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The productivity of a biocatalytic process can be interfered with by
25  accumulating product in several ways. At the biochemical level, feedback
inhibition from product accumulation can limit productivity either because
of inhibitory effects (which may be reversible) or toxicity effects (which can
ultimately kill the microorganism or irreversibly inactivate its biocatalytic
components). With regard to cell physiology, accumulating product can
30 deleteriously affect growth rate. Chemical and physical effects
(accumulating by-products; pH changes) can also interfere with the
productivity of the biocatalyst.
Products of biocatalytic processes may also be lost from the system
by 1) degrading from further interaction with the biocatalyst, 2) from
35 environmental conditions, or 3) from uncontrolled removal from the system
(i.e., from evaporation).
Although metabolic engineering alone can address some of these

limitations, integrating upstream metabolic engineering (i.e., product
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U.S. 6,114,157 illustrates the challenges of using ISPR techniques
cost- and time-effectively. The patent describes an ISPR method for
increasing total production of 4-hydroxybenzoic acid (PHB) by
biofermentation. Genetically engineered E. coli cells produce PHB during

30 the biofermentation. For at least a portion of the biofermentation, the
biofermentation broth passes through a bed of anion exchange beads in
an upwards direction. The biofermentation medium depleted of PHB then
returns to the biofermentor. This process cycled the entire culture volume
through the beads every ten minutes, with no need for media replacement.

35 When the anion exchange beads became saturated, the biofermentation
was stopped, and PHB was extracted from the resin with acidic ethanol or
sodium chloride in a water/ethanol mixture.
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process for separating neutrally charged products, for which ion exchange
25 methods are not generally effective.
One ISPR separation technology that is operative and cost-and
time-efficient at the process or production scale (in contrast to the
analytical or preparative scale) is simulated moving bed (SMB)
chromatography. This technique is a continuous chromatographic
30 process, which relies on counter-current chromatography or simulated
counter-current chromatography to achieve a separation (LeVan, M.D. In
Perry’s Chemical Engineers’ Handbook, 7t Edition; p.16-60; Perry, R H.,
D.W. Green, and J.O.Maloney (Eds.); McGraw-Hill: New York; (1997)).
This is widely recognized as a solvent-saving, efficient technology (U.S.
35 4,851,573, column 11). The operating principles for SMB chromatography
are described in U.S. 2,985,589. Use of SMB chromatography is now an
established technique for production-scale applications. Other process
chromatography methods include, but are not limited to, cross-flow
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The invention provided herein is a product removal process for use

in a biofermentation system comprising: a) removing (during at least a

25 portion of the biofermentation) at least a majority of biocatalyst from a
portion of biofermentation solution containing a target molecule; b)
removing a portion of water from the biocatalyst-free solution produced in
step a); c) optionally before or after step b) removing components other
than the target molecule from the biocatalyst-free solution; d) feeding

30 through a chromatographic medium 1) the biocatalyst-free solution
produced by any of the steps of b) or ¢), and 2) an eluent; e) recovering
the target molecule from a first fraction of the biocatalyst-free solution
discharged from the chromatographic medium; f) optionally removing non-
aqueous eluent from a second fraction of the biocatalyst-free and target

35 molecule-free solution discharged from the chromatographic medium; g)
optionally adding water removed from the biocatalyst-free solution in step
b) to the biocatalyst-free and target molecule-free solution after steps e) or
f) in an amount suitable for return to the biofermentation; and h) returning

4
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renove conportdiftesmentation: {ahe embadipgat of the invantien seleglively remaveshe
bi ocat al yst - f1 @eprephnédien produced by the water renoval nmeans of b); d) a

process, otk O Aoy AR AR L Fhaflod P SIS 1) or by

the renoval ntasget moblechlearthaval bmembicferagrdatimuas deseribedanerein. nbhecul e

fract on of THETLAOUES a) DTN spatalcimbahg® rerfBlEalegst Al 2 111t

optional |y a Maierifyatbigsatalyséfrom amevtian ofdhadiefgrmentatien solutien- aqueous

el uent from acif&iAY 4 tRght MdISHURE A0RStel FOMblAaneshs RIFRERBVMNA C neans of

d): g) a.vater adding means to add vwater. generated ) _to the

b1 ocat ai i - rrerBoR qn degaamiige Bitsel st ett RrodibedbveBet r om &) or 1)

in an anount lsiocatalyseséparation imearisoofta)en stepod)e cyreptiaiallgrbefarcortgfter nedi a

r ecycl gnnff‘gfnst%?b’i & bl e85 L@tk cBhploh BB faThe Tlgae ! o fr e

molecule or water from the biocatalyst-free solution produced by the water
removal means of b); d) a process chromatographic means through which

25 the concentrated biocatalyst-free solution produced by the water removal
means of b) or by the removal means of ¢) and an eluent are passed; e) a
target molecule recovery means to recover the majority of the target
molecule from a first fraction of the discharge from the chromatographic
means of d); f) optionally a non-aqueous eluent removal means to remove

30 non-aqueous eluent from a second fraction discharged from the
chromatographic means of d); g) a water adding means to add water
generated by b) to the biocatalyst-free and target molecule-free solution
produced from e) or f) in an amount suitable for return to the
biofermentation; and h) a media recycle means to return the biocatalyst-

35 free and target molecule-free solution from d), e), f), or g) to the
biofermentation. The system can be modified to remove product when the
target molecule has a higher vapor pressure than water at the temperature
used in the water removal step.
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patent rights grant edé E;‘ g@%rnrre t action. Applicants have provi ded one

sequence in conformty with Rules for the Standard Representation of

Nucl eoti de and Ani PBWAg‘?rdPeS%f&a'&'?ces in 29tPReeRsitoNppl i cat ons_(Annexes |
and Il to thwﬁnmwwmm ement
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of patent rights granted by government action.

