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enbodi opsmabdy pokigonsilhodthior weldbme. ngThméownihﬂé nedleinbladeng thhdars h{eﬁﬁieic" al
for mul [11).to th cor ond pr odu of .structural formula (1V)
corrpn@aé' & frﬁ?ffl?ln@o‘?ﬂrpahn 1%@ ﬂ‘i‘?éeréaghﬁt‘?ﬁh% digposed exigrigrly 1of 12y leaptth a
ket or egiHbR o (RO t i Sgl
R e ﬂa“i*ﬁ%%nv%r%ﬁﬁ% PR Tl PRERAERPHO D ARR W8 ¢ e
priﬁjucltayeaf frbr%np@se(uowontqc@(m] ap rac@mtmgeﬂmdd raviérit expefisiorhio$ tixetwelthbior
redUC| e r.od t stra duc to the
pr oduc gﬁeﬁglgraigfgéﬁsg I&glrllé;% ? tg % gfsglrae%({r]rg s e?@gggce \%éﬁ%l‘w A and
ket or egluferabdeinabsepeptints (o orporits@svith theguiibee. t hat corresponds to SEQ ID
NO SEQ ID NO 42, 44, 46, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 96, 98, 100, 102, 104, 106, 108,
110, 112, 114, 116, 118, 120, 122, 124, and 126. [0028] |In sone enbodi nents
of this nmethod for reducing the substrate to the product, at |east about
95% of the substrate is converted to 4he product in |less than about 24
hours when carried out wwth greater than about 100 g/L of substrate and
| ess than about 5 g/L of the pol ypeptide, wherein the pol ypeptide conprises
an am no acid sequence corresponding to SEQ ID NO 102, 108, 120, 122, 124,
or 126 5. BRIEF DESCRI PTI ON CF THE FIGURES [0029] FIG.I |IIustrates the
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6. DETAI LED DESCRI PTION 6.1 Definitions [0030] As used herein, the
followng terns are intended to have the foll ow ng neani ngs. [ 0031]

" Ket or eduwoasw/02send "KRED' are used interchangeabl y herermst@oneises to a
pol ypepti de having an enzymatic capability of reducing a carbonyl group to
its corresponding alco re.specifi t he ket oreduct ase

pol ypepti des of the i rﬁﬁhﬂ: BESEMP ﬁg%gf%% ectively reducing the

conpourgh1¢f FhPEMbR édn)xplet_%ulﬂ{d%rsfté?ldm%eoﬁﬁfe_r fe_ﬁﬁ%dar{zﬂa@aaﬁgsé oPth B ea
(I'1), supra. The polypeptide typically utilizes a cotfactOr reduc d

ni cot i maehden, adierinne idhow ceclottd dee daibld) deseriptmiudatic niveotiom alohg evitdni ne
di nucl eot i de ﬁhos hat e. ( NADPH) as th(? reduci%}g .a Ent ...Ketoreduct ases as
Used hErerTPaRRER IR i PUTSh, CORERPPTIRG TG (Y HES JERedEEraSERT 48 el |
as $onpadrebpahdit g@@wﬁdiiﬁgvlﬁagi neer ed pol ypepti des generated by human

mani pul ation, [% 32] "Coding sequence" refers to that portion of a nucleic
aci d (#0W7] Figugehd) istnsphempio dlustratiompl Aovallsistese gperadeg afpleralityosfesand

0033] " g gt or i " refe he f.orm found i
nat ur & <RR) b BRRNEL el Abnind kb Fodokfn, BBt i bbodiBt oty

pol ynugtaitiishengegtuence i s a sequence present in an organi smthat can be
isolated froma source in nature and which has not been intentionally
nodi fi E18) FravsahBra s sshematioHlusiratimupt & pedlosisicnn aperatingha plurekiy off and

o1 . i i . | V. i f
et e B roemb R thoe BHEE e AP Fhar 6 PRRERE b EmpbShEeliPer ¢ e

mat er i ateseritliastentials been nodified in a manner that woul d not otherw se exi st

i n nat r is,identical thereto but produced_or derived fromsynthetic
ot or i MOIORRHHET 24,5 AeeHesS SPEHORahVISY: kT A Enn 2Rt 24 Q¢ Hrivad eanrolGRERR m 1 ng

exanpl egemBf! Hdfaur@TRNE AUREHS coh RERMIINARLr R 4 O%E,ﬁ' at are
not foyngl V\AE,![ hi n utrhe natai ve (%g(r)]-reconbi nanl'rtd)?r?éf (())?ar% of t eélg&fﬁﬁé;ﬁ%%éxngress
nat i velnyeniga;t hat are ot herwi se expressed at a different |evel. [0035]

"Pesce of segquence identity". and "percepta | ogy" are used

in 5far cmgggﬁ%‘e %rli?r‘f?(fsg ng‘g él?ly 18w3%k Nalt ?%ﬁge gﬁﬁﬂg%&?l @ﬁ%&?@&lﬁa@sﬂand
pol ypepsstiiibly, ofifiguier BB detar spadstthedyorfRuRAIoh NG co\¥heOR) iRkl bbdahdr@ N dhe
sequences over a conparison wi ndow, wherein the portion of the

pol ynuBIceaY I8 pol ypept i de sequence in the conparison wi ndow may
conpri j tl . LonRsH{k ) C ared to the reference
sequen@@z?ﬁﬁ%gyf‘]eogzsegs)glggﬁh eﬁ%h%?‘lﬁlslgk%g%ﬁegggé}og?&@eﬁ%gﬁ i 8%%31 FEF1 SpteY

al i gnnmesbrdifig tohem dnidaeehtef desprestheinpedtiant age may be cal cul ated by

det er nj ni t he nunber of positiops af which the identical nucleic acid
pedlt oftdzef El@}laec‘.‘/g 1} B4Ry 2R ShobBEme eefifet ceser gsspmibldin heumninger of
mat cheghisidibRAcordinY b EmboEmRH RS he g%sémﬁmﬁﬁorpos' tions by the total
nunber of positions Iin the w ndow of cohparison and nultiplying the result
by 100[0033}Fighet 4thés perosesectigeal oicvs efja emtlecanttehsdrégn. aséiniiely ieh beéting he

percent a be cal cul at ed, by det 1 ni ng . the nunber of positions at

whi ch %qng'%ggaﬁéﬂgcgo&zi%i%g} elﬁh%#ig]leﬁt ‘ﬁéﬁ%mﬁé%é“ﬁ’ren%?ﬁ;no acid residue occurs

i N bot [WOSHIEIQERES isOf side Ritst ngmﬁakn;e idqRage s@tiod D A%aAE cOnttASLALR ahs%nﬁ){lﬁ gned
r e

with a gap.to yield the nunper of matched positions, dividing t nunber of
med-c hedFCpising tosrsmipdiment o thg| PrefgRiBr &Ttioposi ti ons in the wi ndow of

conparjy ] i . I ield.the rcenta of
sequen@ggig’dlg %ﬁet”@y .kst él'ﬁig}éeﬁ%?( tpgﬁ}a]ﬂ?ﬁ# r(lltu 3 lﬁer %?&O%%%élg%ﬁugltl% 1 Hgl? S?%@Pe‘%gar e many
est abl santhednted] goreet hssemblyaickading tb an ahibgdiniend oS pessemSnvéaibhmal  al i gnment
of Seq@ﬁﬂtﬁﬁ? for, co ri son ca% be conducted, e.g., by the |ocal honol ogy
al gori 1285 1§ e WeteParHally wogiartemsRetiopghp sandepnirad saigen agspmbhe

honol ' | |an. and Winsch, 1970, J. Mol. Biol.
48:448#)6%@1%%%2%232}1’?%&%{}Bgéiﬂren%}easr%?cﬁgl{&rr@t%ﬁ’od of Pearson and Lipman, 1988,
Pridc. [MA27] FigeradBA $ca ctyBA s8BioddUdiewhyf x samplutaaitior ecteéTpdsemBht il 4 enmif t hese
al gorit hirs tGAPa B TFJ[T FA%‘I%{A atn(il TFASTA jn the GCG Wsconsin Software
Pack ad@j' e rIRY ASHOLAS 19 4IROQHIBRL oL the RYETFEF WVPRHONG r rent Protocol s i n

Mol ecyoaz8]Brighre BB iska crids BESHREViedt o san : j oi nt
ventu;{e be]twgl(han G eene Publishing Associ gt%ggfrml%ehgn Hl}%ﬁ?@(ﬂ“%ﬁ%%ons,

| nc., erbgmatipmptcerding to qnmmsasimynt of theaprpieasingéntaingori t hns that are
suitable for determ ning percent sequence identity and sequence simlarity
are the BLAST and BLAST 2.0 algorithns, which are described in Altschul et
al, 1990, J. Ml. Biol. 215: 403-410snd Atschul et al, 1977, Nucleic

Aci ds Res. 3389-3402, respectively. Software for perform ng BLAST anal yses
is publicly avail able through the National Center for Biotechnol ogy

I nformati on website. This algorithminvolves first identifying high scoring
sequence pairs (HSPs) by identifying short words of length Win the query

o, o e




cunmul ative alignnment score can be increased. Cunul ative scores are

cal cul ated using, for nucl eotide sequences, the paraneters M (reward score
for a paiwoabiwmstshi ng resi dues; always >0) and N ( penalPCy/uscawms49a4

m smat chi ng residues; always <0). For ami no acid sequences, a scoring
matrix | ed tg,.calcul ate the cunul.ative score. Extensjon of the word
hits i ROEILRRS FA0F 8o SoiaPladeWRLA e eoniigh Siraen empb Gdingde he
falls efboltitndnb6f @b PRisbht)Mnventib@M i ts maxi mum achi eved val ue; the cunul ative
score goes to zero or below, due to the accunul ation of one or nore

negat i ¢ Gigune) 9B as h grass agatighateniew of @ sancheonsiod seréenedss¢mably secerdingdo ias
reached, bThe Bhést]; a{ée(gortiit hen i§a_r ameters W T, and X determ ne the

sensi t V) P%}‘“é?ﬁ sp%g of el gnnment. The BLASTN program (for nucl eotide
seqsiengeuB)l | Fsesc 86 idetaid bectidnioniek ongishnd Wnt@l sdrden ABcrBBRaRtSHingo GR) Of
10, M=5, N=-4, and a conparison of both strands. For am n0 acid Sequences,
t he BLARPpdigicahphihe prsentdavedipaul ts a wordl ength (W of 3, an expectation

ono. BIG21 R R0 SRR O B L o Y AN B sonce

al i gnnmeotfigmaidibaseqpdangde an démbbdimenc afithe ppdsent invemtiBESTFI T or GAP prograns in

t he {.sconsi of t war e package celrys, di son W using default
par ant ST Efiadr HUE Ty ooaes soBRAL Vencel Subiies Scieek arembly i Aacirriae
seqolenesnfiaRsiocBorddi t6 ah @mbadHRASNGE pRABRah@bn; A ' ef erence sequence
may be a subset of a larger sequence, for exanple, a segnent of a

ful |l -1 éMg8hFipnel bis peloypestiperd viceyabnsand @atrel sdréen assemldy ecemdimgdegnence
is at le s(?}i 20 nﬁﬁl epti (%e ort.am' no acid residues in length, at |east 25
resi du&¥°f mleg‘h% *PEPT &R residues in | ength, or the full length of

t he nuEIOBSE Fagikdl1Dis POloYPERLbELE vieH BES sndcoRBbY SHEneRLIAINS aBlorlipbXPERt | des
may each (1) conprise a sequence (i.e., a portion of the conpleté& sequence)
t hat i smbpdiimeat oftfbe presentimeentions sequences, and (2) may further conprise a
seguen i 1AV e b e h eguences, seqguence conpari sons
be weeﬁﬁ't“”k ?Egg%es r%% X e?g %“o I%%/dr? u gfe\ggt(}?désseag?m%%q%f peptide asé?@gs'y At cl Wgﬁﬂg

per f or cedigoyatoanpesriing ts equ@bodiment of the ptesentplentiog] eot i des over a

"conpa w ndow' to identify gnd conpare | ocal regions of sequence
siml ai‘i“f’gﬁ{g@@('i%"éoﬁp%&? S vﬁafnﬁloi_?vnd Cr°€¥r_8}r screen @sesmleppuan opegheat of
at | eagdnrRhifitfon 20cs @Rk 19 YO URbOUERPLH HE pROS i RARoRr am no acids residues
wherei n a sequence nmay be conpared to a reference sequence of at |east 20
cont i glM938] Rigotee bdAdes apssasdctionalciiels taren albeg dina 1dAe 1pArdfi osamf cédiwl

segquence in the.co ris wi ndow. may conpr.i se additions o el etions
(i7e., “Gaps Ss%eblﬁﬁ%%ee%{A or® %ggagnﬁg%é?ﬁacﬁoﬁcgf‘%éo ?%‘F‘B{"é‘ﬂ@éms‘éfcfb%nce
(whi chpgeas imehti@Qnpri se additions or deletions) for optimal alignnment of
the two sequences. The conparison wi ndow can be |onger than 20 conti guous
r esi dub¥939bHigurenttBides, cregpt seshandl yvigp taken, alegg lingd4Bed 4B arfge sandi cuohonos .

cequonteStrar il B AeRRLE oon el CiRuRDoY MR O Sn pueB gt ' °°

per centheipeaaitiihyensiod; 89 to 95 percent sequence identity, nore usually at

| egst ercent sequence identity as conpared to a reference sequence over
a %gnpa'ﬁf@oﬁgmen@%ﬁcﬁ qugrter grlipnal origveef Asendyatre] siecn FspeseRlzmm hyumieg a

i NV @ oBaribf 88dordify Rarl ERbSLIGEN MR! Slellrt MR RELEEN! a0 of sequence
identity I's calcul ated by conparing the reference sequence to a sequence
that ilW@#UdEgudel B} iivns qearteadditionahsienhiofha satdakorfd] pereeandssamibly eissapf t he

reference.sequence over t i ndow,of.. co ison. In specific enbodi ments
applié)e2gm%%P9%%ﬁ??%%%?Ogﬁgﬂképﬁpﬂ?ﬁﬁg?gﬁ?ﬁﬁﬂ”?ﬁ%h@???mnneans that two

pol ypepti de sequences, when optimally aligned, such as by the prograns GAP
or. BESTFI T using default gap wei ghts, share at | east 80 percent seguence

i dntity, preferabl PREAILEIIDES EHEINGVENHEMN i ty, at | east 95
perce i | DI . 9..percent sequence identity).

