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tenplate for produddimmrefodie I Ncnd/ or
pol ypepti de; nononers for the mMRNA and/ or pol ypepti de :
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celi-freeﬁeﬂéﬁ@@nﬁ regetiensconmanes 4pedfic yieldaef pretein Irhb@bf(ee systems. [n one
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sutacf AR SBfod Gt 5 snet St s b gt (op7RE i 8 more than
0.007 % daotaight, wiaerdindhd Bntiferim Bpginglother thabe deatergenton. Wt h

addition of antifoam the specific yield in each
systemis conparabl e. DETAI LED DESCRI PTI ON OF THE
EMBCODI MENTS [ 13] Conpositions and met hods are
provided for the in vitro syhthesis of biologica
nol ecul es in reaction m xtures conprising antifoam
agents to enhance the total, soluble, and active
yield of proteins synthesized in cell-free systens.
The addition of antifoam can increase yield in snal
scal e reactions, but finds particular benefit in




[15] In one enbodi nent of the invention, the reaction

chem stry is as described in co-pendi ng patent

application US 10/ 643,683, herein incorporated by

reference. Oxidative phosphorylation is activated,

providing for increased yields and enhanced

uE)IhI a Z&li((j:bmcm asbeanehey Esoprav;m? & naacticed nyzictatjaj fors cerzlilmfree, in vitro

obt.ai n a i natj.on actqrs, including.the )
nans GBS Srrdi GGy YaRe P o BebPOLAeS oSS Be FrLid IOl extract; a
templgteo¥an modutioh W€ tse MRNA aindion olypeptide) naimoafkse faethofmRNA and/or

o B L SRR B ATHBES At regers it v
necessasy faimthd synittesishasy atshFfates acimg anticolm @gent dthertthgn a detergent at a

absence_ qf secondar r sour ces. 6 [ L
concRRfi Figh iR S e O.pbp B e SRR R hnctatiht BloBrumugignt
- can change dramatically with scale. There are
difficulties in I nt ai ni ng hono eity in |large
syst ens, change§ﬂﬁﬁﬂéﬁ$?gﬁﬁbﬂ%Fv%ﬁﬁﬁﬁmgﬁ i os, and
[09] Clfingesi iis & heapheaspictings tHeh eradeih vigeld diterdaotionsc ceapiging different
ime franes. In addition to these problens, in vitro

PASET: synt hesi s reactions that activate oxidative
[10] piFiRpdQliyh athedrationy abebbiereadtercr eased oxygen for

opt i mal, .perfor ce, the delivery of ' becones
w1 i o P AP SeSEing Vel S P AP PGSBSV fiba bubble coturn
with tafa02aSB0ARNER d#9800 Bl @0R34r2d(td 4]15 tibe nore

common types of reactors are included, w thout
[imtation, stirred tank reactors; bubble colum
reactors and air-lift reactors, which rely on gas
sparging for agitation; etc. The bubble colum
reactor may be preferred for Cytom mreaction
conditions. [18] A problemoften encountered in
commercial fernentation is foamng, which is
undesi rabl e, for various reasons, including providing
a pathway for contam nating cells to enter the
fermenter. Foamin cellcultures has been controlled

- with the addition of surface-acting chem cal agents,
al t hough such anti-foam agents usually lower & -
val ues, reducing the reactor's capacity to supply
oxygen and ot her gases, and nay al so inhibit cel
growh. For in vitro synthesis, the hydrophobic

- conmponents of antifoam woul d be expected to interfere
with protein synthesis and folding, since the
catal ysts and nascent products are not protected
within a cell as they are when proteins are expressed
in vivo, e.g. by conventional reconbi nant expression
nmet hods. The results provided herein are therefore
unexpected. ANTI FOAM ACGENTS [19] The in vitro
protein synthesis reactions of the present invention
conprise an antifoarn agent. The agent is usually
present at a concentration of at |east about
0. 00007% and may be at |east about 0.0001% and not
nore than about 0.001% usually not nore than about
0.007% by weight. Different control strategies,
including fixed aliquot, on-demand control, and
proportional, integral, and/or derivative control or
a conbi nation of them can be enpl oyed to adjust the
antifoam agent flow rate in continuous feed
reactions. Optinmum anmounts of antifoam agent
addi ti ons depend upon variables such as reaction
condi tions, antifoam agent“type, and the |ike Optinmm
-amounts of antifoam agent addition; and where
applicable the tinme span between additions, may be
determned enpirically during trial runs. [20]
Anti f oam agent, as used herein, is a surface acting
chem cal added to the reaction mxture to facilitate
bubbl e breakage and gas rel ease and to counteract the

anmb%
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the foam The defoaming activity of a bl ock &dpol yner
is a function of both the cloud point of 4 WO

200 98048PCT/ U82005/ 009342 t he copol ynmer and_t
Wog@ ’%%83" Hherature. To select an effective def oé’ﬁ%ﬂls’*g‘b’“‘m“
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adciton Jf ghifBats, 79 SE0T 83 S MLSART SStorh OB et et ur 6
PLURC]\IIC(r) R surfactants are also effective in

def oani ng ap!BI i cat II$ Q her _ant éf oam aﬁent s of
interest inc ED DERERIT NP pide EMBAPWENFSs of
@tﬁrgp@ulﬁorrsoanalrheme ad xoacmcmd estetHeawe ditRp |y RhBSE of biological

ers) eganl c, fatt acl d est er-

moleculy, i iegEy oMz fAPEITRRpethe fotahgoluble, and

active yi@cmﬁfa;br@té o s?ﬁhlesifzé@ﬁin Peedtfeden sﬁét&hbesﬁﬁecﬁﬁrthﬁ of antifoam can
on of stabilized maNA o

|
increase; G AGInAL Serle PRRIDR. BTSSR chENSSh eiarasr scale reactons,

part:cu{aﬁiy@éﬁﬂoﬂsl’ﬁr@hﬁﬁglf@ﬂaér@[b!@ c@ﬁ@ﬁﬁ@tsﬂ The conbi ned system
util1zed i cont i nuousl

