heteroatons (excluding the a-carbon

d hyd ‘ 1. 00 a8 ] r.Lesidyes y_he further
o oo RS e oS SBRLoRThPR Sk iR o 45 GRTRY whEn LGN copitoty
r esi duethe nimberimpoftagioen ahinb atideeqizpve otigslimicldotias sequenirefedd tohe&ncoded

Il amino acids include Ala (A), Val . Oys (O, Asn (N), Ser (S), Thr
(D) andsripgp Degaadios ofpapeiad et signonhes the aiveo s ilsmsEer

to an ' HaR L nj - i . Cenety cal | y- encgded

iy oy o TP R S BN B st ko B Yoo i S e 8074

" Cons erresitlie/mimberion cesituie ositibs bf 4 ivew pslytier Hldesichaod withfrédpetiQo tRASRrence

substitutions d mutations in which amno acid residues of a reference

pol ypeptHH&CaF "rré%’a‘by e arthal nymerigalpositiop ©f thatieesidue withip ie givearamino acid |
hysi c ) I.£S byt Lons at ,are.consi dere

Conser vateyaue R R ARRlC d e B a ¥ A el o B EPGRe Ve

subst i tluvilopdypaptidendan be alignedrte atréfeticd sequbtice bydfitrédiicig gags t &ftindize

particul ar cl aSﬁ?i S repltgced wi th another amno acid wthin that sanme cl ass

(for exXSiffemachesiichyren thetwy segHences) In thess fatesy 3lthousts the\zaps wre pms@t/ thp:n i ons
Qner alFRan o ire IR iR SURnG LRI PRUANSHINAL PR B gy e

non- polraspe¢tAo the reférerice s@ueMpe O, witich it has been aligned.

[0057] “Increased catalytic activity,” when used in the context of the variant LovD polypeptide

described herein, refers to a LovD polypeptide that exhibits increased conversion of substrate
(for example monacolin J or a salt thereof) to product (for example simvastatin or a salt thereof)
as compared to a reference LovD polypeptide, as measured in an in vitro or in vivo assay. The
origin of the increase in catalytic activity is not critical. Thus, the increase could be due to
changes in one or more of Ky, Vinax or Koo 0r due to decreased substrate inhibition. In some
embodiments, for purposes of comparison, catalytic activity can be conveniently expressed in
terms of the percentage of substrate converted to product per unit of enzyme in a specified period
of time. Enzymes that convert a greater percentage of substrate to product per unit per period of
time than a reference enzyme assayed under identical conditions have increased catalytic activity

as compared to the referenced enzyme.

[0058] Methods and assays for measuring the catalytic activity of enzymes are well-known in
the art. Specific examples useful for LovD polypeptides are provided in the Examples section.

For comparative assays carried out with crude cell lysates, identical host cells and expression
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O her acidic (D, E) K, R OQher basic (KK R HH NN Q S, T Gher polar Y, W
F G her aromatic (Y, W F, H C P None [0074] "lsolated" refers to a
subst ancewOhatl/ias1been renmoved from the source in whi cliRCtUSR@EDOSEIS Y
occurs. A substance need not be purified in order to be isolated. For
exanple, a variant LovD pol ypeptide reconbi nantly produced in a host cell
is considered isolated when it is renoved or rel eased fromthe cell. A
vari ant LovD pol ypeptide contained within a crude cell lysate fraction is

2011] 0413310 LaBos) ba0Saa L o0E Arat T PACHEN A T6t £ Bolyeeidein gy

has bee¢achompearasign shoulé he tietpaminedylak ys Knoe intthecaatit ani nant s and ot her
materials that typically acconpany it. Substances can be purified to

var yi ng[0089) ‘€Berméstshigsorditioemabstilsebmittant drdxt bt DUVIB'boW?%Bﬁd%s PéfeBrakih@n Or
conpositi of the sybstance contains |ess than about 1% contam nants. A

subst ank®"l? Bolypeptidas that refain atr least bty SQ%nfdheir entalybic entivity whssiexpesad fa t he

subst a ' $ % ) subst ance. i s, "pure"
when a SFBSAREEbE30 (RS oipefd BPENE, ¥ A BT Rt it PR BB PP b
2% cont wananahtwD pélgpersidbat 2@ andeh e same réqetibh toiitién. honogenei ty, "

contam nants cannot be detected with conventional analytical nethods. 6. 3.

LovD Vejooeoyt “Regidverefeiidre &San amino acid when used in the context of polypeptides and a

nucleotide when used in the context of polynucleotides.

[0061] “Hydrophilic amino acid or residue” refers to an amino acid having a side chain
exhibiting a hydrophobicity of less than zero according to the normalized consensus
hydrophobicity scale of Eisenberg et al., 1984, J. Mol. Biol. 179:125-142. Genetically encoded
hydrophilic amino acids include Thr (T), Ser (S), His (H), Glu (E), Asn (N), Gln (Q), Asp D),
Lys (K) and Arg (R).

[0062] “Acidic amino acid or residue” refers to a hydrophilic amino acid having a side chain

exhibiting a pKa value of less than about 6 when the amino acid is included in a peptide or
polypeptide. Acidic amino acids typically have negatively charged side chains at physiological
PH due to loss of a hydrogen ion. Genetically encoded acidic amino acids include Glu (E) and
Asp (D).

[0063] “Basic amino acid or residue™ refers to a hydrophilic amino acid or residue having a side
chain exhibiting a pKa value of greater than about 6 when the amino acid is included in a peptide
or polypeptide. Basic amino acids typically have positively charged side chains at physiological
pH due to association with hydronium ion. Genetically encoded basic amino acids include Arg
(R), His (H) and Lys (K).

[0064] “Polar amino acid or residue” refers to a hydrophilic amino acid having a side chain that
is uncharged at physiological pH, but which has at least one bond in which the pair of electrons
shared in common by two atoms is held more closely by one of the atoms. Genetically encoded
polar amino acids include Asn (N), Gln (Q), Ser (S) and Thr (T).
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[0076] As discussed in the Background Section, the pol ypepti de encoded by
the I ovD gene of A terreus is an acyltransferase that catal yzes the | ast
step of |IwoastiAuMiI231bi osynt hesis. This LovD acyl transf er ase/usasiolosazael
substrate specificity towards the acyl carrier, the acyl substrate and the
decalin acceptor (see, e.g., Xie et al., 2006, Chem Biol. 12:1161-1169)
such that the enzyne can be used to transfer acyl groups fromthjoester.
co-substrates to decalins such as nonacolin J and 6-hydroxy- 6-desnet hyl

monacol j0063)] 4Hyd¢bioic 4&haREH ok ' OHRAS AN

exenpl alr _?.]eactl onol 3sc ITTustra ge%idluﬁ Ik:él?%gglﬁ%‘g%tg?drd&;aﬁo .ﬂka}af'pustrat ed
indt hi ST’] lbtc)amgta h:lvﬂrmmbydny;cérgﬁefamrm zez(aa adcytdingadol tire hc}smmﬁfzﬁf Sonk&iBus »

a- di et tyr roup_of .t hioest to. colinJ (12) to yie

o1 mvast MEFoPTP RISy QPR Srrbes 147, Find Mok BicJol 2 Bro-Five Gineentbsnenecsr

thi s phigideephebiciagahd YcilliRehia ot ' % LE@ ) i

cat al y?i@{: properti es,C1at t garlrlpt S qtgi)’ﬁ[iée@?’ggllggg)éyaw)?%%lr?gdé?ﬂf;@g’%{fét (Mi

acyl t r ahef(A) ae@Tan(X)certain nutants thereof in vitro for production of

si nvastatin have not been very successful. Stability, solubility,

ni s- f ol [@D6G], “Argmetgahimmciing regaes”irofers'tatagyatdphilic®t %agdﬂggmi@ BRlrcCacid €€,

e.g., Xie.& Tang, 2007, pin. Environ. M crobiol. . 2054- 2060; Xie et
al ., 20BY1eH %&e‘gﬁn tg?td.ncAipEﬁ"gf. at jegst opg.ap@patiq @ydreEroarpraatindng Stengticaly os ur e

provid [ XOVAR) : ' j t N QV .

acyltr gezlg?,(gégaﬁgh?tr om Re%lggrﬁgadgg ?@E@?W}% d fg‘gt(%)yﬁ“éég F%/tlﬁf Pgﬂ&f 5 an
acyl grietepodromatiaringnivegere His (H)sis bhikgifiedhdreinne adgdtdpRobic 0Pbasid &sidiel Raes

or derivgtiv )% to.@/i el d sinvastatin. These variants include nmutations at
speci f i3 “1885'? ¢lassified g ap Apopatic residnegtuerip its hetginarraticsidssda es as conpar ed
to the wild-type LovD and transferase of SEQ ID NO 2. WO

2011/ 0499671 pEpnsipuedpning 2¢id of oesidue” Bifers feeh aminosgidthatiHas azpmtaiicdt e t hat

| ovast bﬁlgﬁg-gﬁ%ﬂ’ic ns%raﬁ{% rg%%{}égst?%rhrﬂzﬁuml | as their anal ogues and

deri vat n-exr’st 1’n vari ding acid, ester, am de and
| act on The aci.d, ester,. anjde and | actone forns can al so be in the
form oﬁoébgl M@g&@%@ﬁ% r@?‘i‘%?o ¥ lwd@plw?& 3uying neid hayigg aspe=

“Nal kyhdi@ihaadhudchalaens: figsitodilal bRSRE ARTPOM ISR LA 1R LRR\PHIRELAN

Unl ess stated otherw se,” "l ovastatin” as used herein inc e acid,
est er, sharedén cammenhe twnatonslis génorally heldaaltyby each’of dlse tweemdorhe(igi, nhé gidé udes

t he acid,- ter i-de, ..l acton nd saJj]t forns.and . "singvastatin® _ as used
her ei n cﬂﬁg ﬁisfa‘géf Ola?tg@?g?téﬁaﬁﬁg{l@?gélﬂ?ﬂgf,ar P@H’Pcﬂ%ﬁé’i‘fa“‘i%% (%ésrﬂaﬁél. Ln¥de forns
can be (w4t () MdreMyahdatts(Adescri bed herein. Lovastatin | act oneMonacolin
J | actoneSi nvastatin | actone Lovastatin acid, am de or esterMnacolin J

aci d, NG Qi efnisl t ) AL ! . r 080] . Mut,at i on
cxcper i Hon] “lpflSlminh OHA o R dbe ity b op R hh A o M Bhng
reveal ed atiplticiytmcarbos side chyin.oGérictichl[yosicodednsiphstio #hiab acids ifthideRyigyLent s
in cat 3@{5’0 actiwvit (itIher mal stability, stability under conditions of
cell | )aﬁﬁu?g)gﬂ-"éé}ﬁ bn properties. It was also discovered that a range
of nmutations could be incorporated at certain positions that, while not
provi dil¥fyOh&ysigmsds vnushalan thapiteee frpy dpafids bridged withtothks|Gytsaesidues oy other ect
t he ov } . 8S -1 eptkde.. Al l..of these various.mutations,
0 o Bk R OO % B AERBIORER. bl el St REL R

other amino acids that contain sulfhydryl moieties that are available for formation of disulfide

bridges. The ability of Cys (and other amino acids with -SH containing side chains) to existin a
polypeptide in either the reduced free -SH or oxidized disulfide-bridged form affects whether it
contributes net hydrophobic or hydrophilic character to the polypeptide. While Cys exhibits a
hydrophobicity of 0.29 according to the normalized consensus scale of Eisenberg (Eisenberg et

al., 1984, supra), it is to be understood that for purposes of the present disclosure, Cysis

categorized into its own unique group.
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WO 2011/ 041231PCT/ US2010/ 050249 mut ati ons, can be used alone and/or in
conbinations to yield LovD vari ant pol ypeptides having specified

properti e80 28igmissiicantly, unlike the wild-type A terr@a3/uSomo50249

acyl transferase, the variant LovD pol ypepti des descri bed herein can be
isolated and used in in vitro reaction systens to produce therapeutically
i nportant statin conpounds. [0081] Mutations of the wild-type A .terreus
LovD acyltransferase of SEQ ID NO 2 that have been found to correlate with

Stoay, Q17N AR A oo 3 b bR B 527, T

&75S, mm@d thSthl of/8ir€d orafreteMNBHAD. arllQR$lerdirad (eREISdRE thd\@-cWibod aha pe A
terreus }bg %cy]hj@ nsferase of SEQ ID NO 2 that have been found to
correl af @&11{1% aqidnor residugsimay, by fetherrategbtizeduasealipbatid, heri-t ed t o,

@Q41M a#&ga'é f wi [.d-t terreus
LovD ac éﬁ gt%s er ag& é@%ﬁalgéé%{gﬁck%%g?’%shd%ég’ﬁ%\%%% da?l e#”bktﬁﬁ‘be El‘%’"ﬁﬁ?ﬁ‘@ﬁ%‘?se wth

r educedGenggicaliyatncoded mzilhdﬁmohbids&t[@d&Q&laKAWVﬁ@V) Cys @ RAsnRG S sh, ThAO04K.
[ 0084] @ﬁ; ‘i{l on f the wild-type A terreus LovD acyltransferase of SEQ I D
NG 2 th kn found to correlate with increased enzynme stability
under condi ti ons of ceII IyS| s |ncI ude but are not limted to, 40R, C6OR
and D24Bf72] ¢ Xylopr(n piid ot r¢sidug)” rafers ypan Aminoacidemtdiniupa

acyltr . f that k be .nut at ed wi t hout, del et eri ous
effect I nc(ﬁ{ﬁ/Tl g%}@ur{l ég& G %‘%\QF&%G?‘@SIC drf’ﬁ)\]l'co Ng IO %I@"l?éa%r?%s&,
C40A, CAG\T) &0Fyr ($B1R, NA3Y, C6OF, CGOY C6ON, CGO—| S109C, S142N, A184T,
A184V, N191S, A261T, A261E, A261V, L292R (QR97E, L355M A377V, A383V, N391D
and HAOHB3)[-QRR6drvANR” hARRY ncl udes
LovD po ypept aesrvfﬁ t exhl%)c?fgﬁbgh%@gggsgg ﬁé‘g@é F%ngp P%%ﬁgﬁgéﬁ%gfﬁggr ed to

the w Ilduttiwm in whidr amine atidwesidueslof a aefeﬁeac&a;xﬂypubﬂ&&@elra)lh@dzwtﬂ dmineicideen

di scovereg &a mw g g at er nunberseé)f nmut.ations i ncreases the

cat al ytiPHUSDAYINE Soar ph¥si | DroReFIEY eSubsttutions andryiaonsthatiee exenpl ar y
enbodi repntigered cyehatie &r@‘é@lﬂﬁio%@ﬁﬁtthéjﬁ les%ﬁieg:%o'dﬂnél;ﬁ? | EnskrvakiDd ' @

conbi nations of nutations fromthose 1dentified above cén e selected to

obt ai n sybstitetiansiand mugasiops erstthebesn Whmhmy ampec adid efl a pattialilpt classds eepidché with

propertle | n. Tabl e t he indicat nmutations are relative to SEQ I D NO 2
and t hé™® %Tf/aﬁ‘ﬁil‘?ém@’éﬁt m&le?ﬂgafz@m I’%Hﬁi\‘?ﬁc A fhiRhatig). i Bxemplaryi ve to

t he actdoMdcvatiRb Sﬁmtdﬂohgarte{p?&ﬂ@/&l@&yl transferase fromA. terreus.

Condi tions used for the ac V|ty assay are provided in the Exanpl es

section. Table 1 SEQID 'ﬁ'} esi 'JUL at] Possible Conservative Mutations

AL VI Other aliphatic (A, L, V, I)

Other non-polar (A, L, V, I, G, M)
G, M Other non-polar (A, L, V, I, G, M)
D,E Other acidic (D, E)

K, R Other basic (K, R, H)

N,Q,S, T Other polar

Y,W,F Other aromatic (Y, W, F, H)
C,P None

[0074] “Isolated” refers to a substance that has been removed from the source in which it
naturally occurs. A substance need not be purified in order to be isolated. For example, a
variant LovD polypeptide recombinantly produced in a host cell is considered isolated when it is
removed or released from the cell. A variant LovD polypeptide contained within a crude cell

lysate fraction is considered “isolated” for purposes of the present disclosure.
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Rel ative Activity 120 Al 23P;, L174F;, A178L; N191S; A247S; L361M + 4 135L;
Al 23P; L174F; Al78L; N191S; A247S; L361M + 6 Al 23P, L174F, A178L; N191S;
A247S; GVBp1BEBM + 8 Al 23P; L174F; A178L; N191S; A22T$USRPB08)249361M

10

[0075] “Purified” refers to a substance that has been rendered at least partially free of
contaminants and other materials that typically accompany it. Substances can be purified to
varying degrees. A substance is “substantially pure” when a preparation or composition of the
substance contains less than about 1% contaminants. A substance is “essentially pure” when a
preparation or composition of the substance contains less than about 5% contaminants. A
substance is “pure” when a preparation or composition of the substance contains less than about
2% contaminants. For substances that are “purified to homogeneity,” contaminants cannot be

detected with conventional analytical methods.

6.3.  LovD Variant Polypeptides
[0076] As discussed in the Background Section, the polypeptide encoded by the lovD gene of 4.
terreus is an acyltransferase that catalyzes the last step of lovastatin biosynthesis. This LovD
acyltransferase has broad substrate specificity towards the acyl carrier, the acyl substrate and the
decalin acceptor (see, e.g., Xie ef al., 2006, Chem. Biol. 12:1161-1169) such that the enzyme can
be used to transfer acyl groups from thioester co-substrates to decalins such as monacolin J and
6-hydroxy-6-desmethyl monacolin J to yield therapeutically important statin compounds. An
exemplary reaction is illustrated in FIG. 1 (boxed region). As illustrated in this FIG. 1 LovD
acyltransferase catalytically transfers the a—dimethylbutyryl group of thioester (14) to
monacolin J (12) to yield simvastatin (16), making it an attractive target for the preparation of

this pharmaceutically important statin.

[0077] Despite its attractive catalytic properties, attempts to use isolated A. terreus LovD
acyltransferase and certain mutants thereof in vitro for production of simvastatin have not been
very successful. Stability, solubility, mis-folding, aggregation and reaction rate all proved
problematic (see, e.g., Xie & Tang, 2007, Appln. Environ. Microbiol. 73:2054-2060; Xie et al.,
2009, Biotech. Bio. Eng. 102:20-28).

[0078] The instant disclosure provides variant LovD polypeptides that, like the wild-type LovD
acyltransferase from A4. terreus (SEQ ID NO:2), catalytically transfer an acyl group from a
thioester co-substrate to monacolin J (or its analogues or derivatives) to yield simvastatin. These
variants include mutations at specified positions and exhibit one or more improved properties as

compared to the wild-type LovD and transferase of SEQ ID NO:2.
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Al 23P; L174F;, A178L; N191S; A247S; (R97E;, L361M + 12 R28K; Al 23P; L174F;
Al78L; N191S; A247S; L361M + 14 Al 23P; L174F; A178L; A184T; NI191S; A247S;
L361M + W6 200128R231L174F;, A178L; N191S; A247S; (RI97E;, LBE6TMS264008024¢ 23P;

L174F; A178L; N191S; L1921; A247S; L361M + 20

[0079] Skilled artisans will appreciate that lovastatin, monacolin J and simvastatin, as well as
their analogues and derivatives can exist in various forms including acid, ester, amide and
lactone forms. The acid, ester, amide and lactone forms can also be in the form of salts. The
acid (R = -OH), ester (R = -O(alkyl)), amide (R = -N(alkyl),) and lactone forms of these
compounds are illustrated below. Unless stated otherwise, “lovastatin” as used herein includes
the acid, ester, amide, lactone and salt forms, “monacolin J” as used herein includes the acid,
ester, amide, lactone and salt forms and “simvastatin as used herein includes the acid, ester,

amide, lactone and salt forms. These forms can be used in the methods described herein.