br of orUpFWANE g B8RIe dn LR iRl enBRaRERe T 1R R E misption are
conserdisdussed ianferil wddv, is wiaild butppRsiatcl ARA%he HrRERQ8RAGSH F‘)Goxli@é'&man
"referenﬁet%¥; or. "relative to" when used in tﬁe context of the nunﬁ%ring
of a APPEFAOIGINYENES WnesPtsh BisA Nt suehodicdjnenwislervatiefysoft spetifie coutekisr i ng ™ of
the residues of a specified reference sequence when the given am no acid or
pol ynucl eoti de sequence is conpared to the reference sequence. |n other

wor ds, the residue nunber or residuegosition of a given polyner is
designated with respect to the reference sequence rather than by the actua
nunerical position of theresidue within the given am no acid or

pol ynucl eoti de sequence. For exanple, a given am no acid sequence, such as
that of an engi neered ketoreductase, can be aligned to a reference sequence

o oy g, . o N o N - -




fraction (typically reported as a percentage) of one enantioner in the sum
of both. It is commonly alternatively reported in the art (typically as a
per cent aged 2an/i2bsoenant i oneri ¢ excess (e.e.) cal cul at egdCcrhmsc@bossyus
according to the formula [major enantionmer - mnor enantioner]/[ major

enant i r +.pno nantioner] . \Wiere the stereoi soners ar.e

i act enb R SRboRERSluP gt by it Moty TREFPER Topadie ways to make

di ast eLg@s&! 186 tdvéhtioh, ahd8o hoBEdininthe k¥dHcTthe/pre@ROHvERtAS @ percentage) of
one diastereoner in a mxture of two diasteroners, commonly alternatively

r epor t §P43% Refearing adtiadlyelo figure 1 xibersin isdlepicjed aEwelhsystore incduding e phuralitgl

di astereoneri c_excess are types 0 tereonerjc ess. 041] .."H ghl.
stereoggﬁgé F%@mﬁ:m¥% eygmp@%g %8@%ﬂ%&h@?&?Bdeﬁiﬁﬁd?Fﬁ%»ﬂ%ﬁ%ﬂP%t@%péble of

conyer kitRghaBicallredustragdt 4l setesdliyatiesigratddn€0.CON aRPRREIABd (MHIdRHMEL aWi th
at | east about 99% st ereogneric _excess. [0042] "Stereospecificity " refers

to t he WsHbers 13 rfxtends Suavay e garipys cartbistatac Y cliore h2 harea substagtially warticfl one
st er eoi I 40 Ll Eh by ti where fhe
conver Synaf B8 BHgREI ol WAL BRPRG LR Pt Bl 16 (NSRS
conpl ewéthivhaeBbaallp. oWwelllsdrerlailsolimBra subsaatialbr h@tbonf20 9ddon " 1B BADSE RIS | Vi ty
" refers %ﬁhthe referential fqormation in a chem cal or enzymatic reaction
of onepPEduALh @?mgﬂb fratg p _e??ﬁﬁ?%@%ﬁ»%ﬁzyﬁ%‘%?%@%ﬁt§Ubﬁ@§ﬁﬂys to a
ke{@r edygiata sRANMPRRIVARILbRAD i§%pLbhdls an inprovenent in any enzyne
property as conpared to a reference ketoreductase. For the engineered

ket or eﬂ%ﬂﬂh?@srpeme,dp@phﬁnd\é@lm ¢? iab@ ¢xteadiog from lee swiggaris s dubing sgiage2al | y

her ot apilR S PRE AN SRR ok DOSE e o 20 o e

ket or egueicas RosfoaydraviiDRdidd @6nf aD WA phialiffPéOMBARBAtrbISscHRS ] ds@hBies
include, but are not limted to, enzymatic activity (which can be expressed
in terfd oflhpeyandneondioh\ssrasnopssemblisse 24 urst shomay in tshapming serabiéxtended pH
actd vi Ly, ptkke, cofactor requirenents, refractoriness to inhibitors
(e.g., product inhibition), stereospecificity, and stereoselectivity

(i ncl ufodg] Betentingpaiad ecligure i) thefidd 5] deplonel thaset] ses@moRttigareabA vttt sndr ef er s
to an inproved property of the engi neered ketoreductase pol ypeptides, which
can bec?ré‘iiﬂ? SSERP APSPYPLES 44 & dbdie Operating or fradially toxpanded (eongiguraionduds

pr oduc A i otahi) i : j cQnversi of the
Clbst r St e PP AR ARAPbALH) cfth A ne I GRS Sl LB R BRI o
subst r abesetppgrdliid tollention sybasichibiyd atfiltee npdiuno dndis kwellablspaetibl legerampunt  of

KRED) as ¢ ared . to the r.eference ketoreductase enzyne. Exenpl ary et hods

o et BT B SyPHED S PRSIl B S SEbGIoFO R AR MRt t y

rel at i pignk pipeRENBR ofehd Mist Yip¥and g ﬂﬁiﬁ%@n&ﬂionisﬁsésk@m? id {ijﬁ%?&k&%?ﬂ'eﬁaﬂly enzyne
ea

properties oi K m Vmax or kcat, changes of which can 0 I ncreased
enzyma®l Begeieilohle ynatenigd dexes nelihesfilfes resdiymenaicbe dispgsed saxtdmaalyr ofthatfhud 1. 5
tinmes i tivi 0 e r ndi wi | d-type ketoreductase
enzymet ST YR AF iy b a6 TRRACL s Sl sl ol S5
times, flifid dolloetion $b@sseinbbsor A50cdmhbirstion?M@reof. MBS thibQ@BnfiduF@son, WA, sahd MES,
32?0 ti mes, 5000 tinﬁs, 7000 tjnes or ngre enzymatjic activity than the

n ligs WH

r a‘FqI’g‘FOBE%E‘r“r gssgMRISS o erpine, ROt fASFtEtige fhed. sticlk ay o hpdrocarhee from
whi ch I a i i . cific enpbodj ments,
RURILR L i v aa b vl S S HE R R e R
t he r andellpfexpls twhid000turn rases BRI coll@didntsubmsembly ofwach d@ncoR@eD ti mes

greater_than tQﬁI £ t he entjketo qg ctase enzyne. It is understood by

t he skﬁcheg&ssffmllgﬁz fch%(’tm%)cﬁ CaLtPA ‘f{)"' Ofhi*-enzyme is diffusion linited

such t[lk())@%]t BeenCRbadty fibGret UANQBEUepial RLRANIRhg 0% %@?ﬂclﬁ%ﬁﬁg%ﬁi UsiO0 3 € of
e 0

the substrate, including anY required cofactors. retical maxi mum of
t B’ diseraggiasiembligs 24, thesciekdllodimthy art yilhegcaphige tisbtubinkOstng 22 H09 iGddes 1)

Hence, LI Qv i.nqt tivhty of t ket oreduct ase w || .
have aarrlgllrjl%%fégrgi)l(l?r%wge) g‘u%% SP gtel?‘ﬁéx%?? ?ﬁhsl}doﬂo%acto tr8? S?VH@SSBCBE‘F‘P%]%%"%M ed
on by sysemketatite dymdrasandethz ike. Akel (bREULHREE? AGY b dWdGRRIDEpIBARHELED by

any one, of standard as?ays sed for neasuring_ketoreductase, such as a
decr edBETYAS U7 dlBlondeyisee stbrsepaskerabPpilanfe the swekabbximateriabin wi t h

the c i j . | . .ar b roduct . produced
o canpl el solfuEEnBReCh IndELARE o RIERY Play ot (B st
defined preparation of enzyne, a defimed assay under a set condition, and
one or nore defined substrates, as further described in detail herein.
General ly, when |ysates are conpared, the nunbers of cells and the anount
of protein assayed are determ ned as well as use of identical expression
systens and identical host cells to mnimze variations in anount of enzyne
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time (e.g. 0.5-24 hrs) conpared to the untreated enzyne. [0048] " Sol vent
stable"” refers to a ketoreductase pol ypeptide that maintains simlar
activity woons/mbsn e.g., 60%to 80% after exposure toPCAMVBR00Y/054944
concentrations (e.g., 5-99% of solvent (isopropyl alcohol,

t et rahydr of ur an, 2- net hyl.t etyr ahydrof uran, acet one, tol,uen but yl acet at e,
ot hot TS o, FaRc i & R ¥t Bor RS P ek PR oty
conpar @didsQhithBayioduse deetbnaN &Y Eon OGEE] to" WlIsdrabkSateiREI188S whikr,Bas and

ket or educt ase pol ypeptide that nmaintains simlar activity (nore than e.g.,
60% t o hgdogarhenser  exposure to high or low pH (e.g., 4.5-6 or 8 to 12) for a

peri od i . . - or untreated enz . [,0050]

"Ther r‘rg?h(zp 5%4 g%@itwggé%uéﬁ dl:éqel?e)esrlg {p(%a (ge%gcetit%er é%‘uc ogérg Sp%‘f%aéﬁ?%ﬁggestq[ﬁat is

bot § t Herpreshediventindn sdlovieottabeatibeof he @liboreDRshagd bE Ladrs@Ed Bﬁ@lﬁbs@er ein
e

in the context of engineered ketoreductase enzynes, identifies t
origi nalflﬁﬁ‘é; 1&@@@%@9&@%@%9@1}% scrgepyassemplies ofdhe PEsseRdnyRtion @re equally

ket or edugt , (o3 i N ' .. For _ex | e,
the. enaaear gl BT R Al BB PN B PR B B B EY
artifi dicaé klilled il thermyt thav the usulof idpketiqeherat isocisad ftoveedownggdi, ngwthe
Lactobaci | l ug kefir, ketoreductase enzynme of SEQ ID NO 4. Thus, this

engi noBPRk By BF BT aSEe RS e Ted IncURT b Freosge Gtgspes a5 ey
kej@r educdpaedin RERJuRNBcAup £ AtbetiddyBERAP Rividr& tlﬁﬂoﬁoof%ﬁé dofls '&%hg“e
refers to an am no acid or residue having a side charn exhrbrti r?g a
hydr op figitiecandythef daveyeard anscizerr beiag dowaidnthet pttohe ofi dhiemedrirespanding SRnsUS

hydr ophqhi city scal e of .Ei senher. t .al,, 1984 ., MIl. Biol. 179:125-142.
et | e B B PR 1S 1 B feni e 8 etk Stsoh Asterblicy e )
L-Hi s pikentlintantioh B) a welie bi)ing b-sdle bRehole; ASMOd) be ade¥stodddy A L-Arg
(R). [00_5%, "Acidic Amno Acid or Residue" refers to a hydrophilic am no
aci d ofkiHedinihe afthninige sand epatioh sereeneassepblisrry the presenslineensipn larseguelnn

abpit ' Dl Sel j : ' | vpept.ide.. Acidic
amPSJno ggmgﬁﬁlﬂ%ﬁg gﬂn;}ﬂ H%%gﬁje‘ggft“l%\q/éei y ctga‘?lgl%gp\ggﬁ eoqgﬁlgﬁ{ %@ Rla%lﬂﬁ ﬁ%bfagf’l&gi cal
pH duewebbdress of a hydrogen ion. CGenetically encoded acidic am no acids

i ncl ud -Q.u.(E) and L- D). [0054] "Basic Am no Acid or Residue"

refer _sﬁ’_t"ésﬁ‘ﬁ?g*ﬂl@pm ﬂglge%ﬁgeégﬁ % C%qulfeéjs? GERSS westiongl wew ofea s#rl pontrol

exhi bi (486 Asdbly Fh HErihiy @AkighratifRthaBRBSdiE WIRHIE tﬂ%f’égerﬁql:n%nhgn
included in a peptide or polypéptide. Basic am no aci ds prcal Ty have
posi t i a1l i gehembedesignitedcHai Randiconpioy s¢re¢rogisemblyptd thulideobasgisd 42 ke W th

h oni ion. Cenetical engoded ic amno acids.include L-Arg (R} and
L4, " e B snusrRRAOE Bad e R Blpe 32 Ha PRI PEptunat et Tigharedyn i
ani no aekdlseofion)aBatHIRWHANIMNE passShdRedNak Rxtcfidt of Basd fb%v\%ﬂ tﬁlrtemal.ﬂow

In I C

physi ol ogi cal pH, but which has at |east one bond e pair of
el ect r BB 44h Rpatongd wewrbbrsppinevd isecws] ke meitetialtayer 46.0Sekllally noneiabf t he

at ons. i . NOJ ] 4 J i.nc e.L-Asn , -Gn (Q,
L- Ser 1(a g?nﬁgcﬁa%eﬁ et?%%ggplé)g%g]aﬁy %Rél ;ﬁg)cgp?]\g%t?%r 7 hmhfgl iﬁ:qanuﬁr %I\%T‘a&’lbé%? efers
to an thinknessadisdebable amiciablayendtig optisizie tebal wpoenthi Biahidhg off skhddARBPbI ci ty
of,greater than zero gccording ta t normal | zed consensus hydr ophobicity
o e B asf G0 @ e S velBpre 4 Bich T oipop sxpamsioncaneeend v
encodeig dAEORIADbEIOA it | G ) 3 ~pPhe (F),
L-Val (Vj. L-Leu (L)' L-Trp ¢ ?hfg%g &%tbleptEreﬁyieﬁabo(ﬂk)s&g%’q%’ﬂgﬁmr @?’.‘3‘( [0057]
" Ar oret§ andandlvid call¢ation sulRssdnolole 'S0 vathethe surfaca oyt lbpitei48i is achievddr ophobi ¢

am no ' r .residue havi 2 side chai.n that i.ncl.udes_at | east one

ar onat @@h%rﬁh&eeﬁ%‘ésﬁﬁ?at ¥ %E?Wben![ e c]i’ﬂsf yehdBdBgusr dndluid enlesdomci ds
i ncl udgibhssBBIY ) includdyd pldlit@BEpdefoFiBd (d%larﬁkz.hm%}aﬂyﬁi | A1k ed gl of
its heteroaromatic nitrogen atomL-Hs (H) it is sonet s classitied as a
ba¥i ¢ Year gireumisrentiglly disgityried about theinguieorael sand ceitdd sciean assemblyudiethan

bat g P dlout SeinRiEree’ g selid sciek msemblsubtes
st auR e afelfbiCma BRI N I8 bl PR TS edsr el lessiea

am no sabademblyr &5 vidueeningh Sdsoft erfofatedriutulasisy 08 are it otd Hio RASWIEr

constr ai ,ned5ﬁ eonetry. Her ej, néwgonst rai ned_residues include L-pro (P) and

L- hi s Te#jPn VeRtNASh P BME P1tes htingedfrebivon Hoveh verfpratadasbularseiat i vel y
smal | {a7t 88404&®ididd e | r-ai use .. | so
e a 1y SRR havi? 4 QO af Snfto AVTSh PR B R o e itods &7
to a hydrophobic am no acid or residge having a side chain that is
uncharged at physiol ogi cal pH and which has bonds in which the pair of

el ectrons shared in cormmon by two atons is generally held equally by each
of the two atons (i.e., the side chain is not polar). Genetically encoded
non- polar amno acids include L-Ay (G, L-Leu (L), L-Val (V), L-Ile (1),
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al i phati c hydrocarbon side chain. Genetically encoded aliphatic am no acids
include L-Ala (A), L-Vval (V), L-Leu (L) and L-Ile (1). [0061] "Cysteine" .
The am nowecebhoh/k2sBys (C) is unusual in that it can formpdiraiskdoometohbs i dges
with other L-Cys (C) am no acids or other sulfanyl- or

o AL T 80 5 e S R Sk T AR
avai | alh el QhclfiRhERvhRN ol S HcfdndRs thgﬁ@a%{eTa{aewabiaL ido¥ Qlnret¥ edss) (and

other amno acids with -SH containing side chains) to exist in a peptide in
ei t her stdtens.educed free -SH or oxidi zed disul fidebridged formaffects

whet her | - C nt ;i but es, n hydr ophobi r Jhydrophilic,character to
Apept | MS0pFind fpe A0dhC1 LR by, Y SIS B Sl Y PR o TG ¢ o
t hes nonksinh sy pemsEN Dispse@h@duad HE FEbR bObAsEpHRIUPAE WithiAhnnd@84gioaupr @) ,
it is to be understood that for_puréﬁses of the present disclosure L-Cys

