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the laborious processes required for cloning and transforming cells for the expression of new
gene products in vivo, and is becoming a platform technology for this field.

Despite all of the promising features of cell-free protein synthesis, its practical use and
large-scale implementation has been limited by several obstacles. Paramount among these
are short reaction times and low protein production rates, which lead to poor yields of protein
synthesis and excessive reagent cost. The pioneering work of Spirin et al. (1988) Science
242:1162-1164 initially circumvented the short reaction times problem with the development of
a continuous flow system. Many laboratories have duplicated and improved upon this work,
but they have all primarily used methods that constantly supply substrates to the reaction

chamber. This approach increases the duration of the translation reaction and protein yield as
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reaction, e.g. in reacfion volumes greafer than at least about 15 m Reactlons may be

performed in various reactors, as known in the art, which include bubble-column reactors.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph depicting the protein yield in reactions comprising different
antifoam agents.
Figure 2 is a schematic of a bubble reactor.
Figure 3 is a graph depicting yields of the protein GMCSF-scFv in a bubble column

with total reaction volumes of 1500 pl, compared to a 15 pl reaction.
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biological extracts derived from bacteria grown on a glucose containing medium; an absence
of polyethylene glycol; and optimized magnesium concentration. This provides for a
homeostatic system, in which synthesis can occur even in the absence of secondary energy
sources.

It is well-known in the art that performance of bioreactors can change dramatically with
scale. There are difficulties in maintaining homogeneity in large systems, changes in surface
to volume ratios, and changes in the reactions themselves due to increased time frames. In
addition to these problems, in vitro protein synthesis reactions that activate oxidative
phosphorylation may require increased oxygen for optimal performance, the delivery of which

becomes more difficult as reaction volume increases.
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Many chemical compounds can be used as antifoam agents, these include but are not
limited to alkyl polyoxyalkylene glycol ethers; esters; alcohols; siloxanes; silicones; sulfites;
sulfonates; fatty acids and their derivatives; efc. A variety of such agents are known and
commercially available, e.g. through Sigma Chemicals; J.T. Baker; efc. In some embodiments
of the invention, the antifoam agent is other than a detergent.

Among antifoam agents of interest are block copolymers, which provide
defoaming/antifoaming action by forming an insoluble monolayer at the air/water interface of

the foam. The defoaming activity of a block copolymer is a function of both the cloud point of
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Vesicles, either purified from the host organism or synthetic, may also be added to the
system. These may be used to enhance protein synthesis and folding. This cytomim
technology has been shown to activate processes that utilize membrane vesicles containing
respiratory chain components for the activation of oxidative phosphorylation. The present
methods may be used for cell-free expression to activate other sets of membrane proteins.

Synthetic systems of interest include the replication of DNA, which may include
amplification of the DNA, the transcription of RNA from DNA or RNA templates, the translation
of RNA into polypeptides, and the synthesis of complex carbohydrates from simple sugars.

The reactions may be large scale, small scale, or may be multiplexed to perform a

plurality of simultaneous syntheses. Additional reagents may be introduced to prolong the
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will céﬂi‘&nreﬁlvf%(:ﬁ)‘?s sdduel LFBtetI'PeLterg\élt%rc}f rﬁ?ﬁlw ffd?'céé%ﬁ@% Abdsomes, amino

al so effective In oamng a&)&lcatl
acids, g iAo aaminganl sSY@’Fheltﬁ*ﬂeér eangptiey feriorsi arsk dnittation| fpaterss; Cell-free

systerfis Khbfifisn e QFIAClIGe BOBOS bktkarc@gleet@omah g'b'er‘ﬁeek{é& @it a suitable
| yet her di spersions; organic, acid ester-t

po
nucleage tPreligvingte ap#veransiopeneus MRNAT ON CHEM STRY [ 23] The
t ﬁ‘fTBbIéﬂﬁ&n fd’fhecﬂdvefcfo%@po‘héﬁltsedﬁhSa)én&é]ﬁf?éeseﬁr%@t @%n@ﬁé &1plate, and

DNA. Transl ation of stabilized
am'nocéﬁﬁ‘ﬁn@&Pt?rﬂaéﬁsscpﬁp'ﬂ%'wnr%ﬂe@ rfahsﬂr%tﬁlinoﬁyfémﬁﬁem%/ e o0addigd to the

reactibr)f OFHERE! lﬁﬁtérlﬁtsolnEFueéeéa'ﬁs E&l?m@ﬁ@’@oﬂ%uﬁd’sﬂ@%c AMP inhibitors for
generally utilized E. coli _gst ems, conti nuousl gﬁb’l‘
pme'@é?fef“é‘i'%'g ?ﬁ’ﬂ‘weﬂf‘%ﬂwga SRS niphi fersypt hegé\"%t@éo?fnp@ éynthesis,

oxidatRinA&Bli&ion EH}UQ%rrs eﬂQ@-@l@ﬁé’cUﬁnﬁ%r@@ﬂa}ﬁf?rlﬁﬁ%r ' &)n&}%@ntsorspermme
an exogenous phage RNA pol ynerase, typically T

spermigfige, qi¢ added directly to the reaction nixture.
Arhersard br‘é‘?ér&blyﬁ@%é@dta%rﬁ Orﬂbgﬁlééﬁhﬁyalﬁr%hlbm &1 B¥nganese salts

inserting the nessage into a tenplate for QB
of acqtig AcidalseHIUbR aRidAaRd FEMBET theaRANBY g1 PENY. agidR A p&gunter anion.