WOH WOH WOH

W

Monacolin J lactone

Os_R
WOH \OH
HO

o

Lovastatin acid, amide or ester Monacolin J acid, amide or ester  Simvastatin acid, amide, or ester

[0080] Mutation experiments carried out with wild-type 4. ferreus LovD acyltransferase
revealed that mutations at specified positions correlate with improvements in catalytic activity,
thermal stability, stability under conditions of cell lysis and aggregation properties. It was also
discovered that a range of mutations could be incorporated at certain positions that, while not
providing an identifiable improved property, did not deleteriously affect the overall properties of

the polypeptide. All of these various mutations, as well as additional optional conservative
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Al 23P; L174F;, A178L; N191S; A247S; R250K; L361M + 22 Al 23P; L174F, Al78L,
N191S; A247S; A261E; L361M + 24 Al 23P; L174F; A178L; N191S; A247S; L361M
HAO4R, + W6 2(128B31A 23P; L174F, A178L; N191S; A247S; L3B6TMS2640280249 23P;
S172N, L174F; A178L; N191S;, A247S, &75S; L361M -H 3 0

mutations, can be used alone and/or in combinations to yield LovD variant polypeptides having
specified properties. Significantly, unlike the wild-type A. ferreus LovD acyltransferase, the
variant LovD polypeptides described herein can be isolated and used in in vitro reaction systems

to produce therapeutically important statin compounds.

[0081] Mutations of the wild-type 4. terreus LovD acyltransferase of SEQ ID NO:2 that have
been found to correlate with increased catalytic activity include, but are not limited to, A123P,
MI157V, S164V, S172N, L174F, A178L, N191G, L1921, A247S, R250K, S256T, A261H,
G2758S, Q297G, L.361M, V3701 and N391S.

[0082] Mutations of the wild-type A. ferreus LovD acyltransferase of SEQ ID NO:2 that have
been found to correlate with increased thermal stability include, but are not limited to, Q241M,
A261H, Q295R and Q412R.

[0083] Mutations of the wild-type A. terreus LovD acyltransferase of SEQ ID NO:2 that have
been found to correlate with reduced aggregation include, but are not limited to, N43R, D96R

and H404K.

[0084] Mutations of the wild-type A. terreus LovD acyltransferase of SEQ ID NO:2 that have
been found to correlate with increased enzyme stability under conditions of cell lysis include, but

are not limited to, C40R, C60R and D245E.

[0085] Positions within the wild-type 4. terreus LovD acyltransferase of SEQ ID NO:2 that can
be mutated without deleterious effect include, but are not limited to, I4N, A9V, K26E, R28K,
R28S, I35L, C40A, C40V, C40F, S41R, N43Y, C60F, C60Y, C60N, C60H, S109C, S142N,
Al84T, A184V,N1918S, A261T, A261E, A261V, L292R, Q297E, L355M, A377V, A383V,
N391D and H404R.

[0086] One important class of variant LovD polypeptides includes LovD polypeptides that
exhibit increased catalytic activity as compared to the wild-type A. terreus LovD acyltransferase
of SEQ ID NO:2. It has been discovered that including greater numbers of mutations increases
the catalytic activity of the LovD polypeptide. As illustrated by the exemplary embodiments of
variant LovD polypeptides provided in Table 1, infra, combinations of mutations from those
identified above can be selected to obtain variant LovD polypeptides having specified catalytic

and other properties. In Table 1, the indicated mutations are relative to SEQ ID NO:2 and the
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Al 23P;
L174F;
A247S:;
L361M
+ 40

ML57V; S172N, L174F; Al178L; N191S; A247S;, @G275S; L361M ++ 32 Al 23P;
Al78L; N191G A247S; &X75S; L361M + 34 Al 23P; L174F; A178L; N191S;
GWb3INMIM@BBBM L361M + 36 Al 23P; L174F; Al78L; NPETHIS20MBAFB49 R275S;
HA04K; + 38 Al 23P; L174F; A178L; A184V; N191S; A247S;, &X75S; L361M

Relative Activity is relative to the activity of the wild-type LovD acyltransferase from A. terreus.

Conditions used for the activity assay are provided in the Examples section.

Table 1

Relative

SEQ ID NO Mutations Activity

120 Al123P; L174F; A178L; N191S; A247S; L361M;

4 I35L; A123P; L174F; A178L; N191S; A247S; L361M;

Al23P; L174F; A178L; N191S; A247S; G275S; L361M;

8 A123P; L174F; A178L; N191S; A247S; R250K; L361M;

10 Al123P; L174F; A178L; N191S; A247S; Q297E; L361M;

12 R28K; A123P; L174F; A178L; N191S; A247S; L361M;

14 Al123P; L174F; A178L; A184T; N191S; A247S; L361M;

16 A123P; L174F; A178L; N191S; A247S; Q297E; L361M,;

18 A123P; L174F; A178L; N191S; L192I; A247S; L361M;

20 Al123P; L174F; A178L; N191S; A247S; R250K; L361M;
22 Al123P; L174F; A178L; N191S; A247S; A261E; 1L361M;

24 Al23P; L174F; A178L; N1918S; A247S; L361M; H404R;

26 K26E; A123P; L174F; A178L; N191S; A247S; L361M;

28 A123P; S172N; L174F; A178L; N191S; A247S; G275S; L361M;

30 Al123P; M157V; S172N; L174F; A178L; N191S; A247S; G275S; L361M;

32 Al123P; L174F; A178L; N191G; A247S; G275S; L361M;

34 Al123P; L174F; A178L; N1918S; A247S; G275S; L335M; L361M;

36 A123P; L174F; A178L; N1918S; A247S; G275S; L361M; H404K;

38 Al123P; L174F; A178L; A184V; N191S; A247S; G275S; L361M;

40 D96R; A123P; L174F; A178L; N191S; A247S; G275S; L361M;

42 Al123P; L174F; A178L; N191G; A247S; G275S; L361M;

44 Al23P; L174F; A178L; N1918S; A2478S; G275S; L335M; L361M;

46 A123P; L174F; A178L; N191S; A247S; G275S; L292R; L361M;

48 Al123P; L174F; A178L; N191S; L192I; A247S; R250K; G275S; Q297E; L361M;

50 A123P; L174F; A178L; N191S; L192I; A247S; R250K; G275S; L361M:

ol I ol S S R [ VR [P S e e [T (SR U (VU [V [OFUY U U S (O (ORI O

52 K26E; C40R; N43Y; A123P; L174F; A178L; N191S; L192I; A247S; G275S;

L361M;
54 K26E; CA0R; A123P; L174F; A178L; N191S; L192I; A247S; G275S; L361M; ++
56 K26E; A123P; L174F; A178L; N191S; A247S; G275S; L361M; +
58 A9V; K26E; A123P; M157V; S172N; L174F; A178L; N191S; L192I; A247S; e

R250K; G275S; Q297E; L361M; A383V;
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DO6R;, Al 23P; L174F, A178L; N191S; A247S; &75S; L361M + 42 Al 23P;, L174F,;
Al78L; N191G A247S; X75S; L361M + 44 Al 23P; L174F; A178L; NI191S; A247S;
Q275S; L3s6MP11LBEBNM + 46 Al 23P; L174F; A178L; N191S; APRCTHS2G8/P5849 L292R;
L361M + 48 Al 23P; L174F; A178L; N191S; L1921; A247S; R250K, &75S; Q97E;

L361M ++ 50

Table 1
. Relative
SEQ ID NO Mutations Activity

60 K26E; A123P; M157V; S172N; L174F; A178L; N1918S; L1921; A247S; R250K; it
G275S; L361M;
A123P; M157V; S172N; L174F; A178L; N191G; A247S; G275S; L335M;

62 =+
L361M;

64 N43R; D96R; A123P; M157V; S172N; L174F; A178L; N191S; A247S; G275S; i
L361M; H404K;

66 A9V; K26E; A123P; M157V; S172N; L174F; A178L; N191S; L1921; A247S; i
R250K; S256T; G275S; Q297E; L361M; A383V;

68 A9V; K26E; S41R; A123P; M157V; S172N; L174F; A178L; N191S; L192L; A
A247S; R250K; A261V; G275S; Q297E; L361M; A383V;

70 A9V; K26E; R28K; A123P; M157V; S164G; S172N; L174F; A178L; N191G; e
L192L; Q241M; A2478S; R250K; G275S; Q297E; L361M; V370I; A383V:
A9V; K26E; R28K; C40R; A123P; M157V; S164G; S172N; L174F; A178L;

72 N191G; L192L; Q241M; A247S; R250K; G275S; Q297E; L361M; V370I; +++
A383V;
A9V; K26E; R28K; C40R; A123P; M157V; S164G; S172N; L174F; A178L;

74 N191G; L192I; Q241M; A247S; R250K; G275S; Q297E; L361M; V370I; +++
A383V;

76 A9V; K26E; A123P; M157V; S164G; S172N; L174F; A178L; N191G; L1921; S
A2478; R250K; G2758; Q297E; L361M; V370L; A377V; A383V;
A9V; K26E; N43R; A123P; M157V; S164G; S172N; L174F; A178L; N191G;

78 L192I; Q241M; A247S; R250K; G275S; Q297E; L361M; V3701; A383V; -+
H404K;
A9V; K26E; N43R; D96R; A123P; M157V; S164G; S172N; L174F; A178L;

80 N191G; L192[; Q241M; A247S; R250K; G275S; Q297E; L361M; V3701; ++++
A383V; H404K;

82 A9V; K26E; D96R; A123P; M157V; S164G; S172N; L174F; A178L; N191G;
L1921; Q241M; A2478S; R250K; G275S; Q297E; L361M; V370I; A383V;

84 A9V; K26E; D96R; A123P; M157V; S172N; L174F; A178L; N191G; L192I; —
Q241M; A2478S; R250K; G275S; Q297E; L361M; V370I; A383V;

36 A9V; K26E; N43R; D96R; A123P; M157V; S164G; S172N; L174F; A178L; i
NI191G; L192I; A247S; R250K; G275S; Q297E; L361M; V370I; A383V; H404K;
A9V; K26E; N43R; D96R; A123P; M157V; S164G; S172N; L174F; A178L;

88 N191G; L192I; Q241M; A247S; R250K; G275S; Q297E; L361M; V3701; +H++
A383V;
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Al 23P; L174F;, A178L; N191S; L1921; A247S; R250K;, @&75S; L361M ++ 52 K26E;
C4A0R; N43Y; Al 23P;, L174F, A178L; N191S; L1921, A247S, &X75S; L361M ++ 54
K26E;, CAORD 20012BR231L174F; A178L; N191S; L1921; A247S; GPTIHS211803009 56
K26E; Al 23P; L174F, A178L; N191S; A247S; &X75S; L361M 58 A9V, K26E;

Al 23P; ML57V; S172N;, L174F; A178L; N191S; L1921; A247S; R250K; &X75S;
Q97E; L361M A383V, o

Table 1

Relative

SEQID NO Mutations Activity

A9V; K26E; R28S; N43R; A123P; M157V; S164G; S172N; L174F; A178L;
90 N191G; L192I; Q241M; A247S; R250K; D254E; G275S; Q297E; L361M; V370L;| ++++
A383V; H404K;

A9V; K26E; N43R; A123P; M157V; S164G; S172N; L174F; A178L; N191G;
92 L192I; Q241M; A247S; R250K; A261V; G275S; Q295R; Q297E; L361M: V370L;| ++++
A383V; H404K; Q412R,;

A9V; K26E; N43R; A123P; M157V; S164G; S172N; L174F; A178L; N191G;
94 L192L; Q241M; A247S; R250K; A261V; G275S; Q297E; L361M; V370I; -+
A383V; H404K;

A9V; K26E; N43R; A123P; M157V; S164G; S172N; L174F; A178L; N191G;
96 L1921; Q241M; A247S; R250K; A261V; G275S; Q295R; Q297E; L361M; V370L;| +++
A383V; N391D; H404K;

A9V; K26E; N43R; A123P; M157V; S164G; S172N; L174F; A178L; N191G;
98 L1921; Q241M; A247S; R250K; S256T; A261V; G275S; Q297G; L361M; V370L;| ++++
A383V; N3918S; H404K ;

A9V; K26E; N43R; A123P; M157V; S164G; S172N; L174F; A178L; N191G;
100 L192L; Q241M; A247S; R250K; S256T; A261V; G275S; Q297G; L361M; V370I;| ++++
A383V; N391S; H404K;

A9V; K26E; N43R; S109C; A123P; M157V; S164G; S172N; L174F; A178L;
102 N191G; L192I; Q241M; A247S; R250K; S256T; A261V; G275S; Q297G; 4+
L361M; V370I; A383V; N3918S; H404K,

A9V; K26E; N43R; A123P; M157V; S164G; S172N; L174F; A178L; N191G;
104 L1921; Q241M; A2478S; R250K; S256T; A261H; G275S; Q297G; L361M; V370L;| ++++
A383V; N391S; H404K;;

A9V; K26E; N43R; A123P; M157V; S164G; S172N; L174F; A178L; N191G;
106 L1921; Q241M; A247S; R250K; S256T; A261H; G275S; Q295R; Q297G; -+
L361M; V370I; A383V; N391S; H404K; Q412R;

I4AN; A9V; K26E; R28S; N43R; A123P; M157V; S164G; S172N; L174F; A178L;
108 N191G; L192IL; Q241M; A2478S; R250K; S256T; A261H; G275S; Q297G; ++4+-+
L361M; V370I; A383V; N391S; H404K;

I4AN; A9V; K26E; R28S; N43R; A123P; M157V; S164G; S172N; L174F; A178L;
110 N191G; L192L; Q241M; A247S; R250K; D254E; S256T; A261H; G275S; -+
Q297G; L361M; V370I; A383V; N391S; H404K;

I14N; A9V; K26E; R28S; N43R; S109C; A123P; M157V; S164G; S172N; L174F;
112 Al78L; N191G; L192I; Q241M; A247S; R250K; S256T; A261H; G275S; -+
Q295R; Q297G; L361M; V370L; A383V; N391S; H404K; Q412R;

IAN; A9V; K26E; R28S; I35L; N43R; D96R; A123P; M157V; S164G; S172N;
114 L174F; A178L; N191G; L192[; Q241M; A247S; R250K; S256T; A261H; G275S; | ++++
Q297G; L335M; L361M; V370L; A383V; N391S; H404K;
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WO 2011/ 041231PCT/ US2010/ 050249 Table 1 SEQ I D NO Mutati ons Rel ative
Activity 60 K26E; Al 23P; ML57V; S172N; L174F; A178L; N191S; L1921; A247S;
R250K; GAWO3p11BEBN +++ 62 Al 23P; ML57V; S172N; L172ET/UAn810502M191G;

A247S; &XZ75S; L335M L361M ++

Table 1

Relative

SEQ ID NO Moutations Activity

HN; A9V; K26E; R28S; I35L; N43R; DI6R; S109C; A123P; M157V; S164G:;
116 S172N; L174F; A178L; N191G; L192I; Q241M; A247S; R250K; S256T; A261H; | ++++
G2758S; Q297G; L335M; L361M; V370L; A383V; N391S; H404K;

I4N; A9V; K26E; R28S; I35L; C40R; N43R; C60R; D96R; S109C; A123P;
MI57V; S164G; S172N; L174F; A178L; N191G; L192I; Q241M; A247S;
R250K; D254E; S256T; A261H; G275S; Q297G; L335M; L361M; V370I;
A383V; N391S; H404K;

118 -+

[0087] In Table 1, variants with a relative activity of “+” exhibited from about 10 to 50-fold
greater activity than wild-type; variants with a relative activity of “++” exhibited from about 50
to 100-fold greater activity than wild type; variants with a relative activity of “+++ exhibited
from about 100 to 500-fold greater activity than wild type; and variants with a relative activity of
“++++” exhibited from about 500 to 2000-fold greater activity than wild type.

[0088] In some embodiments, mutations are selected from those identified above to yield variant
LovD polypeptides exhibiting at least two-fold greater catalytic activity than the wild-type A.
terreus LovD. Such variant LovD polypeptides have amino acid sequences that correspond to
SEQ ID NO:2, but include at least the following two mutations: L.174F and A178L, and
optionally from one to about 30 additional mutations selected from the various mutations

identified above, and optionally from about one to 20 additional conservative mutations.

[0089] In some embodiments, mutations are selected from those identified above to yield variant
LovD polypeptides exhibiting at least about 10-fold greater catalytic activity than the wild-type
A. terreus LovD. Such variant LovD polypeptides have amino acid sequences that correspond to
SEQ ID NO:2, but include at least the following mutations: A123P, L174F, A178F, N191(S or
G), A247S and L361M, and from zero to about 26 additional mutations selected from the various
mutations identified above, and optionally from about 1 to about 20 additional conservative

mutations. Specific exemplary variant LovD polypeptides are provided in Table 1.

[0090] In some embodiments, the variant LovD polypeptides have amino acid sequences that

correspond to the variant LovD polypeptides of Table 1 and include one or more conservative
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64 NA3R, DI96R; Al 23P; ML57V; S172N; L174F; A178L; N191S; A247S; (X75S-
L361M 11404K;' ++ 66 A9V, K26E; Al 23P;, ML57V;, S172N, L174F;, A178L; N191S;
L1921; AMO1IRABDIK, S256T, &XZ75S; RI97E; L361M A383V, PEFAUIS2010880248)V,
K26E;, S41R;, Al 23P; ML57V; S172N, L174F; A178L; N191S; L1921; A247S; R250K;

A261V; X75S; (RI97E, L361M A383V,

amino acid substitutions, typically at residue positions that are not mutated as compared to SEQ
ID NO:2. In some embodiments, the number of conservative amino acid substitutions is selected
such that the sequence of a specific variant LovD polypeptide retains at least about 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98% or 99% identity with the specific reference variant LovD polypeptide.

[0091] The mutations identified above, along with the specific exemplary variant LovD
polypeptides provided in Table 1, can be used to create variant LovD polypeptides having
specific properties. For example, variant LovD polypeptides having greater thermal stability
than the wild-type 4. terreus acyltransferase of SEQ ID NO:2 can be obtained by including one
of or more mutations identified above that correlate with increased thermal stability. By “mixing
and matching” mutations from the different categories, variant LovD polypeptides having

improvements in one or more different properties can be readily obtained.

[0092] In some embodiments, mutations are selected such that the variant LovD polypeptides are

thermally stable.

[0093] In some embodiments, mutations are selected such that the variant LovD polypeptides are
more stable to conditions of cell lysis than the wild-type 4. ferreus aclytransferase of SEQ ID
NO:2. Increased stability to cell lysis can be measured by pre-incubating the lysate at an

elevated temperature (for example, 35 to 45 °C) and finding residual activity.

[0094] In some embodiments, mutations are selected such that the variant LovD polypeptides
exhibit less aggregation than the wild-type 4. terreus acyltransferase of SEQ ID NO:2 as
determined in, for example, 100 mM triethanolamine buffer at a pH of 8to 9 and at a
temperature of 25 °C.

[0095] Skilled artisans will appreciate that in many instances, the full length variant LovD
polypeptide is not necessary for the enzyme to retain catalytic activity. Accordingly, truncated
analogs and catalytically active fragments of the variant LovD polypeptides are contemplated.
For example, in some embodiments, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acids may be omitted. In
additional embodiments, variant LovD polypeptides include truncated polypeptides wherein 1 to

15 amino acids may be omitted from the N-terminus and 1 to 6 amino acids may be omitted from
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the C-terminus. Any specific truncated analog or fragment can be assessed for catalytic activity

utilizing the assays provided in the Examples section.