Applicants have provided one sequence in conformity with Rules for
the Standard Representation of Nucleotide and Amino Acid Sequences in

25 Patent Applications (Annexes | and Il to the Decision of the President of
the EPO, published in Supplement No. 2 to OJ EPO, 12/1992), with 37
C.F.R. 1.821-1.825 and Appendices A and B (Requirements for
Application Disclosures Containing Nucleotides and/or Amino Acid
Sequences) with World Intellectual Property Organization (WIPO)

30 Standard ST.25 (1998) and the sequence listing requirements of the EPO
and PCT (Rules 5.2 and 49.5(a-bis), and Section 208 and Annex C of the
Administrative Instructions). The Sequence Descriptions contain the one
letter code for nucleotide sequence characters and the three letter codes
for amino acids as defined in conformity with the IUPAC-IYUB standards
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| etter code for nucl eotide sequence characters and the three letter codes
for amno acids as defined in conformty with the | UPAC- | YUB standards 6
WO 02/ 086WB92085183JS02/ 12606 descri bed in Nucl ei c Aci ds Resgarson12606

13: 3021-3030 (1985) and in the Biochenical Jour nal 219 (hb 2) 345-373
(1984) which are herein incaorporated by reference. 1 is the

nucl eot i de sedrfchbed R Nucieic Aruisfreseasch, 938824330 :ﬁi('ﬁﬂﬁ 9"@)@3@% PTI ON OF
THE | NVENTI G\B/oéhéﬂnlfdéaﬂbﬁrmww?NbV2ﬂ3451§73T(19@8i9 wHiek laegherdie present

i nvention pr.ovides .a ocess engi neering solution allow ng sel ective

process chrdﬂﬁ?rgﬁfaatﬁﬂl 8'%%03?' of a target nolecule during a

bi of er ment ati on 10SE&I IDgNDO 198 the puddatide segquerce fanthe glagolice of t he

r emai ni ng s bi 3?@%? $h-free broth back to the biofermentation vessel. By
br

usi ng the sy oth as the source of at |east a portion of the
chronat ogr aphi ¢ el uent DEJAILEDCR ESC&PWWNMME%M i nvention
simplifies the OVGAlelcan{% REVOS§6¢ed tﬁéﬁuféﬁp%b%meﬂﬂetmeéérﬁlh%ﬂdhe medi um
reduces the effects n,or.to

bi ocat al yst, PIRYIASS %P'BQ@%?F&&"QW””&&BW&“PWQ ﬁelﬁﬁﬁ‘y%P%ﬂCQPﬁent ation
vessel . The ichrematagrapbiceemovabofa targef molexuiendurirg g dioferhetatien from a

B'r 8;32{*}9\'}}0?;' L?%?n§ r%/@.: %r?»'duc{‘%%ﬁwél%'ng%cg SEP u%'méiﬁfxgad?gcétggéﬂ’rgé the

nmovi ng nter
mol ecul es. THyotmbaek todtherhirfesmestation vreeselt |B)>ewng |tln@syésteqm bméhtaSand

al I ows rel at'melgbu?@dfémeaétemaa%n of e éh?o%ézag.tdw&@mbﬁt&mch can profit

fromthis |nvent|on romthose of oragtory scale to those of
conmerci al  sd&C¥CIHIgL @éﬂe‘?é{ﬁbéh‘? Hrqsleﬁ\t/\/"t"ﬁf‘g%” f"\"b‘ﬁif'% the overllas a few
mlliliters psiopfogess,tredusey tHdweshindepticeghk inoediupe reduses. theefféerd i cant s’

orocess Ui ngttaeetactnbERr s Bid Snihe BRIt pBo R feys e e | "
bi of er ment at i agcududatian indbetpefermeantabionivesselr toxicity, or |ost because of
product degradati %W&hfi%@fﬁ@'co@&%f [dofitifg tQiégéf'?ﬁ&@Eul@g kfh af €moval

fromthe syste or ere si uct overy processes 30 is
desirabl e. " | rPipfeemgpfatiopRrotht 0” |§ﬁ§9m%r§|qu'3§@£'ﬁéﬂ‘%‘?\fﬂ§rmﬁse t he

fol | ow ng a%eucmﬂytbﬂf&h@bfbf@lmﬁémaﬁdwB¥ r@m@bm mt@ﬁ@ﬁngtta:r goval process”
refers a prquq B %W\é (Fort on Q ofré] 6 oser nlenet atll on ftsg'lfi)em' S
Wit hdra 4S5t o RN BlekggLisg of rola Yﬁhﬁ HEP & CRIPEGY rtion of
t he bi of er nemlMNsonelaftwelysemgpmammHnWJcThe size of the units which can profit
from this invention can vary from those of laboratory scale to those of
commercial scale and can range in flow rates from as little as a few
milliliters per hour to many thousands of gallons per hour.
25 Applicants’ invention is useful for improving the productivity of any
biofermentation process using a biocatalyst producing a product interfering
with the biofermentation due to feedback inhibition or toxicity, or lost
because of product degradation, environmental conditions, or uncontrolied
removal from the system, or where simplifying product recovery processes
30 is desirable.
In the application, unless specifically stated otherwise, the following
abbreviations and definitions apply:
“Product removal process” refers to a process whereby a portion of
the biofermentation system is withdrawn from the biofermentation vessel
35 during at a least portion of the biofermentation for selective product
removal. The product, or target molecule, is then selectively removed
from the broth.



renoval . The product, or target nolecule, is then selectively renoved from
the broth. 7 WO 02/086135 PCT/ US02/ 12606 "In situ product renoval" is
abbrevi atwo k8835 I n the instant invention, |ISPR is perforoedseximomnal |y
(i.e., outside the biofernentation vessel) in a separate process |oop

t hrough which a fraction of the medium is circulated specifically for

product renoval . AVR &ifehRredust fempwHRiscahhrgvipted ISRz trothedasti@nt ect Ty wi t hin

erers o a o R D T (o e e e o
S SYS . Z€ES | Su

br oduct (9) 1 NN M eEaprrals Rsbican e dh cugh umih SIHLP) &Y 1 Fecihes o

m)dlj fi e? ';he _I_nsaiireplatechspémﬁnaﬂglfor predati emdel. wAderratively _lﬁ%lksbumjblel o

pro uct (S)e.. : : organt sm an | solate

enzyne, or5 aﬁ%ﬁ%@ﬁ%%’ﬁt"}’!&ﬁﬁé’??%f%ﬁ}e%@oﬁ%% this application,

"ni croor gani snt'  al ‘Siofermeniation sysiean’|of “biafermeniation’ sefesatoraisystesn pl ant s.