(O) i sS6ds addier readiymi6g.  ilerompdiumm od) ayrcompris¢ egpethanisplescreepivigriden@itd or

Resi due" .r rs.. ani i r..[esi i .a side chain that is
Sommos Suptt 8 81 Rib QRN Puiae] MsOLufE MU 3% Rife SrSCriSielpbolilon = |\ o
a- car bevovemeviteysdrfitlge neph thiheag el diffasiomboraiet ds sdkeré®migehes onfaym bescident her
categorized as aliphatic, non-ﬁol aﬁ&vgol ar or acidic small am no acids or

resi dudssigneqd iecdlonainddlon therethrou PreaeRting itoms of pHetlpie anatgrale ofied

sma | ] e84 T - 1 L- Ser
(S0 | PR S TR st hbrstiBhgent e W uratcn Qfbolimleny, oS ddthn

Resi dué2 indidessouter and ianemdramegel layorst &, idiorifatahadvg dr mhatively- @hysenwire tnyesh

Cenetical |l y- oded h | - t aini g i.ds includ - S S) L-Th
0 et & R0R Toe0 S aFsooussh BBt DMeTE VR iy e i Soi s
mut at i gRfd edSkhek fyelor 'ﬁneleﬁqeaualaﬂa%aké el Yyiff the %&i@aﬁﬁﬁb S HasSdiblh .rofsit ﬂg

chains, and thus typically involves substitution of the amno acid in

pol ypefhe pressnit tilveatipmosugl iad st WITe hmappddescseame aqrepackiscwen de temede s¢trags of

am po aci ds. ,However, . d_herei onservati. ve t at,i opns dp . .not. i ncl ude
bRt R LR s SRR 2 R B SRR Sl Ry T RRE an o

hy dr op i enedhwdl 62 xydizedioit @iditigg theopdmiell exduipming 61 tRprodtctidiBidne oS mal |
residue, if the conservative nutation can _instead be a substitution from an
al i phatvhich; i valh bgjinsialled; Sompoexepmlary sizss RbHeppain fifjen medivm Gbmay bedai di ¢
to aci ¢y _Basd j romatic to aromatic, or constrained to

const rg%e(r?é) regé%éihgﬁgﬁir%ﬂ%% as used herein, A V, L, or | can be

conser Y5 Rlefermmg addtortadly eotvhier fime £Be theadin frhddpicted & srads edionloviem@irher

nop- pol ar, resi due. Tabl e bel ow shows exenpl ary conservatiye

SUBRET EE GRATSLT SRR FSehlEch0 At Ve SRALTY nEREeob6s " Nonilksiiaedvat i ve
subst i babbdithent, 8HvENsbl¢ MafekidBlaltiiid IR cBfneTH bakthQRvig] a@ébtﬁrﬁiilgg)ﬂﬁi 5 glch%st he

pol ypeptide with an amno acid with significantly differing side chain

pr oper gihgdrocaghon dhwid evatert drveasubbidht hasiconsedraxcllable raateria lapirds toatabn,

rather than.within, t defiped groups |isted aboye., ln one odi ment, a
on coftny attbahfies S s rRee oL b He uh° YRR noR RS 1] SRR DA kbone
i n t hetr Ramafiort fees uls bdditién, e (r8digh exfandbh N SllaBleyah@AN (hir 4HGHachar ge
or_hydrophobicity, or (c) the bulk of the_ side chain. [0066] "Deletion"
refer scatsed Be e iCH oM 4 Hellyg) spPepiondaibpgrenbliothio efmeino sontaet withni no
aci ds {-QMihAeNFIRLRIAE OR HARAL bilSideBY thd OMT GARISAMRN Log h RIDYAL, Of 1
or nbre amno acids, 2 or nobre a no acl ds, or nore amno a 858, 6 or
nor e apiesant aciedgon IsSthatr inredd#ioartd poovading , patr f2 FomiativarfuiddriondtaGh@enal Up t O

10% of .t h | f_ani 20% of  the total nunb f
an no. Sevauttodf rnd i tte BniiafondEitR yhor W bt iage ayeariel o
act i Vi §fecLQRbIRF the PebsthianidioRES ROHORE rshiéﬁfnom‘t ﬂé%ﬁﬂ&mﬂﬁ%rﬁ«@vem

ket oreduct ase enzyne. Deletions can be directe e I nternal “portions

and) or formatiom adligpee.t i(amepapdd with qeovesopt éxpenddble wetdl casd eottodi serehs ast he

del eti@n _can, ¢ ri.se a _continpous segnent.. or n be di scontinuous.. [0067]
I nser TPaRS AR (BF g hipiral SRR B T REHory pp ETesenip JhAaleT iRRVIEE one
OF  ITDT RnREVARI0 cathélSwith Ot t{BANARINE RE PR OFPE R &R0 B SONBY:BID AL ROt S,
the inproved engi neered ketoreductase enzymes conprise insertions of one or
nor e afivailgblec materiab layee ipaneticasamypliet wreh nbptkietis risttac ehlsetopodnfpepttode as

|l ' ' f ] I.d her. i d .
ket or RS NEMBe frctidn ¥orflRhFs FERERBRHRE s PHESHmIREN Srsmbtishs o

t he pol ypeptide, or to the carboxy orgam no term nus. Insertions as used
herein include fusion proteins as is known in the art. The insertion can be
a contiguous segnent of ami no acids or separated by one or nore of the
amno acids in the naturally occurring polypeptide. [0068] "Different fronf
or "differs from with respect to a designated reference sequence refers to

I L O Y - o, o -



reference sequence. [0069] "Fragnent " as used herein refers to a

pol ypeptide that has an am no-term nal and/or carboxyterm nal del etion, but
wher e t hewoenm/mstsg am no aci d sequence is identical toprChasecawnespondi ng
positions in the sequence. Fragnents can be at |east 14 am no acids |ong,

at | east 20 am no acj.ds |ong, at | east ani n ids. | ong, or |onger, and
up to ) e mew it s I SR %@% 340 P 000 gt ﬁogil@@%?lwgettas e
pol ypeptd \gﬁlbokc? OFse ‘skitied &t £ aPOkiINRRInIR that'tRE %l&p&@s@p@ﬁ@’u@gﬁd siemphi ch

is substantially separated from ot her contam nants that na y ‘acconpany

it, e.greselgriovaition danpgicdeptinaimed e 3 paticelot iniplemeTtation ¢hangbndpeaitieslesign

pol ypept i des ich have been. renoved. urified fromtheir

Pat F aRipTE kP g TG MRRAREH il B € Pt L ecid Submsemobier | or i n
Vitso 30UR2n&siiohs tebhiqhemay @d Jsed GreebhtioRs g aneamS nistidlgayRe f@f%e\!ilfth Yhthin a

cell, present in the cellular nmedium or prepared in various forms, such as
| ysat egprppiiafe pefivaiing flaphioacausing swadling efswellabls opateriatthaygi AenFer example,

i nprov i ol ypeptide. [0Q71

+ Subst S ALEEHBLTRE, SR84 By BRRTy BRI AELANE Lol BEPLCHCR PR e

pol ypeps irdeallsfpeniths viedl, tihewhickedasd saellabip eeitainl fagsefdt pldfergbly @bludesTa! ar or
wei ght basis it ig nmore abundant than ot her i ndi vi dual macronol ecul ar
speci e SERANHR TR AFBERE it%)“ivglgﬂﬁl of §W§E§§¥£P4t§ﬂaé Iy SH0atich 51 4 gherptipad
CONPOSgLiaGiRg W PReveRBn P Bd L o3 REGhEENS QMR 1 lrﬁ:ﬁﬁ‘i i nt of
thg@nag%o%%?ecﬁ?%r sﬁgcies%present by nnlé%gﬁz%%%eig f#%ggﬁéﬁgp?igggg

subst atiké.al | y pure ket oreductase conposition will conprise about 60 % or

, 0% . _about 80% 90% . about. 95%
e BB AlGreB ket ashatite BRI MR Grultringne. Blas Vel Ssmetiaie ot | o
wei ght ni@me Myet B6 bh6r SATRBAISI Rboen! d3schPBT 401D Ykt IRAtLR thd RE1OH EGlotrpeci es

is purified to essential honogeneity (i.e., contam nant species cannot be
det ect akiernativehdhe gatyeingi Bwid bjpay dev piedhendalintel ghe ovdltbararohods) faetienn t he

composition ,.consi senptially .of, _a single ronol ecul ar speci es

So ven?mg%%@F%%&wiﬁépﬁ%ﬁnﬁ%%%ﬂéﬁwﬁégbﬂﬂf% t%%g%gaﬁﬁdnéﬁgiﬁﬁva"Pﬁﬁ'@5ecies
ar e notaRSwtHiRt TR hekdHah laysPeCoRind bontEs REreeTRRASIBB Y (5in KeBSing

i sol ated_ i nproved ket oreductases pol ypeptide is a substanti'ally pure

pol ypepithdee piansprles of thainvepieorp] " Stringent hybridization " is used herein

0 ; i _ . : . e A
nown [SHPSSENE bR MIERE AN B hGhtoRehmbdbafifit Gt M) Spelc, o

i n t hecorshatéchy taergeeivatianr BuidTychods améndrgdnic s ordanicgfuier aFor &wensé,ahe! ity
of hybrid. i function of io0 trength, tenperature, G C content, and

cr or Belerib iy e BOPBET 4o qalls RS s R Biel sy sipoprtiFiion Bedn can be
cal cul gdtRatisSiNag kROWAMIRBIRAES thérid 16 BxaddIIIHTBhL %1;1590%1 eritd %%fiaﬁlée&

e.g., Baldino et al., Mthods Enzynol ogy 168: 761-7 olton et a 1962,
Proc. Waterial isgagategel thatygrlla gpos oonta@vadsimierabeorptibn of 4 Bgérocbor,. sublat | .

Acad. Scj 83: 889 X ier et .al.. 1986 r oc. tl.. d. Sci USA
83: 937%3- @%ﬁ%rl& %‘?Sz eiheg?’%‘”lo.cj@b@i‘ E%ﬁ%%rbsetdr\?%@%eﬁ%@%mw%&ﬁ dhig the) ,
1990, Nelaiei 6f AR declRete hRitéH)nbrbdss( erdaths Tadid® Wparien! 6 theAGlvERaHTES

19; 698); Sagbro k et al., supra); Suggs et_al., 1981, In Devel opnental

Bi ‘0l ogiaigsip gPrpgﬁrrﬁhlr/e@e apiHable mraternl exlll swell uagid ity outsp sugER- BEFcrdveatedni ¢

Pr ess; . Cr | i Bi 6: 227-.259. Al

pubh e 5% OF i Poectiph chb SRt SPAREAE Inefenadlh, FEEi8 i dhols e

pol ynuaingdetiche oe tico daxing Welipiol y mapdd dellbbrscl Diedwbialgd Madeh Mebsiddiohes

under defined conditions,. such. as eratgly_ stringent or highly stringent
cond (HGHSES fi5 TREYB B LioR e BBHaen b V6 AU g ian whgrABbhes) in
ket or eghhedcB 6 ah enZihemaddn. t he present disclosure. [0073] "Hybridization

stringengg" relates to such washing conditions of nucleic acids. Generally,
hyd%r i dli09; 2ame exxamnlenyswatlablp erdigialeicludd efastio peliymieon sucf as| KRRV mbbérngency,

follo | i.gher. stringency.,The term "noderately
Stri n\gﬁ t 9%9@@?%?%5?&&%%?{%&? 1gres %%Qc%ﬁwl??eoﬁ?n st pibbes Sthy, 5T %0 bind
a conpliefemoasyentibbei, etatind vifidtachas abost, h@@ﬂ%ﬁ%@éﬂ hérylonRbifS BEaRkYe about

;o Wt

75% i dentity, about 85%identity to the target ; greater than about
90% i dehbsry v agrylongrilget biadigng c FEbdET. d dsopsaenprubbsr, mebleremreley Bibbem gemt

condi t i ongj.t. i ' . LAl zation Ln 50% f or mam de, 5x
bennari et fs tehess SREn AR B i RO Rl ] RR BBty

0. 2xSSPE, 0.2% SDS, at 42C. "H gh sthipngency hybridi zation" refers
generally to conditions that are about 100C or |less fromthe thermal
melting tenperature T 1n as determ ned under the solution condition for a
defined pol ynucl eoti de sequence. |In sonme enbodi nents, a high stringency
condition refers to conditions that permt hybridization of only those
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formam de, 5x Denhart's sol ution, 5xSSPE, 0.2% SDS at 42C, followed by
washing in 0.1xSSPE, and 0.1% SDS at 65C. Qther high stringency

hybri di zawoanioomedt i ons, as well as noderately stringemCTamndbm&Dns, are
described in the references cited above [ 0074] "Heterol ogous”

pol ynuc i de refer an Iy otrde t is i.ntroduced into a host
el 1" b5t FRtBFEboR = BehfheeuBila fHFET G, s i et Thatbare!