The pBiFWericScoBfitRhas Irgaf%%ke%alybwén%mﬁ raé;(&bn neR&ki{ &ﬁﬁwbé’tﬂyl dextran,

before it is ad C he reaction m xt ure ucl eases
quaterary pRinosthyl,8ad pritRctM Fsxtan, efs nErpoNeatisniredustipregiuster may be

dltthth@ft@‘ %stIJB@: éc‘f&@l@éﬂd’h@%n@fwm @desdNisP ﬁérﬁ&’é@iunng surfactant
erest. [2 er salts, 8art|cularly hose

such g Aftog 159 mayg*?ecaﬁﬁafr%r:e%waﬂ%eh £ Margparaie, anchgpermidine

ma I@%@e@ﬂ’oraﬁﬁ*&@vm re&Hi Bpnthsticdapitfyalahy SR dndebvasRd as a gene
Y 50- 250 pM and aén?r%m um bet ween glfyloom \Y/ Théey;‘pH of J

expresgien [sg8ion i s general |y run between pH 6-9. The
t wmsnr @tamgmgqhetd@ﬂcérﬂ@@bh @ al Farfi@ilaT AmponBat seRs ré’e@a@q medium,
that ‘a t(})C These ran%:e be extendg:d % b' t abol i
at of ARRAFT REPNENEEE 4L Rssralngly- Jet Pyilenths ggeentrations of

severﬂd@@ﬂ'lpbﬁel’dtbesﬁﬁﬁcéé ommaﬂd@éeand\l bRSrgAt bY@ty c@ﬂpomm may be
or fa hcg ar e gﬂr}ﬁlblefor undesi r.ahl

S'"‘”"‘ﬁ%‘f‘?l{? g PRANgedMmRasE L L 569”‘90“9“"5 Also,
the coﬁbemteﬂti\zsn e @mmem@nmmetrb@ctum@y beahlied évetYine. may

bEreferably, the reaction is maintained in the range of pH 5-10 and a temperature of
20°-50° C., and more preferably, in the range of pH 6-9 and a temperature of 25°-40° C.

The amount of protein produced in a translation reaction can be measured in various
fashions. One method relies on the availability of an assay that measures the activity of the
particular protein being translated. Examples of assays for measuring protein activity are a
luciferase assay system, and a chloramphenical acetyl transferase assay system. These
assays measure the amount of functionally active protein produced from the translation
reaction. Activity assays will not measure full length protein that is inactive due to improper

protein folding or lack of other post translational modifications necessary for protein activity.
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i nactivated or deleted fromthe chronosone. [26]
Vesicles, either purified fromthe host organi sm or
w@shetosx, may al so be added to the system TPEBESIUAY009342
be used to enhance protein synthesis and folding. This
[35] CAntadime mtediudtholl mggsuring the emainbwhprtoteimetaduaed in a combined in vitro

transcr%t%ﬁeﬁc??rah@léﬁo#?ééc’héﬁs e%?m tﬁ% rgéc%gng %F&gifi(#b%n quantity of

onent
radlolabgiedaﬁtmm mldJspm)ayl %& methionfhe op€slentinereint cubserpgntie measuring

the arH?nﬁ'ﬁ éﬁrraﬁﬂébe degmwra;%s r%/& réq?atggtfn}’oattﬁe q{eb\@{ tl%ﬁgl':'lted protein.

rane proteins
Incorppratien exssaysovilidesashies thepbimouni of raﬁolﬁ»ﬁed whiinch apidy in all proteins
clu 4 1 :
produceyln &6 WU, <ERlafEn, Fopbith, Wefbaiid FubERRF bRl Hfpplrs. e
radiolabaled psitgipemay duss furtned seperatsdhiohesipsotein geln@ndxby autoradiography
, FOM. S| [ t]
confinie} PREFE Hridct 1 e bBp i3 3l tnafl dibndglf AEPA rpbts have o
been predysedf orm a plurality o f si rrul taneous synt heses.
Addi ti onal reagents nmay be introduced to prol ong

theperiod of tine for active synthesis. Synthesized
product is usualREACAEMUVRHUMEEANPISHAMETRIEACE Or, and