[0096] Likewise, additional amino acid residues can be added to one or both termini without
deleteriously affecting catalytic activity. Accordingly, while many exemplary embodiments of
the variant LovD polypeptides described herein contain 413 amino acid residues, analogs that
include from about 1 to about 434 additional amino acids at one or both termini are also
contemplated. The additional sequence may be functional or non-functional. For example, the
additional sequence may be designed to aid purification, act as a label, or perform some other
function. Thus, the variant LovD polypeptides of the disclosure can be in the form of fusion
polypeptides in which the variant LovD polypeptides (or fragments thereof) are fused to other
polypeptides, such as, by way of example and not limitation, antibody tags (e.g., myc epitope),
purifications sequences (e.g., His tags for binding to metals), and cell localization signals (e.g.,

secretion signals).

[0097] The variant LovD polypeptides can be obtained by conventional means, including
chemical synthesis and recombinant expression. Polynucleotides and host cells useful for
recombinant expression are described below. Variant LovD polypeptides obtained by synthetic
means can include nen-genetically encoded amino acids, as is known in the art. Commonly
encountered non-encoded amino acids that can be included in synthetic variant LovD
polypeptides include, but are not limited to: 2,3-diaminopropionic acid (Dpr);
a-aminoisobutyric acid (Aib); e-aminohexanoic acid (Aba); 8-aminovaleric acid (Ava); N-
methylglycine or sarcosine (MeGly or Sar); ornithine (Orn); citrulline (Cit); t-butylalanine (Bua);
t-butylglycine (Bug); N-methylisoleucine (Melle); phenylglycine (Phg); cyclohexylalanine
(Cha); norleucine (Nle); naphthylalanine (Nal); 2-chlorophenylalanine (Ocf); 3-
chlorophenylalanine (Mcf); 4-chlorophenylalanine (Pcf); 2-fluorophenylalanine (Off);
3-fluorophenylalanine (Mff); 4-fluorophenylalanine (Pff); 2-bromophenylalanine (Obf); 3-
bromophenylalanine (Mbf); 4-bromophenylalanine (Pbf); 2-methylphenylalanine (Omf); 3-
methylphenylalanine (Mmf); 4-methylphenylalanine (Pmf); 2-nitrophenylalanine (Onf); 3-
nitrophenylalanine (Mnf); 4-nitrophenylalanine (Pnf); 2-cyanophenylalanine (Ocf); 3-
cyanophenylalanine (Mcf); 4-cyanophenylalanine (Pcf); 2-trifluoromethylphenylalanine (Otf); 3-
trifluoromethylphenylalanine (Mtf); 4-trifluoromethylphenylalanine (Ptf); 4-aminophenylalanine
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(Paf); 4-iodophenylalanine (Pif); 4-aminomethylphenylalanine (Pamf); 2,4-
dichlorophenylalanine (Opef); 3,4-dichlorophenylalanine (Mpcf); 2,4-difluorophenylalanine
(Opft); 3,4-difluorophenylalanine (Mpff); pyrid-2-ylalanine (2pAla); pyrid-3-ylalanine (3pAla);
pyrid-4-ylalanine (4pAla); naphth-1-ylalanine (1nAla); naphth-2-ylalanine (2nAla);
thiazolylalanine (taAla); benzothienylalanine (bAla); thienylalanine (tAla); furylalanine (fAla);
homophenylalanine (hPhe); homotyrosine (hTyr); homotryptophan (hTrp);
pentafluorophenylalanine (5ff); styrylkalanine (sAla); authrylalanine (aAla); 3,3-diphenylalanine
(Dfa); 3-amino-5-phenypentanoic acid (Afp); penicillamine (Pen); 1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid (Tic); B-2-thienylalanine (Thi); methionine sulfoxide
(Mso); N(w)-nitroarginine (nArg); homolysine (hLys); phosphonomethylphenylalanine (pmPhe);
phosphoserine (pSer); phosphothreonine (pThr); homoaspartic acid (hAsp); homoglutamic acid
(hGlu); 1-aminocyclopent-(2 or 3)-ene-4 carboxylic acid; pipecolic acid (PA), azetidine-3-
carboxylic acid (ACA); 1-aminocyclopentane-3-carboxylic acid; allylglycine (aOly);
propargylglycine (pgGly); homoalanine (hAla); norvaline (nVal); homoleucine (hLeu),
homovaline (hVal); homoisoleucine (hlle); homoarginine (hArg); N-acetyl lysine (AcLys);
2,4-diaminobutyric acid (Dbu); 2,3-diaminobutyric acid (Dab); N-methylvaline (MeVal);
homocysteine (hCys); homoserine (hSer); hydroxyproline (Hyp) and homoproline (hPro).
Additional non-encoded amino acids of which the polypeptides described herein may be
comprised will be apparent to those of skill in the art (see, e.g., the various amino acids provided
in Fasman, 1989, CRC Practical Handbook of Biochemistry and Molecular Biology, CRC Press,
Boca Raton, FL, at pp. 3-70 and the references cited therein, all of which are incorporated by

reference). These amino acids may be in either the L- or D-configuration and are preferable in

the L- configuration.

[0098] When utilized, such non-encoded amino acids are generally selected such that they are
conservative substitutions as compared to the reference sequence. Non-encoded amino acids can
impart the variant LovD polypeptides with improved properties, such as, for example, increased
solubility in desired solvents, increased stability to proteases, etc. Such non-encoded amino
acids will typically be included at only a few residue positions, for example, such that greater
than 98% or 99% of the variant LovD polypeptide is composed of genetically encoded amino

acids.
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6.4. Nucleic Acids

[0099] In another aspect, the present disclosure provides polynucleotides encoding the variant

LovD polypeptides. The polynucleotides may be operatively linked to one or more regulatory

sequences that control gene expression to create a recombinant polynucleotide capable of

expressing the variant LovD polypeptide. Expression constructs comprising a polynucleotide

sequence encoding a variant LovD polypeptide can be introduced into appropriate host cells to

express the corresponding variant LovD polypeptide.

[0100] Because of the known genetic code, availability of a polypeptide sequence provides a
description of all the polynucleotides capable of encoding that polypeptide. The degeneracy of
the genetic code yields an extremely large number of nucleic acids encoding a specific variant
LovD polypeptide. Thus, having identified a particular polypeptide sequence, those skilled in
the art could make any number of different nucleic acids encoding that polypeptide sequence by
simply modifying the sequence of one or more codons in a way that does not alter the encoded
sequence. In this regard, the present disclosure specifically contemplates each and every
possible individual polynucleotide that encodes a specified polypeptide sequence, and all such
individual nucleic acids are to be considered specifically disclosed for any variant LovD

polypeptide disclosed herein.

[0101] In some embodiments, the polynucleotides comprise codons that are optimized for
expression in a specific type of host cell. Codon usage and biases for a variety of different types
of microorganisms are well known, as are optimized codons for expression of specific amino
acids in each of these microorganisms. (See, e. g., Andersson, S G, and C G Kurland, 1990,
Microbiol. Mol. Biol. Rev. 54(2): 198-210. Ermolaeva, M D., 2001, Current Issues in Molecular
Biology 3(4): 91-97).

[0102] In some embodiments, the polynucleotides encoding the variant LovD polypeptides can
be provided as expression vectors, where one or more control sequences are present to regulate
the expression of the polynucleotides. Manipulation of the isolated polynucleotide prior to its
insertion into a vector may be desirable or necessary depending on the expression vector.
Techniques for modifying polynucleotides and nucleic acid sequences utilizing recombinant

DNA methods are well known in the art. Guidance is provided in Sambrook ez al., 2001,
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Molecular Cloning: A Laboratory Manual, 3rd Ed., Cold Spring Harbor Laboratory Press; and
Current Protocols in Molecular Biology, Ausubel. F. ed., Greene Pub. Associates, 1998, updates
to 2006.

[0103] In some embodiments, the control sequences include among others, promoters, leader
sequences, polyadenylation sequences, propeptide sequences, signal peptide sequences, and
transcription terminators. For bacterial host cells, suitable promoters for directing transcription
encoding sequence include, but are not limited to, promoters obtained from the E. coli lac
operon, E. coli trp operon, bacteriophage A, Streptomyces coelicolor agarase gene (dagA),
Bacillus subtilis levansucrase gene (sacB), Bacillus licheniformis alpha-amylase gene (amyl),
Bacillus stearothermophilus maltogenic amylase gene (amyM), Bacillus amyloliquefaciens
alpha-amylase gene (amyQ), Bacillus licheniformis penicillinase gene (penP), Bacillus subtilis
xyl4 and xyIB genes, and prokaryotic beta-lactamase gene (Villa-Kamaroff et al., 1978, Proc.
Natl Acad. Sci. USA 75: 3727-3731), as well as the fac promoter (DeBoer et al., 1983, Proc.
Natl Acad. Sci. USA 80: 21-25).

[0104] For filamentous fungal host cells, suitable promoters include, but are not limited to,
promoters obtained from the genes for Aspergillus oryzae TAKA amylase, Rhizomucor miehei
aspartic proteinase, Aspergillus niger neutral alpha-amylase, Aspergillus niger acid stable alpha-
amylase, Aspergillus niger or Aspergillus awamori glucoamylase (glad), Rhizomucor michei
lipase, Aspergillus oryzae alkaline protease, Aspergillus oryzae triose phosphate isomerase,
Aspergillus nidulans acetamidase, and Fusarium oxysporum trypsin-like protease (see, e.g., WO
96/00787, which is hereby incorporated by reference herein), as well as the NA2-tpi promoter (a
hybrid of the promoters from the genes for Aspergillus niger neutral alpha-amylase and
Aspergillus oryzae triose phosphate isomerase), and mutant, truncated, and hybrid promoters
thereof.

[0105] In a yeast host, useful promoters can be from the genes for Saccharomyces cerevisiae
enolase (ENO-1), Saccharomyces cerevisiae galactokinase (GALI), Saccharomyces cerevisiae
alcohol dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (4DH2/GAP), and
Saccharomyces cerevisiae 3-phosphoglycerate kinase. Other useful promoters for yeast host cells

are described by Romanos et al., 1992, Yeast 8:423-488.
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[0106] The control sequence may also be a suitable transcription terminator sequence, that is, a
sequence recognized by a host cell to terminate transcription. The terminator sequence is
operably linked to the 3' terminus of the nucleic acid sequence encoding the polypeptide. Any

terminator which is functional in the host cell of choice may be used.

[0107] For example, exemplary transcription terminators for filamentous fungal host cells can be
obtained from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger glucoamylase,
Aspergillus nidulans anthranilate synthase, Aspergillus niger alpha-glucosidase, and Fusarium

oxysporum trypsin-like protease.

[0108] Exemplary terminators for yeast host cells can be obtained from the genes for
Saccharomyces cerevisiae enolase, Saccharomyces cerevisiae cytochrome C (CYCI), and
Saccharomyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful terminators

for yeast host cells are described by Romanos ef al., 1992, supra.

[0109] The control sequence may also be a suitable leader sequence, a nontranslated region of an
mRNA that is important for translation by the host cell. The leader sequence is operably linked
to the 5' terminus of the nucleic acid sequence encoding the polypeptide. Any leader sequence
that is functional in the host cell of choice may be used. Exemplary leaders for filamentous
fungal host cells are obtained from the genes for Aspergillus oryzae TAKA amylase and
Aspergillus nidulans triose phosphate isomerase. Suitable leaders for yeast host cells are
obtained from the genes for Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces
cerevisiae 3-phosphoglycerate kinase, Saccharomyces cerevisiae alpha-factor, and
Saccharomyces cerevisiae alcohol dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase
(ADH2/GAP).

[0110] The control sequence may also be a polyadenylation sequence, a sequence operably
linked to the 3' terminus of the nucleic acid sequence and which, when transcribed, is recognized
by the host cell as a signal to add polyadenosine residues to transcribed mRNA. Any
polyadenylation sequence which is functional in the host cell of choice may be used in the
present invention. Exemplary polyadenylation sequences for filamentous fungal host cells can
be from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger glucoamylase,

Aspergillus nidulans anthranilate synthase, Fusarium oxysporum trypsin-like protease, and
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Aspergillus niger alpha-glucosidase. Useful polyadenylation sequences for yeast host cells are
described by Guo & Sherman, 1995, Mol. Cell Bio. 15:5983-5990.

[0111] The control sequence may also be a signal peptide coding region that codes for an amino
acid sequence linked to the amino terminus of a polypeptide and directs the encoded polypeptide
into the cell's secretory pathway. The 5' end of the coding sequence of the nucleic acid sequence
may inherently contain a signal peptide coding region naturally linked in translation reading
frame with the segment of the coding region that encodes the secreted polypeptide.
Alternatively, the 5' end of the coding sequence may contain a signal peptide coding region that
is foreign to the coding sequence. The foreign signal peptide coding region may be required

where the coding sequence does not naturally contain a signal peptide coding region.

[0112] Effective signal peptide coding regions for bacterial host cells are the signal peptide
coding regions obtained from the genes for Bacillus NCIB 11837 maltogenic amylase, Bacillus
stearothermophilus alpha-amylase, Bacillus licheniformis subtilisin, Bacillus licheniformis beta-
lactamase, Bacillus stearothermophilus neutral proteases (nprT, nprS, nprM), and Bacillus
subtilis prsA. Further signal peptides are described by Simonen & Palva, 1993, Microbiol. Rev.
57: 109-137.

[0113] Effective signal peptide coding regions for filamentous fungal host cells can be the signal
peptide coding regions obtained from the genes for Aspergillus oryzae TAKA amylase,
Aspergillus niger neutral amylase, Aspergillus niger glucoamylase, Rhizomucor miehei aspartic

proteinase, Humicola insolens cellulase, and Humicola lanuginosa lipase.

[0114] Useful signal peptides for yeast host cells can be from the genes for Saccharomyces
cerevisiae alpha-factor and Saccharomyces cerevisiae invertase. Other useful signal peptide

coding regions are described by Romanos et al., 1992, supra.

[0115] The control sequence may also be a propeptide coding region that codes for an amino
acid sequence positioned at the amino terminus of a polypeptide. The resultant polypeptide is
known as a proenzyme or propolypeptide (or a zymogen in some cases). A propolypeptide is
generally inactive and can be converted to a mature active polypeptide by catalytic or
autocatalytic cleavage of the propeptide from the propolypeptide. The propeptide coding region

may be obtained from the genes for Bacillus subtilis alkaline protease (aprE), Bacillus subtilis
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neutral protease (nprT), Saccharomyces cerevisiae alpha-factor, Rhizomucor michei aspartic

proteinase, and Myceliophthora thermophila lactase (see, e.g., WO 95/33836).

[0116] Where both signal peptide and propeptide regions are present at the amino terminus of a
polypeptide, the propeptide region is positioned next to the amino terminus of a polypeptide and

the signal peptide region is positioned next to the amino terminus of the propeptide region.

[0117] It may also be desirable to include regulatory sequences that permit regulation of the
expression of the polypeptide relative to the growth of the host cell. Examples of regulatory
systems are those which cause the expression of the gene to be turned on or off in response to a
chemical or physical stimulus, including the presence of a regulatory compound. In prokaryotic
host cells, suitable regulatory sequences include the lac, tac, and trp operator systems. In yeast
host cells, suitable regulatory systems include, as examples, the ADH2 system or GALI system.
In filamentous fungi, suitable regulatory sequences include the TAKA alpha-amylase promoter,

Aspergillus niger glucoamylase promoter, and Aspergillus oryzae glucoamylase promoter.

[0118] Other examples of regulatory sequences are those that allow for gene amplification. In
eukaryotic systems, these include the dihydrofolate reductase gene, which is amplified in the
presence of methotrexate, and the metallothionein genes, which are amplified with heavy metals.
In these cases, the nucleic acid sequence encoding the transaminase polypeptide of the present

invention would be operably linked with the regulatory sequence.

[0119] Thus, in another embodiment, the present disclosure is also directed to a recombinant
expression vector comprising a polynucleotide encoding a variant LovD polypeptide, or a
catalytically active fragment thereof, and one or more expression regulating regions such as a
promoter and a terminator, a replication origin, etc., depending on the type of hosts into which
they are to be introduced. The various nucleic acid and control sequences described above may
be joined together to produce an expression vector which may include one or more convenient
restriction sites to allow for insertion or substitution of the nucleic acid sequence encoding the
polypeptide at such sites. Alternatively, the nucleic acid sequence of the present disclosure may
be expressed by inserting the nucleic acid sequence or a nucleic acid construct comprising the

sequence into an appropriate vector for expression. In creating the expression vector, the coding
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sequence positioned within the vector so that the coding sequence is operably linked with the

appropriate control sequences for expression.

[0120] The expression vector may be any vector (e.g., a plasmid or virus), which can be
conveniently subjected to recombinant DNA procedures and can bring about the expression of
the polynucleotide sequence. The choice of the vector will typically depend on the compatibility
of the vector with the host cell into which the vector is to be introduced. The vectors may be

linear or closed circular plasmids.

[0121] The expression vector may be an autonomously replicating vector, i.e., a vector that
exists as an extrachromosomal entity, the replication of which is independent of chromosomal
replication, e.g., a plasmid, an extrachromosomal element, a minichromosome, or an artificial
chromosome. The vector may contain any means for assuring self-replication. Alternatively, the
vector may be one which, when introduced into the host cell, is integrated into the genome and
replicated together with the chromosome(s) into which it has been integrated. Furthermore, a
single vector or plasmid or two or more vectors or plasmids which together contain the total

DNA to be introduced into the genome of the host cell, or a transposon may be used.

[0122] The expression vector may contain one or more selectable markers, which permit easy
selection of transformed cells. A selectable marker is a gene the product of which provides for
biocide or viral resistance, resistance to heavy metals, prototrophy to auxotrophs, and the like.
Examples of bacterial selectable markers are the dal genes from Bacillus subtilis or Bacillus
licheniformis, or markers, which confer antibiotic resistance such as ampicillin, kanamycin,
chloramphenicol, or tetracycline resistance. Suitable markers for yeast host cells are ADE2,

HIS3, LEU2, LYS2, MET3, TRP1, and URA3.

[0123] Selectable markers for use in a filamentous fungal host cell include, but are not limited
to, amds (acetamidase), argB (omnithine carbamoyltransferase), bar (phosphinothricin
acetyltransferase), iph (hygromycin phosphotransferase), niaD (nitrate reductase), pyrG
(orotidine-5'-phosphate decarboxylase), sC (sulfate adenyltransferase), and trpC (anthranilate
synthase), as well as equivalents thereof. Embodiments for use in an 4spergillus cell include the
amds and pyrG genes of Aspergillus nidulans or Aspergillus oryzae and the bar gene of

Streptomyces hygroscopicus.
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[0124] Expression vectors for expressing the variant LovD polypeptides can contain an
element(s) that permits integration of the vector into the host cell's genome or autonomous
replication of the vector in the cell independent of the genome. For integration into the host cell
genome, the vector may rely on the nucleic acid sequence encoding the polypeptide or any other
element of the vector for integration of the vector into the genome by homologous or

nonhomologous recombination.

[0125] Alternatively, the expression vector may contain additional nucleic acid sequences for
directing integration by homologous recombination into the genome of the host cell. The
additional nucleic acid sequences enable the vector to be integrated into the host cell genome at a
precise location(s) in the chromosome(s). To increase the likelihood of integration at a precise
location, the integrational elements should preferably contain a sufficient number of nucleic
acids, such as 100 to 10,000 base pairs, preferably 400 to 10,000 base pairs, and most preferably
800 to 10,000 base pairs, which are highly homologous with the corresponding target sequence
to enhance the probability of homologous recombination. The integrational elements may be any
sequence that is homologous with the target sequence in fhe genome of the host cell.
Furthermore, the integrational elements may be non-encoding or encoding nucleic acid
sequences. On the other hand, the vector may be integrated into‘the genome of the host cell by

non-homologous recombination.