Ifge %—:&!yl@ EﬁﬁNR'le Lsed }%ﬁm if *‘?ﬁ? ﬁ;tetﬁw W{!—fgee synthesis yof biologlcal

macroméleemgﬁl irzaRdRAiOR ﬁﬂﬁb@mpnﬁhé Bﬁilogi‘éﬁi @Mﬁl and®defined reagents. The
rase.i s used 1[ rgha ge RNA
reacton G3k WIE FBESS g SSERRIS for P " aeBmolRchis: eidy DN, MRNA,

efc.; moﬁérae:rsefaﬁtneqnamomcw@le Rd b éﬁﬁh@éﬁ.@é@( e.gTRNMInG aBid8enucleotides, efc.,
cont i nual | inserting the nessage into a

and sucf Ghipclos. EYRTTES ABRIGtReluiE ORI HRGA R1E SERASAY he syrthesis, 6.0,

rrbosome&D HRNB! 6K meriids| tr@dséﬂﬁﬁénél&‘aﬁ@fse efd. | Sus é%tlﬁét%qgaabbn systems

mQaI nodi fication before. it is added to
are welly B%‘H’EH"E)E“‘%TF‘E& a‘f‘% 2N begn escibad dhe ditgrabie.f r”bﬂ#’mber of reaction

.chem:stri@&tfoaqdo@ﬁegud!wIspnmbalbl d;arz @enﬁ&ﬁ inettRl fethblde dremB! idbdhtion. For

can ‘encode for an arti ene of interest:. |
exarple CEREHOS GBI 155 A1 RGPS F114Se FPARIL ngr 887 dRbgiebid January &,
2002, afc®ll@BamatestURb. BS1OBIIIANES®d UBNuRY S DEO-RIR&Ein incorporated by
Pot assium i s general |y added between 50-250 nM and
reference mmpni um bet ween. 0- 100mM  The pH of the reaction is

Irgaﬁéféth!bdduhéﬁt Betie aivepibB-Be raa@ndnem:awr@ a9fddsBfbed in co--
ction s, gene raII bet ween 20C and 40C." These

pending et appigatinn :54% 51ergiBt BEVIPPEALetH hivorafeeace. o Oxidative

phospho@ltﬂ@ﬁllé abhvaité) @y@iﬁamg f@Ghbehbad iBks RAdagf8AcddutiBfion of energy
action mxture. Al ternatlvelq\)/[ enzynmes or factors

SOUrces. ¢ Hgtpr%@ vield, ¢ obfaieeq &y angabipaiane ofaé@mrst yGiding dhe use of

biological Mdéhl\fe@(}&'dﬁﬁ Hac@Mat Srewh dn’ @ glucodd) béﬁihi}‘ungtrﬁédl%nﬁn absence
t he undesirabl e enzyne nmay be i pactivated or

of PO‘VE%IG@%& P'on@rt%@peﬁv%ﬁ%m@esm]cové%mat@g elihish @rovides for a

homeost@i $Ydi@d, hnAth Bonthesit cahdilis BVl inSthBtdb8bade of"%(:ondary energy
al so be added to the system These nmay be used

SOUrCeS. enhance protein synthesis and folding. This cyt om m.

It PRENRhOGY i RS PERBE SERWdnee BF biokicford tas e8aRe drifbtically with

utilize_nmenbrane vesicles containing respiratory
scale. Therg;ave ciffigtiiesindnaipiaining hapogeagitvdn Type sxFtams; ¢hanges in surface

to volum@ Peﬂfd%h ahy lcAhh@EY in kA8 res@RAB theRERASIIRY iﬁ@re‘d§€djtnfn@ frames. In
-free expression to activate other sets of

addition ﬁ%ntbfe% PrEbigMS; g, Vo7 profgint Autthesis yepdipgs othat ckiyatg t oxidative
phosphoﬁyﬁﬁbh‘ Qﬁ‘ayl RBure Iiﬂd éﬁédoidﬁ@fen R o iRl 9@ﬁ&ﬂ¥adc@°ﬂh@%hvew of which
anplification of the transcription of
becomesmejip difigulbas reastier HRIHECIBCTeRRRS 1 r ans| at i on of RNA
i nto pol ypeptides, and the synthesis of conpl ex
car bohydrates from sinple sugars. [28] The reactions
may be | arge scale, small scale, or may be
mul tiplexed to performa pBurality of sinultaneous
syntheses. Additional reagents may be introduced to
prolong the 5 S



VD 2005/ 098048PCT/ US2005/ 009342 period of ti ire" f or
active synthesis. Synthesized product is usually
WOREEH8t ed in the reactor, and then is isol a?@@ﬂésﬁﬁpﬁm(mﬂ

purified accordin t he usual mahdsfor rotein
[17} Fﬁ;‘p?qg ﬁ‘ﬁtm?ﬁ‘? %mrggn E’Hﬂ‘?ﬁ ozlnle%ﬁorgfar@}{@ L@?gt\gﬁtﬁﬂp t l;mrtation stirred tank
reactorepgiistié esluminAd8h&lordand aRUabatibis ndsdh refy drh@as sparging for agitation;

| ation of pro uce teins, whic
otc. Thd GRS toIgRnTRst hamay bs RraTEe Bt GyiorUn Esatiaspadpns.
[18 W%ﬁlémmoﬂeﬁ)l\@nécﬁmﬂér@ﬁem %d)ﬁhnéfcféﬂfbnﬁérﬁﬁloﬁy $ §8hming, which is

contain all factors reqwred for the transl ation

““des"@Pl%rFER[AVaIFQHS ESBERPP e INClUsth REidingrian athwpy Jor crntagiinating cells to

enter tRATRRBKEr. SUdhH @él@%ulttﬁ’eQﬂ%tbéyﬁl dfroESwithdhe addition of surface-
initiation factors. | -free systenms known in the

acting ghgmicalageiis, F_ath@ggh %‘QFr"dE'rf§a"'e?%e“t§\/lﬁ'§‘é€H|Ydﬁweb&a values, reducing
the fea&t'b?ékﬁﬁadﬁyttb smﬁly Rahd GliRRRsES) aﬂH'nﬁBM&@:rﬁiﬂilﬂ oel growth. For

endogenous gso In addition tQ the above
in vitro sypsien the Sydierhebicctqruponsnts of pgkfoamgweldt ke expected to interfere

with prétemyﬂtr%s.saé}m foRiThd) Bsirfse e cRySE 'aﬂb%a%@ﬁ' Hcﬁi&s! é(re not protected
quired for protein synthesis may be add ed to

within pcgal i95n theyh SrarbeT TGISH T, il o gKpeed f5b|vyﬁerer@ by conventional
recombifiiP EJRESsio ethéds Mrhe irddlinki gréVided RErePY t Hhdtefre unexpected.