r emoveghd MaBleRsibrifle hlay A4PhAGLREr lRatb AN UREAVYA RS jRUh&hhRiRal ARG kEhen
rei ntroduced into a host ceII [ 0075 I Codon optim zed" refers to changes
i n t he theoeioitls sa;rf:h talseﬁlmai ybiﬁur@llel@sd de i ngtlanqomvdrmmbrbelt firo siechanical
preferent{all 111 h@gatr&%%afnmi %nhﬁnrsuc t F ﬁ oded protein
is ef fitlehtl Q% QLed" PhUTnE Y g AN & 0T A ercattte ]p/%ﬁ PhéUEnet i ¢
code | g@g@ngmakgamnﬂ&mﬁmmwﬁhoanlno acrds are represented by several
codons call ed "synonyns" or "synonynous" codons, it is well known that
codon R036k Imgnashert qn@bﬂdarlerar ﬁlﬁrﬁWHEbIF gnarﬁ@rrﬁrl anaonatenial thit ssells upowmcatgact
partic r i C | her i reference
to a g:dx!\}fglnwﬁgldoﬂ ths c%ee ttﬁe sv-\[&la%]e 1? %gge aﬁaé% s vyeé]raglgrqo THET SHER AT 9

expr essactryshellshla Selaseasrﬁus ot mtae@yellablebﬁrbbpf ot BioRs ,spédificdlje tR Gfeaahble
protein coding regions of antﬁ%ggnls s genone. In sone enbodi nents, the

pol ynuBlaaial gy Be @otpig SRk fropbelia oby sz gmpatersy chble dadiopbphic i zed
f ofgop r &

ol SP R AR e S ORATRIBLECHE Y B Al

i nt er chsafigealkgortiace gdtnbe piraentanentisg dambe pieghred ffoneq weriey of hydrphific ot ei n

codi ng regi ons t ot.her odo code for the s acid. The
pr ef er FEY @8@0@%01%’8% d?fé%ipﬁ r?}gtf ﬁ? YOS S E}éﬂnﬂggggpmcga@y ngl e
gene, guitlle BfAGPRIES @an@lﬁ%Dthcﬁn%ﬂ ®8 GMliRH Bikde Nbahade %zspﬁﬁﬁ%e%duge”es

t he codon frequency in the ag%regate protein codlng re%nens of the whol e
or ganl a¢fylagudio n2-persinudiey-methylharoparg sgfanic geigs &Y.N-diogl gacndgmuhs varfyl

t t d
b oo USRS mefiy R0 AR BB et DEE P her RS, MR B Rt dons
for exprdmsitybie AcMaridety dﬁﬁethﬁbﬂ@d@r@’yﬁnkﬂh@é@faﬁﬁdéﬂ et edemddtylamidee Gagon

frequenﬁé (e.g., codon usage, relative synonynous codon usage) and codon
preferb @KYQ@Uéﬁ@EWﬁ?C organi snms, including nultivariat analysis, for

I
o roct [P0STEATShrfch ot Ear SABKANT oo AL £ RERARACRERAAR AR iabio, BT iladf 1o
GEnetlﬁsnﬁnhpumennﬁﬁounﬁwvsmomxonbﬂanhm@eih@b@mmﬂﬁodohﬁhﬂﬁmﬁﬂl GﬂkMﬁésrty
t | ner,. 1998, Biq rnat cs 14: 372- 73 St eni co et
0120 ottt RS Haironsihe, Fonineripghee. I i out Lok (o7 aligt 20,
Codon a@ﬂgest ?%le@lﬁa% a4, | A f?%leacfrﬂﬁrrﬁdéaréﬁ@ 531@1 1 hferhaef 12%&%5 ﬁ[\%(ﬁ $fe for

exanple Wada e 92 Nucl ei ¢c” Aci ds Res. 0 21 anura et
al ., 2abp, radigels. haA@rftmn Rbeut b8 gmt 2®maehon %Omal a,ll,(ylsdlmeﬁryldﬂﬁnamunﬁﬂﬁﬂ

Pross, MigefREF SRR B IiorBERR AR Dt iR Hious: 4 aB oo
usage ammetrrmxymomu&mmyamﬂaaf;ﬂa&e nadidewhérdi theqmcyhﬁﬂlc@ﬁpﬁbé &roff aioRflipg for a
b demouh e caman vkl él%%ﬂ&iif{a%%@%%b%piﬁ“#&%%?é@%%é;%éﬂ% °
expr esgigf DGt aﬁ&p&ﬁ&?@cryl%ld%r eiGhi&d o8 Al e gﬁgglgoenom C

sequences (see for exa D., Broinformatics: WY Genone
Anal ysprepyl@ietiptelamside @fﬂldie Shetengthblalklyb groupb baat fosni aBbrﬁSCISt,o éE@hﬁbZS@e[rb&g
Harborzi N.Y., 2001; Uberbacher, E. C, 1996, Methods Enzynol . 266:259-281;
learlt@@sal 1997, Conput. Appl. Biosci. 13:263-270). [0077] "Control
sequengess] Ps ﬂ@ﬁ‘slm r t I re necessary
or ad\r/[gnt a]geous for ?1?121% e‘%ﬁ‘és@ Ia%{}b?é(l)&ﬁ@i “g%l t)?%% lgteim%tltowaﬁ }Be ?Raredc

di3¥c| dsupdymeresing @okitangl orseepgerche dascribed rhladlropbﬂmrmrbmmrg mﬂoaﬂyh@nenulcl eic

L R e A S e

sequenestioproanbt @erfosnghial vapieps Wdgs tRuNEGBwWNnad dhdsk ARTRA iR tHeOR:, kgL Nat or .
t he contr.al uences |nclude a promoter, and transcrrptronal

At a mni

and trﬂ&?r%en%l‘»‘ts?réﬂ?él msItIlB]rﬁ’ds?t@tﬁ&%@teﬂ'TNBm@%ﬁ £66.162 mihighcis erby ineorperetedded wi t h
|i nkersrfOlke FliSIRRRSE of introducing specific restriction sites
facilitating ligation of the control sequences with the coding region of
the nucleic acid sequence encodi ng ajpol ypeptide. [0078] "Operably Iinked"
is defined herein as a configuration in which a control sequence is
appropriately placed at a position relative to the codi ng sequence of the
DNA sequence such that the control sequence directs the expression of a

pol ynucl eoti de and/ or polypeptide [0079] PronDter sequence "is a nuclerc
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honol ogous or heterol ogous to the host cell.[0080] "Cofactor regeneration
systeni refers to a set of reactants that participate in a reaction that
reduces twe 2onwidswed form of the cofactor (e.g., NADP+ taTNARMMINS49Cof act ors
oxi di zed by the ketoreductase-catal yzed reduction of the keto substrate are
regener in reduced formby the cofactor regeneration system Cofactor
regene 1[@{5% Fudghls Bﬁjg’n@m?%@%{%esé‘ﬂﬁti‘{ﬁ%#ﬂﬂﬁ ¥erebin jatha angRd fogm gbatur ce

of redygd g0 Ry dbgerd,GILi00ARNbRf@Mly 1§ (RARMYE S Ofoth SMYG Qﬂ%,@)&@ﬁ@éﬁcﬂhzed.
formof the cofactor. The cofactor regeneration systemmay further conprise
a cat aBy§0,000 end exaniive meleantigsnel thathatsophilichmonaadréd) ya élee hykoptedivatlyon of

t he oxi di far f the cofactor by t reduc factor regeneration
syst enﬁlqdﬁ?e%éggﬁogjbﬁfcemwr lq\ﬁﬁgﬁy rog%om&ouigg.m@@, to raé%‘ﬂegé)f ]i%b'el y, are
knosn jjgoebn©tiadrt panendrRy ugulised dcBorditoe Bl R dshedEsiedcnb e thvRRESH Nincfid?

Ket or educt ase Enzynes [0081] The present disclosure provides engl neered

ket or ebydropkabiqallxpeodificd pelimass,.thydrophebically amidifiasf wateeseoblel pedymars ang
duci ' t.e 5-£(4 p-2-0x0- 4- 1,3,
ool RSP i dicd oBURRIES | Rerdoh (| PRy SBRTEY budoihisaly (4 o

- 3- [ ( 5ufoMificd- (Polymers include, but are not limited to, hydrophobically modified

fl uor opheg.yl ) - 5- hydr %((}v]pent anogl{t] -4-phenyl -1 3-oxazol idin-2-one and having
an i npPevemstadaainogthyhemetheriated hydraphphisalhat wodified- nobvearslimige whidd- t ype
KRED e : i 1 &) ' D 2), .0or.L. mnor
(SEQ | B%Wd%g%hy gr?; d\ll/%eedﬁl %E’g) l Qreggo\?vi f hﬂrecﬁlﬁél‘rﬁ Yﬂé’ﬁtglﬁgﬁg‘% tcll}acrkl oriducdiie
enzynepyrolidpnet hat of SEQ I D NO 8). [0082] The engi neered ket oreduct ase

" KRED! mes are al sq capabl e _of stereosel ecti vel reduci ng or
f:onver [dﬂﬁgréﬁe of¥ample, the swellable material may be a g/alt polymerg such as

|- (4- 1 hooaapRenyd or Alftdd3er8sfnidsd ﬁélgr{lﬁ@ﬁ%@@%é’ kDR AP gl{;e) JehdencPf to . attract

4(S) - (4- hydr oxyphenyl ) - 2-azeti di none’ to t'he correspondi ng stereoi soners
al cohowafsr daunt salt- water fthipygl piseregls) whaeR) wast Jlewy dromx \an3éréa f dfulamo ghleny

) ;propyl)].- ) (4~ hvdr 0x nyl)-2- azetidi none and having an i nproved
pr %ége r %ﬂc\%\'}%aﬁﬁ)g 0 ﬂrr%af;oé% gt\}\? g ﬁvg{%ﬁe% n%{]t Ura Iof ?/1-1 A FISgIIAkofy ﬂ}eﬁg@ RabEPFTenz y e
of L. k&bisra (SEQdrRehik Hhembrand)rhy iiferfREDekedNAnd)pol @herlandhB ProduehQ | D NO
158) or, when conpared with ot her en%i neer ed ketoreductase enzynes (e.g.

t hat ofluidedhatsliqes gyatermeieuylestq Appretherctpenah g preyentaithepaspagsrofviisselved | s
desi ra&ﬁt‘%‘tﬁé?ﬂh}bﬁgh. but are not limted to, enzymatic activity, thermal
stability, pH activity profile, cofactor requirenents, refractoriness to

i nhi bi [0062] Referring for fighre t4 A, rthérbint is atepictest @ caspeeitfongal vivw &t £ERRSEIRGLI Vi ty,
ang]psol vent stahii i Ig. The i ngr overrerflts cgn,r elate to a single enzyne

prober ISR LY L7 (HREIECORE e thapsmbodigsarineirlesor the pusent drventiornzy me
Pr oper 4deg peRdtGlly A SRFATRY | San@hhitbl ¥rdR s SR E96 S Siffilal e designof Lo

pol ypepti des descri bed herein, the amno acid seqguence 18P 5P G uct ase
pol ypepmitdescrécanv4) ddseribaiphiove mphidindhabase(fipe 72 ehandefwesaniitterrs l8Wepath

corr esppndj to,residue.position 145 of .SEQ | D 2, 4. or 158 is serine
and (217 o tedp depideR iacPeF@E%?%‘LL‘mégP‘%ﬂépS&ﬁ%‘?%%‘i 5 b8k b losgipdingnsegtion of SEQ
| D NO @hicH,is depit@d ihsthe ¥asseise@idn0OBAFurk 116 0RseBhahidanl Has@pipR0fed above,

t he engi neered ketoreductase with in&r‘oved enzyne activity 1S described
with rerdiablsceateyal kyenkaci Ywellbleematerinb layer dacis sttechsid ©EGRsE piNO72, by

Lact obagigld ' t : . or _Lactobaci.l | us. m nor
of SEO TS BT RpIELEhRGHE oSGl Srotnd i bRy e Dot
ket or enbliettame sutipeggnity nt§ fthaoninthdes mi piugdlitn ofpérfirari nebis 8eSihduardi - €. ,
M represents rte?li[yd(ﬁetr. 0sSi tibon 1%/"1 aﬁl_j’t hough ]ﬁ't‘/ W || be understood by the
ski | | qBIETEAR PR 4oApt PatllaRly WateRRrblwee 7 ead aperatasubsantidioired by
bi ol 0gh¢€ #hanREOEESHHAD aBRENIE r¥ferehbE o #iid Bolfechi8s ku gémﬁgr S #i tpE)O

transl ation system to generate a mature protein lacking the’i |St|?ﬁq ng
methi cmeund betsi sirpdlablvhmatgriainlayerc 76 and sfildd ecoflotioni subassembhy 0B ia apadrédrcul ar
am no acid 1 no acid change, i ese | S sonmetjnes_describe in terns
T Rl 35 el AemCyeR? B BeLlocSplebleomR@S e 1 oo piPHere  he
ani no e By besdifEes odbr silibkaBEN Gl BéfecAQidhiRR2Gh b

ket or ed_ucts_gses, _%heodi?fer ent FQS(?%UES are denot ed %giﬁgﬁllﬂ%\?\n&tuhaf%e

ar r angéitferin asditiog, tof o aeaambmatividpftd othersfilttuentdiasish nedilduefadivmre?’ A
substi  ut ' ' ' repl acenent qf an ino acid regjdue in a
corr eséﬁ%%%ﬁ%ﬁ gawig%éd S\E:Ho%mgg P’ 3162 rtg)neg ecqslegeﬁ enrllecdtéa,l 8¥58?558§§Iﬁ'i?f%“1° L ﬁh?ry pe

ket oreductases of SEQ ID NO 2, SEQIPBNO 4, or SEQID NO 158 wth a
different amno acid residue is denoted by the synmbol " " . [0085] Herein,
nmut ati ons are sonetines described as a mutation "to a" type of am no acid.
For exanple, residue 2 11 can be nutated "to a" basic residue. But the use
of the phrase "to a" does not exclude nutations fromone amno acid of a

o . oy Y M o o — o o - "~ A A




Lactobacillus brevis, and U S. Pat. Appl. No. 20040265978 or SEQ I D NO 158
for Lactobacillus mnor. [0087] In sonme enbodi nents, the ketoreductase

pol ypept iwexo0tvaneisn can have a nunber of nodifications taTiuseomwaserence
sequence (e.g., naturally occurring polypeptide or an engineered

ol ypepti.de esu t.in, an inproved ketore as rope I n such
P oon Risdistaned FitHishl ton it B o e B Rl ok PG anfietgon ot sknblg Too Toan
CONPI i &AM BmBOJIRIE, FbdiPelBREASE2 Map prifRksy A NS AatSge Jafh ofR Grfi1 NO

acids, 4 or nore anmino acids, 5 or nbre anino acids, 6 Or nbre am no aci ds,
8 or mire chaiigsl tredtent qrmthﬁr ‘agenteasadisaussedan g@atelﬂebﬂ belowe ami no aci ds, or

20 or m.o cid 10% of th tot er of am no acids, up to
20% of ﬁﬁ?%] ?ota llﬁlﬁSt tsed 5 ammﬁ%t acias, e%ﬂaer& gb IPH’eatBIP%ﬁ%)hL?ﬁber of
ani §io a@adﬁfeﬁa‘nutﬂmre"eﬁfsegrﬁmgﬂﬁnavdmpSﬁa deGBe: mltlﬁle RAAR G&m glhraﬁ'éﬁ §f sahie
nunber of rmdl fications to the naturally occurring polgype de or an

engi ne€P! seegmaysemly ThaEperthougls seper elpmenict? k@tbﬂeedlepm@d@spndp@ngy may
t - 1-1 1,
SOTD" ! R LA AEON shR e dersody ¥ gsg e i yhesat SatiRer, digghiss 170