Ul Luri ng. i of pheaalyZ8s ¥ resRlish bEtHECh SHEIEE) Ko plosuEEpr R asé g Tor

b ocat al yst 3 BRSNS dihe Biocaralial Bilases ohmagsdhg 9 of feraDisel c

:i(r:llt 3; rregi ?; gtSr,eaaﬁ@h betveagernsub _;)?riag@(spgn@m@dwu(@m Thediddatalyst ¢a;tmbela;/ am no

bi ocat al 0i ca\%él-e dﬁ@g%oggéh%}rno(%ﬂldgo'a{er%%%é;g#r:ag& @gﬂ@ﬁ%’@éﬁ)wgg‘aﬁ‘]om t he

bi of er ment at i foer ppagses atthis applisationdniielosrganisnnc alsoeehcompasseagelie a

conpound t hatfds iRdddis ardithaly, @F plffls by the biocatal yst or non-native genes
may be genetically endineered | m c oo({Tg&ni,sm for their functional

) , 1Nnto r
expression in the bP&PEr ﬁédpﬁgﬁuﬁh.re%rf%rad&u' HHQN gontainipg nutrients ext al so
refers to anyfobyulirirdpeiicrobrdansmd)i The brsthtrady additibaallyesntdinthedesi rabl e to

selectively remve, frqQqmthe 25 hioferpentation,systemio elinmnate feedback
Cnhi biti ot arfdPGatast et ec‘ﬁ?%f?g‘%‘&%ﬁgtabyatﬁ?it{#ﬁig‘ys%i e@a{’%'l“yst-f f ee
sol uti on" refistesmedidiestand etwev owedia comphoentsisvichrasesdltst vibaminsom whi ch at
| east the ”ajé}hintoyacf?cfl thgadtbRCahdantibioket eri al  has been renoved. The
'ion "be \

bi ocat al yst-free sol u may % a perneate SOBéproduced fol |l ow ng passage
of the bi of er nent atlaigetypeleruleh refaimtoanyninpatahdicaly-peodiesd Miadugtt .

Conponent s i nhhbR dletReR piovedaforf Phe! bidtermerritibm asingané praissnol ecul es
Dot o el S B TS & b Bt € kel pesh g 67 °
anti bi otics. tBe bidtatalgsbbrysin-hathe genkd magdie genaticallg ehgimeess imto an” refers
to broth microorganism for their functional expression in the biofermentation.
“Target molecule” in this context also refers to any by-product of the
biofermentation that would be desirable to selectively remove from the
25 biofermentation system to eliminate feedback inhibition and/or to maximize
biocatalyst activity.
“Biocatalyst-free solution” refers to broth removed from the
biofermentation from which at least the majority of the biocatalyst material
has been removed. The biocatalyst-free solution may be a permeate
30 (produced following passage of the biofermentation broth through a
membrane) or a supernatant. Components in the biocatalyst-free solution
may include target molecules produced by the biocatalyst, metabolic
intermediates, and other media components such as salts, vitamins,
amino acids, cofactors, and antibiotics.
35 “Biocatalyst-free and target molecule-free solution” refers to broth
removed from the biofermentation from which at least the majority of both
the biocatalyst and the target molecule have been removed. Components

optionally remaining in the biocatalyst-free and target molecule-free
8



renmoved fromthe biofernentation fromwhich at |east the mgjority of both
the biocatal yst and the target nol ecul e have been renoved. Conponents

opti onal I'woroensiiai ng i n the biocatal yst-free and target nweiceaisozifonee 8 WO
02/ 086135 PCT/ US02/ 12606 sol ution could conprise a significantly reduced
concentration of target nolecules, netabolic internedi ates, and ot her

medi a corrponeaﬁxllsstlmumulé@OWmlISE@ sighifiganthsredased soneenteatiosopldatants, and

anti bi oti cs. mGjacaERt ﬁwtamicqn@meamteé il SthbPrididia E8thBbhehts 4eeH A8 part
of a 5 chromat ogr aphy temto se&arate cggﬁnents in the input feed

streans  whi Saltsok 'Et"‘so?”'%ﬁp afidantofasiors, an {IQUESt - free sol ution.
"Vol unetric pr oducnmomnfograf)mcsnémuw@emm arfy raitertdl usetesiart oba oduced

nour) ( abir evinspwatehrapA Stetie Eadie corRancli by ¥ hutioed SUBRRIS pec T i ¢
activity of t\lmlmcbiconaishbﬁlam eluedt ahd achincatatyskfreersobftionhne  bi ocatal yst. It
I s calculated fromhg grodruk!ﬂwiey" rFEferé‘ﬂPthbhﬁa%‘?BHa’?ﬂet MBledlre of the

bi of er nent or. Tlter target nol ecule concentration with
units of gr AfeAuceGin %Qlﬂf?"é%’!i%t!ﬂ Qggll’)?" volume peh e, Wb WHtsfnt i nvention

i s described grahryiter Hlerr bgfe\nateargp &%9). cm@mmrremwét@rmfﬁe@my vely

separate m t he at oI u a variety of
ohr omat ogPap esgssﬁpaﬁq?xw ﬁt@m%ata@ﬁégmif icerfialgn B the Tavent: on at
t he process dJloq:ntatylst:tltmcalsnlateﬂ from tberiterasiun tmnet aed ;H'nmmrkmgll or

preparative s&ﬁ”rﬂéoc{f-{'ﬁ‘?ﬁq%t@#ﬁaﬁtiye 20 embodi nents of the invention woul d

I nclude, but aren si mul at ed novi ng bed ( SMB)

chr omat ogr aphy, cr'dderiretass te theolasgelgralsayle Qsmcgaga@@n E’I'fhdlﬂblﬁ@jr aphy to

sel ectively S@gﬁ{sﬂhér (db‘bre\hat'éG@/L l ecule fromthe biofernmentati on broth.