nucl eic acid degrading enzymes, inhibitors or

~regul ators of protein synthesis, oxidation/reduction
adj usters, non-denat urA@gpéAmA@g]tr@t s, buffer -
conponents, spernine, spermdine, etc. [31] The salts . -
[11 b fre VB| Broteit sYHBesis reasiontof g Resrahveien moniariaa @n antifoam

agent. W@Qﬁéﬁﬁ% @@Jaw peése%@ & b%@%ﬁkraronsc&flét ‘Hafds? aesuth 0@8t#%, and may

sone “of hese may have am no acids as counter

~ be at leeast @houweﬂ%b%yﬁﬁﬁur@te@%o@ﬁww 06@1%%@!’%@%@% than about
0. OOT%%Mé]bht Ctﬁ?’féfeﬂ?coﬂhﬂtsméf , Rftdind f R8s, on-deman control, and

guat er narﬁ/ am noet h am noet hyl dext'ran
proraorh@szald Htewa raéd/@cfiﬁavata@] tzmtfé’! Ohﬁ;mb‘émtﬁtipmoéttmu gas! be employed to

adjust %Cgﬁﬁb&nag%é’nt %Mﬁ%&@'lﬁ%r&iﬂ%@é f@é@'réac@%hgeﬁ)ggmuﬁp’amounts of

a non-denatUring surfactant such as Triton
antifoap aggleaddiions danmpdrinan Yasiabis sudh & aactipeeanditionsn an’ufoam agent
type, arﬁpﬂ{éﬁf lgﬁ?fn bﬁ-nb't?rﬁg JfOJntidePﬁ bﬁﬂad i ¢nid where applicable the
thetlc a Y, MP may used as a
time sp@kb@@@@n e ditiegs| raaY be qegez]mmﬁméﬁ@ﬁl{;ﬂ dging ﬁ@a! runs '
[20] r eact it ?évﬁoé's %e@ﬁ%?élg,'f %;% g{ur@r% CF.’:{&{O ?ﬁé‘otﬁgﬁ%lctamd%ed to the reaction
mixture g éﬁ@é@emmrﬁgkyge Fo# geRdRisiaee anﬁéo @gwd@mct thel fomming that can
e h I d e
be cauéséfgur c}éﬁ%ﬁ#rp%%?@% Bt sti eHés]l nﬁﬁttlfg%go %f 12% %ﬁ?’ﬁl éanate and/or
reduce fpador d’mmnv\naghn’qsn"eat irglidienplly irneare P@$lti\@t mllary sun"ace properties,
such aLQER fs?ersbtlmc'OemEEﬁlcﬁﬁ&?e%Iﬁlgﬁia%Bnl ﬁczﬁla?ldolfevel adhesion, and
conpofiénts 1 n the reactor 'may be varied over mg
gloss. [33] Preferably, the reaction is maintained in the

[_21] 3N Sh%%cgfr_g%é&_lr@%dctﬁe&f gﬁ’gtfe ;éhﬁ’foglfg %%n@o tifese lﬁaﬁide but are not

nore pre
limited ﬁoeajbﬂrmlmakkﬂezacglm e@lel[s3¢‘f‘te1'$jealmml,mtsuwrarpsosmmnes sulfites;
0 tis0 '
sulfonat@é %&ge&f ﬁ‘% %@éP @Véﬁeﬂ{éﬁbg?&e | g%r% f%g&?%ﬁéﬁédarb%own and
commerawy Iaaemidbia: ¥ @ threngh stigipatdiwmicgasdl eSakenestacin sorg embodiments
of the mQ%nt Aﬁetr%aéﬁtff&a% %‘[geﬂ{ At %é} tH?h B%e‘tér@@r?t' ated. Exanples
says Ivity are a
[22] Among eraa%aassagerﬁyst@mmmta ar| dilekp hepolyalers,c ewlyich promde

a T
defoarihl Ao SR R pARI Uy WAL e ES B AT B B S rer interfaco o
the foant.h@ht dafianaihg anﬁv@am‘ta block Aopolyimiey isas BmygBombf bothdite cloud point of
measure full length proteinghat is inactive due to ‘
I mproper protein folding or |ack of other post
transl ati onal nodifications necessary for protein
activity. 6 W) 2005/098048PCT1US20051009342



E351Mbt her method of measuring the anount of Protein
produced in a conbined in vitro transcription and

WO JOB;;}'%%&‘%H on reactions is to performthe reaci)é,g%gmomoguz

known quantity of radiol abel ed am no

0
the mpélgﬁ-tl%g %ﬁ% ﬁ%ﬁjé@%&a@%ﬂﬁet Egjs;ér%:t %tf lﬂ?@h\% foamer, @ plock copolymer
is se[ectgqil ‘M@S@dﬂw peiot ﬁdﬂ&‘ﬁé@%ﬁh@ lﬂtﬁwélqiew%/teﬂmrmum élock copolymers
r I e ®
it oo St SHSE'GRRG 8. 955 il iyl BB uronic
Surfacfalnﬁ aig widelyjused asrdgfeamerso nThaamera@rstmq:mre d:mh@eomc@ R surfactants
r p T el te
e sl RERHES, DRGSR, TSI SNE ) et
siloxane amq},yrg@‘,sogmg@wysc &hf orgaséc tmmt—S{hMeprpmdupmpylmd IESed polyether

cispersit Rffork. K AL SRR REHERRY: BRE M Eoverr €5

[36] Wil e the reactions may be of any volune, the

met hods are particul gel ¥n@e¥ ARLARIRPUS in a scal ed up
reacti on, where the réaction volune is at |east about

123] Tte tgmplaj,g fril defl-fege protain sptibesis $an e, citmer enRidAiak IDNAat Transiation
of stabilii?@ﬁ{m@ﬁ %FEoﬂBQII ltrarﬁs'r}gpﬁg?‘y ar#%?trérgs at 3&(1419&93 Qﬁoreocﬁ@%rmauon into

reat er n nmany cases I'VI reac
protem wihe ccpmbmgi; sysiem, tgqeanr@imltlﬁzemlnrﬁ colil gyistamgh qmutmuqmlsly generates

mRNA fF&ACLI BRA %‘?ﬂ[ﬂl 'an éﬁ%hﬁ#zg Mﬂ\’éﬁé{re r lf.liher c@genous RNA

antici pate e prese nve tion wlT Enabl
polymeraﬁ%\llselsag @roamﬁmetmugmhageIRWes:plymraﬁediypwaﬂy T7 or SP6, is added