1- 40 megPnicntalhatio gecatd thdneandelbey thae s cnukiding, onbhwegiment] towla taiternati €y be
conpri se ..nsertions deletL ubstitutions, or conbinations thereof.
[ 0088] Y59 lggﬁ?l%ﬁgh heRreip ?Sn%f ﬁfbaqe]sqnééqveaﬂgn conprise amino acid

sufist i fo0ol PREfetend mlﬁﬁfaﬁy%woq?@y@agethe%mt ddpitii LR Erdst ctioAR &é&%?ce an
i mproved ket or educt ase propert be at one or nore am no acids
nmor e asando cartials screem rassanetdy ad nio at@| dpsratingoreonigwaton. no lmcihds jllustrated nor e

aci as, Bp0Sipel ShefEIenR A 0ef i s S8 1S BRI vk Sl webam no |

aci ds, a pditoRarBOR6MAd, tvdert &t d@ls, AR EHas Chusdd SR 115l Fater] IR 178 té%algﬁ the
total nunber of am no acids of the reference enzyne sequence. In son%

enbodi NN placiig sateen elemsnt 82 inde certestorith the suttecermdiwallibtey84o dawdditiog to

n I d hat produces an,.i nproved
ke{ or eglI Eﬁséguﬁ’?gﬁggt%f %%Stgocgp rr%r}%@ge%# irpocl)rglna%'i%%u(t’lPafS‘Jz i iy embodiment, seregn ¢
1-7, lel8medt 8, prbvilids a btahd bff rbgibR belekd pedfoddbed thbdirs §0- i willitRR 84- 3Re 1- 24,
1-25, 1-30, 1-35_or about 1-40 igﬁno acid substltutl ons of the reference
sequenId olrthiggonfigyraughis henplidinlmigiiexamplee if fiftencade ﬁﬁ%E@NWSWanImmr ed to
Wi | d- t QAR ASTRhO BSrmBNGH,NB&T @ sl YpeRtl ﬂ%verﬁ)fdaﬁlg el Q&I 80
pol ypeptide is with respect to an increase of its Y ergose IVIatr
her ei nandedlommremeasleofithe filier ke ngogesiil or etheessctofe subgtamreoduct , f or redu0| ng

on ' t substr te5 - 2- 0XQ:- 4- phenyl . )
O3 Py RS Sefedt 42 Bad Gt hpeee BSOS L8y e
(45) 3e>{aﬁ§>@ -the (dcfivdI QUbRRACHN Way it Ted¥oRas ReRt @AW Erherft-@NEMo thstMation.
oxazolidin-2-one. In sone enbodi nents, the inproved properté ? the
ket or eﬁr@&r&b B! yesere @ubstance; ishdegsarlsblet when aexposasr émse siberrarsaabivdll ty to

f h d I
Come: o BaphEl Rl BLARLSY RERAFANRy Rhse RN R TS e Bolty fobt 1 e | s

with reﬂmm&ai tetmpeaatunenmr ea\sﬁl | rivlb‘sftSpIreﬁdrﬁalpf tHeORMENv QibsRihcd he pfihads ale to
Thi s i ovene in_enzymatic activity can be manifested by

t duct
&3 atffeseriked; i %@d@% s Sﬂteflhébr P68 4 Wk prelisreieingerpotatgshbe cefereneche
wi | d- tipgn ghirpBtdier reference sequence (for exanple, SEQ 1D NO 8) to reduce
or convert the same anpunt of product. In some enbodinents, the inproved
pr oper[0Q6@fint h@'tabaetmlmdunmaset}pofeﬁptem isalestdnse vmntllndéseapeegradébld tpdlydhebi ity

or th s t.he t.or educt ase pol ypepti de has

nmore t ug%r%lg%neé( aI%%é’&éf?g%‘a%n@SP?’B“‘ fdaP’rPe 1R 504 %ﬁt"ﬁlp h thggresent

ket or aﬂmﬁlaﬁencﬂﬁcﬂé’pﬁlmacdﬁarﬁfes tsliéh ﬁls ﬁ@)&%ﬁbﬁr@ce‘llﬁlo@,@p@}%rﬁ € lt&gﬂ%{ Prbiefig, the

subst rate 5- (é]r - 2- 0X0- 4- phenyl (I, 3-oxazolidin-3-yl) I"uor ophenyl )
St arfdphatiopalyestess. el et b@gb{(glycohdes) poly(e-caprolactones) poly(anhydrldes)

4S I - 4- | -1,
éxalo?poﬁﬁﬁ% Sitgiet” QRN oG RY IR) @Rt e e s o0%
and atpody(etaylent hanidésy, iampr polgshosplelzehdie aOfnths%Clsdltaﬁﬂ&%Tﬁﬁ RQf 2 ﬁEQtIcD NO.
8. Exe% ry pol ypeptides with such properties include, but are limted

to, Si6ts el anprlytactidahen roby(astia asidpandepalyanbydedrsecopreésrdndi ng to SEQ
ID NO 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,
76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108,
110, 112, 114, 116, 118, 120, 122, 124, and 126. Because the reference

pol ypepti de having the am no acid sequence of SEQ ID NO 8 is capabl e of
converting the substrate to the product at a rate (for exanple, 4%of 1 g/L
substrate converted to product in 24 hours with about 5 g/L of the KRED)
and Wlth a sterosel ectl Vi ty (94% stereorrerl c excess) that |s |rrproved over

S N~ 1 N o N~



wi th such properties include, but are not limted to, polypeptides which
conprise an am no acid sequence corresponding to SEQ ID NO 42, 44, 46, 50,
52, 54, 58026802809 62, 64, 66, 68, 70, 72, 74, 76, 78, PBO/USBMY/0BH44 86, 88,
90, 92, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114 116, 118, 120, 122,
124, and 126. [0092] In some enbadi nent.s,  the ketor ol ype tlde IS
capabl $006] cTBﬁxFé?‘itt‘Jﬁgs‘t R ﬁaﬁwef orddni

E '485% OXAF i didtastrunk s, ifck fdpbe ekl )in PRRAIRARD] scﬁeeﬁlaegtﬁlapm he yoduct
3 [(58)1 ufet- 6l wetco ph emailaplesirh i wrly p?drﬁmathoyslcte-ens preempialled.3- Altanativety, n- 2 on

rcent stereongeri,c.exc r
Chat" i nclhBiREET Safbt PR PRELOR 8 rs®ivs AR BuaRgviler 2opd Paftuflufeen™ ©
pol ypeatgeﬂm}fwmaﬁvbﬁedammmemm G BEBY QirOllatREQhe BvANE. sobirceRX R lAIhY
pol ypeptides with suc propertl es include, but are not limted to,
pol ypepicilos dormation watarsmayshe usad aniheovaserisqusBquence correspondi ng to SEQ I D

85, 901083 Referisigio Bghre ey Wpichtd o S offiwol Seeph ysphibty s iy o ™
120, 12@afigkddionathdt diBodigDP@Rtiples of dreepresdno divertits and ﬁb%géiﬁt*aﬂyedhsﬂgtna&&

pol ypeptide i s capabl e of c verting the substrate 5- 4.)-2-0x0-4-phenyl
(1, 3-0X8z Seadipoizs) TIPS pssemt bl %)omdﬁﬁ%lgﬂsy PH@r&%tﬁ%t 46@@%%%@% flaverghoduct

(4

2 h lity of 96 that allow fluid
3- ﬁSS?fLB-B(a?ﬁ P]IpteJc?r ogﬁgﬁy‘frfl-lg-oh Od)%l?;g/spent a‘r{lng W- 4‘111 pt]oe%an t(i in encl&laﬂzoc‘ﬁ dl n- 2-on
e, Wt ﬁ4dr@armemu$araﬁgmné?& betmccm@gseoplpat% elalstouabdmuSlﬁg%Dandemmedat e

h b
e S SRR R0 B e R PR D1l B L0

pol ypeplaiatrs 1 N RUGhalicBRENS ItRSe ipisd URlehy Bodids &rNether illiabRUtekRnique.
pol ypepti des whi ch COTT‘PI’I se an am no aci d sequence correspondin to SEQ I D

NO 76) 1s,msecg@r0L@Q S b@emawlal g@yerglg)Z g4ﬂu1 6c01@gt10r_n_@gbas$mbly1 b thap 6,

208 Wbt b B Dbt e 88 o SR R B

subst r givelldble (aforid) 130102 4nd pete substantlally in the manner described above with

(1, 3-oxazolidin-3-yl))-I1-(4-fluagrophen pent ane-1,5-di one to the product
R6E"s
(4 S) . reference to fluid colléction subassembly 104. In the illustrated embodiment, a filter medium

> [(5S)w§15( Ssttlonod SROAM¥Aoh ot (b S ﬁ)’fé(t&?P}b%ﬂa?%’MG. %lﬁggxgxa@@o RO Rl [x@i,n-2-on

ercent stereoneric excess O east a a rate
t hat | a vate Wespsér catem:tm&(é(lﬁ)ydrs oewireror rﬁheemeatp havirgl vani@rs drainefelgagend

p% g‘it%ag‘gg BT %ntg‘grtﬁ?ce' & R RS B et fathﬁmfi%ntaeﬁl%n
pol ypeﬂt 20 @SVl OSHRR | &€ fifBr 3RAINE 61 Q)rsﬁ%b%n@%nﬁﬁf 39S BRGSO aBQY]egEQ ID

NO 102, 108, 120, 122, 124, and 126. [0095] In sonme enbodi nents
ket or ed&t@mgéelwrwdémqndéss féftertaterials cbuldube plaser itisids off pirfopated tubulars

stereo v e S t t can .reduce t.h bstrate to
the pr odé &h Elt‘!“r&eéil {3891? %% 1%8 %xg]g% &gﬁa]f&}ré §er2%/n terg °§‘9n31§§re ey 504
99. 6% st9d. (ﬂ'%eraﬁhﬁc Btloor BAIS thas heryeensintee:ddn pedsratddxabibhar N6k picps@ed G ase

poI pepti des th such, high stereosel ecti VI ty include, but are not limted
g/t hESPOtop dﬁ?‘dégn’@&?’BPﬁl%‘?fdgef‘Weéﬁti #¢ d sequences corresponding to

SEQ | D 6 72, 74,
76, 78,[(%)8], ﬂﬁﬁ?&gﬁfﬂ“g’gfﬁ él,té’étofrﬁgz, %S‘é% 6 t?%i‘ﬂg%ﬂfg a“‘%‘i?"e 0¥W 110,
112, lﬂﬁoughlzﬁsanﬂilc&ntrdQ@reeh%serﬁ]ﬂﬁ of alnedpr gt 11E\Qihﬁ’6ﬂ suchldseand corar(ﬁ@ﬂreén bel ow
provi de a Lf:sé‘) ci {}b Slé@ I D NOs disclo echswarel n wth assom at ed

act i vi #5880 8 SHUETRRUIPENE G VR LRy torohdedeq 113% be plaged jnythe

ket or eflyt As® RAIBENEES HSERAR NQand caﬂdoﬁs)crééﬁ' a%§e?nlﬁ %@Q‘t r@%ﬂcﬂé In
tabl es below, each row lists two SEQ I D NCs, where od er re ers to
t h#0 nupath Odi &@r%@fnehc@ stitiag sbode ot (pltctttlhé) may o opeiabilysasguBated withoxdseled by
t he even t|n t he nu r of .nufations .e., residue
changeb e Ua SoR Rt B Plibe kel ol B Sl tir S S bast miie 38"t o
the L. wihin inteKREB oAl 920k thayamerdy b Skl Rxiyatly cEétﬁEb ;T @@ oe Vhﬁlln

foll owed b a cagtl on indicating the neaning of the synbol "+
and " +annp arﬁgl@ta B dbaslding slegOmpy hayn & opyrwsitionrerein |fbwl ﬂgWTbttglueh3 and

Tabl e v e

Docket RO 08 bl R sl Bk Rp I R RhBE BB AR oo
FOR USE OF SAME TECHNI CAL FI ELD QF THE | NVENTI ON [ 0001] This invention
relates, in general, to controlling the production of particulate naterials
froma subterranean formation and, in particular, to a sand control screen

assenbly having a swellable material layer that is operable to radially
expand downhol ein response to cont act W|th an actl vat| ng fI UI d BACKGRClJND

PN e gpe— R IFR IFT"1 A I F A/




traversing an unconsolidated or | oosely consolidated subterranean
formation. Nunmerous problens nay occur as a result of the production of
such partwoubsiesmsat eri al s. For exanpl e, the particul at ecraisesmwabs4£ause
abrasi ve wear to conponents mﬁthin t he mell such as tubing, flow contro

devi ces and Sa ety. . devices. afd articul at rials my
part i aPFayeyP &ﬂ pqdifieny ghe H‘?—f“\’/@ ? tg fé&flﬁé 1E"ﬁlé 8 pigpte V@ Err“éicbéhat
wor Kov g su%tﬁg) slebfe hﬁ?rﬁ@hﬁb%bﬁé}@nm&ﬁbﬁ" ST elcﬁﬁg%e@éilﬂg tétg SHfefiace,

t hey must be Tenoved om t he hydrocarbon fluids by processrng UI prent at
t he sunfesbanicdligodagtricnly, hdmulicailyor pyetlensmml,}letmwnpr oduction of such

partic terials | t.h cent the
unconsﬁ(ﬁhg n&]?g PEgde Sfi/g% ﬁsh\ Pdl%fsegg%?%‘g&cﬁa}“ﬁ)ﬁ tlrtu‘ﬁeqrctf'&f‘ asyembly dg ifs ¢ o
grayel ridpglo eORMuRitioANthat cHdBEics PRlntiPlesSE fh%npﬂe&nlt QMRMAEN | Al Os tBersBY | bore
on a work strlg:gqto a position proxinmate the desired production interval. A

fluid getignajed udnsgcenttol qt:.ne@n essembbt l%thmcaldgalatﬁlw|cat1@ctwatsecmcm 12%uch as

. t o .t.h
01 el syldS bR RUTRES, SRy bR LA Bt R e el HIRYS
open h@lugl mladgctiorn3Eorsand [cﬁﬁﬁ)&] schéen hdsepibly TV irichidegial BigE ﬁ;ﬁ@\l\@z idto the
n

formation, returns to the surface by flow ng through the sa control
scr eendgfines nnintqrpaleflow gath 434 - In flilgy rcat}%ttlonsseeteqsb 22 ef sand goriral rreresand

ro : Ie to the flow
Py arsSEbBor £l QLB CnaleRAEy BECH i e il R ARG Mt ¢ he
hy dr ocaipeolrs2f dndi id ﬁw&eduhmetogbﬁbemdlpg@k stleanusabie mhfnqhé.y DHsgsed tarduh@
For nat PERIDIOTBBTIR 15 Hal GEdh SURHOpGUETERIY HAE (G dBBIGt & PRFUEIO pack
of thepdeshicaduiiad Lmltﬁtt dr@tcﬁ&f{tﬂferérﬁlaﬁ& fdflétﬁbﬁtéd 590@%%1%(& %&éﬂagorl By in

extended or devi ated bores including wellbores having ong zont al
pr oduci 3@and enesgty am@tﬂnﬂlh]é:s m thy @tmptreieéclmdlabow with mfﬁmnbtytoeﬂmé solldctioh t he

calfti nanegln gt Sulf Qul RRAE e EirPObk: SRud modRmalR W' ABskntere.