In a preferred e ment,, and wth reference tq Fjgure .1, a 25

bi of er meritat i on vé‘g'g"équgd"ltj‘elpée%t' RysnkiopHs Qeﬁ?r&e{d EQEYVHEG‘F@?? 8kl oop, whi ch
i ncl udes ﬁ crpresedsd ohvohatbgrphdo aiﬁectwél?)separatatagermnﬂmmdlesm?m thé) , ] and a
process chro romthe

bi of er ment at [Bgé@%é@ggrr(a?f)olu-@g ??’?Hgf‘!’ #&%mﬁ%é‘ﬁ*? glr;agsg fl ow
filtration unethoddlogies aaeparative ahﬂiieanyﬁnttqncﬂt tbe P(¢Q!BSl§ertmOdlﬂ@IQﬂeturned
to the 30 bi %%'ié*gﬁfcahtrﬁgt t\SQﬁé%‘na fylital dvrbrl:ssaﬁa%e %9 tarhé% ait%ﬁf‘aﬂ%@' ution

produced vi a Cross-f

concent r 2ed EF"H 9%’8‘9%%”‘%'8%%9” Wwaid '@Qlyde(ﬁﬁcaéﬁtﬂo&i'meglt%’cat alyst-free
sol ution (5) élﬂﬁ%late@m@\ﬁﬁg bbﬁQsMB)tdheomawge@m RrssEfiegr aph (9) with water

gleggp ;t |( g)n r}cen'rnaattograpﬂy, or ra\é\aﬁ cﬁromaqographyr%o se‘ecllvely s'e%a?a e t ographi ¢
target molecule from the biofermentation broth.
In a preferred embodiment and with reference to Figure 1, a

25  biofermentation vessel (1) is set up with a broth recirculation loop, which
includes a cross-flow filtration unit (2), a water removal unit (4), and a
process chromatograph (9). The setup allows removal of broth from the
biofermentation vessel (1) and its passage through the cross-flow filtration
unit (2). Biocatalyst and a portion of the broth are returned to the

30 biofermentation vessel (1), while the biocatalyst-free solution produced via
passage through the cross-flow filtration unit (2) is concentrated in the
water removal unit (4). Concentrated biocatalyst-free solution (5) then
passes through the process chromatograph (9) with water eluent (6)
generated in the water removal unit (4). This chromatographic separation

35 isolates the majority of the target molecule (7) from the remainder of the
concentrated biocatalyst-free solution. The biocatalyst-free and target
molecule-free solution (8) is recycled, by return to the biofermentation
vessel (1).



35 isolates the magjority of the target nolecule (7) fromthe remai nder of
the concentrated biocatal yst-free solution. The biocatal yst-free and
target rmwbacwsdsdree solution (8) is recycled, by returnPCo/ushe12606

bi of ermentation vessel (1). 9 WD 02/086135 PCT/ US02/ 12606 In an alternate

enbodi nent of the invention disclosed above and with reference to Figure 2,
the invention is nibdArT akkerate ershoedienentof tha invantien diselosgd @dovew@ndcul e has a

hi gher vapor \?ﬁﬁﬁé@r@crehenr &, thé |ﬁ\)é‘ﬁtloﬁ?§i?1%rdﬁfédrt6 rfRRel plod Lp]a wat er
| t br ot h

removal step of er tIOI’lY1 se éR? s set up w

recircul atlorf"’h% GWQ%WPWEP a !ﬂil%é/aPP espuig yap eDﬁHhe(Z) a
wat er renovalterip eIrat(uﬂé usédth memal@ess@nohalwmpwra@buofé@r)entim sedsgd al l ows
through the éi‘s!étﬁa%&v?ﬁa?é@ﬁ FhhRbof ot e iyl Sep S RIETTP0, o
the broth ar dfiliration uetﬂ(Z)oatWaiebreIﬂ@va‘rmmta(é) @andva prasiesg Chrathatogragie 10
Pipeatal yst [o5e THRIahi RO RIASTLI Brafi TR BioRialeritifortigns (oW

filtration un drate process chromat og
with water el@nhits pe;sw@r%@uﬁemrpﬁ%ﬂswtféﬁratf%whﬂ)urﬁl@cqtawst and a

Chr omat ogr ap"b@rtléﬁmﬂfé bfth bﬁéﬁeﬁﬁﬁr’éd&b&hé@&éﬂrﬁé’ntﬁﬁoﬁ béséeflr(ﬂﬁhhl'l@ﬂj[éc:“ et 15
ocat al ys

7) from.the St free The

{ (e and Dar qucRaNEETes sl EnguPifedtviBgassade BnUabits s B S n ¢ ho

water r ennvaﬁltralmn ufid)2) lbehmedlatbbr fedlintbitbe prmlaslsmrmmatdg%am (@)er mrent ati on
I 1 T the t t

\r/rgiszgul e( hZid W@é}#élﬁg >béﬁ§rsag€drmhhan wa erg@% \f\ﬂe@?errpgra?lrj?g used in

the water 20Ch mmaﬁagrmwpsenafa@orpra@iaéggthﬁ)malqr&atof He tasgetaneleculecessary to

Pto the” pr ?@2&’“"‘%“?@*"“””‘@“ B O e S Pent

o e P ogEsS T o ogr gl L kgl se LS AL SRt b e

wat er renovaiemluhﬁ(iﬂ)abgﬁiremm eolution petochsctadthb\bidfeembntation vesselt i on has

a 25 higher v(qu])_or pressure than water at the tenperature used in the water

renoval step his would again permt target nolecule renoval before the
wat er renoval st eplheskilledartisands well@ware thatswiernerthe haigeh malecule had

envi si oned. 'ﬁﬂb@h‘éﬁ' vh Slsﬁre%%h‘édthaﬁWaieﬁéﬁh@'téﬁfb’é?étgré)@éﬁ"m ﬁe%@?e at

whi ch biocatal yst-tree solution Is grmve fromt ernent ati on

vessel (B0 anf@Mmavabstapn s grrqass peditieation wayldgre @?f‘@ssﬁﬁ(/@rﬁr%ﬁ"%ef ore
recycling to preterehtillesvapotationaof the sagbt mbledute béforé talasked inteithé ai ni ng t he

Lo 9EL o) e BeRSU BRI Bhh M LukdeS! BISOERAS SRookRER b i oW the
be necessary if reverse osmosis was used as the method for water
removal and the target molecule produced by the biofermentation has a

25 higher vapor pressure than water at the temperature used in the water
removal step. This would again permit target molecule removal before the
water removal step (4). Variations to the basic invention can be
envisioned. Many of these embodiments are discussed below.