[0126] For autonomous replication, the vector may further comprise an origin of replication
enabling the vector to replicate autonomously in the host cell in question. Examples of bacterial
origins of replication are P154 ori (as shown in the plasmid of FIG. 5) or the origins of
replication of plasmids pBR322, pUC19, pACYCI77 (which plasmid has the P154 ori), or
pACYC184 permitting replication in E. coli, and pUBI110, pE194, pTA1060, or pAMBI
permitting replication in Bacillus. Examples of origins of replication for use in a yeast host cell
are the 2 micron origin of replication, ARSI, ARS4, the combination of ARSI and CEN3, and the
combination of 4RS4 and CENG. The origin of replication may be one having a mutation which
makes it’s functioning temperature-sensitive in the host cell (see, e.g., Ehrlich, 1978, Proc Natl
Acad Sci. USA 75:1433).
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Al 23P;
R250K;
H404K;

L1921; QR41M A247S;, R250K; S256T; A261H, &75S;, R97G L361M
A380\11N39BS; HA04K; +-F-H 110 14N, A9V; KPEE/USRN8S502M3R;
ML57V; S164G S172N, L174F; Al178L; N191G L1921, QR41M A247S;
D254E; S256T; A261H, &75S; 297G L361M V3701; A383V; N391S;

[0127] More than one copy of a variant LovD-encoding nucleic acid may be inserted into a host
cell to increase production of the gene product. An increase in the copy number of the nucleic
acid sequence can be obtained by integrating at least one additional copy of the sequence into the
host cell genome or by including an amplifiable selectable marker gene with the nucleic acid
sequence where cells containing amplified copies of the selectable marker gene, and thereby
additional copies of the nucleic acid sequence, can be selected for by cultivating the cells in the

presence of the appropriate selectable agent.

[0128] Many of the vectors useful for expressing variant LovD polypeptides are commercially
available. Suitable commercial expression vectors include p3xFLAGTMTM expression vectors
from Sigma-Aldrich Chemicals, St. Louis MO., which includes a CMV promoter and hGH
polyadenylation site for expression in mammalian host cells and a pBR322 origin of replication
and ampicillin resistance markers for amplification in E. coli. Other suitable expression vectors
are pBluescriptl] SK(-) and pBK-CMV, which are commercially available from Stratagene,
LaJolla CA, and plasmids which are derived from pBR322 (Gibco BRL), pUC (Gibco BRL),
DPREP4, pCEP4 (Invitrogen) or pPoly (Lathe et al., 1987, Gene 57:193-201).

6.5.  Methods of Making the LovD Variant Polypeptides and Nucleic Acids
[0129] Variant LovD polypeptides and polynucleotides encoding such polypeptides can be
prepared using methods commonly used by those skilled in the art.

[0130] Variants of specifically disclosed variants can be obtained by subjecting the
polynucleotide encoding the variant to mutagenesis and/or directed evolution methods. An
exemplary directed evolution technique is mutagenesis and/or DNA shuffling as described in
Stemmer, 1994, Proc Natl Acad Sci USA 91:10747-10751; WO 95/22625; WO 97/0078; WO
97/35966; WO 98/27230; WO 00/42651; WO 01/75767 and U.S. Pat. 6,537,746 (each of which

is hereby incorporated by reference herein).

[0131] Other directed evolution procedures that can be used include, among others, staggered
extension process (StEP), in vitro recombination (Zhao et al., 1998, Nat. Biotechnol. 16:258—
261), mutagenic PCR (Caldwell e al., 1994, PCR Methods Appl. 3:5136-S140), and cassette
mutagenesis (Black ez al., 1996, Proc Natl Acad Sci USA 93:3525-3529). Mutagenesis and

directed evolution techniques useful for obtaining additional variants are also described in the
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112 14N, A9V, K26E; R28S; MN43R, S109C, Al 23P; ML57V, S164G S172N, L174F;
Al78L; N191G L1921; QR41M A247S; R250K; S256T; A261H, &X75S; QRI5R
Q997G L3sONp11B731; A383V; N391S; 11404K;, A412R; 1PCT/UB2600/03020M) A9V,
K26E; R28S; 135L; N43R, D96R; Al 23P; ML57V; S164G S172N; L174F; Al78L;
N191G L1921; QR41M A247S; R250K; S256T; A261H, Q&75S; Q297G L335|Vl
L361M V3701; A383V; N391S; HA04K;
following references: Ling et al., 1997, “Approaches to DNA mutagenesis: an overview,” Anal.
Biochem. 254(2):157-78; Dale et al., 1996, “Oligonucleotide-directed random mutagenesis using
the phosphorothioate method,” Methods Mol. Biol. 57:369-74; Smith, 1985, “In vitro
mutagenesis,” Ann. Rev. Genet. 19:423-462; Botstein et al., 1985, “Strategies and applications
of in vitro mutagenesis,” Science 229:1193-1201; Carter, 1986, “Site-directed mutagenesis,”
Biochem. J. 237:1-7; Kramer et al., 1984, “Point Mismatch Repair,” Cell 38:879-887; Wells et
al., 1985, “Cassette mutagenesis: an efficient method for generation of multiple mutations at
defined sites,” Gene 34:315-323; Minshull et al., 1999, “Protein evolution by molecular
breeding,” Curr Opin Chem Biol 3:284-290; Christians ef al., 1999, “Directed evolution of
thymidine kinase for AZT phosphorylation using DNA family shuffling,” Nature Biotech
17:259-264; Crameri et al., 1998, “DNA shuffling of a family of genes from diverse species
accelerates directed evolution,” Nature 391:288-291; Crameri et al., 1997, “Molecular evolution
of an arsenate detoxification pathway by DNA shuffling,” Nature Biotech 15:436-438; Zhang et
al., 1997, “Directed evolution of an effective fructosidase from a galactosidase by DNA
shuffling and screening,” Proc Natl Acad Sci USA 94:45-4-4509; Crameri et al., 1996,
“Improved green fluorescent protein by molecular evolution using DNA shuffling,” Nature
Biotech 14:315-319; Stemmer, 1994, “Rapid evolution of a protein in vitro by DNA shuffling,”
Nature 370:389-391; U.S. Pat. No. 6,117,679 (Stemmer, Sept 12, 2000); U.S. Pat. No. 6,376,246
(Crameri et al., Apr 23, 2002); U.S. Pat. No. 6,586,182 (Patten et al., Jul 1, 2003); U.S. Pat. App.
No. 2008/0220990 (Fox, Sept 11, 2008); and U.S. Pat. App. No. 2009/0312196 (Colbeck ef al.,

Dec 17, 2009).

[0132] Variant LovD polypeptides can be obtained via recombinant expression in host cells, as
described above. The expressed variant LovD polypeptide can be recovered from the cells and
or the culture medium using any one or more of the well known techniques for protein
purification, including, among others, lysozyme treatment, sonication, filtration, salting-out,
ultra-centrifugation, and chromatography. Suitable reagents for lysing and the high efficiency
extraction of proteins from bacteria, such as E. coli., are commercially available under the trade
name CelLytic BTM from Sigma-Aldrich of St. Louis MO.

[0133] Chromatographic techniques for isolation and/or purification of the variant LovD

polypeptide include, among others, reverse phase chromatography, high performance liquid
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1111 WO 2011/ 041231PCT/ US2010/ 050249 Table 1 SEQ I D NO Mutations Rel ative
Activity 116 14N, A9V; K26E; R28S; |35L; NA3R, DI96R;, S109C;, Al 23P; ML57V;
S164G SIWONp1LBT28F;, AL178L; N191G L1921; QR41M A247S; PRIAGE)1082B4T ;
A261H, &XR75S; QR97G L335M L361M V3701; A383V; N391S; H404K;

chromatography, ion exchange chromatography, gel electrophoresis, and affinity
chromatography. Conditions for purifying a particular enzyme will depend, in part, on factors
such as net charge, hydrophobicity, hydrophilicity, molecular weight, molecular shape, etc., and
will be apparent to those having skill in the art. In some embodiments, the engineered
transaminases can be expressed as fusion proteins with purification tags, such as His-tags having

affinity for metals, or antibody tags for binding to antibodies, e.g., myc epitope tag.

[0134] In some embodiments, affinity techniques may be used to isolate and/or purify the variant
LovD polypeptides. For affinity chromatography purification, any antibody which specifically
binds the variant LovD polypeptide may be used. For the production of antibodies, various host
animals, including but not limited to rabbits, mice, rats, etc., may be immunized by injection
with an engineered polypeptide. The polypeptide may be attached to a suitable carrier, such as
BSA, by means of a side chain functional group or linkers attached to a side chain functional
group. Various adjuvants may be used to increase the immunological response, depending on
the host species, including but not limited to Freund’s (complete and incomplete), mineral gels
such as aluminum hydroxide, surface active substances such as lysolecithin, pluronic polyols,
polyanions, peptides, oil emulsions, keyhole limpet hemocyanin, dinitrophenol, and potentially

useful human adjuvants such as BCG (bacilli Calmette Guerin) and Corynebacterium parvum.

6.6. Host Cells
[0135] In another aspect, the present disclosure provides a host cell comprising a polynucleotide
encoding a variant LovD polypeptide, the polynucleotide being operatively linked to one or more
control sequences for expression of the variant LovD in the host cell. Host cells for use in
expressing the variant LovD polypeptides described herein are well known in the art and include
but are not limited to, bacterial cells, such as E. coli, Lactobacillus, Streptomyces and Salmonella
typhimurium cells; fungal cells, such as yeast cells (e.g., Saccharomyces cerevisiae or Pichia
pastoris (ATCC Accession No. 201178) or filamentous fungal cells (e.g., Aspergillus,
Trichoderma, Humicola, or Chrysosporium); insect cells such as Drosophila S2 and Spodoptera
S19 cells; animal cells such as CHO, COS, BHK, 293, and Bowes melanoma cells; and plant
cells. Appropriate culture mediums and growth conditions for the above-described host cells are

well known in the art.
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HA04K; +-HP [0087] In Table 1, variants with a relative activity of
"+" exhibited fromabout 10 to 50-fold greater activity than wld-type;
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100-fold greater activity than wild type; variants with a relative activity
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2011/ 04%231P / US2010/ 050249 | ) )
[0138] The variant LovD polypeptides described herein catalyze transfer of an acyl group from
thioester co-substrates to monacolin J and analogues or derivatives thereof to yield
therapeutically important statin compounds. A specific embodiment of this reaction, in which
monacolin J is converted to simvastatin, is illustrated in the boxed region of FIG. 1. Owing to
their catalytic and other properties, the variant LovD polypeptides described herein can be used
to make large quantities of therapeutically important statins, such as simvastatin, from
monacolin J and/or its C8 ester precursors, in high yields. When monacolin J is used as a
starting material, simvastatin can be obtained in a single step. Contrast this with the semi-
synthetic methods currently utilized to obtain simvastatin (illustrated in FIG. 1 with dashed

arrows).

[0139] Accordingly, the present disclosure also provides methods of making simvastatin
utilizing the variant LovD polypeptides described herein. According to the methods, and in
reference to FIG. 1, monacolin J substrate (or a salt thereof such as a sodium salt or an
ammonium salt) (12) is contacted with a variant LovD polypeptide in the presence of an

a-dimethylbutyryl thioester co-substrate (14) under conditions in which the variant LovD
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nmut ated as conpared to SEQ ID NGO 2. In sone enbodi nents, the nunber of
conser vatwoeonni4m3siaci d substitutions is sel ected such Phatusehe/osegquence of
a specific variant LovD pol ypeptide retains at |east about 80% 81% 82%
83% 84% 85% 86% 87% 88% 89% 90% 91% 92% 93% 94% 95% 96% 97%
98% or 99% identity with the specific reference variant LovD pol ypepti de.

[ 0091] The nutations identified above, along with the specific exenplary
Var i ant pdiayaao ineas 168gh '8 SRS

vari antp_Lov pol ypept i%gi_d%ge@iwr%g S egll'()}P(?J) glretjz)%gefr;(t?siﬁégs?l.Of{lﬁg(ﬁggélg}rﬁoé,%lgari ant
LovD potipyesiatindd).havi ng greater thermal stability than the wild-type A
terreus acyltransferase of SEQ ID NGO 2 can be obtained by including one of
or nor e[0d#d]aT heoidentityl efithiefo-dichedydigyryhthiocsRF E@kdliseratdiis ot digicaa IR vhhgitmal
stabili m xi ng and nat chi.ng"” nutations fromthe different

.. By "
cat egor}f“é’é), PQ&XP‘? HES 25561 361dg papety @b thivrsiar aersibrtriatsye fnitable pdimebylbutymdr e
T SlocREAREL I RREALAN ol Al R A AR o0 Wl ok P R RGO Mot S,

mut ati ons are selected such't varia 0 are
t her mal dMirséthpibetyrfl MBdcetylcyseamiRPDVMBBINAC” Ut at i ons are sel ected such
that the variant LovD pol ypeptides are nore stable to conditions of cell
lysi s tedimethebuiyrd-S-methyRhioghycolates “BYB-S:MIET @ road ety BEQyIS-Neh1

s can be measured by pre-incubating the

I ncreased stability t ] y|
| ysate '8 rcﬁogpwag%émﬁﬁ Pet-tpethylbytyeyleS-ethsl grcapfopropaaRRte i ndi ng

resi dugk Ity [0 113 di men mut atd § | ected such
hat T Reyar S o R R T o P T DT s R 1 T e

Wi | d- t ypdinfeth§1BiityBIS-RedehitRohRARRI ‘DﬁlﬁQSLIQPD!@?,?anQ% A6ty ubgRutkds- f or
exanpl e, 100 jrlrjl\zyf}';li et hanorlggé}ﬁir)le buf}‘dg(fF at a pH of 8 t(I:)) 9 arr%’d at a;[ 5

t enper allgd er epti@pllysuistiogs] S-akilihettbagylithisasterswitlny ofi fiesethicester chratbsiratessany

i nstances.. the full, Length variant Lov ol.y tide is,not cessary for

t he enzosrs%lxﬁut‘}esrogsg‘f}h &05%5{ %’?@Sﬁﬁﬁ’\%‘? g? P‘%ic‘g IH@‘%?‘!;‘S qetsifhl?f’gt%&@‘%nal ogs and
catal yti @f' ldﬁl actjve fragnments of the variant LovD pol ypeptides are

cont enpgPiH dlhepydimgsthybutaryl subsyaigcar ke prepated fipm gommercmlly pvadablgstartingg, 9

or 10 i i: ited. .ln additiaonal odi nent vari.ant. LovD
ool yper RS R o R el b BB R op ST P S BRIV SRRt oy
be om tilledrafeddeldirte N-termnus and 1 to 6 amino acids nay be omtted from

WO 2011/ 041231PCT/ US2010/ 050249 the C-term nus. Any specific truncated
anal og or fragment gan be assessgg for catalytic actigyity utdlizing the

assays provided in tlhe Exanpl es sjction.pER096] Likew se, additional am no
aci d residues Han e @ted- t 0 ORE bﬁi-h-t-ﬁ%ni/ry%ﬁ@t el ©Mer i ousl y
affecting catalytic activity. Actordi mgbyc, 2udsete ny exenpl ary enbodi nents
of the variant LovP pol ypepti desqdescri bed herein contaig 413 am no acid
resi dues, anal ogs that include fromabout 1 to about 434 additional am no
aci ds b 1.0 t Kt onal . seguence
oy b LTty iyl St dap@priinal @PILIRIR At 2 1 il R R
may be (deisithgprdsdnoe af N, Ndiisdpreplamine (BIRARS yicld B0EB.S-MIMPE6) ®peeisione ot her
function. Thus, the varjant LovD polypeptides of the disclosure can be in
the for¥sBPlansacionsendisient g @gow&d\m %@(nmm&. Vatheaedimethyl bgbirylghioesteraw- (or
fragne r d.tg other .nol ypeptides, such as, by way of
exanpl Eh%r%{.é%(g?‘%% %II%P %te ?gi?ouetm inﬂfl)oé1 1catt1§6§>¥€1g§egm e‘%ﬁ% epi t ope),

purifi j seqguences (e.qg., H s tags.for bindi to netals), and, cell
Pocal i S840 1R A °a{13>?§3??1%§8& With g puEfigdhupeiap EPS’%Q‘?M%% plierpatY

pol ypeptid D pPpdiftide bhbdedicdYo AR WRAbA AN urd RARS form a4 dd% i MM L a

synt hesi s_and_reconbi nant expression. Polynucl eoti é)es an ost cel s useful
for reésembpyrdind el fysassirastionr Methesls fortpadifieg varianyiovBrolipeptidas od ¥ popl oftles
obt ai n%gn ysuﬁ%lﬂt etic.means can include non-gen tically encoded am no

aci ds, Pas P8 Rnowd 1Rt RECSFE 185 b PERYLds AR EXaBPSon- encoded ami no aci ds
that c i ncl uded. i nthetic variant LovD pol ypeptides include, but
are nom‘ﬁaﬁiﬂlﬁ@%‘?&l@,f;@gg% BrsaibthsErod) camibe a@éﬁﬂ%;the FRCURH MBIEHut yri c
aci d (Aibkcd Srani coacid (AR -

Nt hy P ) RIATHRARA0M 5t BRLOG celbibleg 1P D B BoRls brANali i Mitods
(Cit); t-butylalanine (Bua); t-butylglycine (Bug); N nethylisoleucine
(Mel'l e); phenylglycine (Phg); cycl ohez?()_al anine (Cha); norleucine (Ne);
napht hyl al ani ne (Nal ); 2-chl orophenyl a“ani ne (0cf); 3- chl orophenyl al ani ne
(Mcf); 4-chl orophenyl al ani ne (Pcf); 2-fluorophenyl al anine (Of);

3-fl uorophenyl al anine (Mf); 4-fluorophenyl al anine (Pff);
2- br omophenyl al ani ne (Obf); 3- bronophenyl al ani ne (Mf);
4- br onophenyl al ani ne (Pbf); 2-nethyl phenyl al ani ne (Onf);

o N

3-



(Paf); 4-iodophenyl al anine (Pif); 4-am nonethyl phenyl al ani ne (Panf); 2, 4-
di chl or ophenyl al ani ne (Opef); 3, 4-dichl orophenyl al ani ne (Mcf);

2, 4-di f| vwoaphenyisal ani ne (Opff); 3, 4-difl uorophenyl al arcCmarSemofs)2:9
pyrid-2-yl al ani ne (2pAla); pyrid-3-ylalanine (3pAla); pyrid-4-ylalanine
(4pAl a); naphth-I-ylalanine (1nAl a); naphth-2-ylal anine (2nAl a);

thi azolyl al anine (taAl a); benzothienylal anine (bAl a); thienylalanine
(tAla); furylalanine (fAl a); honophenyl al ani ne (hPhe); honotyrosine (hTyr);
honot r yfk eplting IBVadtin RN aPhg | e aplSt @l-anbhoe
(sAla); authr yléal ani ne (aAl gﬁdddg(;lS di gﬁ\leeg @%@mlﬁg%ﬁpl? 186t A b