[36] :T\Qlﬁﬁéogie %eca%&ﬁseﬂa?'ﬁg o‘?léw LbBihe2 gﬁmgihggs LR ;?é}ﬁcdllérﬂdvantageous

or protenpurl icatlon ter corrpelon
in a s¢aiedl ypsteasiiopovhare dre réaptipn @blumﬂ isi afubast dboubl2gd, ussially at least

evour S5 NS BARR) IR 01455 P, A NoB8 . 5000 o

greatelTRINA nh apyncasddNAndieidpdl atactidhis ohill anot eblel mbreemasyahoemm rhl, although
cont a{l n all factors reglgi r for the tkansl ati

multlplﬁ,FE '?Q)sr can, é)rerprug i %ag ‘Qﬁﬁeﬁ’o't 48 i2lp9 aq er<]j %at the present
mventl_am_vnl_ba;ndblesya:ﬂlémbaseﬁuckeIang@‘a\tdlmneé ot ogesl mn@bmmermal bloreactors
which H%Ig:iolﬁa gure%cftor ‘éQjW‘S%P |tré=,f © OﬁXSt & llé%rﬁ\/\@%dcpp%rgt %rdnore While
the readtibh naixsuretrady eompmteehmés teag.ehveﬂada\t&smﬂ&st iitvie usually not bounded at
ndqgepoys.nRNA. [30] In addition to the above

the S“@%ﬁﬁ%n@%@"%’(?&% as cell-free extract, genetic

[37] t@rr@eml bereim dhatarmd‘sll deale’hmfars 'rtcafezacti@@clha‘virtgaa Vglume of about, or

ed.‘to the

ess R RPpL B BRI e e ol SHG8 g ' roactions, as

descrlml@cw@lsto myimltaln sBbBaniiallyi donsisteht fytﬂdspagtcempamti to a small scale
reactiofogiPUT 57 B “ERBERTS BU A e eme et oy FgLE [t consistenty

applieddetusteer 1$le raadtiode @y utoteh @rcﬁennfs&nmaalbtml rbadtibe mixture; soluble protein
oymineRRTRCPERS B, RRE. AiocB 28] Fen B el e anc
the Iikmaﬁlgay@dalrsalstaied)ﬂpaemtmn accampares i & epmpambledsmalhstale reaction
(i.e. asrgé{:‘:t‘io%f cérgSﬁs?esn% §a%¥§ r@é@t%?s,a&%fgrﬁ'ngagnlg iy Q/Hfﬂl‘n%s, i@r]js%grly at least
about 90%, more usually at least about 95%; and may be at least about 99%. In some cases
it has been observed that the yield is actually increased in a scaled up reaction mixture of the
present invention.

[38] The system can be run under aerobic and anaerobic conditions, preferably aerobic.
To prevent dessication of 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 the working temperature. Under laboratory conditions it is usually sufficient to seal the
chamber enclosing the headspace. The headspace of the reaction chamber may be filled with

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



[39]

[40]

[41]

[42]

[43]

The pol yneri c conpounds may be pol yet hyl ene gl ycol,
dextran, diethyl am noethyl dextran, quaternary
wa@pdosoetos/I and am noet hyl dextran, etc. The PCT/US2005/009342

oxi dation/reduction adjuster may be dithiothreitol,

continasusly br theabeatispgtaibhitie maetiandiamberhmanrbeosdfitked durdgsthe course of
t
protelr‘?egﬁgsggﬁt%rgg i 6%% thﬁﬁhf‘e &Peaacg(y%r{ grgefrﬁl%cgroaﬁaxeptors such
as nitsgiermiayli aiso rbey sbiepliedefdr f el extmcb\prengm[ai}omwlmed;yfnt thed iappropriate
[ nd cAMP may be used as a gene expression

resplrﬁf% LﬁattP(waye‘ [ 32] When changi ng the concentration of a

pAeitaltemractI@Dnmditimm roéy bé erovigect in@nbubbtd columt liesigof In a bubble

n e g

columfé‘x%h% égﬁ@%&égggﬁ% Ynt? Gfl?)e?] 2&\% g%o\fg@ggﬂéﬁ JI'Pfe 85%) can, be dlspersed
into buhblesuioy emrgxmeghegas eﬂetlwllmplmecam@nd@mmwmegas eg oxygen

or a rﬁ;ﬁ%& tg@ﬂﬁgﬁéyoﬁggﬁ fz{qdﬁ&'é(.)%g@s%@%f’o%%oé%@ {r[P%GGJPuedistribuﬁon plates
coverig® rticaafuilraaea ohtheesailingn,ofnct alep emka‘htaac:iqns til avhicsatbe Gir isragnfined in a
cnare AR YT T kP BEBEAH Y 108y £ BEHURIAS of overa
circulagdry 2attsm 1@ the @nﬂrentgnlg ﬁr\arlgtyaaﬂoplurmmcqnﬁlguwaapgsea@fkrpwn in the art,
and n@alygm%ﬂ@eavér%‘ﬁgﬁé ¥ Wik OJaff?e% %%ag:spggedf] ofd. heF&”Bk%ﬁple’f see Bubble

tein pro |natransrat|onreéct|o
Colummea&qﬁcéqns n Waetou¥didlietesnDeckmer Gesriigchalt i fos Biptecheologische