The rate at which biocatalyst-free solution is removed from the

30 biofermentation vessel (1) and moves through the process flow of the
invention before recycling to the biofermentation vessel (1) is critical to
maintaining the target molecule concentration in the biofermentation
vessel (1) below the feedback inhibitory or toxic threshold of the
biocatalyst. Methods to determine the parameters to maintain this

35 circulation rate are well known to the skilled artisan.

Particular aspects of the invention are discussed in greater detail
below.

10



bi ocatal yst. Methods to determ ne the paraneters to maintain this 35
circulation rate are well known to the skilled artisan. Particul ar aspects
of the i nverkiosd3are di scussed in greater detail bel ow PCTMOD26086135
PCT/ US02/ 12606 Separation of Biofernmentation Broth: A separation of solid

(i.e., biocatalyst) fromliquid initially occurs when broth is renoved
fromthe bi ofmam&@@ﬁm._mms separation yields a

bi ocatal yst-free wbébamnowflsen@kIéwbuaaat@gtswfrbrﬁmqumnﬁ.ahy@@é\nr@,l yst

mat eri al anda]aotlﬁn of th ﬁ&‘b%ﬁ%n té{ Ieigegatlon vessel
(1). Various YB¢7 grqt d]%f%“g\é‘ipa 9" 19k Fﬁﬂﬁga P@‘@%ﬁ abi LVSnd i nel ude,
but are not |deparatibri pieldsrabochtabwstficktsadnticonwhitee allowihggeturoof teend

dead-end &1 higlhan tHaté\‘?éi':%daé §8rt|9ﬁ S bBRSimbart 36 L B lMePRton

filtrati or‘?
bi of er ment at i w@ssekly |VaIIOU§§pIId7kqwch§§aratm methadstareraviailable@nd separ at es

an infl uent %éuaaalb el infleh 1 o6t S pAAMRatich) eehtriaghmiy shaf r ee

solution (or per hat asses
o oo\ o s flistiaee dubaEialahe P°§§'B§a§%%€%vﬁ§ ) Rigmtarl 2

mat eri al of tkileplacimged biicompatiblefilten pit withiarthe bldfetrhattation vegseit ed by the
nmenbr ane., . Thi §,second effluent streamis inmmediately returned to the

bi ofermar}t atl(j% vessel (1). The particular nmenbrane used for cross-flow
filtration dependsA erosstfiew §itrationfunit{@) peparatascan influpet steeay dntoftwom t he

influent stregferk ys‘?iéé%s ?hé%%c%éi fRé% §&9ﬁ&1§tﬁ rﬂéal’e)%% Qﬁlon

mcrofiltration and ultrafiltration, S|zes ) m Ccron

and snal | er. ¥t a¢@,fﬂt@ﬂwtﬂﬂt%thahe§ssqsr¢5rw@ %E]qnﬂﬁ"’éﬁ?c %6?9%49 Ue"t
pol ysul fone, strehnpebbitéinty thedsalar Invasterigdieof thé n.aﬁ@hlyst@md merwpsbrmant

I nhi f d
Foul i ng st et BIpieird v VG eribipbE B YAty SRR Boerati on of
cross-fl ow fllmmedlatmy tetutned t23h& biofemmaentation vessed(1)bi ity and nmenbr ane
stability at a gi vy P?REEI%? ﬁé%ﬁﬁ{ﬁeﬂ*@e@rﬁr éulq§9-f o%f"l?@ﬁ?n%?éﬁd%ﬁd' tions

may be optim zed read Lon o
Bi ocat al yst - Fth@é!za)oimema qiﬁs tpbe serapved firm hednflyentistrganbnTyRiFakan be

used in the @l@éﬁ'ﬂbulﬁ% ﬂﬂﬁ@‘fge@él ﬂavmmnm@nmtrsflﬁaﬁoﬁl ow

filtrat Thi
opt i onal 201 | (4 Phie si38h GooRLaVBI B SbenchieRramampanes <o 1 ©

bi ocat al yst - finelade @elltiiosit, pelyamides palysaifenasangpolyeinylidersgfiworide. di val ent
sal ts, monoval ent Ihozﬂj%’itioq{ to%g%irgﬁe selection, the combined effects of

temperature, pressure, and contaminant fouling must be carefully

considered to ensure successful operation of a cross-flow filtration unit.

25  The chemical compatibility and membrane stability at a given process
stream pH are also factors. These conditions may be optimized readily by
one skilled in the art.

Filtration of Biocatalyst-Free Solution:
An optional additional filtration (3) can be used in the product

30 removal process by a second stage cross-flow filtration unit with more
selective membranes or smaller pore sizes. This optional filtration would
remove other components from the biocatalyst-free solution, such as
proteins, protein fragments, divalent salts, monovalent ions, or organics.
Using a second stage filtration unit potentially increases the life of the

35 chromatographic absorbent.

Temperature:
It is well known to the skilled chromatographic artisan that
separation may be affected by the temperature of the input feed. A heat
11




Usi ng a second stage filtration unit potentially increases the life of the
35 chromat ographi c absorbent. Tenperature: It is well known to the

skil | ed cWoonms@gs aphi c arti san that separati on may be af frextiusd2/imsoé he
tenperature of the input feed. A heat 11 WO 02/086135 PCT/ US02/ 12606
exchanger could optionally be added to the water renoval unit. This heat
exchanger woudXFhRAgET Feuld opbienallyche added e Hisnwates spmexyal it Jhis heat

evaporation, &khangBRivould ReRitHte ddtREhRNEROGIaphf $epitdtidii 864 ct abl e rate.
Wat er Renoval :