3- ani noisslaist dreymdrieanent Elaazmlldkr(on)lq:thp@*(wm klgarBnde, AP&%O The dodndl-of

ot by orPPEnE AL MR R son et oo Fneliiyiag diiolons '>$£za92@“eh£§2;)
phosphoReaRdyw ahembas@éﬂceasﬁ(gnmhms W&'{ﬁ&@ﬂﬁomm 002 2  Applied |

phosphot hr eoni ne (q? ; honoaspartic acid
(h@ u) ; Micrabiplegy pe Bpémlmol@gy)&@)) 9e564).c Hribalxy hvailableicdmmeirgaltyol i ¢ aci d
(PA), azetidine-3- carboxylic acid (ACA); 1-am nocycl opentane- 3-carboxylic

aci d; al0I43]gMynacokin ( gdldysalts fhrersofy @yilbglopriried pgdhiie hydesTpsid eflovtdinAl a) ;

norval i ne (nVal i;llemth ci ne (hLeu), honovaline (hVval); honvoisol euci ne

(hile); “SW&V tign. ? )ASNCgMX?mPF%F%@IMéM’)‘de Jn Exgmplei hobut yri ¢
acid (Dbu); 2,3-di am nobutyric acid (Dab); N-nethylvaline (MVal),;

ho rmcysﬁ“éffﬂeT herregedion cmhe)g@nﬁ% eut(tmselre vartefiefodifforent feagticnppyitiansl Typically

h d d
ol ypeptt HacholLts Bl £l EOMERERREN ELIfh PF. BBecd PP SSiamse o
skill i Iﬂbvﬂpolﬁpéptl(ié eftom @bt .1 tb aso WA ofibh$ 585 18D L] ﬁlgm%ﬁﬁ iy Q@ls!;tﬂafe (628 5@3&

1989, CRC Practical Handbook of Biochem stry and Mol ecul ar Bi ol ogy,
Press, theeef) rad Fam gbout hto KWhequiv, plemh do thulwedteinmcthgl:bumlelﬂloestmael- n, all of

I B e I R R A
[ 0098] M\lﬂmaﬂgd ofi AR5 15401, S S1183UED. 9”TH&Qdé’rﬁit9%f€a%%uﬂ€Pr‘§ ot ﬁhéﬁ?' ect ed

such that they are conservative substitutions as conpared to t ref erence

seq lﬁl enciitaishulfarsdoduden irirase aﬁﬁ ldslt@?tn im:ﬂanolamhm; (\TM)ap;Itadsnm{bl IlgiﬂiFlsmam_r ades
with i ertihe uc as or e cre 0 ity in
desi reg}?&ﬁ%{ Xl?ll 5 g e%g%c ) ea{ﬁ?qlr?w;%eﬁ%}z@é%cgg &e‘faii deLfBﬁB %ntencode?
am no Wi a e inc at _aonly a few resi due positions, for
exanpl jﬁi‘gﬁﬁﬂq‘?ﬂ‘éﬁé’og@i %/ys{q%pag )%og}e ‘@%OSBF eereolyents wall typisatly prsludsept i de
i S CONERHE b

2011/ 04123%%&%/1%2231/%)/6%5 s !}gm?g?\lg‘?:qveu C%Ehgge pﬁlgg%rﬁmf Sosqlvppsnclude, o |

t he pr dsibare not Bwitod to;, MeENLWDMESE, popropyicdlesiol (IPA ).adicie/THF (etoas,iamdt LovD
pol ypeﬁé (gﬁ The pol ynucl eotides may be operatively linked to one or nore

regul a Sequences that control gene expression to create a reconbi nant

pol ynucl eoti de capabl e of expressi t he variant LovD pol ypepti de.
Expr es meﬁ dohasteer discqvgrrgrthalithgthipl %(5 Ipyesiuet d8tin HEGsbggnerated b dhaiieagtion

Eocpr oo PRAmER T RERRL LS B R Rl BB Rol B RO Bl i 10

known geavehgiog agfdﬂa ;n the aedcabn hiktyre0fSuitale hbdpﬁimhvd@l@%aﬂt@ @fd Rilefhodsl €5t their
description of he pol.ynucl eoti des capabl e of encodlng t hat

pol ype s #& de %@H@FC&ES?HBIP P Heéd Gete titled clappovaddiqysD dieydranserasey | ar ge
nunber \pddiRbEheliatas? Afedy gféﬂiﬁ%93 2@@§Cing AppYidhtdibo LovD pol yp%}ﬁ Gfqe Thus,
having identified a partic pol’ypept equence Ied in the
art counhue fdddecomnyrrengiytherevath widef Attemty MocketiNo. 8Z62H5- WMIDQIQZ)E{CX}

pol ypept,] S ence S |y nmodi fyi 1 quence of one aor. nore codons
in a m&%éfﬁléet&g‘g%%mﬁ&% n&%‘?‘?@‘@ﬁ@%‘%g ’é‘gﬁ’ ence| A prefegred el d, t he

pr esenfscﬁfeﬁghgaggnﬁs%ﬁ%téa Eigtréoal CUH VHeR ﬂpédah%ﬁns dﬁ@&' e rachO ML in

i ndi vi dual ynucl eotide that encodes a eC| po ypepti de sequence,
and al Iansmo‘nnurangmg froml aboutc? &i 20 gL dﬂtemaﬂvbl@, the pmimsi tley belpeppitated agh | y

di scl Oﬁﬁg for anY variant LovD pol Mg}il de disclosed herein. [0101] In
some efBbd? ©, (& HBIPRYR ¥oed lonpri se codons that are optinized
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a variety of different types of m croorganisns are well known, .as are

opti m zed codons for expression of spegific am no acids in each of these
m croorgani sns. (See, e.g., Andersson, S G and C G Kurl and, 1990,
Mcrobiol. MI. Biol. Rev. 54(2): 198-210. Ernolaeva, MD., 2001, Current

| ssues in Mlecular Biology 3(4): 91-97). [0102] In some enbodi ments, the
pol ynucl eoti des encoding the variant LovD pol ypeptides can be provided as
expre55|on vectors, mhere one or nore control sequences are present to

o, " o o Y b1 o, Y .



[0105] In a yeast host, useful pronoters can be fromthe genes for

Sacchar onyces cerevi siae enol ase (ENO- 1), Saccharonyces cerevisi ae

gal act okiwe=e11(o@4d3jl) , Saccharonyces cerevi si ae al cohol PCT/US2010/050249

dehydr ogenase/ gl ycer al dehyde- 3- phosphat e dehydr ogenase (ADH2/ GAP), and
Saccharonyces cerevi siae 3-phosphogl ycerate ki nase. O her useful pronoters
for yeast host cells are described by Romanos et al., 1992, Yeast . ,
8:423-488. WD 2011/ 041231PCT/ US2010/ 050249 [0106] The control sequence may
al so bepaqs|uR ERRLE cEIBAGsIAHIOFor LS WitR M N arRRALSIS ﬁoly{i_ﬁﬁl{deé &escﬁbeﬁﬁ&?&ﬁ'ce
recogni zed by a host cell to termnate transcriptionh. e termnator
sequencae as faloarsabioy230i gikgadsa 25 tofRH0/L tand wifteni SO 06 15hg/Lnnohaiotindabdiugegitence

encodi ng,t he pol ypepti de. Any_ter.m nat ichis tjonal in the host
cel | of%@ ﬁ%ﬁ%’g tr?&@ wugléﬁl.l tgfﬁib‘ﬁ algdﬁ'{eé‘ eél,u“’ebi\ﬁ% MMP earsubstrats: Pan

t er m nafoqisy/f. Qoftehiol 2@ QUSvA1ARD ' e
genes for ?s ergillus or%lzéa‘é TAKEAJJE%@%?M%\ZB%?%}F?%Q&%?%@ﬂgq uc aetrg/)l’ %se,
Asper gi ﬂ0|2@a;/£ petivatadchareoal (apiional e argd/ O tch 30 MAE B Artyiffiet, p#l 76 gt 0.5, also pH 8.0

al pha- gl i das u i um oxysporumtrypsin-like protease. [0108]
Exenpl gtpa%ﬁﬁﬁ‘?ﬂﬁ‘%n&?{igég?%%ast host cells can be obtained fromthe genes

f or Sac[%gﬁho ces cerevisiae enol ase, Saccharonyces cerevisiae cytochronme C

é C;]{Cé) , 8?%@8@%@'6(}:@%@&?&@@%&@ the ra@swﬁﬂbeutp?wf}éﬁé’ﬁea 5020t0 o
by Romanoe oy gl 2 B G el BB e ok By SET IR el be "2

sui t ablwsed, eritteagitao enstitring forardui#ival cdthBeut 1836 a8 hohirs A The PRrdsh of theS

i nportant for t{)ansl ation by the hgost cell. The | eader sequence is operably
| i nked TEeFtoR&as be mopHotsd by ghalyHag aliquats viaFRLE chupmatoeraphy evdesarbedia the
pol ypeptideesAB4idpeader sequence that is functional in the host cell of
choi ce may be used. Exenplary |l eaders for filanentous fungal host cells are

obtain . Aspergil | us ot TAKA anyl ase and pergillus
i dal and 7088 RS, SR BRLEY ey Palfd Tron e SR THui =hEET Gl 1 o
ar e obtahnetkdfto phariiaee@RakE udedil sBR; Sl BN REMGRTBY il Adnefighdse (ENO- 1),
Sacchar onyces cerevi si ae 3-phosphogl ycerate ki nase, Saccharomyces

cerevi st&"eedHIeﬁha-factor, and Saccharonyces cerevi si ae al cohol
dehydr ogenase/ gl ycer al dehyde- 3- phosphat e dehydr ogenase (ADH2/ GAP). [0110]
The corlf13] Bréglyeby-pradayt andsacdse sebsproteyeadextydcrtlivath MEREE3D, tha ageguence

bly linked.to t 3t i t ] ' i.d er d whi ch,
when ¢ s eppaired aad et ided Wil ha o ettiel Hu S hik rgnamnn add
pol yadeasiifird SSipdHamielytIr720s %’t@ﬁll@@ jf*ﬁhﬁ‘is_aéﬂé’d aR tE@HﬁMgaa{gﬁt%ﬁ%Wnce

whi ch is.?unctlona? in thé host cell "of choice may be used I™n the present

i nvent insinuteExathyl fatyplade limpeltany3 4 ipor) 13 U efhedtORorwdshing pecdesais répeagd! host
cells can be from.th n for Aspergillus oryzae TAKA anyl ase,

Asper githiesanore gad ths e EgRs sxirecneivsaintingst MDA iavmaRTa Bhsedynt hase,
Fusar i UmloQxy 8 PelitdPall S rBddcki BreRédt, $Ad She MRS hed wi

2011/ 041231PCT/ US2010/ 050249 ADrcEne, afd She (AT callqwashed with EtOAc, The filtgte
pol yadéng washings are gomhined afideongentsttediosier mdhtes] mesuntds yicldsichvastatiuo &

Sherman, 1995 . Ml . Cell Bio. 15:5983-5990. [0111] The control sequence may
al so b@ygngyﬁﬂgl pepti de coding region that codes for an amno acid
sequen3&5§h3§gg éo t he aniEo termnus_ of a pQIypeEt[de and directs the
encode ygxy Arid san he congierted togthe Ammenurd sl stanglardsteclhupguesf t he
codi ng speqHE Bednhry 3RS ﬁje%)r(ﬁff(!léa iﬁ%’( BE® %ﬁ{eﬂ?é‘tﬁ%{sﬁ d r%accfl%ﬂtcgﬁ Be

si gnal peptide coding region naturally [ThkKed in transration reading Trane
wi th t leing deremmnonifint salt of ashinacplineg amhthe Bavastatdn desndnien sscp@teetd thereby

pol ypeptide. Alternatiyely, the 5 end of the coding sequence may contain a
si gnal Cﬁ‘ég‘? 18 teéd’gﬁeﬁféyy o 1 reantan medipg, by filiation. ¢ Hus progesids excunlified in The
foreiggxghggg_ pepti de coding region may be required where the coding
sequence does not naturally contain a signal peptide coding region. [0112]
Ef fective signal peptide coding regions for bacterial host cells are the
signal peptide coding regions obtained fromthe genes for Bacillus NC B
11837 mal togeni ¢ anyl ase, Bacill us stearothernophilus al pha-anyl ase,
Bacillus licheniforms subtilisin, Bacillus |icheniforms betal actanase,
Baci | | us stearothernophilus neutral proteases (nprT, nprS, nprM, and
Bacillus subtilis prsA. Further signal,peptides are described by Sinonen &
Pal va, 1993, Mcrobiol. Rev. 57: 109-137. [0113] Effective signal peptide
coding regions for filanentous fungal host cells can be the signal peptide
codi ng regions obtained fromthe genes for Aspergillus oryzae TAKA anyl ase,
Aspergillus niger neutral amylase, Aspergillus niger glucoanyl ase,

Rhi zonucor m ehei aspartic proteinase, Hum col a insol ens cellul ase, and




[0114] Useful signal peptides for yeast host cells can be fromthe genes
for Saccharonyces cerevisiae al pha-factor and Saccharonyces cerevi si ae

i nvert asewOo@heni12ssef ul si gnal peptide codi ng regi ons areTdssewiobeds by
Romanos et al., 1992, supra. [0115] The control sequence nmay al so be a
propepti de coding region that codes for an am no aci d sequence positioned
at the amno term nus of a pol ypeptide. The resultant pol ypeptide is known
as a proenzyne or propol ypeptide (or a zynbgen in sone cases). A

pr opol ypept igganprgeneral |y inactive and can be converted to a mature
active polypeptide by catalytic or autocatal ytic cl eavage of the propeptide

fromthe propolyfiept i d€ons ‘?i%g;&%%gﬁ@&eg%?g%%gsgéngg?@)é be obtained from

the genes for Bacillus subt kal 1 ne pro , Bacillus subtilis

WO 201 ZﬁileP I [ Of-£AS npr.7. acch es
cerevi gogéew]a phag-} ?{ég%glgagé %ﬁgé@%ﬁgg%i%ﬂefﬁ%? %éf;‘gtzf %3%6‘?%[%‘ %féﬁ%fgéfg‘g%ﬁ

Mycel i dg@tl)ovaa dedignadafphétpressivatingecd/besing Garlard 3ol 2bB28A6bn (fol Adkeht Were
bot h signal peptide and propeptide regions are present at the am no

t er mi nd&VigY of cpden optimizaiton sofwars; sgsdughiceriob gl R00S “OFTIMIEERUAWSE t o t he
e . ! . Dt ] GRS oo
noxt ¢ o Efes T0imEirithy BERE f BAL Scdudfiedty H0e/BABIA 48 008 RS SR L0THC

desi r abibsme): W 126631\ dEenasoura byrtested using @figbhricof@és Boimpos@libfat) mizledtidéshe
expressian of .the pol ypeptide rilrative tao the lglr@‘thh of the host cell.
Exanpl 2d&loned ip sxrspspian ectarChld0940s depicisl enfiCa d<af UshRatentphrpdisption of t he
gene t ppficitibnesd 2@06/9[95@(4‘:7, which F"ssiﬂg(;};&a{e(a }%rquﬁﬂé}ﬁjenge{% Y $hS lntr%t Sl us,
i ncluding the presence of a regulatory conmpound.” I'n prokaryotic host cells,
sui t abllec pequtat dhy esprgssioncestar alsb edrtaineé alPa6a ofigin, of agplichti¢h @jder at or
systens.,. In yeast host cells, suitable regulatory systens include, as
exanpl édlorpmphenggobresistanss eere. &E‘img%gﬁéﬁ’ﬂ S|vere fragsfermcddatork sgll Wakli0oadi e

r egul at&!iBL%%ﬁ%%dm%&ﬁ@dst. he TAKA al pha-anyl ase pronoter, Aspergillus
ni ger gl ucoanyl ase pronoter, and Aspergillus oryzae gl ucoanyl ase pronoter.

[0118] r u QLY. _sequence t hose, t hat al | for gene
ol 1 1IE SRR Ml BBy SERRARESR, Bl PRELby17 poPpridss &
r educt abepgsone diseloieb disslosdtdini TabRAl, isiiprah GeRrBaeRdGhtoVREDEHCRI 89900 faPd t he
net al | ot hi onei n genes, which are amé)l ified with heavy netals. In these

cases, SKREsTIORIF cof WAl Wegdeseli Biddodi ng the transami nase pol ypeptide of
the present invention would be operably linked with the regulatory

Srduenoe. ok LrhibicTs snakl RAG PRARIDRI PRk o BPLTPERbedlRs! Osure 1S

al so direct a reco nant expression vector Co

Dot ) vo 1P A SpER ERClRR Eollfy LEE'conbinaBiThy RPRbL SenePliR e BR fl ond. sucn

as a pipolyptptideasfintareltewss inaduddted Butd SPLCAIY DBrodh (1K §trenitC 16g/H9RBOENY ON
the type of hosts into which they are to be introduced. The various nucleic

aci d afieespficasin ¢opirnsiertone)s é?g/Bé’Gaﬁ [sBtrectig/L pedipmichiatidehepntainingt o

pr oduc oo o W] ' ne. o conveni ent
eatri o PR GampRRIIEh T BLale TRUIL RE RGN R BT flan D BrSeRdti S i
acild s dupub grgeat@w«shwng" sl?dkﬁhgmlmomi d‘g; amlu&aodas dilttes li)nt&QS@hﬂakYgﬂitr)Mh t he
nucl ei ¢ _acj d sequence of the present disclosure nmay be expresse

i nser t CAYME HLis/s ehlgramphsrisole ez 1 bifer Alagk o asi aptisdlidgnsinra 6P am @Xﬁﬂ@si ng

extpr oso on e Ellbfetl A0 AP a0 G RN DL TR Bl b3 89 Buleh OF

posi t i esoprbpwl B H-thibgrdactesideo( IRLG)han finhleconoditragios efjUaiM evliea tip@DaLY yf | | nked
with the appropri ntrol seguences for expression. [0120] The
expres ??eo‘i‘l‘?t@'?c‘p%?r(?%ggé‘n H‘)‘Fugég as tﬁffrgc,qnﬁau QreHightdat lgast &é hourghi ch can

be conveniently subjected to reconmbi nant DNA procedures and can bring about

the ex pHedk CeHs werethaevesisr i sentaiditgation €490 éémirﬁrﬂe%rmdélee ffllpeltnh‘@nt/ﬁct or |
t { { t ta t t
o Wik Eh TR RaPIROH SR Bk b baB B SRR LD i ear or °°

cl osedphospbatt duffiy @8NS. Sipand[Habled DR RemiBigREsH 89aB0REL The WRY¥hedReBdwere re-
aut ononmously replicating vector, i.e., a vector that exists as an

extrachronosonmal entity, the replication of which is independent of
chronmosomal replication, e.g., a plasmd, an extrachronosonal elenent, a
m ni chronosone, or an artificial chronpsone. The vector may contain any
means for assuring self-replication. ternatively, the vector may be one
whi ch, when introduced into the host cell, is integrated into the genone
and replicated together with the chronmobsone(s) into which it has been
integrated. Furthernore, a single vector or plasmd or two or nore vectors
or plasm ds which together contain the total DNA to be introduced into the

Y b1 o o S




[0122] The expression vector may contain one or nore selectable markers,
which permt easy selection of transforned cells. A selectable marker is a
gene t he woaduau13i whi ch provi des for biocide or viral PCgdiSstianses9

resi stance to heavy netals, prototrophy to auxotrophs, and the like.