Forsclﬂ@ Bl 5k nseﬁwé’@ @%ﬁﬂém?)h%bl\fmawgqgﬁé]glagﬁq Vgtgé?)oélotechnol

particul ar tein bel'ng transl ated
Adv. 1ét)s‘97y§0 fRaulsepak merse@ (ﬁB@@)eBlnteabmql ﬁlqeylga6‘&4h4$21&,| Ralsene Iversen

(1 998)6'@16{%\6hﬁé{|5én&£ﬂg %E@%sﬁ hhoramlignidah uﬂc@%&féte& rb???ffar%rnéé.e

assay system e assays neasure t amount
functl onal |y active protein produced fromthe

Uit ?{‘ BLI PReFSaT inaD tt}]sAﬁ'FvleHMrV isaot qi)‘ﬁtg&‘"t!) lhd Pértlgﬁérs Mefhodology,

fu eng proteln t IS I nactive roper
protocglsocell fingsplatimng specieack ashew Isenstpisty and aﬁe@eﬂts deequbed as such

may, (Efoéyuﬁéec %hpnﬁ u@S@.Ssté %yur]‘o‘éFstmoofh%{ fheal‘e];m%bfol;y [ugé& herein is for the

nmeasuri ng t anount protein

purposs eﬂdewbm earwlﬁfu eﬁe@pdlmevﬁsmndy eneis oet Iptqnsﬁd Amdmit the scope of
the préée?ﬁ'f‘ﬂvéﬁ S WhRAGH BQ%nﬁt&d toﬁlyﬂﬁrtﬁé’ éﬁbéH&‘éd lcRARET ons

usi ng nown quantity radiol ab amno acid such

2Sness e @hew&seora"Iqunn@bendm%mtﬂcwaeé&@érﬁere}m have the same

meanifE &V Mdioht) &ndBRYHd & bnd 3fbRIi sl iRMQrta6 vphich this invention
mcorE%Lated Into the newy transl ated proteln

belongsnc oMHaughi @ aalhgds. Waviceseardimeatelials AiplATt obequivalent to those

describ8d i RIr&RetH0 bBMISKY /E S prattigd | orpfegﬁrﬁj BF thE QRFAGh, !F\eapreferred
ninvitro translation reaction including truncated

methogp ofeuigesAnddiriedals frrenew deetkBe! ed protein nay be

f ji bhsicatieRamahishedeteiR0¢ RicBrpdflted ASGIHDY reference for the purpose
aut or adi ogr aphy confirned that the product

t he
of desgFibipg rang aCiasiaD. tfH'é?X@'é@SnH’&r‘SP"dWG?’e‘FQT‘SHP%ué'i‘% methpgologies tht

are de8fibed in the publications that might be used in connection with the presently described
invention. The publications discussed above and throughout 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.

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 subject invention, and

are not intended to limit the scope of what is regarded as the invention. Efforts have been
8



[44]

[45]

[46]

[47]

[48]

[49]

been produced. REACTI ON VOLUMESAND GEOVETRI ES [ 36]
Wil e the reactions nmay be of any vol une, the nethods
w@e@spg8088 cul arl y advant ageous in a scal ed up PEHUS$10051009342
where the reaction volune is at |east about 15 m,
made s Uexisiuye abcd:raa;slwﬂhbmspe&Otonihe numbbers usedl (eyy. amdaurmttemperature

concefff g &te oy, o, SBEcEN its and, SeViflbes sREIRiG atowed for.

Unlesmothehslsamcbcatbdzrpwﬂsmre phés iy, weigithmolpoulauiveight & average molecular

o, 8 807 SR B o BB o U 1 s e

scal e-up to nuch | arger vol unes, as used in comrerci al

bi oreactors, which may {,gured for volumes of 1

liter, 10 liters, 100Iik%?(grggl?lﬁﬂil liters, or nore.

Whil e the reaction m xt urkexamgledonpri se |ipids, e.qg.

[ [ u t

Sm{? atd‘aﬁigxeq? a(ﬁ %%B'nﬁda ééntb'%?l%iﬂrxg%trgtgﬁ ﬂﬁ\rﬁg—:}sﬁs’ s;{sﬂ-:gn was tested.
Five dtftarent’ amﬁddmssagﬂrég weeef added to the RANONEimandriwvarta/200inBiotechnol.
Bloené%heé\b L0904 6>1§§ﬁs réggpsét?fﬁoéﬁd \glét%l ﬁgnd tq, Q&é}(\%{a I?ﬁéjﬁotﬁf soluble and

sent reacti ons,
active yésdad pf Ee@bllacthlmemphemndl acetyl transitrasa (@A‘é)l (Figuc s |F1guemt2 shows the

basic %'uﬁlhg of‘e\ﬁ? %{Eefér %b{o(r’ ﬁF&l 5 a%%laJl %ofrr@?%t Cl{n%nyéeIX' c?fl éMCSF-VL—VH

e Ca convenl ent
mammahansarg’r@rn‘sq:cmsuncﬂ a}nchﬁﬁm ledmbbubté@ reackas at daige isoals VSesl‘gall scale in