T AT —
the mesgagednto, a templatedor O leplicase, ariNA dependehtJRNquIymerase Purified
R SRS s, f or PRI SR g1 e, g ecion
mixture. | Ml]cleAsested beer@nnvect fremt eximacts riuIHefps stdbilize rreRbiAs levels. The
template rc%ﬁ%'i'l'cﬂq%fg? %Yl&f_ﬁgrtﬁ;uﬁ? gﬂ? o?{n%r%e&m or | Ief“s;etn?lagn :

present

{24] Otingr (ﬁwltS,cmrtﬁdﬂW those dhatoare  biclegidallyceldvadt, abdv es manganese, mayr
also be a{HHeﬂt qi’cﬁ % ?QE?%&EY Fg‘g&? béﬁuregh 80 f‘%(gﬁ@g ‘ng %(Eﬁg%é 1% between

0-100ml\/bn§F he cmhl/efrthe rreamﬂecgena@ﬂycmg batwem pls GeBnFhe tlempérature of the -

- reacton SRRy BBRDUBRAPIPY) e Fufles ATl BUFhLT
[25] Megahotie dnrdbitors to ewesmblmemzwnetlc biiblitygihenp|beyaddzti toethe reaction
mixture. %&%Sﬁ@if %ﬂ%ﬁﬁéé %/ céor% GR& érg '?e%ﬂc?ﬁggge fo(g @gg?%%%{e argmty may be

react |
rermoved e ﬁp&’rﬁi@h éh@ aﬁracts'ﬁfar@y,rth@gen@ rn¢ddingithesareissinable enzyme may be
mac:tlvate%oc?FHéI%?tgéfrBrtﬁethé%ﬁforﬁg%‘f{n@m s, differing only in.

east about 90% nore usually

[26] V%?eiciea&meabmﬁeﬂ’ﬁ@m the Hostayrgamsmtorlsyathietia oay al88 e ddded to the
t .
sy, S50 135k PR SHlEH, APl S Bk i oo

feChﬂOiong@qobmﬁowwmemtwew p@@@seﬁ@t&#&t&mw@an@vesmes contammg
n r ndi: t i.ons :

espratr Wl S5O G2 ) LA 0 ORI REE AR e ron

methods hegdspaed fua;ellb‘eemexprasﬁmfem adivat dt;xera&e& eiasénmkamtprotelns

I N T e

amp[rﬁcattmlqn‘éhcaobhﬂe Ihdjndﬂscrlpabm chRbyfram miNA DDRNA ttemp@ates the translation

o R OB ) R DB e RSB B .
[28] Theerdachiordmayyt e terggescale; smaligeualayay rhay |bafmalﬁd|ekéﬂ Li9) perform a

psity 5L EAELETANE 0 SEUSE SRR Ryl el Bhto protong the

headspace of the reaction 8hanber can be refilled
during the course of protein expression for |onger
reaction tines. Besides oxygen, other electron
acceptors, such as nitrate may al so be supplied for
cell extract previously induced for the appropriate



[29]

(301

311

{32]

of describing and discl osi-ng, for exanple, the cell
lines, constructs, and nethodol ogi es that are

WOZeEE9$H8d i n t he publ i cations that m ght be uZ€d/tUSat05/009342
connection with the presently described inventiaon.

period ¢hiimg e ¢8R sEeaEs Qystegizat predushis Ysvaly gemimulated in the reactor,

and théreid isalafdParl b@tetb B 2ER)¥ing 8 thd8sal %é{ﬁ&ﬂésfﬁr%r&%inoﬁunf cation after
to the filing date of the present application.

compleggp f Hig sysledi AP¢@tied- pe construed as an adni ssi on
Crafarkdiforiimerist o ﬁx@fr&]mion%tmmﬁc{otwo 35#%% S Whfkh translation

di scl osure by virtue of prior invention.

may be eAURIRA {ogh ilanprrikesis ef piNA Fpia Q&Jﬁagemrdatsr &uc@@ cell-free system
will corﬁﬁﬁsﬁl Rlctds %cﬁlﬂféﬁ ffithe t%a‘?ﬁsfah@n ¥ tmmiih fcﬁ' %%grpﬂigtrﬁo%omes amino

di scl osure and escrlptlon how t o mak
acids, fecaminegeylt siRhelages. aelen%m Fﬁfé?fae%ﬂd dnifiatigne factpes.  Cell-free

tems goAar h |
oyton 08034 8 LR S 88t 86 INEPELB8 pFLLEH S sl

"U°|935@rF§Lﬁ*'é"“%ﬁ¥@ getie engadeneEs PEAL 0 t he nunbers used
{rf allaiition T LSovd BHRBEREHE QuciS %Q &%ﬁtﬂre%t &8R%1, g@n‘ég@ Eemplate and

but sone experinental errors and i ations shoul
amino gridsywapterdals peciicaly raayitgds &1 Repteiat %\Glth% tmaybe added to the

reactlorparﬁgs@ymﬁfé'ngﬁt !ncﬂﬂeeﬁéﬂsarpoww cbﬁlgel\fﬁrﬁ@g@chc AMP, inhibitors for

nperature 1s in reé

nol ecul ar we a%
“protein @nﬂﬁl@@laoﬁf»d r@fﬂlagsttnzymeg dnthiljtors ey remﬁb@ph@fr peotein synthesis,
'oxidatloﬁ?fgﬁlf'?&t sfeF &MY Jer{aﬁ.ﬁ}w?-rgﬁrféaghtg' Qurf gomponents,  spermine,

antifoani ng agents to ce ree proteln synt
spermidiyestaéén was tested. Five different antifoans agents

TS SaBhRSferby S e e, i, ang menggrese sats

of acetig @gidwr uifide adidy @ndritan of three mayahavesamningl @cldsaasi a counter anion,