Ther eafdu@t-layth 3111‘@aﬁdshbﬁ]tﬁ'gﬁecﬁﬁﬁvﬁﬁlﬁlalntgh@irﬁ)hy ﬂfetinefg'éqaydcré aud MtrdtRdnt lﬁ?ers
remai nder of _the annulus which, in turn, prevents the placenent of

suf f i cHliSPesedimssaiesi n t he remmi nder of the production interval . [0007] In
addi ti i h r i f rtain
open hgjl?’gl]c lﬂflgltslpl?ﬁgla{ létg %%rdﬁlt ?%%v%ﬁﬁ%egél% é}%tsﬁ aﬂ;gatnéixc%gﬁaf) 8 %? sand
cont rokuchcttm@nﬂmdnnm&tctpampelnrohgi esand nguinerol (B&BtlonThesepﬁ&paﬂd@héﬁq @i sand

control. screens are typically. installed in the wellbore then radially

o JEECRTRE T SCparaR FEid iR SR S P SN gHSinadd4 b | or
of t he f n n t t.g f ring
P ] o g B oo oo e P 02,1 Pl e
ex pandélbftrenmam segivnr K16 der ewhsles sethiner ringlildB thatdpsrat pltdadiyy pf owiade 15@ t he

formatij.on event for t|on cO .1t h beenfound

nowevet g s DhE s R wo%idka LBR Prireey di cagnbrad 46t act

t he waflbweéstiidier wetibbozse al ong thel r entire length as the wellbore profile

is not uniform Mirre specifically, due to the process of drilling the

vwel bol?872ndne ax @Ptﬁgﬂ%.bt(gﬁkatg ltlﬁ@ bersiaBofepicied a spheviea pamberoer betllsere

|rreg C I n locatigns within the
bgérhglgdﬁgd\l/?ﬁtg ar ger d?%nﬂtﬁ[ Vevg\%i %&1&0 ! hgra%gg‘lt l%% Hheg\}frﬂg}LlZDﬁoocPF%%I ar

cr oss witl touters . 1 SUHo srestuibtethe tfhev ek pay daddsired poetictoot el preGictisn Tad<Lthat
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beari ng subterranean formati on or operates as an injection well. The sand
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portion of the tubular nenber. A sensor is disposed exteriorly of the
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present invention; [0039] Figure 14B is a cross sectional view taken al ong
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Li kewi se, even though figures IA-1 B depict the sand control screen
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can also be utilized to formthe polyners useful in accordance with this
invention. Particularly suitable hydrophobically nodified hydrophilic
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be understood by those skilled in thejart that other nunbers of segrrents
both greater than and | ess than four, including one segnent, could
alternatively be used in keeping with the principles of the present
invention. [0064] Referring additionally nowto figure 4B, therein is
depicted a cross sectional view of sand control screen assenbly 70 in its



enbodi ment, swellable material |ayer 76 has cone in contact with an
activating fluid, such as a hydrocarbon fluid, water or gas, which has
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the sliding sleeve may provide a choking function. The sliding sl eeve may
be operated nechanically, electrically, hydraulically or by other suitable
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50. Saif@d9dpWhitel thisemiveition124 beer ldasteibed Witl teferemmdiolitudt4Rive katbodinents,
iIIustratSd as.a nultj-%%éﬁr wire nesh filter nediug;anludin vari ous

dr ai nadfts fiesEPUOT qof infqnday tahf oz iniad peiliag seves diariges mpdidreationsiandd

di ggr i rﬂaﬁﬁﬁo&ﬁﬁ&g@nlu%%weseﬁmﬁmaug &€l wel a8 SfteP EmBblithendish 59 ﬂfvfeﬂéioé,teg tion

124 such that fluid nust pass through sand control section 124 prior
ent er i mgll bt apphretit $@ pérndmakdlcdse dtei awhupbpgeferinge tb dic slesdriptinmt biris, skeaéfoes) 126

i ncl udes ut er housij 144 that defines. an nul ar chanmber 146 with a
nonper FEPREARaL Biepards Hhus epmpatsany el Mp i QOP TS R ReRE on 126

al so includes retainer ring 148 that has a plurality of outlets 150
circunferentially spaced therein designed to provide a fluid passageway
from chanber 146 to flow restrictor section 128. [0072] One or nore flow

bl ocki ng nenbers 152, depicted as spherical nenbers or balls are disposed
wi thin chanber 146 between retainer ring 148 and filter nmedium 142,
cooperate with outlets 150 to restrict the flow of any undesired portion of
the production fluids that enter fluid discrimnator section 126. For
exanple, in the case of a production fluid containing both oil and water,
the density of nenbers 152 is such that certain of the outlets 150 are

bl ocked by certain of the nenbers 152 to shut off or choke the fl ow of

wat er therethrough. Thus, when the production fluid is mainly oil, nenbers
152 will be positioned relatively distant fromoutlets 150, for exanple, at
t he bottom of chanber 146. Wen a sufficient proportion of water is present
in the production fluid, however, nenbers 152 willrestrict flow of the

wat er by shutting off or choking flow through certain ones of the outlets
150. [0073] Flow restrictor section 128 is configured in series with fluid
di scrim nator section 126 such that fluid nust pass through fluid

di scrim nator section 126 prior to entering flowrestrictor section 128.
Flow restrictor section 128 includes an outer housing 154 that is suitably
coupled to or integral with outer housing 144 of fluid discrimnator
section 126. CQuter housing 154 defines an annul ar chanber 156 with a

nonper forated section of base pipe 132. Disposed within chanber 156 is a
flow rate controller 158. Flow rate controller 158 includes one or nore

t ubul ar passageways 160 that provide a relative |long, narrow and tortuous
pat hway for the fluids to travel within flow restrictor section 128 and
that provide a nore restrictive pathway than the unrestricted pat hway
through fluid discrimnator section 126. As such, flow restrictor section
128 is operable to restrict the flow rate of the production fluids through
sand control screen assenbly 120. [0074] Once the production fluids pass
through flow rate controller 158 of flow restrictor section 128, they enter
annul ar chanber 162 and eventually enter the interior flow path 134 of base
pi pe 132 via openings 164 which are depicted in the formof slots. Once

i nsi de base pipe 132, the production fluids flowto the surface within the
tubing string. [0075] Fluid discrimnator section 126 is operable in
various flow regines and with various configurations of flow bl ocking
menbers 152. For exanple, nmenbers 152 may have a single density and be
designed to block a single type of umnpdesirable fluid such as water or gas
in an oil production operation, or may have two densities and be designed
to block multiple types of undesirable fluids such as water and gas in an
oi | production operation. Also, all of the nenbers intended to block a
certain undesired fluid do not necessarily have the sane density. |nstead,
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menbers are neutrally buoyant in different densities of production fluids.
[0076] Even though figure 6 has described a particul ar enbodi nent of a
fluid di swoimiomesso section, other types of fluid discripgirnstenagssvechani sms
can be used in association with the sand control screen assenblies of the
present invention, such as those described in United States Patent Nunber
7,185, POEt 1GIMeAiit'ed States Application Publication Nunmbers US

2008- 00415809 Al,

20080041583 A AﬁieﬁQ%fﬁff%ﬁ%ﬁ%ﬁ%t%’?ﬁ%%ﬁt?%ﬁ%@%ﬁt%@e Srdere PSr a
pur posead dont«emcm,n assegrbly baupfisifig:gur e has described a particul ar

enbodi ment of a f]ow restrictor sectlon stricting

th | o
reohant o EdFoh B M EE) S CPERaE B oAl R es dhoreft aciaunpipe
assenbliesnahd hh etEh ISERE phtivent i on, such as those described in United
St at es Pat ent Nunber55,80§ 179, 6,857,476, 6,886,634, 6,899,176, 7,055,598,
7,096, 945, amevellatlo magdn! layat disrioseicerierss ohgie blenk pine Rativn ohthicobashlunber s
US 2006- 0042795 A, US 2007-0039741 Al, US 2007-0246407 A, US 2007-0246210
A, an8™9s 2007- 0246213 Al , each of mhlch i s hereby incorporated by
reference farluad bolwatlms@ﬁssehﬂﬁi dispietiextdriogly tof thd @udlRbIE, mitbRilahferiand

deplcted a sand control ,screen assenbly in its runnlng configuration that
enbodi & wﬁiwﬁemwn&aﬂetl“tltltéh?)wéeeﬁtﬂq%%htwaotheaﬁamtleag neral |y designated

1799 Sand c I I 7 i nes
an | nt er nal 9?‘? l(l::[)‘%/}v mgg@pnﬁﬁﬁggg S%?I%%Ql‘%ﬁ tgg%gn@%%tﬁg Q&e&} %Sgegﬁ)?}ngsal%
t hat akiispmeﬂlmladﬂuml eath detweeh eha aktefibowf et stand?o@nfrobsnre?am asemblgrandepeon 178
betmeen base Be 172 and outer housing 180. Positioned around an
unper f §# ‘56 fhon of base pipe 172 is a swellable nmaterial |ayer 182.
Swvel | abl e n%@fe'irﬁlml RYFInsd 88 dontaRt Haghesl a%ﬂvaﬁﬂx’%eﬂ&'dp?ad]iaze@éng%%fnﬁeOr
ot her suitable technique. Preferably, the thickness of swel'labl'e material
I ayer $8ellabde oyaterial kevdr bauseslaulsest & pertigh adhe flutsk colleatior sutiasspimbdy te ba
nbl 70, and t he wel | bore such that upon expansion, as

ii SéﬂéﬁgyygmniﬁﬁggﬁﬁgfﬁI ecf{]i)ﬂfef’ormcontact bet ween both swel | abl e

naterlal | ayer 182 and a f|UId col l ection subassenbly 184 wth the surface

of the wellbore is achieved. [0078I Fluid col |l ection subassenbly 184
includes a pi liheatand popirolgereen aateadly eﬂotnmet%mlcéent hathersiye thetfliid abldectinni al | y

Iszb:sg%g @ﬁﬁ&% er a@?ﬁpgé %ﬁt&g)tf é %gglg?dlgtitg?eéi C|tlr°§aﬁén(1‘ B‘é‘ﬁfs ally

dlstrlbuted about the portlon of sand controI screen assenbly 170 that

udes s bl e nater al S und t he perforated
bofd Fonof " Sadle pgeccnisl Saeriermhlain e i Fogesh 2errs %ulfi.ctltc@argﬁéd. um
188 FB%EPHmW&QﬁMﬁ%@%@nﬂ%Xo?QHPﬂh§pmﬁﬂ%n§M%ﬁ@Q§QMH?qp§§%ﬁ%h1ﬁQ{
el enent or elenents and 1s depicted as a nulti-layer wre or er nesh

scr eenpdestogntedng theahieowal fllowi pitli.| ow t her et hr ough but prevent the fl ow of
particulate materials of a predeterm ned size from passing therethrough.
[0079] Fluid collection subassenbly 184 of sand control screen assenbly 170

al so i ncl udesThesha umtﬁtetﬂeehaaeﬂtbmwmeeqh R Y ShAEB tﬁétﬁttel%&ﬂwn is
information relating to the aggicent fornatlon to be obtained and

t r&#hsnilispesgd externgbtosthe flyidecodlggfianasubpssemPlyi n real time as desired. As
illustrated, one of the perforated tubular 186 has been replaced with an
el ectroni cs package 190 that includes one or nore sensors. The sensors nmay
be any one $rThenasd obnttdieckben hawmbly dsypdeddh chandIokkercinikd HREMNBeRHBSSUr €
sensors, tenperature sensor pi ezoel ectric acoustic sensors, flow neters
for dei@?%*h?ﬁﬁ“ﬂﬂﬁﬁ@?ﬁ ﬁﬁcepéP@ﬁﬁ?%WX resistivity sensors for
determ ni ng wat er content, vel ocity sensors, weight sensors or any other
sensor that neasures a fluid property or physical paraneter downhole. As
us¥d her ei n§. kheesand contsd segroen sdserblyresirededamylaoh [twiesensbnfberanadiumas | as

t Ly f th dind hol [ t dth
caui veitoped Bovprisel 3R Bpid Shed B Bt T ber optic o stributed

tenperature sensor 192 is depicted as being wapped around one of the
perforated tubular 186. The sensors may include or be associated with a

m croprocessor to allow mani pulation and interpretation of the sensor data
and for processing instructions. Likew se, the sensors may be coupled to a
menory whi ch provides for storing information for |ater batch processing or
batch transm ssion, if desired. |npopyantly, this conbination of conponents
provides for |ocalized control and operation of other downhol e conponents
such as an actuator which may be associated with a flow control device, a
saf ety device or other actuatable downhole device. Alternatively or
additionally, the sensor data may be d|g|taIIy encoded and sent to the

. .



having a fluid collection assenbly that channels fluids into a fluid

col l ecting annul ar chanber or manifold prior to entry into the interna

fl ow pat wof2otonesizase pi pe, those skilled in the art w PcTrUscagns®e4 t hat
other types of fluid collection techniques could aIternativer be used. For
exanpl e, as bgﬁt seen in fi a san con r.ol reenggﬁﬁ dnits

runni ng confi ?a%qdo‘??ﬂfrﬂhf“g%%?a‘?fa lyr?rgrrﬁ‘i‘}&ﬁl 18§ P erqu i ¥Ton and
i's gengralek Yoripabanal&ad: &R0of assﬁalgre'15;&%es§%eféeﬁoanﬁmipréra SeRcasSead ¥ 200

i ncl udes base pipe 202 that defines an internal flow path 204. Base pipe
202 haswig wtapped $Ctr§enofa poqpenk AySeR @B Crapy s rscﬂe@rnedﬂlad @Qmﬂlsbmcl}htpeemé&m s a

swel | abl terial vwel | abl e.. terra 8 i,s.;attached to
base pF5§ Vi e ‘ﬁ%ﬁ %Wﬁ Ty RAT L m? ﬁ?ﬁg ‘ngh DS MIEIMSE een
assenbkyreDO |ncIudes a qurd col l ecti on subassenbly that is
circunferentially distributed around swel |l able material |ayer 208 at one or
nore |ongitudinal locations and is depicted as a pIuraIity of tel escoping
pi ston typeg f each of the
fluid inlets’ Jﬁ‘loga 230%%81 &}%ntaﬁ nﬁlﬁf aé Hngg& %‘*ﬁgﬁ Igﬁjér Plglglats)cregp

per f or alenf@As d&i;ésedpémeﬁinﬂlatcﬁt}ﬁ fleidt @llepiomnbutakseintivilaad the rmenata& natéridl

di scharge tube 216 that extends radially inwardly from tubul ar nmenber 212
througﬁ@ﬁh opening in swellable material layer 208 and openi ng 206 of base
pipg 202. Fluid inlets 210 include a filter nmediumthat is disposed within
tubul ar nenber 212, discharge tube 216 or both. The filter nedium may be
singl e or nAl Thpkandlaptol $3i‘€rﬂl€ilsmlhiy aurrsited ar delinmb sthere$n ded activatingy Sunilc

bal I's or beads that ga%@g) ﬁhpé repacked or resin coated sand,

conbi n&t #TST G PrY. o4 £%:0081] In a nanner simlar to that
descri bed above, sand control screen assenbly 200 is run downhole with

swel | able material layer 208 in its unexpanded configuration. Upon
cont act wi t h 10hEhesaridveamitioh s¢reen assewbbhasagchied el bohereing i respensertoor gas