Eppentu%mtxbgg Glth%' %;eﬂ@%r@q%'te%{ |H1Tarbfea? tér‘@r}e%ﬁi{r}\ q%cpo‘cn%#% %ables 2 and

protern synt reaction m
3. actlve protein synthesis/nm reaction m xture; and the

| i T i &S [ r
i gggthgo%oarﬁlgﬁ%ysté rrhﬁ o3l alfog\eﬁfe% aI(r:s ih ‘I%Bie é‘sé\g& ﬁ@:\é%t |ﬁqhe indicated
concenwaﬁnﬁssébmnea@rﬁwar&amﬁr@mgdiaplble‘-ratwrg 1@fﬁ4§8 683). For the PANOx

syste bmpb ?q%ggy n‘fatl' @agt r@bl‘ﬁkﬁafigﬂo/ Elﬁatlég 9€§r,c¥ntratlons as

eas out
descrlbewhdoycgwe§2|andwé{ﬁn,bé%mecm@me@r P\ﬁ%nOSiWeTSIlD@S@hatQ from Glycolytic

Interm%ﬁ?d’ﬂé”s]. {o¥ deli Cﬂr@@@?&efn%ﬁf@%”ﬁm’t&hﬁ& éﬁ’d" BLHS%PE\%@N@ Vol. 74, 4,

present inventron e system can
AUQUStlﬁQeWQierobl c and anaerobic conditions, preferably

agfqp *?IH&CAT‘OprBfeEVéﬂJ oSSt 'tl‘f@b‘l\ﬂ\nué%fd éshtﬁe rt?@ﬁlta’teolﬂ thd t§)§‘stem is pK7-

headspace i 'ed, usual ast abou
CAT cgoulps ata@mi mt mcludgs thy T k |pﬁy“@t§hf9§@\@l@dj F’Ye thengene malngyhe E. coli

protelr?tClluISI%?ﬁpf%h%Hf Q%] %H&@Fa%g atrhb NGk BBne is followed by a T7
l'y

enperature. | aboratory conditions it is usual
tefmm@tﬁffl cient to seal t he chanber encl osing the

gg@??%-\?\d&—ﬁ\ﬁpﬁ?@t@%ﬁR%@sigﬁ HBDNALELd 98 th@MkSHite TYhe system is
the pK7-GMCSF-VL-VH circular plasmid that includes the 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 (glycines— serine). The structural gene is followed by a T7 terminator.

S30 cell extract was prepared from E. coli K12 (strain A19) according to the
procedures of Pratt (1984). No DL-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 Davanloo et al (1984).

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
9



[50]1

[511

[52]

oxygen or oxygen may be infused into the reaction

m xture. Oxygen can be suppliedcontinuously or the

wheadopsase of the reacti on chanber can be refiPCEUS2005/009342

during the course of protein expression for |onger

additieretecthe oeadtiomesixiuBe gt .ceti DsbZgesas addedeat 58l @it concentration. Oxidized
andl rE5fR Qliariohe Brd Baled |5 e IBE4S) SR, SBRIdsRfatdfs of amm and

1mm, regpsictivgly.on pat hway. [39] Aer ated reaction conditions

RSO 0B gL GRS SHES an s

purifiedj withed aobalt MAE coldme. B&sejacte@éradmcmsenerecdlalyze@ against S30 buffer

(Pratt,ibt%gll) gé’ﬂtg%ﬁ@i@ gggtt!? ge.cgj.%g 59)1(%}'5&@ I@.ﬁe o{’ I%B p hase,

en or a mxX

as

c dhprantifoagn egyrgenmerea:mrcﬁaseld $oer tedlistert meltdmlnsblaersi added in the the
ncicoldi Q48 KIBY CRO B B DS i 5 Blaca 1 o

antifoarhtwéisrm‘nxtﬁiatecévery’Eﬁmhﬁnellafre@yeameams of a Ioop or

d t ert
3 et S 404y e, AL PplobR o s st on
the battom ef ynoEparidarfriestotube g urtet tubedss dneibkizdvat 377 € Her taetappropriate

porc R M 52 B0 0812l o,

React i ons, 1st ed.; Wilabloteter Deckwer (Gesellschaft

fr Biot:"h. sche—Forsehupg b Braursehwei g,

Ger rrany‘ \A."g é’M,NEa?E%lSl 13- (T ATHISEII?B o3y Bi ot gchnol
Adv. 1{ A" Lpam;ZO‘l PotH-sen—& Y aFE 3i ot echnol
Bi oeng. Aptifpary g5 $—Poulsen &1 Gdiaran (1998)