The pol?ﬁ{aéﬁléfecer ﬁhﬂ?% PE‘BJ s MB“@Q@B@? 'g%gﬂrarﬁctﬁét}‘nyl aminoethyl dextran,

quaternpzysarsinoathlyl arsd sfminerihy wshiranrefactibe. omaglanésdm:tian adgister may be
dlthiothr%ﬂgp a&&r&%c@ aﬁaﬁoﬁﬁ \{tl]ely ﬁxﬂ@%iéog% rpcfrpacg“a[?unng surfactant

construct an react or lar g
such assHrifpa %400 mayihe ysed atf aiconsppemtivordl 0-0.5d4. Slﬂﬂfma‘giemtdsspemldme '

maly bea[x%?ci kS ﬁg:rb\ﬂgg %gﬁﬂégﬁﬂ\%{% ea?aﬁ%?néh#mm ysﬁlenused as a gene

expressiggynegunletars |isted in Table 2 are mixed in the

WAL SR8 AE EBLERHAR LBl BP SRR o ot mesim,
that of anpthesmonthieseniompyienchanged tagdondingliabFer gxamplentheadntentrations of

 soveral A€ E0aF RS LUBMARS o ERR) PRl SWibofls, may be

[33}

341

simuttan@oysly | cptireliednin exasetiasce svithdhe Cbahgd-irethole of ether components. Atso

the con%%ﬁ&'ﬂ %el‘s 0? géﬁ%g\gﬁ{fqgﬁéﬁ%%ﬁ% ﬂféﬁ%é&iﬁ'f f)jpcg’teé:{ﬁ]l

Rrefarakly) ﬂme reahtmrDMmmﬂd ned in ke range ot pHi% 10 lmed a temperature of

08 B g ety f i s oRLES e iRl e

ampuntt afi proiei praxivehd i edransidion| redactomssaar lae; eeattred in vano-us

eion SHEHARb RAGE 4 YR B AR g bty o e

particuldr lpgrofemptiag eransiatm Batnpias of aduayp HoF fﬁb‘%ﬁiﬁﬂ.pz‘d&m activity are a

 tuciterasf GEALBLASEL 4 MBlRERIES JOR.ILRIIBL Sroy cystem.  These

assays ﬁMashhﬁtﬁEaamol%&)f aumdiidnssle dadtivet hfategﬂrmoélnmnmfmgi tHee translation

fra ment. of the nur bod 13, .
’ea"t"’“( »g‘ié I35Y6) ‘BH}"&JB%E%"”% @hﬂeﬁg& %“’ ')(E‘éi“\}% fc’;H% fo improper
protein felﬂingm)lacdesfe)tBéﬂpuzttmah!aﬂmm m:m:lrﬂaahbmdceksﬁaq ﬁbﬁprotem activity.
© term nator.
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[48] S30 cell extract was prepared fromE. ~con 1(12
(strain A19) according to the procedures of Pratt
1984 No DL-dithiothreitol was added to the cell
WO plI3B9%¢ t o1 hompgeni zation. 17 RNA pol yrer a®€T(i$3005/609342
aredfro the culture of E. _con strain BL21

B8l &5) &fhog. df‘@?sﬂﬁ'“potﬁﬂ?é"%@é&[ﬁt%‘@ REPdUSEEdR Eorprattined in vitro
transcripiion (alt%&hnstéﬂ&i rei@fiofdVisSio- provi B¥RESSRNS Usirg'® known quantity of

ressio st.em nodi i ed enhance prdtein
radiolabpigl @GO SHELIRF | HeTISOHES i SHOSi g SuREeauently measuring
the amdupit | @Wrﬁ&oﬂﬁﬁleﬁl afino GRid 1ﬁdo$&)r§ﬁéﬁr ﬁﬁ% 5h§ zﬁHv?? rt%}{s%@ed protein.
f.or m nutes_ at

i odoacet am de
!ncorpor\é\%qﬂna(sg Prnr’m me@sB;q te\gaog&t Wpradiolabeled amino acids in all proteins

_producea(lﬁ5é9|9$ﬂ4ﬁm#ab)§aﬂ&5/ rea8RAY. idlsing Qﬁ‘m&é{ea hﬁrof&ﬁ"ﬁ}rb&m:ts The
coli DsbC was added at ug

'fadmlabépe%rw@mnﬁ drdphe rihgr separied Péd%cﬂiate@"l Qf-"atelﬁidohlé aytagadiography

conﬁrme@dﬁﬂﬁﬂ thed pidilRict Bagki RBpsd kel %ﬂd%aﬁ%@ﬁﬁﬁr&%b@ﬁﬁpt%ﬁucts have not
and I mm respectively. [50] E. coli
been pr Me¥fdr ed by overexpressing strain BL21(DE3) (pETDst)
and was purified with a cobalt | MAC colum. The
sel ected fractions were dial yzed agai nst S30 buffer

(Pratt, 1984) EEAFHPNIMR}UESPYD EBEFeduce the

[36] veikithe ehétRneimdPhof b lollhe, #thémaae rﬁcdﬁﬁ{fadvantageous
urchased fromthe |isted vendors and added I n

in a scaplein feRalianewhaTRo e '@actﬂw yolmecigsideasiabant 115 o!émrswaﬁy at feast
about 5% Wherk LRt R esdCh J& Eid%ncerﬁ'fu ﬁ& 2 gj‘;‘%ﬂb 4, 5000 i or

m xt ur to every ree r ctro
greater. [Iszpaiwrcasae, Epjyihaibréadtions willimet ivetrhore, theheabouk tlQrmi, although

e focdBRL B 8 B Fgke DLARMAEC 0 RSy Bl % procen

inventionf wiil getﬂi)l@@pﬁbﬂm tot e‘lq@brlatggar ofolumere agAisedunscoumerciak bicreactors,

which mw ?82%%&;%3§ N/é@uﬁ}%grkﬁ ‘ICM:P %ﬁe?g Sfo%rmers T%O%ﬁers or more. While

ur er
the reaction mixture may comprise lipids, e.g. inverted vesnc]es, it is usually not bounded at

the surface by lipid bilayers.