: 5 Distillation, reverse osnpDsi. apor reconpressi on, or
si npl e evapo‘?‘éﬁm{)ﬂt? I >§u5é'traéiéhoqq\@rqeimscgﬁlétpn{gﬁc?pg%ﬁqctgﬁé rate.
bi ocat al yst - fWater Removabn. I n a preferred enbodi nent, the water renoval
step woul r enov ' % af . :
b1 ocatal yst-free. ReFRul, FRICTY o3fholly, Udadh ReotfPréisicd Hhdfle,
si gni fi cant | yevaposatiohmaytheaused tooemaye walgr (Hrfeamdeel biagetalystifieenf t er
removal fromddigtidH.ofres PRSTEAEH @mbeRfirmeht, the Watertemdvansepiwaiigd
bi ocatal yst-free sol ution ld co 9/,| n ta{gg?t | ecul eg. t would also
Contai n ot herCRRIEARRRSGIRYSY B % Suvab! o R siasaRist fiseno! ds,
cof act o(r:I s, andalbiia tocyieldoan Biovataystifies soltittomsighifitasiy mohe cbnct.érttia;md elé are
returned to t . Y : ; ] e rmed as a
bypr oductltoof ‘Fﬁ@%&ﬁgﬁn@%ﬁm‘@w ag%zgé@é&%'ef%%gﬁdg b%’ ?%’:ﬁﬁ?‘%’ﬁéf"%] g%%ﬁeil yst-free
sol ution if tHei Thisotoncegtrptichbioratalysafresrsolidiopweuldtcontsin darget . Tar get
Mol ecul e Separaidcdibs! i BWBARFAES chRfafY BtheR nfdYig ¥BHRBHBAR @é%g/g%t im 20

Virtually any type of target nolecule cquld be chronmataqg al'ly

t | ) .

separ at ed f r ofi{aMips oD s, coiactersy ANHRIOHGS. i etabelic intairaediales) Thi s

i nvent i onI i's \?Hi@httﬂtlnhatdlylf)alfea}bwméﬁ!t@;]rﬁ@bi‘olf@'heﬁmil | imwél @‘elﬂ(i)angal&e mol ecul es,
target ecu S,.,W t ecu r | 1 OolL. Shm ecul e to ar ge
secreted rot\écﬁﬂtél?s' fjle?ﬂnn%? a%m s%ﬁf\gﬁ&ﬂ&eﬁ'i‘%g’!°§?ﬁ’5?ntgﬁ%%|’BEY 59&6@855 ation of
25 t he t ar getfromlitbe biccatalyst-fseas saluiars fdbeir bbiling poitds aealt gseldbweabatol ut i on

t hrough t he géﬂﬁ%é? chromat ograph (9). A preferred target nolecule is
bi o- processed_1, 3-pr

opanedi ol (US 5, 686, 276211'{ In all cases, separating the
target nol eml@gﬁh&w aratign\wa Passage dough aChromategnaphice| i es on t he
| evel of nol egielidm:i nteraction with the 30 chromatographi c medi um or
oS0 Dert 0T D el ey Ui ard¥e i Bhu ool B ch bk o por
and i mmobi | i zs=paratenl feorata binfemeatatonssolution by use of this invention. This
invention is adaptable to separating neutral and charged target molecules,
target molecules with molecular weights of small molecules to large
secreted proteins, and of chiral molecules. Highly selective separation of
25 the target molecule occurs via passage of the biocatalyst-free solution
through the process chromatograph (9). A preferred target molecule is
bio-processed 1,3-propanediol (US 5,686,276).
In all cases, separating the target molecule from the biocatalyst-free
solution typically relies on the level of molecular interaction with the
30 chromatographic medium or adsorbent. Adsorbents include, but are not
limited to, activated carbon, zeolites, polymeric neutral resins, chitosan
beads, ion-exchange resins, and immobilized complexation materials.
Selection of a particular adsorbent will depend on a variety of factors, well
known to those skilled in the art. Such factors include, but are not limited
35 to, charge of the target molecule, size of the target molecule, rates of
adsorption and desorption, chemical and physical interactions with the
surface, stability of the absorbent (e.g., zeolites exchanging ions with salts
in the liquid), and biotoxicity of the adsorbent. Additional considerations
12
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result without target nolecule aff# Ité for the chromat_o%raphl ¢ nmedi um
For exanpl e, W&REreRARAapR IiPgndstined by, mesheds wetll &pawniigsheatt{farne
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tines bec1 use of t}ﬁl&qrﬁgg\ﬁl%ﬁea?rﬁgqn TR r‘ﬁ%ﬂta‘gﬁﬁ?lb@ﬂ[ge\{m%'eﬁﬁﬁtﬁ@ Yof el uent
and di | ut ed biocothe chirpsiatographicniedivnyeFor exdraplel somedargedimalecules s

di scharged ashA4,; [ C

Chr omat ogr aphﬁ‘%lﬁﬁgﬁiﬂe?r\%?hl\@g} ghre%éeHcst)?BFeen'ti Eﬁﬂ@%@%@?%@“&%g&? Frr{eent of
the present i¢tvemategrapbyhile qtber cgraponendsjimthe bipeatalystifreesghuism i s wat er
geger at efl by Wb@ld\/lﬁiv%{loﬁ : tnﬁ%hitgnééb?ca@@tcﬁliﬁéirbﬁﬁ}iw?ble(her enmoval unit
reduces e wat er, content o i gcat al. -free, so i on

appr oxi rmibel yaéo‘sé’-r%@"%@ﬁ}en@"g?"@c‘itei'i‘?gta-nldr%é'?e%B\oﬁ?pi\f?t#@? ?"l‘f{)érgﬂte

chr omat ogr aphmblecslegfreé isohstibhys dischagedcasd satent fracti@ofromethet han t he

bi ocat al yst -f LAN produced initially upon renmoval 30 fromthe
bi of er ment at i%ﬁsﬁg@%bﬁl). When ter eluent is |ater added to this

concentrated sol utIksChromatogsaphic Euen and|"Megia Recyelatent is not greater
In a preferred embodiment of the present invention, the eluent fed
25 into the chromatograph is water generated by the water removal unit (4).
Because the water removal unit reduces the water content of the
biocatalyst-free solution by approximately 50-80 %, the biocatalyst-free
solution fed into the chromatograph is significantly more concentrated in
solutes than the biocatalyst-free solution produced initially upon removal
30 from the biofermentation vessel (1). When water eluent is later added to
this concentrated solution, the resulting overall water content is not greater
than that of the biocatalyst-free solution produced initially upon removal
from the biofermentation vessel (1).
Many process advantages follow from use of water collected from
35 the water removal unit (4) as the chromatographic eluent. This “media
recycling” technique directly reduces costs that would otherwise be
incurred replacing the biocatalyst-free solution removed from the
biofermentation vessel (1) for ISPR with additional new media. This
13
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(such as 30 flash ev
non- aqueous (such as short chain alcohols ethanol or acetone) could be used (alone

or in combination with water) for chromatography. The target molecule-

25 eluent mixture recovered from the chromatograph discharge is then
refined by methods well known in the art (for example, distillation). The
second fraction discharged from the process chromatograph (9) containing
the mixture of eluent and diluted biocatalyst-free and target molecule-free
solution could be passed through various separating devices (such as

30 flash evaporation or a packed bed absorber) to remove non-aqueous
eluent. The non-aqueous eluent could be recycled to the chromatographic
medium, while the concentrated biocatalyst-free and target molecule-free
solution could be optionally rehydrated with water and then returned to the
biofermentation vessel (1) as “media recycle”.