Bi ot echr151”*"‘rii‘f*”‘i'fﬂaf-'?:?3 58(6)- 633} 91gma ial herein

i ncor pof W %70 of or ence. [UPIEMa s tg helunderstood
t hat th!Anil BBhSED® i s not L articul ar
nmet hodol ogy, protocols, cell |ines, animal species or

genera, constructs, and reagents described, as such

may, of course, vary. It is also to be understood that

the term nol ogy used herein is for the purpose of
descri bing particular enbodi ments only, and is not

intended to limt the scope of the present invention,

which will be limted only by the appended cl ai ns.
[41] Unl ess defined otherwi se, all technical and

scientific terns used herein have the same neani ng as

conmonl y understood to one of ordinary skill in the

art to which this invention belongs. Al though any

nmet hods, devices and nmaterials simlar or equival ent
to those described herein can be used in the practice

or testing of the invention, the preferred nethods,

devices and materials are now described. [42] Al

publ i cati ons nentioned herein are incorporated herein

by reference for the purpose

10



of describing and disclosing, for exanple, the cell
lines, constructs, and nethodol ogi es that are

waele®sioddoesl i n t he publications that m ght be uRB€HUBI905/009342
connection with the presently described invention. The
publications di scussed abohabl@@d t hr oughout the text

Re ﬁ%t H{aﬁg d?e d f&kﬂﬁéﬁ{réﬁﬁﬁs ﬁ:l?%é C?Ho ‘fljpi%%ﬁ‘-frg?\gfdhé?ﬁ sgnﬁhégi? system.

e present app er el

is to be CRE émeu as—arn dUIII S5 ggnbé atiohe Invento S
are not e b GG e SurE gpScrosure by viT] ue
of prior | gni Gl tdﬁételhe fo SPNTY Eanpl S a
+ 1 L

put forth PlaSiuh S alﬁélté"c_l hOSET80 il UIAIIdI y bi&l | n
the art A—nr;a conpretre—aiSci ua.u1r20 |_| descri ptiot f
how t o C:;T ro—tse—the—stbiect "@"nhli ot —attd—are—ot
i nt ended t8 Ht—the—scope—of gt 5 fregarded—as— he
1 1 fortc avun _hpoonnmmd Bammr\nnrn Pa WSl RN e Val
I nventl OP- ﬁl T U J TTUAV U oo TiTiTuauy \v TIOUT T auvouvul o

th r Q tna thoa niinharc ||ca‘wlo'B§mM anmunt. o
\M esp Folin‘ AvJ L™ LAY IIUIIILJ\/I ~J A= ' vy J34\l:l- -I TATTOUUOUTTC Q,
t enpe_r atu N ptratd OF‘.S_, efﬁ 3;110 %L:‘i mﬁorre
experi nmen ¥ s ti ohEY-SNEIMNY he allowed
for. Unle idSo | ndi cated ZEWWfQ aLg_paLLs_LgL

wei ght , Cysteinar  wej ght is avet Q{WMrml ecul-ar weigh
tenperatu Ryruvate dpnrppq centj B ang nrpQQHre s
at or ne N/Aprmsnherlc EXPERI ‘ﬁrﬁAﬂMExarmlp 1 [44)]
The addit]©®Aof antifoam ng agen®d ™M cell-free
protei n sy@xdlisAdad system was tes#@eM Fi ve different
ant i f oans| Quentidineger e added to thé mMANOXx ( Ki m and
Swart z 200RutBssinechnol . Bi oengi néenM 74: 309- 316)
cel I - freel 5yRN&paiyrerase e f ound| OdOendgiehce t he total,
sol ubl e, @Pds@itive yield of E. | 0@1B3eaidmr anpheni co
acetyl tragsdextese* (CAT) (Fi gur €6/LF.tothi r@Bd&tE)nZIoﬂJma!\B

t he basi cLoutline of the bubblelreactor—Figures—3—and
4 conpare the yield of GVCSF-VL-VH mamal i an protein
construct and CAT in the bubble reactor at |arge scale
vs. small scale in Eppendorf tubes. The agents are
listed in Table 1, and reaction conponents in Tables 2
and 3. [45] For the cytom msystem the conponents
listed in Table 2 are m xed in the indicated
concentrations (Jewett and Swartz, co-pending
application 10/643,683). For the PANOx system the
conmponents listed in Table 3 are m xed in the

i ndi cated concentrations as described by Swartz and
Kim "Regeneration of Adenosine Triphosphate from

A ycolytic Internediates for Cell-Free Protein

Synt hesi s", Bi otechnol ogy and Bi oengi neering, Vol. 74,
4,
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[53]

[54]

[55]

August 20, 2001. [46] For the CAT protein expression,

the DNA used as the tenplate in the systemis pK7- CAT
w@reosidsaus pl asmi d that includes the T7 pronot ePCT/US2005/009342

foll owed by the gene encoding the E. coli protein

Chl or anpheni col Acetyl Transferase. The structural

gene is followed by a T7 tgryjigator. [47] For

GMCSF-scFv protein expression, the DNA used as the
Retagemt make-upand eors.qmremnsSfor the me)@ﬁlisfree\mowm synthasisogystem.