377 . Asused herein, the tei:m “small scale refers to reactions havmg a volume of about, or '
less than about, 15 pl. The methods of the present invention allow “scaled up” reactions, as’
described above, to maintain substantially consistent yields as compared to a small scale

- reaction. Yield may be calculé_lte_d by any convenient method, as Ioﬁg as it is consistently
applied between the reactions, e.g. total protein synthesis/ml reaction mixture; soluble protein
synthesis/mi. reaction mixture; biologically active protein synthesis/ml. reaction mixture; and
the like. The yield in a scaled L:.p reaction, as compared {Q é comparébfe small scale reaction
(ie. a reaction comprises the-same reactants, differing only in vo!_dme), is usually at ieast
about 90%, more usually at least about_QS%;rand majr be at least about 99%. In some cases
it has been ocbserved that the vield is actually increased in a scaled up reaction nﬁixture of the
present inventioﬁ. _ _

[38] The system can be run uhder aerobic and anaerobic conditions, preferably aerobic;
To prevent dessication df the reaction, the headspace may be humidified, usually at least
about 80% saturated at the working temperature, more usually at least about 90% saturated
at fhe working temperature. Under laboratory conditions it .is uéuaﬂy sufficient fo seal the
chamber enclosing the headspace. The headspace of the reaction ;:hambe_f may be ﬁIle‘d with

oxygén or oxygen may be infused into the reaction mixture. Oxygen can be supplied
7



[39]

“[40]

41]

[42]

M3

Antif oam 204 Sigma Antifoam B J.T. Baker Antifoam
..0-30 Sigma Triton X-705 Sigma Antifoam SE-15 Sigma.
WO%%QB%’gs()ZgReagent make- up and concentrations fo?C?W§2°°“’°°9342

continu%%]g gﬁ{&’%g?ﬂ#p{@g% ﬁﬁ&ﬁ%%&@%%ﬁi}l 2 Cﬁ%/l teerrgf IledR?ilzj1 negn’Ehe course of
protein expression for longer reaction times. Besides oxygen, other electron acceptors, such
as nifrate may also be supplied for cell extract previously induced for the appropriate
respiration pathway. |

Aerated reaction conditions may be provided in a bubble column design. In a bubble
column, air is bubbled or sparged info the liquid filled container. The gas can be dispersed
into bubbles by sparging the-gas into the liquid phase, as in a column. The gas, e.g. oxygen
Or a mixture comprising oxygen, can be dfs}persed inio bubbles through distribution plates
covering the full area of the column, and also airlift reactors, in which the air is confined in a
channel by means of a loop or draft tube designed fo impart a certain type of overall
circulatory pattern to the entire tank. A variety of column configurations are known in the ar,
and may include variations in size, baffles, head-space, e:_‘c. For example, see Bubble
Column Reactions, 1% ed,; Wolf-Dieter Deckwer (Gesellschaft fir Biotechnologische
Forschung mbH, Braunschweig, Germany) ISBN: 0471918113; Oldshue (1983) Biotechnol
Adv. 1(1):17-30; Poulsen & lversen (1999) Biotechnol Bioeng. 64(4):452-8; Poulsen & Iversen -
(1 998) Biotechnol Bioeng. 58(6):633-41; inter alia; herein incorporated by reference.

it is to be understood that this invention is not fimited to the particular methodcldgy,
protocols, cell fines, animal species or genera, constructs, and reagents described, as such
may, of course, vary;“f It'is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not inténded to limit the scope of
the present invention, which w“l! be limited only by the appended claims.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly undersfood to one of ordinary skill in the art to which this invention
belongs. Afthough any methods, devices and materials similar or equivalent to those
described herein can be used in the practlce or testing of the 1nvent|on the preferred
methods, devices and materials are now described. '

'All publications mentioned herein are incorporated herein by reference for the purpose
of describing and disclosing, for example, the cell lines, constructs, and methodologies that
are described in the publicationé that might be used in connection with the presently described
invention. The publications discussed above and throughbut the text are provided solely for
their disclosure prior to the filing date of the present application. Nothing herein is to be
construed as an admission that the inventors are not entitled to antedate such disclosure by
virtue of prior invention. o 7
The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the s'ubje'ct invention, and

" are not intended to limit the scope of what is regarded as the invention. Efforts have been

8



Ammoni um G ut amat e 10 mM Pot assi um @ Ut amat €130 mM
ATP 1.20 mM GTP 0.86 mM UTP 0.86 mM CTP 0. 86 nmM

i ni [ tRNA 170.6 ug/m 20 am no aci ds
wo ;;8%%4% acid 34 ug/m g PCT/US2005/009342

made to ensure accuracy with respect to the numbers used (e.g. -amounts, temperatre,
concentrations, efc.) but some experimental errors and deviations should be allowed for.
Unless otherwise indicated, parts are parts by weight, molecular weight is average molecular

weight, temperature is in degrees centigrade; and pressure is at or near atmospheric.

EXPERIMENTAL
, Exémpie 1

[44] The addition of antifoaming agents to celi-free protein synthesis system was tested.
Five different antifoams agents were added to the PANOXx (Kim and Swartz 2001 Bistechno!..
Bioengineer. 74:308-316) cell-free system and were found fo enhance the total, soluble, and
active yield of £ coii'chioramphénicol acetyl transferase (CAT) (Figure 1). Figure 2 shows the
basic outline of the bubble réactor. Figures 3 and 4 compare the yield of GMCSF-VL-VH
mammalian protein construct and CAT in the bubble reactor at Iargé scale vs. small scale in
Eppendorf tubes. The agents are listed in-TabIe 1, and fea_ctioﬁ components in Tables 2 and
5 _

[45] For the cytomim systemn, the components listed in Table 2 are mixed in the indicated
concentrations (Jewett and Swartz, co-pending application 10/643,683). For the PANOx
system, the components listed in Table 3 are mixed in the indicated concentrations as
described by Swartz and Kim, “Regeneration of Adenosine Triphosphate from Glycolytic
Intermediates for Cei!—ffree Protein Synthesis®, Biotechnology and Bioengineering, Vol. 74, 4,
August 20, 2007. i |

[46] For the CAT profein expréssion, the DNA used as the template in the system is pK7-~
CAT circular plasmid that includes the T7 promoter folldwed by the gene encoding the E. coli
protein Chloramphenicol Acetyl Transferase. The structural gene is followed by a T?
terminator. _

[47] For GMCSF-scFv protein expression, the DNA used as the template in the system is
the pK7-GMCSF-VL-VH circular plasmid that includes thé T7 promoter followed by the gene
encoding the GMCSF protein (Mi-Hua Tao, 1993) and fused to the gene encoding the scFv
fragment of the murine lymphoma antibody, 38C13 (Hakim, 1996) through a 5-amino acid
linker (glycine,— serine). The structural gene is followed by a T7 terminator.

[43] S30 cell extract was prepared from E. coli K12 (sfrain A19) according to the
procedures of Pratt (1984). No Di-dithiothreitol was added to the cell lysate after
homogenization. T7 RNA polymerase was prepared from the culture of E. coli strain BL21
{pPAR1219)} according to the procedures of Davanioo et af (1984).