Exanpl es of bacterial selectable markers are the dal genes from Bacill us
subtilis or Bacillus licheniforms, or markers, which confer antibiotic
resi stance such as anpicillin, kananycin, chloranphenicol, or tetracycline
resist i I EU2,
LYS2, ME ,nd:%Rglwaﬁéﬁ%éﬁ@ﬁe[ %%g%{&gg‘%tg?tg B &8 a?ﬁ?g?};ﬁoﬁ@rgﬁrsega? %’eSLF

fi | amenil8980 psing 8C). nCelt debeisIwas methordhe, bytuentrifngationt(7700ng, 36 dnihp4 °@rdlhe clear

tam d . ar i thi f , hi not hri
etyt CYSRE R e oo e A ST b oL Fanburanon b Bozenaisor histieat o
duct i b JH ; I .
Ceny| (o ode P SN poSer ORI NS pOISEGiop M@l vely dn} il pkeE

equi val (bafoe errdieewhshing)edn e stosedf av 4 °Gsar -BO°@n Aspergi |l | us cell include the
andS and pyr G genes of Aspergillus nidulans or Aspergillus oryzae and the

b f ept o h i 011/ 0412 / US2010/ 050249
[Srlzg]engxgrel:é%}sdihé'e ggz&? © gtﬁo%sﬁg%@g?@é%qécé%?%vﬁg PO Fbept i des can
ol s WEMRSERAF brbrBhuCRofin Beiah 61 Cunan geietedr astieciia 1 Bppentor 0"
i ndepenggts.0f. dfi3fovit Mum [®88 b/ SRhahiuA sl 00 DR S/ BRLodtGh citgnoMe, the

vector may rely on the nucleic acid sequence encoding the polypeptide or

any ot hbhydsaten®ht g/dfdipétessivae hydrogar phosplege aihydratey .26 el petassium idittydrdgen

Phe ox pPEglh s oL s ToNa LY Gt 175RAr b P WGt eemmtios (o
di r ect i digaté, @ 8 Fhi/D1df R¥raBOMBMeSNSRutioR ¢ORMRINIAL 3 9N, daltiGn AR e ARRA:AL t he

host cell. The additional nucleic acid sequenceS enable the vector to be

i nt egr &-2¢/Li anesulfate heptahydrete, 0 §egib menganese prifats menohydedté, drg/b cuprous hdfate
h . To.i . the likelihood int i on. at '
Cocat | dnpydreien L g pRBRE ot ol SrBSta pd LS ot whRriEh fic on

nunber fofmentisiviisGndtaiatsd wish!s Mit@sxpbRbntiad cdiir 8P ELQIEWBRI 0 §r ERGETBIIADI Y 400

to 10,000 base pairs, and nost preferably 800 to 10,000 base pairs, which
are hi grriaitgHE plpsted encopingtee wsianblopBraghaf interepe (grewn irea slmke dlaghirance t he

probabi it t_honol,0 S reconmbj ion.. The integrational elenen y be
any s e(ff § %cr% g&’grhngaqlpsle %gtéoz} %ﬂﬁﬂm 0?[(}65 ?%'%efh%%ﬁﬂgﬁ%w?%%tﬁg‘aﬁti%ﬂg of
t he hosit506 grh wifhtid WP 18 .thd feeméemthRd! wissdaed. 0S0aEMtiS tdBMinREn A ARs6WEeLdi Ng
or encodi ng nucleic acid sequences. On the other hand, the vector may be

i nt egr #&<¥geT lave of pdege Ad e Bhe pi of thesulturs| washyainteine e 0 dxy@ddition of 28 %

R e

aut ononolusiby (Uptot4e) deatiiniee500 oM. Quest, 101 ExaiaHies chloriBaclioahs/@l bietd #idns of
replication are_ Pl 5A on (as shown in the plasmd of FIG 5) or the origins

of repli&himagresiym splfateheptalyraio o After rdgtionpfdvickeed volumecte the fesmerfonata t he

Pl SA o I w@r@ egdrt L ' j ' j ] E194,
pTA106% ,ilmgrg OpA l\()@]fﬁér 8 %({Pt"%#s gg?%l{)&ﬁié% al%? I %“%%5? dluﬁéadsﬂ?y @dg?%{)og?%i& t8rpa’| gi ns
of r eplfinaldonoentfation uf & M aad ferashtation tortiubd &3 Chfer 2ndtherN18rer TIY dultafe

replication, ARS], ARS4, the conbination of ARSI and CEN3, and the
conbi nd¥a g‘m&@%&@n@ @&G@lﬂ%d&t tht tenyeraters untibharvest. nagllsuerg sellesied ng a

mut at i @o -kt bty INGL ¢ ORI f - |t j ost
Col | (SR RalBER 0Dl S0 b8 A RN PR R MG SRy 05
2011/ 0pideassFIesdrilied GelpmoaIPek8n hO-PR P Uil sudhhse, one copy of a vari ant
LovD-encodi ng nucleic acid may be inserted into a host cell to increase

pr oduc0139] The télepdRO &apteosligféndeddnd PHRARSRA 168 5NE 26ORMNEWII00 niN1 t he
nucl ei ¢ _aci d sequence can be obt ai ne%% integrating at | east one
to

addi t i Sishanelaminefchiaride) buftrs (pd 85t & reach veluine ofsisbeall pastebyThienc| udi ng
an anpti.fi S tabl rker gene wiih t nucl.ei ¢ acid seguence where
col 1o b AR IRREAEN AR RAK RIcAE ol ihCoct By it e R epdRElintG o

t hereby additional copies of the nucleic acid sequence, can be sel ected for
by cultivating the cells in the presence of the appropriate sel ectable
agent. [0128] Many of the vectors usef,ul for expressing variant LovD

pol ypeptides are commercially avail abl €. Suitable commercial expression
vectors include p3xFLAGTMIMexpression vectors from Sigma-Al drich Chem cal s,
St. Louis MO, which includes a CW pronoter and hCGH pol yadenyl ation site
for expression in manmalian host cells and apBR322 origin of replication
and anpicillin resistance markers for anplification in E. coll. O her

o o e o o " w1/ <~K A I o




follow ng references: Ling et al., 1997, "Approaches to DNA mutagenesis: an
overview," Anal. Biochem 254(2):157-78; Dale et al., 1996,
"d i gonucweabildeizdiir ect ed random mut agenesi s usi ng t he phoashavosizuoat e
met hod, " Methods Mol. Biol. 57:369-74; Smth, 1985, "In vitro nutagenesis,"”
Ann. Rev. Genet. 19:423-462; Botstein et al., 1985, "Strategi es and
appl ications of in vitro mutagenesis," Science 229:1193-1201; Carter, 1986,
"Site-directed nutagenesis,"” Biochem J. 237:1-7; Kramer et al., 1984,
" Poi nt }Mr&dé@ |
mut agenesi s ﬁﬁ@r ﬁ@%&%ﬁ?@éﬂ?ﬁéﬁ l'gggenger‘iger \a{fii %Sﬁeﬁly?rlﬁﬁn?iaﬁgg 096}??)@555?
def i nedltsi ctehlél,omogamee @ds Gibfed3?3; *(Mmadistklyeifteadisiupfidf)She pRvaisedjusedad ut i on

b | | b di Ch | Ch |
1505, oh R PRGN O () R SFHleRriftias PROR 2 A¥r 49HBb SHbF Raierdn us! ng
DNA f arfiday c&ﬁ@ﬁtﬁ%ﬂoﬁgyf O 3@3(5 5“"/@‘(%?51%&1&3 af B8y ﬁ)s #Hor SO btes Glro ﬁllnr 1998,

"DNA shuffling of gehes from diverse speclies acce at es
di r ect gemperaturg ofiﬁﬁ 30 T(%lt Tlheeresﬂﬁngﬁﬁpa&iqn \@isaaimﬁeddiy @htrifud 8% (73000d, 60ul ar
evolutlon&) g:n nate det oxi fi atlo h\/\%ﬂl X DNA shuffling,"” Nature
Bi ot ec 5943, SAh SiRymstant ras ?LCQQ‘F i ediugla Q/%ﬁtﬁqdd’ﬁn%m&ﬁ &ighéct i ve

fructo o Pr oc
Nt | acouReRId 4D 8%%%‘*6%%‘8?%%%%. ﬁ*“'ﬁt hirade QAR MEAE U T

f | uor es’¥dabay ridiedinal toyncemttate wasndispansédiintwpetti :pilarn@ @moshalfdw conggiherbiefraren

Bi ot ech " 315- id evol ution of te|n nV|tro
by DNA %#&iﬁﬂ@ Plﬂﬁ%e@%fe%%@% wﬁ*%? QiemperBgire TgRing gy 28 1o

Sept 1 18@%)3& bveer df@tud obyiRep &

0R plileds 67586, 187 (E’gktbtﬂe)ﬁ) et aﬁd@ Thead %%Vg%ef Has traﬁﬁérr&ﬁm&%g.ﬁgémm.
2008/ Omggﬁlmr@dat-géﬁﬂ 11, 2008); and U.S. Pat App. No. 2009/0312196
(Col beck et al., Dec 17 2009) [0132] Var i ant LovD poI ypeptides can be
obt ai ned vi )i N scrl bed above. The
expr essed vzi?&%%fr? %-ggﬂ %’Orde@f)bgfe ml“? ‘%‘Wéﬂ%ﬁ’ s and or
the cul ture nmedi um usi gRvasitd fum §@in t echni ques for

prot ei rification, including, am)n ot hers, |ysozyne treatnent,
soni caﬂpﬁﬁ’l e degrse pheenvessian m?pohw sociurm salt f4 Pimyastaim sodiyg salt was

chr Omtd.@%ﬁg?é{ usinl iah Al ghgrrng 580 é@flp%e@hﬁgas é%%ﬁl@ﬁ‘cﬂi Murkih (4.6 43N m

extraction Cel n acteri col , are comrercl aPI y
avai | alfloethstraslmy, l(hthsmagkes nareel@ed kwithi a5 8%\Nviv) aguedug seluttdrdsf acbtoaftrildt . Loui s

MO. [0133 hIC tec es for isolation and/or purification of
t he varCPa {mmgo@g%} H&{Pﬁ Plifeagt fﬂ&t eat afloyhigtentfne? ML/ m&mdsaetg@ﬁs@@ue of
chr onat;pgcaniy elLﬁ{er’asHﬁéiﬁlﬂﬁé@ﬁ%Slnhg UUﬁider\ﬂngQ i 41%2@1& b2 ey d (}50249

chromat ogr aphy, ion exchange chromat ogr aphy ect roéFT’Eorem S,

af fi ni torzkelonhawnd sadim. sawewmmlef-nmhylmwcagopmpmmuemm SeMM}PDe wil |
d d, g h d hobj cj t

i opiP SRR et paath St ol e Bt . S bR aPctyaly ofhedegie of
appar erRbnepsibNOSRIoAAOIAT s8Hitdr saltto ShRvALtin s&'ﬁ};ﬁ%ﬁ R BOdLBRRhS u%ﬁ?an

engi neered transam nases can be expressed as fusion proteins wt

puri fi eaiunder-thgsurveaodlysis. Hi s-tags having affinity for metals, or antibody
tags for binding to anti bod| es e g , hyc epitope tag. [0134] In sone
enbodi nent s aff d i sol ate and/o purify the
vari ant LovB {‘7:35163 ?ff r#ft ﬁ éau on, any
anti body whi ch speC|f F‘S}l F‘éYﬂStaEB Eptl de may be used.
For the p uGt i of anti bodi es r| s. host ani mal s, including but not
i ¢ od0 T e i mpdre waétt%ken aniglsagv%mn@ P SN veten 335N t h an
engi negfiedrd) Thy BERYIE s AR PRIYRARSH I ) HARRARS: t

carrier ,l such as % A, Sy rregns 0 g s(lgg’e al ?{Itl’tlctl onetp?egcr?p(%%'ﬁgdoe?lgﬁnkers
at t acheud the sapehatantohemianalfy eecwitio HRIL Oy r(bmm'ersi(mrofMGnaedhmJ/ solismialytde used to

ol ud PRV BHIORY APCGAE! R OHRTG o TEaHDHaRe AR AThS: LA, cammnsgr a
gel s sygfh a?@or%melgﬁérbhx %mmmso §l4rérﬁ’1ﬁes gﬁ}) ki, ﬁgﬁtoai@lﬁ §5:AS n%%nas

| ysol eci thin, pluraonic polyols, polyanion pepti sl ons,
keyhol e |'i npet henocyani n, d|n|trophenol and potentially useful human
adj uvants such as BCG (bacilli Calnette Gherin) and Corynebacterium parvum

6.6. Host Cells [0135] In another aspgﬁy the present disclosure provides a
host cell conprising a polynucl eotide encoding a variant LovD pol ypepti de,

t he pol ynucl eoti de being operatively linked to one or nore control
sequences for expression of the variant LovD in the host cell. Host cells
for use in expressing the variant LovD pol ypeptides described herein are
mell known |n the art and |nclude but are not Ilnlted to bacterial cells,

o p— T ~: a o o o



6. 7.Uses [0138] The variant LovD pol ypepti des described herein catal yze
transfer of an acyl group fromthioester co-substrates to nonacolin J and
anal ogueswonoddni2sat i ves thereof to yield therapeuti cal IPgTiuspaosozu9 st ati n
conmpounds. A specific enbodinment of this reaction, in which nonacolin J is
converted to sinvastatin, is illustrated in the boxed region of FIG 1.
OnMng to their catalytic and other properties, the variant LovD .

pol ypepti des descri bed herein can be used to nake |arge quantities of

t her ap smﬁ,ﬂ HYES C |n J
and/ or e%é%?ﬁ%ieéét) g?r? Oiglilgg%ré;%%én%lsar'\[ *h ra?ié%fid hjenét%)ng: I gl Used as
a star tanab/smaswumhndex gradant atethodovth ﬂoﬁowhigalmeﬁhd ¢ongpositiogs: 60 Shﬁﬁ) 40%0Bt r ast
this w e t het s currently utilized to obtain

Si m/ast];p ’(?q%/e gls? f&la{ @@,,99%&? ?ﬂgxﬂ T, 6@2%&089’?%%91“ ‘tQ%@Q}{eWEE@F di ngly,
the pr %@R) (LY.l Hﬁlﬁ*g@ _sinmvastatin

utili zﬁggé%orghégpﬁidrﬂhﬁgovD p))( agﬁgegﬁi ggscréﬂgy d rein. According to the
met hod weMamapm@t@lmm(DMBFS-MM]E) Smnamalin hyddoxsueRt amsit Simfvastatin wadet

t hereof such (Z d#:ig %a4l an anmoni um salt) (12) is contacted with a
vari antapEW%SIIy?p gt 0t 4 P’é‘%‘%‘??eéesB?c XAlya- d| met hyl but yryl thioester
co-substrate (14) under conditi ons in which the variant LovD WO

2011/ 041231I}g{ﬁh{ﬂﬁ’&@lOlﬁaggﬁgnggm@ﬁ%ﬁrgﬁfrgﬁﬁm%@nt he a-di met hyl butyryl
group to the C8 position of nmonacolin J to yield sinvastatin (16). [0140]

h d v i T o)
The | deniéaprod wna(zé'gn@bmmglx% dROER R AONRN IRBEFRhRed Ry

critical. The variant L6VD pol ypept i des accept a wide ‘variety
co- subgondenser. w&ﬂdﬁabisepmpahq}réﬁ’lzm RB&mir)yK Ohpeiletst (88. 2cgo 059B siol parelswatseBul

;o(rjl Pnre? 4%1]9913 Iy\frer:‘rlegt %gé @Vussgdlgrgﬂgﬁpéeﬁsaw\g r%;q:gg@é \ezvas stirred at 80°C (internal
a-di mtt@lﬁ*)&ﬂﬁﬁ/é)%fﬁh nﬁ{et}ﬁi&lﬁh%kml @Bbfed ko PHP ST é) was removed under

a- di met hyl but yryl - S-met hyl ner capt opr opi onate ™ l\)ﬁFg

a- di metrbduckd pxessire S&%Ch@ﬂ miven) capk ofina pohmmadfe«l@(’) BB EMP Water (110 mL, 3.7

_ di met hyl but butyrate (" DVB.S.MVB'),
A di ot r‘? |‘%¥?t%‘ﬂ¥f’t°§h }@;‘86{‘ e SRluBRT s &9 ‘é“%@é IWI# “walerbathy 6 Mnal | y
subst i trtIgY2 Mgl YolPiva®Rided '&?dﬂxﬁse%t%ﬁé é&l&tﬁ&ﬂwﬁl%&h{aﬂﬁh {H?:%t)éhlal hi oesters.

Any of these thioester co-substrates, or m xtures of suc hi oest er
co- subgdemparatyre betwedsel 24 2. i Thephbofithe baluSomiwacadjstell toarfaiah pH[uaﬂme}u 3Tnd

St ar ) o he i w85 G 16 8o oni R 2t e PR R ras flsredefiand 't o
pr epar Imhé?a\@nrﬁw}ﬂ\é?(@(ﬂ% st s %g@n@q{eﬂme tane g&bﬁnLOzlé&}) Biel el YakeRashY!

3- mer ceapt oprop| onate n\% i's acylated wt met hyl but anoyl chl ori de
(4) i nvepnpdaebatd°cffo %mylsldprwipwsahdl@?‘@@J%ytedﬂ)ymdiw%uﬁtyl\wp (6).
Speci f| Iary reaction conditions are provided in Exanple 7. O her
a- di et Ire‘éa@( " thioester co-substrates can be prepared by routine

nodi fication of these nethods. [0143] The nethod can be carried out with a
purified vaBxamplelvDPpgayapiepblf DB MMPt ernatively the LovD pol ypepti de
can be added to the reaction mxture in the formof a crude cell lysate, or

a sem {p1e3] A eutil df N, WsdBisBpropAethyRhindE0OIvOds, {20 mBis1) hod Methypr i ant LovD
pol ypeptides to a |level of purity suitable for use |n | arge Scal e reactions

are pr gvPereeptPpropsawais (@-23 60mymak) mmrcmyh aestdte (-RrOAeh $00 mile wascoeled tol an

al  or nat R oRRHAERr LR T SREMRY St hfehfapaat EpharY Bosie

Met hodg8.1 g, 60 mmol) was added dropwise over 10 min. The resulting suspension was stirred at 25°C

for 2 h. The reaction was monitored by checking the disappearance of methyl 3-

mercaptopropanoate using thin-layer chromatography (TLC) on silica plates. Spots were stained
with iodine (eluent: 5% EtOAc/heptane; R¢ of methyl 3-mercaptopropanoate: 0.20). The reaction
was quenched by addition of saturated ammonium chloride (100 mL) followed by i-PrOAc (100

mL) and the resultant mixture stirred until all solid dissolved. The phases were separated and the
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WD 2011/ 041231PCT/ US2010/ 050249 for obtaining |ovastatin and/or nonacolin J
are wel |l -known. For exanple, lovastatin can be isolated fromA. terreus via
wel | - knowsorzetaes1( see, e.g., Endo, A., 1980, The Jour mar/uskoidoesi2e oti cs
33(3): 334-336; Hendrickson et al., 1999, Chemistry & Biology 6(7):

429-439; Kennedy et al., 1999, Science 284(5418): 1368-1372; and Manzoni et
al ., 2002, Applied Mcrobiology and Bi otechnol ogy 58(5): 555-564). It is

al so avail able comrercially. [0145] Mnacolin J (and salts thereof) can be
obt ai n i ' ' F1110 ' j ' I t hods.
A spec ??%%ﬁ@%lrsr%%g% %ﬂggﬁggﬁﬁ&sy g);‘%‘\} i/}é g@}e?ﬁé gdégn%FQ%G&?{@?gﬁ%g tfrireglact ion
can be waen( edbOoul). (ihd erganiozasewys then diiéd eves sodinmaotfaenfiteradiand ons.