Slef]lzmeﬁcgl %eéoé ItU(i::‘b the—T7 PES rfffqtlbﬁ” } vac”g%)tgﬁd

Tl ULE1 =Tiud 1T4du 13

fused to thl\(/et rer1§eiJ encoja_rlnﬁ{g theggc‘;ﬁ\/‘/ fragnent of the

muri ne Iynphoma anti body, 38C13 (Hakim 1996) through

a 5-am no %h%ohldﬂﬁ‘ﬁqtérﬂéﬂéc' ”'16mM5"”i me) T

structural 0 termnator [48]
S30 cel | ﬁgﬁ'”rﬁﬁwﬁﬁﬁ ed qm% cotH—Kt2q(strain

éll_g?jl ?EICS{‘ I ,\?1; E\Iu ‘lIIC Pt ocett 6% GLer tt (198'-)a].ct2?
= Ul
honogeni z E‘ F7—RNA—potyrel aas ls—pr reeqfrom

?%

""T

fLJI

LC U I\I\v._\ PU] yEIUI \'4 o) T C'Ju A3 .
the c e~ ot —E—coli %tra:n%%él"%&&%ﬂ—g}—a&
to thgI |to:Jr FQnicAcids pavant oo ugiml 1 gg4y [7.]Colr:glr "
GMCSF- VL- \ !-t!%[esq on—the e \a?%i’é‘gvj syst-em-vas
modi fied tlEEARIACHS ot oi n £ oRAA di ilde bond
formati on |PQI7Q$§hPWIF YUY ng AN ons. Cel |l firee
extract i MRt reated with 0_88-33WMModoacet ani de (1 AM
for 30 m lﬁ;% at roomtenper aP’dMr i or t oaddiltion to
the reactil|d@xalicddte FE coli | BIOm 50

ug/ m conddnitiescingn. Oxi di zed| 49 mMMduced gl ut gt hi one
are added [t¥parmidipeacti on ni x{ 458 MM concent r atli ons of
4nmm and 1nmi7 REgJReymerasg. [ 50P.1Bngioli DsbC wad
prepar ed hyPlesmidelgmelatei ng st I SiM3BNRAINDEI) ( pETDsbC)
and was pur$3a Extrawtth a cobal { 3IGMACIBHRYM. Thd
sel ected fractions were dial yzed agai nst S30 buffer

g:ﬂwgtbgpb%gcg)@mlf g%tc?dfryoﬂgst? o'T]”XI (B-II"H'H \(13/ tlr1 %ddi'grﬁetrep Sf ?%H Ipeand 5cm

he an oam ag ent
height. r Oell-brde rdactiore chixtereddiables aimhotaZ)dlm plpettehiensndethe column (Figure 2).

g ‘ . <
Gas |% Eﬁﬂ)l@gg %QOE%# I%‘*r‘?‘all ﬂ(le}%qtﬁ%tcgﬁlgfiltaﬁa%tegpgf gﬁ??;g})t%of column from a
compmsmgaﬂbemklre to every 15 ul of cell-free reaction.

[ o i xt ur o

P8l SORBRAE sSed WP STl IR0, L ALMI, apication
10/64E,688Nn ghurd oxygen dgasiveas Tded ansdttbe irgadtine iastgdeigr atmadmanfai4 hours at
37ec.t Egr ﬁ’l%plf’RHbB(arggctions, 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.

Upon addition of antifoam (Sigma 204, 1/1000 -1/10000 volume antifoam/ volume reaction),

the protein synthesis reaction proceeds with minimal foaming for up to 3.5 to 4 hours
producing protein yields comparable to those from 15 pl Eppendorf tube reactions (see
Figure 3 and 4).

The amount of synthesized protein was estimated from the measured TCA-
precipitated radioactivities in a liquid scintillation counter (LS83801, Beckman Coulter, Inc.).
After centrifuging samples at 4 °C and 15,000 RCF for 15 minutes, supernatants were taken
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[5é]

[57]1

period of tinme (3 hours for the PANOx, 6 hours for the
Cytom m systen). Table 1Table 2 Reagent nake-up and
w@emsestosst i ons for the Cytomi m cell-free protBCTIUS2005/009342
synt hesi s system Tabl e 3 Reagent make-up and
and usedctenteterimessdligrle tirld RPANDRACpiccipftation pnabtseintillation counting. The
o} react or
proceg%{)%gsh@ﬁét%g?&@é GB}cr{béébr%%%ngtRP%g 5‘] “em 1D and 5
ciiesuitg hre siaan fdrr@el aewﬂhamfona@MFQSR-Em fusion protgine)The entire
ure 2). Gs is
reactlgﬁ‘?sb@‘ggﬁ?hfcgﬁ \Mﬁ] 'Wﬁ(ﬁ%k eogts@ hat 1 mm di anet er)
atThese dbta deﬁmnﬂtratﬁoﬂhatﬂn ﬁlﬁwhsmmiﬁddiﬁa@nt pakiion geometries