35 Biofermentations

The present invention is adaptable to a variety of biofermentation
methodologies, especially those suitable for large-scale industrial
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Typi cal |y, hde/ueesit 'ofbﬁﬁhﬁ' brof) isrsst ptfeRedinning %Q%H'%rﬂ?ﬁm%’é‘?ﬁéﬂdt o the
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to a high-growth log phase and finally to a stationary phase where growth

rate is diminished or halted. If untreated, cells in the stationary phase will

25 eventually die. Cells in log phase generally are responsible for the bulk of
production of end product or intermediate, when the product is growth
associated.

A variation on the standard batch system is the fed-batch system.
The present process preferably uses a fed-batch method of

30 biofermentation. Fed-batch biofermentation processes comprise a typical
batch system with the exception that the substrate is added in increments
as the biofermentation progresses. Fed-batch systems are useful when
catabolite repression is apt to inhibit the metabolism of the cells and where
it is desirable to have limited amounts of substrate in the media.

35 Measuring actual substrate concentration in fed-batch systems is difficult
and is therefore estimated on the basis of the changes of measurable
factors such as pH, dissolved oxygen, and the partial pressure of waste
gases such as CO3. Batch and fed-batch biofermentation are common
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cell los due}_| E] r ment a n solutio gﬁg alnstadﬁell
orowe n r e i fheleeit GiReRlrabh ihe ARirRe o3 HPTAdHH e iy kS s and
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treat ment w tkndwn incthe,artiet indgstribbmicpobibloegzBrodi)awprg)) to inprove the rate
of diffusion 'ﬂ;e g?&c%'iéll\%ts into and out of the cells.

The biocatalyst may be whole microorganisms or in the form of
isolated enzyme catalysts. Whole microbial cells can be used as
25 Dbiocatalyst without any pretreatment such as permeabilization.
Alternatively, the whole cells may be permeabilized by methods familiar to
those skilled in the art (e.g., treatment with toluene, detergents, or freeze-
thawing) to improve the rate of diffusion of materials into and out of the
cells.
30 An E. coli strain, RJ8n transformed with the plasmid pSYCO103,
was used as the biocatalyst for the bioproduction of 1,3-propanediol.
RJ8n comprises (a) a set of three endogenous genes, each gene
having a mutation inactivating the gene, the set consisting of (i) glpK, a
gene encoding glycerol kinase, (ii) g/ldA, a gene encoding glycerol
35 dehydrogenase, and (iii) {piA, a gene encoding triosephosphate
isomerase, and (b) at least one endogenous gene encoding a non-specific
catalytic activity sufficient to convert 3-hydroxypropionaldehyde to 1,3-
propanediol. The plasmid pSYCO103 (SEQ ID NO.:1) comprises a set of
16
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(E.C 4.2.1.3 i 4 t(ﬁ:g nig,lgncodi ng a dehydratase reactivation factor
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dehydr ogenase ( EC Im.arditi) to thawatictlardnecajiteaire refetreddo abghvgcerol -3 5
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m cr obi al ures are nown to those in t of m Crohi ol ogy or
bi of er merflat i fBRIlIEEE EpEQVERy &N B%li'ﬁfeeiéf?thﬁ.h@caéﬁ'dsb Methods fer ',mePB@H'@Hi cal
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Consi der at i on, ISk flpbHRd ahPRR B kivin I Hole Kiled'iRRELAL Ur e, and
Culture Conditions
Materials and methods suitable for maintenance and growth of
25  microbial cultures are well known to those in the art of microbiology or
biofermentation science art (Bailey, J.E. and Ollis, D.F., Biochemical
Engineering Fundamentals, 2nd Edition; McGraw-Hill: NY (1986)).
Consideration must be given to appropriate media, pH, temperature, and
requirements for aerobic, microaerobic, or anaerobic conditions,
30 depending on the specific requirements of the microorganism for the
desired functional gene expression.
Media and Carbon Substrates:
Large-scale microbial growth and functional gene expression may
use a wide range of simple or complex carbohydrates, organic acids and
35 alcohols, and saturated hydrocarbons. Biofermentation media in the
present invention must contain suitable carbon substrates, chosen in light
of the needs of the biocatalyst. Suitable substrates may include, but are

not limited to, monosaccharides (such as glucose and fructose),
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requirenents for aerobic, mcroaerobic, or anaerobic conditions, 30
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and sat ur at edlipgephagides dpuch 2 lactosecon suarese)neligesacehanides,aident i nventi on

nust contai n sg| éa’&hanaeé Mhséebﬁbfcﬂi&scelmm m&tdreglmere@f) éhe needs of

t he blocatalyst Ewt bstrates na}/ﬁﬁ% q‘@ é limted to,
monosacchar i d9¥PYEGEIMIX r5§ flegs eengypble g%p;f(s (§4ches 6 ?6%%.“L’ §Y