[49] For GMCSF-VL-VH expression, the expression system was modified to enhance
protein folding and disulfide bond formation using the following additions. Cell free extract is

pretreated with 0.85 mM iodoacetamide (IAM) for 30 minutes at room temperature prior to
g .



Cysteine 9 nmMv Pyruvaté 30 mM NAD 3.3 nM CoA 277 nM
Oxalic Acid 4 mM Spermidine 1.5 nM Putrescine 1 nM 17
WO RNAOPESHS mer ase 0. 10 ng/ ml Pl asm d 0. 0133 ng/ mMCT/US20065/009342

additio_n to the reaction mixture. E. coli DsbC was added at 50 ug/ml eoncentration. Oxidized
and reduced glutathione are added fo the reaction mixture at concentrations of 4mm and
1mm, respeétively. _

{50 E.coli DsbC was prepared by overexpressing strain BL21(DE3) (pETDsbC) and was
purified with a cobalt IMAC column. The selected fractions were dialyzed against S30 buffer
(Pratt, 1984) containing 5 mM DTT to reduce the active site of DsbC. '

5] The antifoam agents were purchased from the listed vendors, and added in the the
indicated amounts. In some cases the antifoam was diluted in water such as to add 1 plof
antifoam/ water mixture to every 15.ul of ceil-free reaction. '

i52] For the Eppendorf test tube method, the mixture of appropriate volume is pipetted on
the bottom of*an Eppendorf test tube. The tube is incubated at 37° C for the appropriate
period of time (3 hours for the PANOX, 6 hours for the Cytomim system).

Table 1 7
Antifoam Name Manufacturer
Antifoam 204 ' Sigma
Antifoam B J.T. Baker
Antifoam O-30 Sigma
Triton X-705 Sigma
Antifoam SE-15 Sigma

10



330 extract * 6/25 total reaction volume WO~
2005/ 098048PCT1US20051009342 Tabl e 3 Reagent make-up
and concentrations for the PANOx cell-free protein
WO 200MPAES s system Reagent Concentration 20 BRI/US2005/009342
Magnesi um d ut amat e Tabs nium G utamate

Reagent make-up and concentrations for the Cytomim cell-free protein synthesis system.

Reagent Concentration
Magnesium Glutamate 8 mM
Ammonium Glutamate 10 mM
Potassium Glutamate 130 mM
ATP 1.20 mM
GTP 0.86 mM
uTp 0.86 mM
CTP 0.86 mM
Folinic acid 34 ug/ml
tRNA 170.6 ug/mi
20 amino acids 2 mM
- | Cysteine 9 mM
Pyruvate 30 mM-
NAD 3.3mM
CoA 2.7 mM
Oxalic Acid 1 4 mM
Spermidine 1.5 mM
Putrescine 1mM
T7 RNA polymerase 0.10 mg/mi
Plasmid 0.0133 mg/mi
S30 extract * 6/25 total reaction volume

11




[53]

I54]

10 mM Pot assi um G utamate 170 rnM ATP 172 AV &TP 0. 86
nmv UTP 0.86 nM CTP 0.86 nM Folinic Acid 34 ug/m tRNA

WOLOG/98e48/ ML 20 Anmino Adds 2 0 m Vi PCT/US2005/009342
Table 3
Reagent make-up and concentrations for the PANOx cell-free protein synthesis system.
Reagent Concentration
Magnesium Glutamate 20 mM
Ammonium Glutamate 10 mM
Potassium Glutamate . 170 mM
ATP ' 1.2 mM
GIP 0.86 mM
UTP 0.86 mM
CTP 0.86 mM
Folinic Acid 34 ug/ml
- tRNA 170.6 ug/ml
20 Amino Acids _ 2.0 mM
Phospheenolpyruvate 30 mM
NAD ' 0.33 mM
CoA 0.27 mM
Oxalic Acid 2.70 mM
Putrescine ' 1.00 mM
Spermidine 1.50 mM
T7 RNA Polymerase 0.1 mg/mi
Plasmid Template . 0.0133 mg/ml .
S30 Extract * ' | 3.6 ul/ 15ul RXN

The bubble ééi?u,mn reactor consists of a column with a diameter of 1 cm ID and 5 cm
height. Cell-free reactionl'mbgture (Tables 1 and 2) was pipetted inside the column (Figure 2).
Gas is bubbled through a small jet (less that 1 mm diameter) at the bottom of column from a
compressed gas tank. ‘

For the Cytomim system (as described by Jewett and Swariz, co-pending application
10/643,683), pure oxygen gas was used and the reaction lasted for a maximum of 4 hours at
37°C. For the PANOX reactions, argon gas was used and the reaction time-was 3 hours at
37°C. The bubble size was approximately 0.5 cm in diameter and bubbling rate was
approximately 1 bubble/ second. Without addition of antifoam, the cell-free protein synthesis |

reaction immediately foams out of the top of the column reactor. No protein is produced.

[55]

Upon addition of antifoam (Sigma 204, 1/1000 -1/10000 volume antifoam/ volume reaction),
the protein synthesis reaction proceeds with minimal foaming for up td 3.5 to 4 hours
producing protein yields comparable to fhose. from 15 pul Eppendorf tube reactions (see
Figure 3 and 4).

The amount of synthesized profein was estimated from the measured TCA-
precipitated radioactivities in a liquid scintillation counter {1.$3801, Beckman Coulter, Inc.).
After centrifuging samples at 4 °C and 15,000 RCF for 15 minutes, supernatants were taken
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30 mM Phosphoenol pyr uvate NAD 0.33 'm'\/l"Co'A'O‘;‘;‘27_ mv
Oxalic Acid 2.70 mM Putrescine 1.00 nmM Sperrnidi ne

17 RNA Pol ynerase 0.1 ng/nl Plasmd | at e
wo %“‘g%w /rril 530 Extracts $EMRisHoS 009542

and used to determine soluble yield by TCA preupftatlon and scintillation counting. The
procedures in detail were described previously (Kim et al, 1996 b).

[56] Results are shown for CAT as well as for a GM-CSF-scFv fusion proteln The entire
reaction is run in batch mode wrth no postnstart additions.