1P o b cofeniaied Spderegsed pieShups Ffsaftbarth S B it ad oFia o« rdsisgotes 2 Pilg 250
g/ L, ofyeROwHquido ThSOruglé h)ixtﬁfé'l@@ﬁﬂ{é&ed]tosdéhﬁﬁﬁ éﬁr@mﬁﬂfl%a?ﬁg l%’vér stillih%rg%fﬁs)inéj‘é]d

fromabout 1 to 10 equiv, often to 2 equiv, a-di butyryl | oest er
co- subdieptaneto 2 EtQAateptane gradieypFragtibys aompriseng theiputepraductigere@ombineglf er (0

to 300 havj n i,n.the ran of ~0,.10.10.5 often pH 8.5 to 9.5.
The T déiit POSFeBFatEh b Bt dp S E R S etk Bl imeatutiper tp b Pieritie. Cbus
are notypMposte@f)0. triethanol am ne (TEA), potassium phosphate, or a buffer
may not be used. 'Reaction tenperatures are from20 to 50 C, often 20 to
40C. [0147] Aqueous co-solvent systens can al so be used. Such co-solvents
wi || typi callsamplec:ud&onversonlod Monacalin JiSodisroiSals tg Sinavastati Soilirc o- sol vent .
Sui t abl e pol ar or gani salgusificateon &solatioh ofl SimastatiaHydnmty Adidiandd t o, MeCN,
DVBO, i sopropyl al coh@ontérkibh of Simwataein Hyldroxyakeit omSimanatilyEBdrody0148] |t
has been di scovered tnaid AhgnddwialSaRy product (18 in FIG 1) generated by
the reaction may inhibit the variant LovD pol ypeptides. Accordingly, it may
be desiford¥] & driant 251 tkiSlefhsé B meS GRYSRE £BGERY ih Bxhiipler3Caetd ABaydH Xéur .
Sui tabl'e thiol scavenging agents and nethods for their use are described in
Appl i cais¢ bra pleparativexsealezeversipn bEMohagphind\sediutrosalto Auyvastainsbdinmssaltdsdi at ed

oY e Bty - a0 AR R u st AR B scbioed Vil os sl Bt b 109y
{ O) C2- 38Bade ifel Rl &itd ASMERSal Hermbinelir AR rbASIOh ROEsBE Wik é}ﬁf%iﬁ%&y reference.

A preferred thiol scavenging agent is activated charcoal . en used, it can
be i nciMenagolimJ hydsoxeanid (og I 2rmmel)i IMaNaQlitsolution fifg} md.) andde-ipised 2 to 20

/L. At i vel t duct be . i pi tated I | e,
96 an’ aBREERl s e LB e iR e BB iRl e o580 ©
React i ¢§theqdditioh @ theBuifferl5eming TS Suer Sdhitiva (IRB nAN40bYNA, pRI=YPSPhhgies
descri bed herein are as follows: 1 to 250 glL, also 25 to 200 g/ L, and

of t en 3ddednndsbe piiof thegandiont mixiurs svis adiustad fromud 4 te A0evith 5 MoHCD (GHumE) al so

1to5 ' : . equi v DVB- S -substrate: 0. 2.to 10
o L offahitihe BRGSO Gt 2 EifEbiln TN GBI e slnflcc | pea
i n Examgikerdds a powder.Zlheghixtigte iniay sfirgstl ohameifates 4IO350i rpmadt 5 °@nd obtairo 300 i nM

TEA buffer, pH 7.5 to 10.5 also pH 8.0 to 10.0, and often pH 8.5 to 9.5.
[ 0150] homegsusityt PMB-SMME (3i Danbyt6. 3¢ manal ol ed)avasaddpdtor siat fhgsgeymaticabout

20 t : .t Q. : 3 t ndi
¢ her modistion iR Soiebinthste B St SpdPars30 i o5 O CARKDS hfiR0adad? |
for a MR arealysid asdsuitibeiSn BxarhPle R Was perfoenedrongatples ddkeh perivdiadlly. on can be

noni t ored by anala/zi ng al i quots via HPLC chromatography as described in the
Exanpl é9prsaamaisly 93% eonversen vasnphiginedhalter dade When agtlw%@@mom dArg/lpwas

i sol at r &G i i } i lg¢_usef ul
ol t o, Sl L BARE SR B dhehdt B0t CROMEL Wi 3 BOSEBAOI, 58) o5

Bri ef | 99%dnonpersiducbuldbd obtaireslafietibG-48 Abersaleomxdrmbulir@entyihe vatlliBhatiaXhe t he
aqueous phases caopbj ne n h H adjusted to pH 5.3-5.4 with 5M HC1L while
mai nt af ﬂ@naﬁ?%ﬁga @tfﬁﬁﬂgﬂ\@m Breviies gpgd repts aeperding te gheaboye pandifighsd and
the m L : : ks ] - I I 345 rpm
170 R BB Rl o ey o SR, PR et o U 2o B O
ext r ac bpomized doritheveedctivityepréfilRAd other variantsons are filtered through a Celite
pad under reduced pressure, and the filter cake washed with Et 0Ac. The

filtrate and washi ngs are conbi ned and concentrated under reduced pressure
to yield simvastatin hydroxy acid.
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[ 0153] The hydroxy acid can be converted to the amoni um salt using
standard techni ques. Specific exenplary conditions are provided in Exanple
8. AltermaDi2oelos)23the reacti on can be run using the ampairarseealoso2ed
nonacolin J, and the sinvastatin amonium salt produced thereby can be
isolated directly fromthe reaction nediumby filtration. This process is
exenplified in Exanple 9. WD 2011/ 041231PCT/ US2010/ 050249 7. EXAMPLES
Exanpl e 1: Construction of LovD Genes and Expression Vectors [0154] The
acyltra r < { il il ( SEQ
/NG I e BN aR R MO RAE QU ol RS e M (e BRA D cton bETEHS.

opt i m zaftewin-préess analystsaindicated mewinodm coni@nsian tthapH af therreatibh wiktare wae

of tra eihinsatkorEd urine MEMiveRlsolisitto 3Emiah rBhureR wasdise waze- a1)
Cenes viRadionHAxhAs Waedltkich Aol SPRLG!GARE o5 FOMRASAM: by SRcRlrliagt | des

and cloned into expression vector pCK11090 picte us
Pat ent fppelivaderi reduced ipressiae toorenidye tHROMEI0AI0 T8 250 nfhi 3hedksRBR eas pasdsit weith

her ei n r.ef.erence, .under .the gontrol of a |ac pronoter. The expression
vect or ‘g%{%segc}’ﬁa?%ﬁ (ﬁ 2 ‘@Sﬁaséﬁfequﬁg{ﬁ“gl‘gfﬂ famet aer‘?rfrgﬁgteémgmeé‘r“gfp?&‘(@ﬁi col
resi st apie T Rate RERUfilkdrRAKPVASTABSd WathBydthAB HHIOf Ghd Whhifes wak &

C{P %y&geho or
E. coli BL21 using standard nethods. [0155] Pol’ynucl eoti des encodi ng
exenpl aang cembingdvatl the iftrate MVBEi (6 mLl; d2 Dohovagwhaiged esthe feactien midethent

di scl di scl i | | | oned i
ok 10 oHBTS PRI Shshap Rt D s 2 B5kses Refednfn Spimied tud afiresd
Shake- FdeF&Kter Wée%alfaﬂf Rir@H dthi aGucdlis pRUPWAS lra/d%@eg 488 thedlspbh A-RiRg! e

m crobi al colony of E. coli containing a plasmd encoding a variant LovD
pol ypeptBBandextiagtedragain withsMITRST(30anlecd vol). ol lOphakesower® sépacated frideodlectedigt h,
169/ L psané:rgt%ftti c digest of casein (tryptone peptone), 10g/L yeast extract,
59/ L sodrameehl or i de) containing 301.1g/ mL chl oranpheni col and 1% gl ucose.
Cel | s own overnj.ght (at |east 16 hours) in_an incubator at  30C with
shaki n\éﬁ’ﬁ“l VEISHn Ofﬁé‘%&ﬂté%lé/% ag1d sedBen salt te Simyasiatimbydroxyiasid was

cont ai Nhggp3Rrhidal fHHoHR! (GO 3 vi | S, Gk
density %?600 nma(ODg%J(%) 9;(li) Kg 2 a%ai%lﬁlgm“g%a%%g%%v%ﬁ%ﬁ%g@ %’q@&g’?@sfsi on
of the thewixtgrenwasedpisieddo6Sds.Bpsiagd §iMiHE sofutioa .52 mil) aha aBititéd argdDapmosi de

"I PTG a fi entration 1 ™M when the 0D600 of t cul ture was
((). 6 to %F g&maﬂé}%ﬁl S!t“f?é%ﬁlf’&?fiitﬂé@?%@&%?e@ﬁ{at%&ﬂ”égifar&% ﬁour s).
[0157] &mfllididn Y&ﬁfr{édhﬁf{n\é%%Qd&?’tlo(iﬁle({\ﬂefsl‘:'}%ﬁtidﬁrbf(t% Hads. i dfufousayet wabid the

supernat ant di scarded. The ce pell et was re-suspended wth an equal
vol une removesl ahd(tUCEtBAC pivdsp was poliactedisapdrately( Phe 8quspusilaglehsaswectaegbdayto

trif ' ., Th hed cel ) .
2011/ 04452 Beob R Geg et Elaan A EOAE S i LR e ippagigmpiure
phosphays ABithtb& bt A50pRA%S 80 ndifkied P32 CRANG RE gﬁfsﬁe% Wore 4 w@_&} 'rt]% sei) o e inCel |

debris was renoved by centrifugation (7700 g, 3 , 4 ar
| ysat e aspapient fmnehend cob¢dtesteeparatell The sepauhtaty fulie] Gas kipegshwith E€dAob of

frozen cfeak. |l ysat rovi.de r hake- fl ask powder..of crud vD

pol ypept |t)d @’.hlckly ‘?’aésrtﬁ%{f?%t?lﬂ}?ds‘fvﬁlé qb%]isf argf;fqdel%te)éfe%xgrggs -oﬁheacpﬁé’ﬂn%%&éﬁﬁ?g) can
be st oregtlacé whreGilred ﬁfbu%h afpaa P CeliR:(1 E?H@Mawm RiGed blass fufthelRingguct i on
of LovD Pol ypeptides [0158] Bench-scale fernmentations were begun at 37 C

in an deduse@presss toslarely the extragt hha filier eake mvgs evashad with GiQdw (10rmeb) andi the. 88

g/ L amppj f . Q0. / ri-sodi.umcitrate dihydrate,. 12.5 g/

di pot ass| hﬁrég%%ireocg}en%nbeﬁo@%h%?gl I{I?tf:'h@l %ia{#%tf V§S 280G aﬁSg EYSS Fﬁn‘?ﬁitﬂ&gf‘aen
phosphainder r8didd gtdssutast one- 154 yeast extract, 10 ng/L biotin, 0.083 g/L
ferric anmoniumcitrate, and 8.3 m /L of a trace el enent solution

cont ai NYIEY Tk drsioaloft A [ : h?(hlo [

hept ah;[dr ag e, O. g&glofsﬁng%%%hgsﬂggggﬁfagpg& %gﬁ%aﬁ;%t ?la e, Xi agf;i La%g%%rﬁ%ﬁssag JVF ate
pent ahyerfammaed 23 falloyrd. Theethyl anetatosohinitar @ntaiting thedhiravastainchyfrod® agidlwasodi um
tetrabofate) The fernen s, lnoculated with a_.late exponential culture
of £ hfed e it pt Rk MBS e BaPt e Sk R 0T R 221G A
vari anty.q HikARe 6f ar i i 3 I in
Exanpl e 2?%?0 a starﬂgﬁgﬁéﬁggﬁﬂ%@; %g%‘?‘g%%%@i?ﬁﬁagwggg‘gi tated at
500- 1500 rpmwith air supplied to the fernmentation vessel at 2.0-30.0
L/'mn to maintain a dissol ved oxygen |gyvel of at |east 55 % The pH of the
culture was nmaintained at 7.0 by additi'on of 28 % (v/v) aqueous anmmoni um
hydr oxi de. Gowmh of the culture was mai ntai ned by addition of a feed
solution (up to 4 L) containing 500 g/L glucose, 12 g/L amoni um chl ori de,
10 nmg/L biotin and 5 g/L nmagnesi um sul fate heptahydrate. After addition of
1L feed volune to the fernentor, at a culture 0D600 of approx. 50,

o o 4 b1 e~ B 1 N~ 1 o 1




[0159] The cell pellet was re-suspended and pH adjusted to 8.5 in 2 volunes
of 100 mMtriethanol am ne (chloride) buffer (pH 8.5, at 4 Cto each vol une
of wet ceWbD2paae231The intracellular LovD pol ypepti de wasTrish@assat4d rom t he
cells by passing the suspension through a WD 2011/041231PCT/ US2010/ 050249
honogeni zer fitted with a two-stage honopgeni zi ng val ve assenbly using a
pressure of 12000 psi. The cell honpbgenate was cooled to 4 C inmediately
after disruption, the pH was adjusted to 8.5, and then a sol ution of 11 %
(W' v) [ a : lys o
conce nlt[Hr} gﬁ%ﬁx{cﬁm@ rH"nE‘?o thQ lfga%&/%“ Tq\gﬁrg gltq?{réarlegg glEEelg %ﬁaqtt&née?at %6 r% & t g $ at
room t eNfiercampiate mc[dlﬁcﬁm &ﬁh@amiimmunehydrbxmg adeMeéJHsmg)numaﬂle etsaithtingicttudy

Cto o it el at 76 mpnttor St efinedice i singgn eered Brtro e 1h 3o (€ teng 2
cel lul Qﬁlﬁte”dohﬂa\fa!s kienat1icpdd tﬂﬁﬂ@ﬁ%@?anﬁ%l@@ﬂhﬁfed"ﬁésg Hindet indt @aﬁ@ln%the The

final concentrate was di spensed into petri plates or 1nto sha
cont ai rreaction vessglewasainse@ it cahohll gfwohd EiQAsd The nndeBwas)ﬁH&edh throwght the sdnee

pol  pentt a8 Cianl oy °msooé&tﬁag&raeer;ng%%%%§h{étv%s§eﬁ WBR DRGSO or oo
at -20 (@5Iﬁﬁaﬂplv6l)4fhé‘¢kﬁ|fbs-gﬁﬁ%£%ﬂéﬁlﬂ'ﬂ'c9a é%m‘g?*o@egf? ﬁ‘?r% g si on

of Monacolin J Sodium Salt to Sinvastatin So ree of
conver sifford afprovimatedy 4.8- 5]0 g@ﬁﬁ Ufrogsdlated MleBi)rmﬁalm\astatm bpdtoxyracd) anmasum

determndu5| PLCl vmthaGemnl(r) C18 col um
(4.6 x B hlqg(ﬁ‘i?l Wﬁ‘h §€8Z%[@%§@ P®el uted with a 52 % (v/ V)
aqueous soI ution of acetonltrl I e containing 0.1 %trifluoroacetic acid

(TFA) at a fHxamipled:e @onterSioftlof Mdhadslth PHY SRS AtLARNRnidR Skt tdhe el uate

vas moni tored at 238 rsrmagmﬁrn &}@gﬁA&gnthdom smﬁm{ﬁ&ﬁﬁ&ﬁeﬁ times of
Monacolin J acid sodi wm,saktin, d}g)g}hx}; nmer capt opr opi onat e
( DVB- S—MVP) and Sinvastatin sod, umsalt ‘are apprOX|nater08 2.9, and 3.9

mn, r t e} nc0| sodi m t to
S myas taps] Vabih? acy KA AEEE 85 Rles PATMREL Re P MR RERILE 7 aERE el
anal ysise ufa(ﬁﬂ‘pzhetlfe schle@bniResion bf mﬂad'cﬂﬁhq Airh vl Gmtsalt QBSE&E‘!Hsﬁﬁn GRIMORIEh ON Of
Monacolin J_Sodium Salt to Simvastatin Sodium Salt [0161] 5 pL of the

react i GAlt A% follape. S0 mikEnedniwuad batbm dask w)qu@mp%whmpwhe% 5)
et g IRABRLE iRt R w8 HUOROERP Ol rodbuith DossePRps dhal g

pr eci pl enzy I'TE super nat ant was anal SI on

of MonadedacelinlJ h;acﬂbxmcﬁatlto g, Q9$8Iﬁﬁ@51)alDélﬂm|2¥(ﬂﬁv@féy(HQl OmB.pehdNHz0H (4\%€T €
determ ned usi g an_Agilent HPLC 1200 equi pped with a Zorbax Eclipse C18

col urm Tlyswers addagsybsequently) The mxtppeovas stirredqumpitsall swfidlisgolvegbprior to the pH

'l ow ?é@‘%@ﬂfgi R ARGRA G bapdied o3 Fa B BB
gr adi erft SIML)fpmbr\m' the aﬂdlltlbﬁ)‘ﬁfagzytnerréfmdt CovTp ersdyhieqi0s0 ggvﬂas Rhatg edl%%hB 1-9

mn, 90% B mm 90% 9.5-10.0 mn,. 40%B; 10.0 5mn 40% B.
Ret ent |SB’F564 mhzggre@'s atﬂ‘?@’d%ﬁ E&1¥WCJWW)}CO%%FWMW é@% FIi’IH a25 °C to obtain

di met hybhidbyer- VRS- SWIVEY GPLPPS OB ARANIC] @&gw MY to GhAMRIBBIY AT OXY
acid and Slgrrv%ltgt atin were g ppr ox?rrate g gs %to an gt m nut es,
r espectréagtdry The resulting blphasw mixture was stlrred at 300 rpm at 25 °C (internal temperature).