escribed herein I I t and d, as
besg sggﬁ % h?&%%%ﬁﬁéyﬁéha ?%ﬂ?‘ﬁﬁgﬁ%% §?3%J$?§%E%&P%%&@Hﬁ§g Nateria
layer 28t eﬁ;ﬁ’tﬂ'tlblubﬂilhaIﬂuﬁ’@di’d)&bﬁorﬂﬂtﬂ)a@%mfblmdzohﬁhﬁhs wellBoreont act the surface
of the open hole wellbore 218. As shown, when swellable material |ayer 208
is radially expanded, fluid inlets 210 are radially outwardly shifted in a
pi ston-1ikeMBffelny 'c n@&i%fe'eg ’Assfeﬂlbw AV QOinSHRRCT FurbiRr ?&%p%lﬁﬁ%&i gQ to
prevent fornatron col apse and placi'ng the entry points tor for i'ons
f | ui ds ohé flméhflast cotdoh dt:hee fdmpnmdr mnthei fivid hpath berbedn N extefibrubfthiendaatis 210

vrde a luralit antr direct paths for formation fluids to
? ﬁﬂFm$Wﬁémg %é@&f %e 202. [0082] Even though the sand
control screen assenbly 200 has been described as having fluid inlets 210
formed in the shape of a "T", those skilled in the art will recognize that

ot her fl ui d12nlles sandaentigl S@merassend@ees eesifed imrlagm ddtwiketin the aulsesd cand
woul d Be. consi d, . w t hi sent in tiaon exanple
as bes §£@%Nf§&?§(kvweé%?tkgggﬁgng ? Q%%B% nwﬁgééﬁdwg‘ﬁﬁdﬁFﬂ Vihicl udes
base phmtaﬁﬁﬁuamd1@MBblahh@anaterraI | ayer 224 has a plurality of

tel escoping piston type fluid inlets 226 formed in the shape of an "L".
Sp%%ifically, fluid inlets 226 include a tubular nenber 228 having a
plurality o t ver e ium 230
and a di schfar ggﬁé; 8{)‘3 dfggél %%?éne%[sgﬁﬁ a% ﬁfgllyma(f1?11\}/\Hlatr1 gf%h% Jﬁ%h‘]&‘ft ﬂ%ﬁf@lr menber
228 t heantgih capabdite ot the at Feastvarle [fhld ﬁow&beﬂrmlaievicaympei’aﬂﬂe st digdiddlg 234 of
base pi pe 222. Likew se, as best seen in figure 9B, a sand control screen
assenbly 240 that includes base pipe 242 and swellable material |ayer 244
has a plurality of tel escoping piston type fluid inlets 246 fornmed in the
shape of a "U'. Specifically, fluid inlets 246 include a tubular nenber 248
having a plurality of perforations that are covered by a suitable filter
medi um 250 and a pair of discharge tubes 252 that extend radially inwardly
from tubul ar menber 248 through openings in swellable naterial |ayer 244
and a pair of opening 254 of base pipe 242. Further, as best seen in figure
9C, a sand control screen assenbly 260 that includes base pipe 262 and
swel l able material |ayer 264 has a plurality of tel escoping piston type
fluid inlets 266 fornmed in the shape of an "M'. Specifically, fluid inlets
266 include a tubular nmenber 268 having a plurality of perforations that
are covered by a pair of suitable fildser nedia 270 and three di scharge
tubes 272 that extends radially inwardly from tubul ar nmenber 268 through
openings in swellable material |ayer 264 and openi ngs 274 of base pipe 262.
Accordingly, it can be seen that fluid inlets that provide one or nore
drrect paths for fornatron qurds to enter an |nternal fIOM/path of a base

Y



inlets which would be considered within the scope of the present invention.
For exanple, as best seen in figure 10A, a sand control screen assenbly 280
t hat i nclwdesiomassopi pe 282 and swel | abl e materi al | ayerCZA%200095044
plurality of flexible fluid inlets 286 forned in the shape of an "L" in the
runni ng configuration. Flujd inlets 286 include. a tubpul ar. nenber 288 havi ng
a pluralityldf pér ?@BMHHLSCEW ASRIMBLY APE L}fa@lﬁlmﬁﬁz‘géhmrwe%&qr@n@g
radi al Lyhd dowabcYeeh2Q80nibip b ApridiRaber 288 through an opening in swellable
material |ayer 284 and openi ng 294 of base pipe 282. Afilter nediumof a
type di scusséddseatipyvhkaviega berfetated seativnwi blank pipgtsattaon amdmbente@@Bflowipathhar ge
tube 292 or bot VMFIuud.Hquts.quﬁgl%o.iﬁghggf ai r erxibI?]#gLnts 296,
298 whi ch eARATEROlE RAtE [RYS) ByPoserh BFEROy ¢ PECHIAL T {i5eP3REI | bor e
3005mhggm§mellable material |ayer 284 is activated, as best seen in figure
10B. [0084] Referring next to fiqure 11, therein is depicted a sand control
screen asseftilyd pellactian phaaserply gﬁPOS@d eateriony o e @mibgleematplﬁitlrlej’qxlaaé of
the presgnt, invention I.S. r4l esignated 310. Sand control screen
ﬁlélf.dlo N di?lon %191 the 11%%{}%11%)\{ ézgﬁ, aHd

assean§ I'ncludes base pi def i nes an internal fl ow path 314.
Base pi pe 3aZilleamediup dispised yxtofiodpenihagerfdhfed sBatnt dfaRebhsahppend base pi pe
312 is a swel |l able material layer 318. Swellable materjal |ayer 318 is
attached t o“h&&EL, pnpEsEnse 19 WakEH Ngthoan ecHeatingyfluigp radisleexmahgjor . of Shad

contro e 4 ' e | @i i.on bass Ly, that is
cip%un%@?%%%igﬁﬁéagﬁg%gF%%g%gp%%%g%gogvéf#g%fggkg(gkfgllﬁg?gﬁngggtipeone or
nor e | disglatediionatd 4 aaick ofitheandlbose. depi cted as a plurality of tel escoping
pi ston type fluid inlets 320. In the illustrated enbodi nent, each of the
fluid inlets 320 including a tubular nenber 322 having a plurality of
perforationgs3 i e it e : b 22 1S a
di schar ge tz%e%g%gg{lﬁgo%lt (Sé%a%?r%asgiﬁlgﬁ??girﬁ%gegd?gia%‘atrlﬂ(‘)lm% %%ﬁ%rﬁé& 322

t hr ougholiastiop esribasseinblys visttherb Icempeisesr iaalpluraljigr of18ramdeentalbf distebapéni ngs
31@ of b?se ﬁ%ﬁ; 312. Fluid inlets 320 include a filter mediumthat is

di 5posBEFAPEHIPYaBul ar menber 322, discharge tube 326 or both. The filter
medi um may be any of the filter media discussed herein including a single

or multiple layer sintered or unsintered nmesh, steel or ceramc balls or
beads that Heylhsesand gortre serepp apssmbbiastecitekinelapat whersinfluid shishaeged ons  of

1 ow oaury AP yhd Eoloch sprapemlna R Rttt M Bhoc it o' P RS ne ' '

Dependfingr migdiomt he desired operation, fluid flow control device 328 may
take a variety of forns. For exanple, it nmay be desirable to tenporarily
pr%%ent fluid flow through fluid inlets 320. In this case, fluid flow
control devi geriindBndf sGOLSROLHBRE redi IR ARIE 19%RASRAIARN R, Bl O o
fromsand, salt, wax, alumnum zinC or the Trke or nay be a press

act i vafiethedewnprises at leastsoripurfst singls kayeAsecalnstruer, aexaltipleclayért meghyschen, a

desirable to prevent fluid.loss into the formatjon during high pressure
oper at PURSVTARIS oD & PERFK FEFHRr BN &Aos SO §Ored TEIMALE Festsiese.

fluid §hewdornt mebkh 8esntd32&iidBYrols rrtNeNeesistiny 8ifRkiod %HW@&%% In a
further exanple, it may be desirable to control the rate of production into
sahd c##edol screen assembly 310 in which case, fluid flow control device
328 may be an inflow control device such as a nozzle, a flow tube, an
orifice or other flowrestrictor. As yet another exanple, it may be
desirabl e tb8.cHirt santl coheolt sopeenodssdrhblyy chsaratiesd ingelsiand4 adietdiR lthes S6tRAAng
assenbl.y. 310 in which case, fluid flow control device 328 may be a

pr oducb%‘/@ﬁs diJRast gne ?Jfgav]ilﬁo %@d»a"v@;@l 3¢ $%%at cl oses responsive to contact
with an undesired fluid, such as water. Such valves may be actuated by a
swel | abl e material including those di scussed above, organic fibers, an
osibti ¢ cel 19.drhetdand kokten] sc@B@pscRblers revited éxtlairo 18ighoréinli, rebpupkeid i s
depicted a sand control screen assenbly in its r ing configuration that
embodi €8st il 1he é‘gﬁlﬁtm@ﬁi‘“@r B Expas o e anallalae GEread | laxger gausey skt ed
330. Sapd aGRRIIHS (BENBAASERARLYas3dRbIyAS LSS (RawaR:@e 332 and an inner
sl eeve 334 that defines an internal flow path 336. Base pipe 332 has a
plurality of openings 338. Positioned around base pipe 332 is a swellable
material |ayer 340. Swellable material layer 340 is attached to base pipe
332 by bonding or other suitable technique. Sand control screen assenbly
330 includes a fluid collection subaggenbly that is circunferentially
distributed around swell able material |ayer 340 at one or nore |ongitudinal
| ocations and is depicted as a plurality of telescoping piston type fluid
inlets 342. In the illustrated enbodi nent, each of the fluid inlets 342

i ncluding a tubul ar nmenber 344 having a plurality of perforations 346.
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filter mediumthat is disposed within tubular nmenber 344, discharge tube
348 or both. The filter nmediummmay be any of the filter nedia discussed
herei n i wbudiogs®sosi ngle or nmultiple |ayer sintered or pamdisadened4sesh,
steel or ceramc balls or beads that may be sintered, prepacked or resin
coat ed sand, conbi nations.of the above and the |ike. 087] D spose

bet ween basélpi p& FsHhodnef s 330§l Logirgh seregy SFembl 1 orelies oie

devi ceseprfd codnisinds described above, depending upon the desired operation
fluid flow control devices 350, 352 nmay take a variety of forms including
in any conbrunmingthe séndi¢andiol verbéreasserabiyvialal target loshiecar withia thé wghbora, thar st

di sk, a one- val ve, a .check val,ve, 0zzl a ow tube, an orifice or
ot her FrisoPll s et Jagie e so bR ubshmbledins e e Bt
anundesiveimbld heietaRagertthe i$ dikposed BxtedbilpbNa BIRAR Pip¥RBétion ¢TladRvepipss | S
renovabl e by nmechani cal or chem _cal neans such that the operation of fluid

f1 ow cont r oForfastingdBe gmellablypaterial laver yiteas astivatingfdwily ed. [ 0088] Referring
to figure 13A. i n:J.sqdepi tyo e ly.iRn its
runni ng con%ﬁ%ﬁbﬁ?#@%ﬂgﬁbygé%@%Jﬁgg%g%?EQH%égsﬁb#ﬂiﬁéﬁpgégéﬁﬁgPﬁﬁgnhFon and
i s genactilativig dleki; gndit ed 360. Sand control screen assenbly 360 includes base
pi pe 362, as_bfsl seen in fi?ure 42},%hgquefines an internal flow path
364. Base pAjpBlagwg 3t deasha pogtfon ok ée uid geligchge sabssepbly tayvpgve surtace afo pass
bejyee e Hon& toRAS Padpil BEpadERn Rt Hcflh il h 364.
Pogq?igﬁ%gagﬁﬁind ggeA%ipe 362 ?% a gmellabf% na?3?%§¥m§§§er 368.
Swel | able material |ayer 368 is attached to base pipe 362 by bonding or

ot her suitahle techni que. Swellable . rial .layer 368 hag a plurality of
openi ngs 37 l't hat%%‘éﬂn?e H ﬁ?@ﬁo@ﬂ@%%?@ﬂbﬁ%ﬁ%e@ag@& ieéﬁ@%glgzﬂlﬁo
enter kRLBIAMmatdRVIARE I 36ponSClC&MRLHiPIR B (ivatiRy ARR ﬁ%@fe%&gﬁﬁs a
variety of filter nedia as discussed herein and are 1l lustrated a aving a
pl ur al contaasing| thy swsllafle whatesiaddayier vath atelsstionelaidi inglroashamafeid| syer smdnd
fi#%ration | ayers as well as a perforated outer shroud. Preferably, the

t hitkn&%% of swellable material |ayer 368 is optinized based upon the

di aneter of sand control screen assenbly 360 and the dianeter of wellbore

374 such that upon expansion, . as expl ai ned above, substantially uniform
contact betdéen B8e MR paFcdedin slaing) 20 whereimibg sighjok displaping ¢ deashs 372
with t r : ' i i i 13B
and 148 PGEIFTR SR e 1 € KEacet A SHIRRE Kb I,

ent er i rerpdnsfonod tiasvellabkndategaltlaysdr ferthee eomps ssmdoinBa0esst apodios oFuppor t
to formation tq prevent formation collapse, Specifically, the shape. and
co%éi g abP@nc‘g*ecgﬁli‘ SURRsSIRRLY oing copjart r’?ﬁﬁi@? ﬁ’ge%%ﬂ’feefn ITPPPIREe 9 thes Edinl

contr oly SGEBRDT ARSENhYe 3BrRRldybeul arly conpliant which inproves the

cont act 'between sand control screen assenbly 360 and the formati on upon
radi al expansi on of swellable material |ayer 368. [0090] Referring to
figure 15A, therein is depicted a sand control screen assenbly in its
runni ng configuration that enbodies principles of the present invention and
is generally designated 380. Sand control screen assenbly 380 includes a
base pipe 382 that defines an internal flow path 384 and a plurality of
openings 386 that allow fluid to pass between the exterior of base pipe 382
and internal flow path 384. D sposed around base pipe 382 is a filter
medi um 388. As illustrated, filter nedium 388 includes an outer perforated.
shroud, outer and inner drainage |ayers that have a relative course wire
mesh with a filtration |ayer disposed therebetween having a relatively fine
mesh. Positioned around base pipe 382 is a swellable material |ayer 390.
Swel | abl e material layer 390 is attached to filter nedium 388by bondi ng or
ot her suitable technique. As illustrated, swellable material |ayer 390
includes a plurality of bands 392 that extend circunferentially around 360
degrees of base pipe 382. In this configuration, swellable material |ayer
390 provides isolation conpletely around nultiple sections of filter nmedi um
388 upon activation of swellable material |ayer 390, as best seen in figure
15B, which places swellable material |ayer 390 in contact with the
formation. In this configuration, the use of packers or other sealing
devices in conjunction with one or nore sand control screen assenblies 380
may be reduced or elimnated. [0091] Wile this invention has been