[57] These data demonstrate that, in different scales and with different reaction geometries
and proteins, the addition of an antifoam agent provides for improved in vitro protein
synthesis. In particular, the antifoam agents provide enhanced yield in a scale up reaction

7 using a bubble-column.
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3.6 ul/ 15ulRXN [5s] The bubbl e col um reactor
consists of a colum with a dianeter of-1 cmID and 5
cmheight. Cell-free reaction mxture (Tables 1 and
2) was pipetted inside the colum (Figure 2). Gas is
‘bubbl ed through a small jet (less that 1 nm di aneter)
at the bottom of columm froma conpressed gas tank.
[54] For the Cytomim system (as described by Jewett
and Swartz, co-pending application 10/643,683), pure
oxygen gas was used and the reaction lasted for a
‘maxi mum of 4 hours at 37C. For the PANOX reactions,
argon gas was used and the reaction tine was 3 hours
at 37C. The bubble size was approximately 0.5 cmin
di ameter and bubbling rate was approximately 1
witaib b £/ - SeGRned.1 W t hout addi tion of antifoam the
cell-free protein synthesis reaction inmediately
foans ronmbthed idriie vivenrapboripBen &P IniA, iR WBhsiatR of golypepﬁdes the
gﬁo}el .1.s produced. Upon addition of antifoam (Si
T - 1/ 10000 vol ume antifoan’ vol une

r easynﬂnmazmg tshig mRbiAmrﬂ!os yolybestides. ﬁﬁﬁ@:&lt—ﬁﬁe REGRA GfiSture of greater
ours

‘ | f oam n
] SR T lte s sBseachig ek Mgt  Gphcpaatn of t
least QOW elnd lﬁnﬂmdaeﬂ'iaa QAT ISy WSight, Weiegin e 3nMBsh 4dent is other than
#éﬁ%ﬂ he anount of synt heS| zed protein was estinated
Tom The measur ed TCApreci pitated radi oactivities in
a. liquid scintillation counter (LS3801, Beckman

Coulbt ¢ My fagi an

T: %oghﬁc*e%sa dﬁ%hﬁnuf@‘é%éuﬁé%m BRI 5% sbet; Sigyrer e
sl PORTIG REigATNDD GSHA b2 iR o issakiNe, mevoleyari aicthe. airiwater
m@ﬁédékafgeydag{_d by TCA precipitation and scintillation

counting. The procedures in detail were described

previously (Kimet al, 1996 b). [NIResults -are shown

f or 3CAheatiethéd b &% :Srfér ofeCiaAsCRE; wiedrin sﬁ&'r@éﬁ:ﬂﬁﬁ ﬁfgﬁhé‘mmpﬁsas 2

The E%ntlre reactlon is run in batch node wt
mB’H?[ gy dPR Kons. [ 57] These data denonstrate

that, in dlfferent scales and with different reaction

geo tri' an roteins, the dition of an antifoam

Joolr o B BRBoRR Bi B, FLbberaR shb oyt ok Tompriss
' vmmdﬁg&a&rthhmwwm cul ar, the antifoam agents provide
enhanced yield in a scal e up reaction using a
bubbl e- col um. -What is clainmed is: 1. A
met Bodhé meﬂiod oy anetaf. Sl rfi-4) whereinadaid r@idiom mikh®s has a yield that is

Ao 0 W L SRR

cell-free reactlon m xture of greater than about 15

aI Ofid Bai rf | t.LRg. antif RaMm ent . ,
BT T B, SO0k it 18 s s PR DR v n
ﬁ‘??ﬁi‘rffe@ TERGOR THURR | ght V\,her ein the antifoam agent i's
other than a detergent - 2. The method of Caim-

: ere,n the I -foam agent is a block c
't ha\(ynpr 0 ngB%‘? B'Ia?ﬂyr?ﬁ'ﬁéiﬁp TR Aifnyherein isai smtﬁmng]!ﬁgerfomed in
arascthrnsol ubl e nonol ayer at the air/water interface of .
t he foam

8, The methed of Claim 7, wherein the reastor is a bubble reacior.
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3. The nethod of any one of Cains 1-2, wherein said
reacti on nbdure conprises a volunme of greaM t han 100

gl . 4. The method any one of Cains 1-2,
wherein said reaction m xture conprises a vol une of
‘greater than 1000 id. 5. The net hod of any

one of Claim1l-4, wherein said reaction mxture has a
yield that is at Sat about 9D% of the yield in a
conpar abl e small scal e reaction. 6. The net hod
of any one of Mainms 1-5 wherein oxidative
phosphorylation is ,activated in the Cell-free
reaction m xture. 7. The nethod of any one of
Clains 1-6, wherein said synthesizing is perfornmed in
a reactor. 8.The nethod of Caim?7, wherein the
reactor is a bubble reactor. : 9. The net hod of

dain 1, _wher |nt eactlon m xture conprises a
bi ol£]g| care E&?S?Qc g £ reEctign JoikiuEncaprisesea biological
eXtraBNA iBrnsiato for RbNh lcﬂﬂle :ﬂmar%@r B&typebh&e RNGmers for the mRNA

B BB BER sy b S e S5 3 e lerresgens
nevessansiar ine Syithesize synt hesi s. 10. A reaction

m xture for oall-frete in vitro transcription of nRNA
and/ or translation of Pol YPePticies, =Prising:

bi ol BgiAdTercioxmbdre forcel-Free| awevmanpmpﬁmmf ménd‘meansiaﬁon of
pmﬁﬁdﬁég%% .ypeptirie; nmononmers for the nRNA -

and/ or porypeptide to be synthesized; and such -

co- f isal eximarkes mm rﬁ:e-r pmda@emtcé i amRYA eandior polypeptide;
nﬁﬁ&ﬁﬁﬁ%eﬁﬁﬁh&%ﬂ? th%HiEéaa%ﬁd 36 Bastors, enzymes

antj-foam agent ot detergent at

plowriTeaagDiE dret gre &e%tfofaiﬂ@ ermdmmm aefig anti-foam agent
o tRart 4 asterglnetek 2f dcRasiralioh 4l B3k about 0.0008%, £ more than about

[ cture of aim10, wherein the anti-
Dég@ﬂ”’\“’@@?bl ock copol yner that provide
_def oam ng/ antifoam ng action by formng an insoluble .
non Qll‘l.ayl"ﬁé re%tcﬁotnmré %ﬁ%{ 16 %eelr'efznatgee ar%—fctarr\lieagferﬁ 5 a biock copolymer
- that provide defoaming/antifcaming action by forming an insoluble monolayer at the airwater
interface of the foam.
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