: t ' t;

and ;Lré% rg.': %ez’gg%gyﬁpg)ﬁ] n%ﬁgﬁggﬁ Qg%n ﬁl%\ii@%%?‘g @éggb@t‘-ﬁ@ ih QVitro. protein

synthesis.gdn p@atmﬁasth@s@rﬁlfcmﬁd agénss meeMidd enhanged gigld o a acale up reaction

umng@ﬁﬁkﬂﬂf&&ﬂ 4 hours at 37C. For the PANOx reactions,
argon gas was used and the reaction tinme was 3 hour s
at 37C. The bubbl e size was approximately 0.5 cmin
di aneter and bubbling rate was approxi mately 1 bubbl e/
second. Wthout addition of antifoam the cell-free
protein synthesis reaction inmedi ately foans out of
the top of the columm reactor. No protein is produced.
Upon addition of antifoam (Signma 204, 1/1000 -1/10000
vol une antifoam volunme reaction), the protein
synthesis reaction proceeds with mniml foamng for
up to 3.5 to 4 hours producing protein yields
conparable to those from 15 nml Eppendorf tube
reactions (see Figure 3 and 4). [55] The anount of
synt hesi zed protein was estimated fromthe neasured
TCApreci pitated radioactivities in a liquid
scintillation counter (LS3801, Becknman Coulter, Inc.).
After centrifuging sanples at 4 0C and 15, 000 RCF for
15 m nutes, supernatants were takenand used to
determ ne soluble yield by TCA precipitation and
scintillation counting. The procedures in detail were
descri bed previously (Kimet al, 1996 b). [56] Results
are shown for CAT as well as for a GW CSF-scFv fusion
protein. The entire reaction is run in batch node wth
no post-start additions. [57] These data denonstrate
that, in different scales and with different reaction
geonetries and proteins, the addition of an antifoam
agent provides for inproved in vitro protein
synthesis. In particular, the antifoam agents provide
enhanced yield in a scale up reaction
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usi ng a bubbl e-col um. WHAT IS CLAIMED I'S: 1. A nethod
for enhanced synthesis of biological macronol ecules in
WO 2a0s09808$he nmet hod conpri si ng: synthesi zi ng saPdI/us2005/009342

bi ol ogi cal macronol ecules in a reaction m xture
WHAT coOiprivED 1sg an anti f oam agent. 2. The nmethod of Caim

1 whepe a | [ [ i S

cbirpr SarerBaEr SRAER e, & BHsGRAMBG D RRsERIE viro. the
method.coffipeisimgt hod of ‘Claim 2 wherein said synthesis al so

C S 1 t t

4@%%3‘?’2? gin%&) d(g%dl %aggmﬂﬁr%@e% '@2% e%%g{g‘gt t%ﬂ}?urg gdmprlsmg an
antifoaroapentses a vol une of greater than about 15 m. 5. The

met hod of Claim2, wherein said reaction mXx conprises

a volunme of greater than about 100 ml . 6. The nethod

02. d aThe aethwr pt Chairg a, Whegeio tsashsyinéiesis ofi kidldgichlamagremolecules

% ' 4.0 a conparabl e small

comprtes RS APSH R Rrock B8 pYyBedeR, e T or syt hesi s of

bi ol ogi cal macronol ecules in vitro, the inprovenment

$ mpr i ﬁ’hg g‘let@# B‘Pél'a n‘?%%ﬁé}glﬂtsamswnmb%lsr %ﬁ% H:rglgrsig%s)%éﬁsgription of

I'n said react
mRNA/fmrm@NAtgnelateer than about 15 nl . 9. The reaction
m xture of Cdaim?7, wherein said reaction n x
conprises a volune of greater than about 100 m . 10.
The redle inethed xaf FlaimoR, @herein Baidvrackom minicempsiges aoyplume of

greategﬁ{%%dﬁfo%ﬁ@gy' eld that is at | east about 90% of the

onparable snmall scal e reaction.

5. The method of Claim 2, wherein said reaction mix comprises a volume of

greater than about 100 pl.

6. The method of Claim 4, wherein said reaction has a yield that is at least about

90% of the yield in a comparable small scale reaction.
7. A reaction mixture for synthesis of biological macromolecules in vitro, the
improvement comprising:

an antifoam agent.

8. The reaction mixture of Claim 7, wherein said reaction mix comprises a volume

of greater than about 15 pl.

9. The reaction mixture of Claim 7, wherein said reaction mix comprises a volume

of greater than about 100 pl.

10. The reaction mixture of Claim 7, wherein said reaction generates a yield that is

at least about 90% of the yield in a comparable small scale reaction.
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