described with reference to illustratiwve enbodi nents, this description is
not intended to be construed in a limting sense. Various nodifications and
conmbi nations of the illustrative enbodi nents as well as other enbodi ments

of the invention, will be apparent to persons skilled in the art upon
reference to the description. It is, therefore, intended that the appended
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a base pipe having at | east one opening in a sidewall portion thereof, a
bl ank pi pe section and an internal flow path; a swellable material |ayer
di sposed woterwmsisy of the bl ank pipe section of the bageTpisp@y/ossofid ui d
col | ecti on subassenbly di sposed exteriorly of the swellable material |ayer

and in fluid,co ni catio ith the internal flo h vi he opening; and
S Per medbum st ol lshfrablpantone R evltind Bt he i Gai e dRaon

and dig&ﬁﬁﬁgn%n a fluid path between the exterior of the sand control
screen assenbly and the internal flow path; wherein, in response to contact
with an act avetuilasgngmbgr baving én anteragb3evs path; of the swel | abl e material |ayer
causes at | east ;@ portiao f the fluyid collection subassenbly to be

di spl aced t BvaY aggsﬂ??ggeﬁg?r ﬁB‘)iﬁ% ﬁxtgeglroéf.y ?tt atl'ﬂ%“s%r?&“&%’n?f g E"g’ﬁlg’én
assenblyeniver;faadi ted in claim1 wherein the fluid collection subassenbly
further conprises a plurality of circunferentjially distributed perforated
tubul ars. 3asquser digpesed sHereily ebtheswelademsfeyiablayeteci ted in claim 2 wherein
fluid disch fro r t I - of at:he fl.ui | ectd on
subassenblyaﬁgﬁggééieégﬂﬁﬁqg(%ﬁ%%%ggﬂb??gfﬂféuln?%@fﬁ%h hgqgﬁ%g?ﬁghgflow
pat h. 4welldbie martalclandricalises teeensass bathisylaeal toeaid €sirfate of tieWellboher ei n t he
filter mediumis disposed external to the fluid collection subassenbly. 5.
The sand control screen assenbly as recited in claim1 wherein the filter
megh um i s dbgposede uphARAA 01 As tdifted iibiding 05 hAfeldi® hSHRASER flﬁétx ialayefN€
sand control screen assenbly as recited in claim1l wherein the ?llter

medi ums dsphisepeodeiprbovirstlagapipe fectina of theibdsepiptect i on subassenbly. 7. The
sand control screen assenbly as recited in claim1l wherein the filter
medi um further conprises at | east one of a single |ayer nesh screen, a

mul tiple | ager NERASHHRAA todk aWkdcRelMirRHIRRE 28 GFIRAMN (IR W ARBICKknAEAA M yer 2
ceram c screen, a_fluid porous, particulate resistant sintered wire nesh
scr eenisahtposed exieripThoricrsriopaied sestipmpbthe besespipmit di f f usi on bonded wire nesh
sc{gen. 8. The sand control screen assenbly as recited in claim1l further
conprising a screen el enent disposed external to the fluid collection
subassenbl y2and Thedswehdlatlobagmticd alcldigyX wh@ein thea@natng Adrioht 1845 €en
assenbly as recited ip.claiml1l wherein the activating fluid is at |east one
of a hyeF lchwsEecarhan fpridywaterandfdSgas. 10. The sand control screen assenbly
as recited in claiml wherein, in response to contact wwth the activating
fluid, radial expansion of the swellable naterial |ayer causes at |east a
portion of 2he fThe¢ doeohdletiol anrsitbdssdninh 93 whecdmtiacéspbhe taebhfaor with 11.

The, sapnd control .screen assenbl reci in claiml further conprising
2050 oalle SREHERR, AR FEIACSRERDPY 2Us SSeh s sluih DI chiisd b ERobat weer

t he ext&{ta®fhOkeliddge.sand control screen assenbly and the internal flow
path. 12. The sand control screen assenbly as recited in claim1l wherein
the at least one fluid flow control device is at |east one of a plug, a
one-way val yg, am i r.ol I a production control .device.

13. The san 'con?lrl%pé‘é@%é%g&gé gée §n§§larﬂ§%§3t%}? r?nr%"{g? R 8tregi ™ he
fluid &tllewt opnbf ®presapalbinsot, y tahpirh@ratenk@as hicoBelcéttiviabodstiowerzon tar @y devi ce
is operable to he disabled.14. A sand control screen assenbly operably

po&] t | BREHIA ARFIIFORCIET I TPHY ALY SERROT.ShYFIOGeRIors and ewnightscandsl v

conprising: a base pipe having a perforated section, a blank pi pe section
and an internal flow path; a swellable material |ayer disposed exteriorly
of the bl ank9.pi pehsdeiilmic wol shechabia qhiime3 whérkin the salsbefithorcamhassendl y
disposeg ext riorly of the swellable material layer and in fluid

commun? BBE WHCRFIATt he internal flow path: and a filter nedium di sposed
exteriorly of the perforated section of the base pipe; wherein, in response
to contact with an activating fluid, radial expansion of the swellable
metleri al | a3er chigsdevahold wases weciiedt in daino?3 wherein thedlommhbledboldn a sand

subass b i.spl aced toward a surface of the wellbore. 15. The sand
contro(H@%¥%%%ﬂ§§§%ﬁ@?y as recited in claim 14 wherein the fluid collection
subassenbly further conprises a plurality of circunferentially distributed
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perforated tubulars . 16. The sand control screen assenbly as recited in
claim 14 wherein fluid discharged fromthe fluid collection subassenbly is
recei ved wo 2al0ohzsasber prior to passing through the filtecTrosdoosns49dd. The
sand control screen assenbly as recited in claim14 wherein the filter

medi um further c ri.ses at |east o of a,single | ayer, mesh screen, a

Mt A A W s e P DS e T e A
ceram GaridoRRPL schechlaethtPE@Hrisilar t i cul ate resistant sintered wire mesh
screen and a fluid porous, particulate resistant diffusion bonded wire nesh
screen. 18. abase pigadiacioatat ddastseneeenenmgsie rdigevaall pation dlabreof and ainnmtefnabher ei n
t he ac@i vat %Pr]g fluid is at |east one of a hydrocarbon fluid, water and gas.
19. ThE¥d 4 control screen assenbly as recited in claim14 wherein, in

response t 0aeRBHAM mélekial Taher dspokaB t&rhrly ofia lcabBhHio®IPRRBh LIRS, the
swel l abl e material |ayer causes at |least a portion of the fluid collection

subassenbl yatlyidemtegtien suhassgaiblbdisposed exigrigdy 96 theofwallableahitema) layes and
contro ¥ . I thod conprising: running the
sand c%nnﬁ@gl%gglggézc%ﬁg}%)sévé{r}rlgﬁ/‘mt\é%%%qﬁ)gf %aet{1 Qfaotggf) PO & t hi n the wel | bore, the
sand controh filesremudiass epirhhlyhassocigied Withiithe Gahd @ohirdNs&bhRasRAblY adil Sposed
exteriqgrly of, a swellable material layer that is disposed exteriorly of a
bl ank Pispeseddatg Bpidgratly bptyecsn ghe, gxteriph ph the; s9gd conatralwsreeaissembly emidathe | ayer
W i a&t&ﬁ&liﬂ&\tf}éﬁﬁ- fdqui d; radially expanding the swellable material |ayer
in response to contact with the activating fluid; and displacing at |east a
portion of ahiraihhgd dayeoldisposddorxtstitidys SEntht yilitid vwatldetions sutfasembdf ahlethe

wel | bor e ﬂ rest%grﬁe to the radial expansion of the swellable materi al

| ayer . S‘ﬁ‘i.aglﬁfga o as recited in claim20 wherein the step of radially
expanding t Rficieie ihakl@ondB 6 doftact AIA al NehRIAANARAA! PNl 38hsidh Ut hbe
activating fluid further conprises contactin he swel l'able material | ayer
wi th aswq:lg@@t matgaalolpyer dapsns @t daBloh peitigh f tlmﬁeid caHectipassuba@emblyeandethéiod as
recited in i 0 L0 the s of-.fdi s cing at |east a portion of
thg§ fl griatlf a@%kﬁ%’gﬁoﬁogn&gﬁ%ggé%\%%ﬁ? > O\A%r(gtge ‘évgirlgoég'e of the wellbore in
response to the radial expansion of the swellable material |ayer further
conpri ses placi n% at |l east a portion of the fluid collection subassenbly in
cont act wi t P2t heThgpandgpatrplscress geieably as resied mailaim 2k phersinothe sivellatde

I I apl.e. . i:al; iti bl it hi
et 1 bop B PSS e & on o P AR o S R kB a2 1 nt o nal

flow path; a swellable naterial |ayer disposed exteriorly of at |east a
p\(l)@ti on of e tﬁ;)ul ar. nenber; and a nsor disposed exteriorly of the
swel | abl e -eri ae pafferontigh sprm asenile 8p sRledt s deim adowharein the fluid
activagd i i ial apgs f .t I : I I uses
e sen e e s oy PRRg b NaRudBhdly (e
downhopefaragied tibglareci ted in claim 23 wherein the swellable material |ayer
i s disposed exteriorly of a blank pipe section of the base pipe. 25. The
downhol e tool as recited in claim23 wherein the swellable material |ayer
i's di sposed3ext eThObdnd entidl Rereb® hadeambls as rérd ah didit BASEhRIiRGhe 4Ber THE
downhol e tool as recited in claim23 wherein the activating fluid is at

| st BR&EUBK s dispgieddaisrmabie the fukl coflgetin swhassembly. 27. The downhol e tool as
recited in claim23 wherein, in response to contact with the activating
fluid, radial expansion of the swellable naterial |ayer causes the sensor
to contact ihe viEhd koidecon®®] sdioen dssenibdy as tadled ds dlfiai B EavHereis |Bé Ml
wherein CEjhe _sgnsor is sel ect eg frog at | east one of a pressure sensor, a

t enperBedipe ig disesied dewpstecagpplthe flupd collgetiqn subassgmbly. a f1ow neter, an
acceleroneters, a resistivity sensor, a velocity sensors and a wei ght
sensor 29. The downhole tool as recited in claim23 wherein the sensor

f B0t her consri seBheasahd bentrdpticen sermbly. as3Ocitelitia cthimrdi oMecréiaahe Asiveegi ted in

claim23 . wherein th ownhol.e tool is a sand control screen assenbly.31. A
sand ¢ lﬁflrlstﬁe[ l%aép%%enﬁfg@'g]mﬂagbo J@P‘iﬁﬁ’yasjerﬁ@éigﬁf'onabl e wWithin a well bore, the
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sand control screen assenbly conprising: a base pipe having at | east one
opening in a sidewall portion thereof and an internal flow path; a

swel | abl ewoavsvai2sisol ayer di sposed exteriorly of at | eastca/ysesmwiossm4of the
base pipe; a fluid collection subassenbly di sposed exteriorly of the

swel | abl e eri |l ayer and in fluid communication with the internal flow
path via t g&opeﬂ’ﬁé‘?}a’dac@itrpf TSPy 58 rrﬁ‘meé B& ;A:d’ét WHETGI: H FORRONSENd
cont r of, SRS NiBIAE TRl vAAD Aufli, SRE[’MpARich § HE dwbRiH RElHRER %&%ugﬁta%f I or
of the sand control screen assenbly and the internal f|OM/paY ; and a

dr ai nalpestl aayertionldKibo deiinagr tlasrer ty ¢ontast thervecltbord. d col | ecti on subassenbl y and
the swell able naterial |ayer; wherein, in response to contact with an
activating fluid, radial expansion of the swellable material |ayer causes
at jeast a porti 9Re 9dnd dbirbl sirebncabd B6IY 29 ReG1RaS SRR Y WRGeihhEe Sfafipage

| ayer to be displaced toward a surface of the wel|bore. 32. The san

cont r olayscpreidess siend pif region betiveen) therfluid eliacBan suhassimbly il doetellhbiee
material |ayer is disposed exteriorly of a blank pipe section of the base
pi pe. 33. The sand control screen assenbly as recited in claim3 1 wherein
the fluid cedl ecThopalddassbsdhten dsurhbleras eedied iis eRira 30! wikdkbih e 8fainace
circunferentially distributed perforated tubulars. 34. The sand control

scr eenlayssiphescogypriseri phalith Og%ﬁwfsremﬁwm@agﬁ laygs segments. medi um i s

di gposed internal to the fluid collection subassenbly. 35. The sand control
screen assenbly as recited in claim3 1 wherein the filter nmediumis

di sposed dowst r #hersaid dohtrolf dorded aswnibéy hs moitsbimadsiandl whedh anlhiRlisang
control screen. assenbl ?s recited in claim3 1 wherein the activating
fluid FEIE “nggiegﬁgl £ '‘@Chydrocarbon fluid, water and gas.37. The sand
control screen assenbly as recited in claim3 1 wherein, in response to
contact with the activating fluid, radial expansion of the swellable
materi al | agbr cdbeeandatontrehsireen geemblyras gécitedan glamyehérainethe tadditioat act
thgsmehlﬁore. %@. The agqﬂpﬁptrol screen assenbly as recited in claim 37
wher ei e “UPR] Sﬁ%ﬁéeqc yef‘ 0Vi'des a stand off r egi on between the fluid
col l ection subassenbly and the well bore. 39. The sand control screen
assenbly as recited in claim3 1 wherein the drainage |ayer further

conpri ses a4pl ur &h¢ sapdgrontpl saueemetssebly|as dpcited dg elaimyy whergimgthe edditige The

d I I ' ' | &l m 3% wh ' . addi ti
car i o e RRER A MEIRUNET pbREl] *Soled T R AFOGLr liBe ohbl ) ae

reci t epoliysacchanides, 4 dexdnet, ecelllose, actdiits, v ehitastid) e prot€iifr alipkatikt PRABRLIcHE
aﬁgftance 4éé The sand control screen assenbly as recited _in claim40
ei RO Haetidasli + i ve ROBHEREPIdeghpr i s eROIK(Cefagrokerimes): pol y naly@ahytsides). f r om

the grﬁéig?(h?fﬂfb%%rﬁﬁt&fé%sﬁf ,aﬁﬁlhéfﬁa‘b%g]@&ibgﬁzﬁes,dﬁ%lgrﬁoe&@s%g?g?@?anﬁggi Lclélﬁss),

chitosans, "proteihs, aliphatic polyesters, acti

pol y( gholg@Etliytkrs)oxides) andepodghosphmetenes), pol y(anhydri des),

pol y(hydroxybutyrates), aliphatic polycarbonates, poly(orthoesters),

pol y(am no aci ds), poly(ethylene oxides) and pol yphosphazenes. 43. The sand

control scrgen apsesldycoatol &eédhadsdniblg aireaidd iNBRERIAD SRS AL Bﬁgc}‘lﬁvé S
sel ected fromthe group consLstlg%iof allphatlc pol yesters, poly(lactides),
f ye

poAdy (| ié@@]iegteééqogg@eﬁwmqu{sgﬁgly rhayy polyesters, poly(lactides), poly(lactic acids)
and poly(anhydrides).
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