The pH of the reaction was controlled at 9.0 by pH stat and titration of 25% NH,OH. HPLC

analysis, as described in Example 5, was performed on samples taken periodically.
Approximately 97% conversion was obtained after 48 h. In one embodiment, the variant having
the mutations described in SEQ ID NO:116 provides good results according to the above
conditions. Reaction conditions, including loading amounts of substrate or enzyme, may need to

be optimized for the reactivity profile of other variants.
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Exanpl e 6: Preparation of Mnacolin J from Lovastatin [0162] To |ovastatin
(30 g, 0.074 nol) in a 3-neck round bottomflask (RBF) fitted with a
condenserwoastiaddsd | sopropanol (1 PA 250 nL). KOH pel | @C3/US3@025@49 0. 593
nol) and water (3 nL, 0.1 vol) were then added to the stirred suspension.
The reaction was stirred at 80C (internal tenperature) for 7 h. The
reaction was then cooled to -50C and | PA was renoved under reduced pressure
(350 50 nbar) until a final volunme of -100 nL (3.3 vol). Water (110 ni,

. 7 vol 1§ SiRdsesdid lafdtr(hf‘y d’cﬁﬁéxﬂﬁﬁ%nﬁﬁpsaﬁthﬁas%ﬂlérﬂ:& %m"’lﬁé abRRIELtibR a5 10C i n an
|ce mater bath. 6 M 92 nm, 3. was added dropw se to the sol ution
whi | e rfallowsi Aﬁngnﬂm@esmmWasl 1ndleatpd3nm(mman bmmm,mmzmonmmmﬁ t he

v 1 r e eREehRRlgt Bisfaael i Shiffea et sl e e ipesurer Thepshimoy Foeey
washed RBE Wa¥ahed v(a@pc}ﬁﬁ’edﬂelorﬁzéﬁ \Vﬁér)(lﬁ téﬂ@ @hé"ﬁ%f%s ﬁﬁ@reﬂ%rog%li’@ll%) The

filter cake was vacuum dri ed h to yie white so
g, 90%sqpinglsthfered glassfagnel plhe ﬁlyertaykdmaﬂhad yEice mtﬁ)@dhﬂeieibmzléd ermarz@(i on of

o S 0D et waRE e Gt wi A FERE I Y e Bl s HEEs I et a o

(i - Pr OR%ven &PRnirg) a0as °C et 2ath ltochfﬁ)?d hﬁﬂr@ilﬁﬁ{el}t EIReS 8. ‘?"ge(89fto g’ﬂ% 1s-Eﬂ’at&{“ S
vigorously stirred solution, 2- di met hyl but'anoyl chl oride (8 g, 60 mmol)

was addedddeichmivesatin/ledraxy awdnammnmurre@itlasmrv@u@wgbé matharchemscad pumqy@d at 25C

for T nitored by checking the di sappearance of nethyl

3- ner5%8W§§t8§§ﬁdgﬁgcﬁg&ﬁ%5th|n | ayer chromat ography (TLC) on silica

pl at es. t e stained with |od ne, (elu W EtOAc/h pt ape; Rf of

met hyl lﬁfc‘ﬁﬁr@éﬁlﬁﬁ%ﬁanm%s Petezba}pp 1‘1’?4@“?@% & ey Ao eaﬁé'ﬁe tiwpagf%nt&opon

of sat Urah &GehAABRBLMIBAGRY! ek ﬁ&lguwrehe% f&ﬁ@?@éfés 151 Grde Je%%n%?ifand
unt| solid S

the resultant” mxture stirre ved.” The phases were
separakadlmﬂdn&h@pMMﬁhﬁ@ﬁbk@ﬂﬂﬁaiﬂﬁﬁmhﬁﬁﬁm@tﬁﬁﬁﬂdﬂmnmgannsumhahmﬂmas washed

successi mnth 1@6ag ggvégpgdro ric acid (100 nL) and then water (2 x
50 m) .1» ﬁ% FEIRCOTPITEE QLY A PY R sodlun1sulfate filtered, and
concentr at ed under reduced pressure (45C bath, 50 mm Hg) to obtain a crude

mi xt ur d0BA] Whidg earipap pragific emhagdimenie have hgen ﬂiwstr@méan%d@ebp@ett@ﬂlltb@ col um
chr omat I

ar adi orp oA (bl el B BE LG, 311G BREh 108t 86 Tt AFPLAREor e
concentinahnddn®y af f ord 10 5 g (80% of nethyl

3- (2, 2-di et hyl but anoyl t hi o) pr opi onate (DVB-S- MVWP). Exanpl e 8: Conversion
of Monacolin J Sodium Salt to Sinvastatin Sodiumsalt, Purification,

| sol ation of Sinvastatin Hydroxy Acid and Conversion of Sinmvastatin Hydroxy
Acid to Sinvastatin Hydroxy Acid Amonium Salt [0164] Vari ant

acyl transferase enzynmes, prepared as described in Exanple 3, were assayed
for use in a preparative scale conversion of Mnacolin J sodiumsalt to
Sinvastatin sodiumsalt as follows. A 250 nL 3-neck round bottom fl ask
(RBF) was equi pped with an overhead stirrer, a flat-blade inpeller and an
internal thernmonmeter. The reaction vessel was charged with Monacolin J
hydroxy acid (5 g, 14.79 mol). 1M NaCH solution (16.3 nL) and de-ioni sed
water (8.6 nL) were added subsequently. The m xture was stirred until al
solid dissolved prior to the addition of the buffer (-5 mn). TEA buffer
solution (33.3 nm., 400 nM pH = 8.5) was added and the pH of the resultant
m xture was adjusted from9.4 to 9.0 with 5 MHC1 (0.15 nL) prior to the
addi tion of enzynme. Variant LovD enzyne (0.05 g) was charged to the stirred
m xture as a powder. The m xture was stirred for 5 mnutes at 350 rpmat 25
C to obtain honobgeneity. DVMB-S-MWP (3.55 nL, 16.27 nmol, 1.1 eq) was added
to start the enzymatic reaction. The resulting biphasic m xture was stirred
at 350 rpmat 25 C (internal tenperature). HPLC analysis, as described in
Exanpl e 5, was perforned on sanples taken periodically. Approximtely 92%
conversion was obtained after 72 h. Wen activated charcoal (10 g/L) was
added prior to DVMB-S-MW (to scavenge the by-product, nethyl

3- mer capt opr opanoate), 95- 99% conversion coul d be obtained after 40-48
hours. In one enbodi nent, the variant having the nmutations described in SEQ
| D NO 116 provides good results according to the above conditions. Reaction
condi tions, including |oading annunts‘R; substrate or enzyne, nmay need to
be optlnlzed for the reactivity profile of other variants. WO

2011/ 041231PCT/ US2010/ 050249 [0165] Simvastatin hydroxy acid sodium salt
was purified fromthe above reaction as follows. After in-process analysis
i ndi cat ed maxi num conversion, the pH of the reaction m xture was adj usted
to 9.0 fron18 2 u5|ng 10 M NaCH solutlon (0 55 nL) If charcoal was added,

. o r "



WO 2011/ 041231PCT/ US2010/ 050249 dropw se over 10 mns to the reaction

m xture, maintaining the internal tenperature at 20-22 C. After conplete
addi ti on Wb 20hwev4aa3moni um hydr oxi de and MeOH mi xt ure, theCTasadman24m xt ure
was stirred at 260 rpmfor 1 h at 20-22 C. The slurry was agitated further
for 1 h at 0-5 C The white solid was then filtered through a standard 4
sintered glass funnel under vacuum and the reaction vessel was rinsed with
6.5 mL of cold EtOAc. The rinse was filtered through the same pad of Celite
and conW;pngS/\CLJQIMEQIfsl ltrate. The filter cake was then washed with cold
Et OAc (6.5 nL; 1.3 vol). The white solid was dried in the vacuum oven (2 mm
Hg) at 25 C for 24 h to afford approximately 4.3-5.0 g (65-75% i sol ated
yield) of sinvastatin hydroxy acid, ammniumsalt as a white solid with
chem cal purity 94-97% (AUC, 238 nn). Exanple 9: Conversion of Mnacolin J
Hydr oxyl. Aci d\ Raniamn LoviD PalypeptideSiaving st fastrtwolyfdIdoptyatécdathlpioativisyitaalte and

| sol ation of EL‘m/ast atin )grox Acid Ammonium Salt. [0168] Vari ant

acyl transf er'd SRR Ay freeeus pg asg ot SECEH) NOW2.i n Exanpl e 3, were assayed
for use in a preparative scal e conversion of Mnacolin J amopniumsalt to
Sinvastatin amoniumsalt as follows. A 250 nL 3-neck round bottom fl ask
(RBF) was edihiepprahtdiovh Imhym:'paddneﬁdam iywhkich canfnhmsﬂhi amifo acidstquehcastl an

internal th r. .The ct| on_vessel was char wi th Mnacolin J
hydr oxy aci ?E?Eﬁ?é!% %glaﬁglc T’}he @é‘?‘ﬁlﬁgﬂﬁn%@m(]%fﬁ@ﬂﬂﬂ” O—I (4.2

m.) were ad lﬂ.ﬂ%‘iﬁgﬁl

di ssol ved pg) t theg?)glhhg ?égt%(rir@ﬂﬁ%@ m ni %#ﬁ%%ﬂg?ﬂoh?olr%g% tant

m xt ur e was additiosdledndercnive nflitdtmn8. 0 with 5 M HCL (1.5 nlL) prior to the
addi ti on of enzynme. Variant LovD enzyne (0.10 g) was charged to the stirred
m xture as a powder. The m'xture was stirred for 5 mnutes at 300 rpmat 25
Cto olatain 0@}2@ : dded
to stalrgt thﬁgﬁﬁﬁaﬁogbre P %lzlr%gu ?}"33 E’HS %gtl%si%ﬁ?%d:%g%teg“ rred
at 300 r pm =zataBsic @etivityt thamthie mkhp'pe dt tereeys adsﬂ'earrsféraﬂe df SEQ ExbIO:2n was
controlled at 9.0 by pH stat and titration of 25% NH4OH. HPLC anal ysi s, as
described in Exanple 5, was perfornmed on sanples taken periodically.

Appr oxigat elhe YANart QRV BN il R pM@S o OB, 3nB %ficnaixﬁﬁi_sfl%vmch Joﬂlfﬂﬂes FERREERA

t he variant having the nut atl ons described in SEQ | 16 provi des good
resul ts accaéeglienee ofSHG ED 2Ny ¢hat inediides ons or ilRewaifi tlmmfod:lowmgaharastensmsl udi ng

| oadi ng anbunts of substrate or enzyne, may need to be optim zed for the
reactivity giofi loge of motchautatiods thittcorrelal@GviZld) dd ik feheSihRaThl }io24e i 0ity) 50249
[0169] Sinvastatin hydroxy acid anmoni um salt was isol ated from t he above

reaction asfpl | ousor Mbtehutalo tRALDTrcRAANYNS intrdaiel thained sixBXi
conversion, the reaction mxture was filtered through a stan d 4

sintered gI ol fgﬁ@glldmlgomﬁta{&gqﬁﬁqo?%% rrL{tﬁre gg@héggn] neck RBF was

rinsed with c ze wat er rry was filtered

t hrough the [ nn The filt cake d twce
R | e YA ohe BE Gt ‘%‘?‘?r%&w fiktote it [rtcada GG WBBUIASAGT, | 1 TE
(40 nli). ite solid cuum oven for 24
' Co at f or dMppr 855 %ngwn“%iﬂwstssgitfg oy B et comost Gatap snadVeRdstor
Sinvastatin hydr @egrarbels assmni4on, €aby, 230R SRt N4§Y| CHoi b ya CHdRIM Cal
purity of about 97 to 98%(AUC 238 nnj. [0170] "AIT publicatidns, patents,
patent appl i cati 649HaBI0%L, hA2NosRfdRd 8¢Vt NdO1SH A26ilS, ARGIE, 61 ¥ L3P2R,

her eby i ncorpora Y r for all purposes to

t he sanme extent 92975 Ié%g?ﬁf S”éﬁg#{}eﬁéﬁ)ﬁg 4§ﬁbﬁ§atent pat ent
application ot her docune d| vid l |y indicated to be incorporated
by refer encén‘i Pt yﬁ?ﬁtﬁaég'gm% t7hio Wﬁdl IQPélr?%%rvétb‘@dP\‘tPEOI@nbodl ment s
have been illustrated and described, it will be appreciated that various
changes can be made w thout departing fromthe spirit and scope of the

i nvention(s). WD 2011/041231PCT/US2010/ 050249 WHAT IS CLAIMED IS 1. A

vari ant. LovDhewhyant poideolypeptinde aftany eas of ¢laimms bigwhick abmpriseattld arhino acid

activity t h(fsﬂenqutencee o\?‘SIEr(i) hy% f\ thatt 1enrc uedléé5 ogecgrl rgcr)r%%%tdﬁarfa ﬁgwglfg fgg:l?rel D No:2.
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2. The variant LovD pol ypeptide of claim1, which conprises the amno acid
sequence of SEQ ID NGO 2 that includes the following two nutations: L174F
and Al78Lwoand/m@m3sional |y from about 1 to 30 additi onal Poutuské100S02and
optionally fromabout 1 to 20 additional conservative nutations. 3.The
variant LovD pol ypeptide of claim1l or claim2, which has at |east 10-fold
greater catalytic activity than the wild-type A terreus acyltransferase of
SEQ I D NO 2. 4.The variant LovD pol ypeptide of any one of clains 1-3, which

conpri ses thg am,pR,aGnd nﬁﬁé’&b%%%l%c%p)frﬁgﬁél'egrr&@o%géi%%&‘&iiﬁﬁﬁaﬁ% or nmore

of the followi ng characteristics: tions fhat correl ate
wi th an increase S104Ga% HI2N, iLd 7416t A MISLY N101G) L 152¢, A2478pR250KIt SHS6ANA26 Hat

correlate with i s r plity, (Jjii) one or nore nutations
that correlate w%%geﬁg%tgﬁé@i‘%yg‘t%gﬂmt%ﬁ%gone or nore nmutations that
correlate with increased enzyne stability; and (v) one or nore nutations
sel ected fr i t hat lgpsope avraiopselsgted fromyite gr@p corsisting ¢ 1My 1H, 35|,

C4A0A, C40V, C40F,)Q§g .CG60F, Co0Y, C6ON, C60H, S109C, S142N, Al84T,
Al184V, N191S, A2 ,ﬁ%‘g?@!ﬁzmv, L292R, Q297E, L335M A377V, A383V, N391D

and H404R, angd optjonall ntains fromabout 1 ta 20 [

conservat i VZH tﬁ'HGSﬂé).rle\élﬁ‘ﬁ@n\?ﬁgFtﬁﬂﬁoﬁb gwpﬁggﬁtstin}gec?fﬂ? %\%hem@f cl ai ns
1-4, which conpriggeagt he ami no acid sequence of SEQ ID NG 2 that includes
one or nore of the follow ng features:

(iv)  atleast one mutation selected from the group consisting of C40R, C60R and
D245E; and |

(v)  atleast one mutation selected from the group consisting of [4N, A9V, K26E,
R28K, R28S, I35L, C40A, C40V, C40F, S41R, N43Y, C60F, C60Y, C60N,
C60H, S109C, S142N, A184T, A184V,N191S, A261T, A261E, A261V, L292R,
Q297E, L335M, A377V, A383V, N391D and H404R,;

and optionally from about 1 to 20 additional conservative mutations.

6. A variant LovD polypeptide that comprises an amino acid sequence corresponding to
SEQ ID NO:2 that includes the following mutations: A123P, L174F, A178L, N191(S or
G), A247S and L.361M, from zero to about 26 additional mutations selected from the
group consisting of Q241M, A261H, Q295R, Q412R, N43R, D96R, H404K, C40R,
C60R, D254E, 14N, A9V, K26E, R28K, R28S, I35L, C40A, C40V, C40F, S41R, N43Y,
C60F, C60Y, C60N, C60H, S109C, S142N, A184T, A184V,N191S, A261T, A261E,
A261V, L292R, Q297E, L335M, A377V, A383V, N391D and H404R, and optionally

from about 1 to 20 additional conservative mutations.

7. A variant LovD polypeptide comprising an amino acid sequence selected from Table 1.
8. A polynucleotide encoding a variant LovD polypeptide according to any one of claims 1-
7.
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WO 2011/ 041231PCT/ US2010/ 050249 (i) at |east one nmutation selected fromthe
group consisting of Al 23P, M 57V, S164G S172N, L174F, Al178L, N191G
L1921, AMOIUIRABDIK, S256T, A261H, (75S, QR97G L361M PUIABR01a0802MBO1S;
(ii) at least one nutation selected fromthe group consisting of R41M
A261H, QR95R and (412R (iii) at least one nutation selected fromthe group
consisting of NM3R, D96R and H404K; (iv) at |east one nutation sel ected
fromthe group consisting of C40R C60R and D245E, and (v) at |east one

nmut ati on sel ected fromthe group consisting of 14N, A9V, K26E, R28K, R28S,

| 35L, C40A, C4A0V, CAOF, S41R, MN3Y, C60F, C60Y, C6ON, C60H, S109C, S142N,
A184T, 9A184\IhebBbScledtRiIoF clad@csl tvhicA2641expkR9idR ve GBOF it able IB5MpreASing he
A383V, N391D anq H4§4R‘1 and O@;ﬁi- onal I]{ fromabout 1 to 20 additional
conservat i v&RtAOVEROLYRSPude A hashtell ovD pol ypeptide that conprises an

am no aci d sequence corresponding to SEQ ID NG 2 that includes the

follow ng nmutations: Al 23P, L174F, A178L, N191(S or G, A247S and L361M
from zdfo t dhalpolynugeotattdiftcladmed omalsiat 9 ainwhich tcdreddibp sequehes wilimapcodons
consi sting of .8%4 A261H, (@gg %ﬁZR, NA3R, DO6R, HA04K, CAOR, CBOR,
D254E, | 4N, ORERIZCRIGEEXPEGSHRN 1 OSUC851 , CA0A, CAOV, CAOF, 541R, N43Y,
C60F, C60Y, C6QON, C60H, S109C, S142N, A184T, A184V, N191S, A261T, A261E,
A261V, L292R, Q97E, L335M A377V, A383V, N391D and H404R, and optionally
from adéut A hest 2¢] euprisingvapolpmricetide encoding # wdriaonkovlY polfpeside antordiag D

pol ypepti de co%priggn .an aﬁino acid sequence selected fromTable 1. 8. A
pol ynucl eot 'Y ic%'dmﬁ Variant LovD pol ypeptide according to any one of
claims 1- 7. WD 2011/041231PCT/ US2010/ 050249 9. The pol ynucl eoti de of
claim8 which is an expression vector suitable for expressing the variant
LovD pdRypept ingthod of makimgta vasiant LovD potypeppidé goroptising cultiriof adlosieell8 or clai m

"n' The host “GERInE 1 g AESREE Endibn ARt o8 By oe PGTmIB eT Bod ng o
variant Lovikpetx¥deamd bpteonaly Ricdiéithglthe dat¥anPNEvIDpoRipdhtite. 1- 7.

13. A method of making simvastatin comprising contacting a monacolin J substrate with a
variant LovD polypeptide according to any one of claims 1-7 in the presence of an
a-dimethylbutyryl thioester co-substrate and under conditions in which the monacolin J is

converted to simvastatin.
14. The method of claim 13, wherein the monacolin J is a sodium salt.

15. The method of claim 13 or claim 14, wherein the monacolin J is a sodium salt and

activated charcoal is added.

16. The method of any one of claims 13-15, wherein the monacolin J is an ammonium salt.

17. The method of any one of elaims 13-16, wherein an agent for precipitating simvastatin is
added.

18.  The method of elaim 17, wherein said agent is ammonium hydroxide.
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12. A method of making a variant LovD pol ypeptide conprising culturing a
host cell according to claim 11l under conditions in which the variant LovD
pol ypept iwe 20s/@xiessed and optionally recovering the waritsaaiolosoz

pol ypeptide. 13. A nmethod of neking sinmvastatin conprising contacting a
nonacolin J substrate with a variant LovD pol ypepti de according to any one
of clains 1-7 in the presence of an a-di nmethyl butyryl thioester
co-substrate and under conditions in which the nonacolin J is converted to
sinmvastatin. 14. The nethod of claim 13, wherein the nonacolin J is a
sodiumsalt. 15. The nethod of claim 13 or claim 14, wherein the nonacolin
J is alsodi Wnmsthbd ofindkagtsinredsetinchmpeisial costactitgerlovastatin ubstrapd Wit aof  any
one of clains 13-15 V\/ﬁuerel t he ponacolin J_ i s an anmmoni um salt 17. The
met hod of angridh&o¥P Rol¥peRideascersling jnanxoRe afclaimasl- 7%@6@%&99% o0 ng

sinvastatin is
anmoni um hyg r%ﬁ%%t%ﬁ%&&ﬁﬁéﬁ%&%ﬁ%@%%%‘f é@%ﬂ%‘%&yﬂ%ﬁﬂ of maki ng
si nvast at i n sulmstrpteiis conyeteditoatmivasgata. | ovast ati n substrate with a vari ant
LovD pol ypeptide according to any one of clains 1-7 in the presence of an
a-di net hyl butyryl thioester co-substrate and under conditions in which the
| ovast gpi n %@ﬁ{e‘ﬂﬂ)tdeof‘cfalﬁlq@’%tefeﬂx§a?d§§vﬁ§f§t§f§fbk@ate?sgxd f]if&dwd of claim
19, wherein said |ovastatin substrate vari ant LovD pol ypeptide, and
sai d t hi oespelypeptalecisk gatthatestsudrs chargediat spbstindializithee daimestimerinto avmsslsel )
21. The nmethod of claim 18 or claim19, wherein said |ovastatin substrate
and said variant LovD polypeptide are first charged into a vessel and then
sai d t hj 0eSHRE njethodFicliifl 19UrQ1R 1, VEIRREN said fovadifien SRHAL aRd sAAYaPie of
clainms 19-21, wherein an agent for preC| pitating sinvastatin Is added

23. The net thprot,ypaptmdeQaze fivs eharged wéo alvesge eind itleenasaidthioastetiy dhm’ge(ﬂmio

said vessel.

22. The method of any one of claims 19-21, wherein an agent for precipitating simvastatin is
added.

23.  The method of claim 22, wherein said agent is ammonium hydroxide.
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