P|CT / UsS02/ 126Qﬁermiaase,0¢61asheép$|queu<slugasbeetqhobaeses andchartsy) malt). The

ol i gosacchari c e se or

m x'?ur es %her&%ﬁyﬁggPSﬁ&Jﬁy'ﬁgfg éjSﬁ? Q’?%?‘g"rﬁ?’ﬁa nse%jgf'ea%f(l’eéegé'?ocks (such
as cheese \/\heyoxlgerrf’@én@ddmmgtf@@g)l i quor, sugar beet nol asses, and barl ey
mal t). The S5 carbog aﬂﬁﬂﬁ{ano  @ish HE[Xro%'nﬁfe é&‘rb@ﬁ%gﬁ?é beéhh@éﬁtéﬁéﬁ%éqﬁé“:h as

carbon di oxi de, or npet hane # to an propri ate

car bon sour cemuﬁﬁ ‘H?’B?Weﬁﬂ'tépledﬁ'qﬁéaﬁas 'Fﬁj&Pfaé’é?f?a wfersi anghother neral s,
salts, cof actsgrapomatits ekriowrbtecthobb ekilled dmErEngn(Baildyn OviR. dred OhigsP. BKi Iled in

Lhe art L Spndigar Rhbigeriod Fdidamentals o™ O Re Sha-apf A aian 957
(1986)). TheddcSrawtHilieNew Yark(1986)3uThese eupmemelnltsar’rglsbhe Isuiiabletfer
bi ocat al yst afd dbAPb FinklMfocNANEPaNS pRANDKe EGRARERALIaP Oduce  he

bi of er nent ati on case ent I'on, the carbon

source and t h"éec@csﬁéﬂ/ t@cﬂfﬁ@%ﬁﬁ@ @@E%meﬁéﬁi'oi@@%?te H’r@es‘"e%?&r oftth® from t he
target rml ec resaﬁpinveﬁﬁummb tardohesoubtobAd mbﬁielreanmeﬂ{s dddoripkly .

functlon ge es that exp an | ndustria usef ul may be
regul at e QEYE, e(?la %%?/t "QBL?(??G'I%%" F%V\ﬁ\‘?%gfi%‘?t ions (for
exanpl e, t he tblofenmndatmmmers'sebf ni trogen, phosphorous, sulfur, 20 oxygen,

carbon or any tracﬁpgirgfﬂﬂéﬂorn'a?ﬁané%ﬂa‘t'Qh?ﬂas%??'{)hdpﬂ%%fﬂéé:fd Br[b%l: The

regul ati on of funct e ac esence or absence
of specific rregyibgtregyl éeme@§e@s<ercd\era§rajﬁadlhyts(neglﬁicrmgwmgqndm@ms are

added to the @éﬂéwraplenﬁmeafbﬁnm éMBuﬁt%f'rﬁtr&g?&'ﬁ'rfh%&ﬁﬁ'oﬂ&%ré@ﬂﬁr or energy
sour ces. g(raowth rate

expr essi WEE@arb?ﬁé%;ﬂsngé@eﬂeaand/&E&F'tﬁﬁppglrufjﬂﬁl o8 ﬁwg?cfégr'?’!f?nt %gne 2
fol | om ng Exanipe ssgulation of functional genes may be achieved by the presence or
absence of specific regulatory molecules (such as gratuitous inducers) that
are added to the culture and are not typically considered nutrient or energy
sources. Growth rate may also be an important regulatory factor in gene
25 expression.
EXAMPLES
The present invention is further defined in the following Examples.
It should be understood that these Examples, while indicating preferred
embodiments of the invention, are given by way of illustration only. From
30 the above discussion and these Examples, one skilled in the art can
ascertain the essential characteristics of this invention, and without
departing from the spirit and scope thereof, can make various changes
and modifications of the invention to adapt it to various usages and
conditions.
35 The meaning of abbreviations is as follows: “h” means hour(s),
“min” means minute(s), “sec” means second(s), “d” means day(s), “mL”
means milliliter(s), “L” means liter(s), “g” means gram(s), “kg” means
kilogram(s), “atm” means atmosphere(s).
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It should be understood that these Exanples, while indicating preferred
enbodi nents of the invention, are given by way of illustration only. From
30 t he abwoads@astissi on and t hese Exanpl es, one skilled i mcrhesoaiicoean
ascertain the essential characteristics of this invention, and w thout
departing fromthe spirit and scope thereof, can nmake various changes and
nmodi fi cati onsSGENERA. MEBAODS: to adapt it to various usages and

condi ti ons. 35 Th%ﬁ?@%‘lé’ﬂn@fnéiﬁ@d§é’u@éﬂl@fb‘? thé nifinfeRhhe¥aind’ dFowa@f”S

hour(s) " ns m nute(s sec’ pmeans secon ans day(s),
"m"  neans rhaqtena {CRHESS are(ng'hmgvgn in therqrs) ?e@fg"mﬁl%%ﬁ%ﬂ %Fﬁréase 'nkg
means ki | ogrthe(fsllowingtexampies magtbeofophdrag(set oul th MBn0a/ &fa¥éfods for

i nt anand 260&@%@&5’“@%@%@%&@?@Jﬁ?ﬁﬂ&ﬁ?v RABEAY: 7 the art.
Techni ques SLﬁiostlitbw, Eugens ¥V.iNesteh dVillis| A.dMoad, Brehi3l Kegapdie. Biggad as set
out in Manualpgf | EIQd%nﬁé’rfcan%&é?&grf&l Mﬁ%ﬁl%fdggl V%Wrﬁflbm D%@géﬁ'ﬁo

G E. Mirray, Il ow, ene
Krieg and G CBr'P @tecbﬁP/PH}’pé Texfaook ppdmaustaal Migrobiojogys Brests rloth-ol ogy:

Washi ngt on, [2rG.ed. 18kvLer A&sbﬂa@SOSﬁﬁMrﬂgMas%aEﬁﬁéét@(ﬂ9@9 I ndustri al
M cr obi ol.agy; Bro Associ at es: §under|and

Massachusett s (19 ?WG%Q%WBP&“%‘%&%%E?Y 8{‘%% péocse[sge{:&r,n% e process
conputer si mifnalation usngdspepalustsfivae Reease TN dese ABpett from Aspen

Technol ogy, I'ﬁ&chno%@blr‘lcggéa%d 5@%%@%%&9@31&%%&%%3% prO““it

operation for proce chronat ogr phy novi ng be cess
chr omat ogr apHnibeperatien &r RIeress eHematagtaetty b Aotimulated ipe\ing bednor nal | y

used for courxmnappfo%eks bhﬂjmatobraww\ﬂa@ﬁdd@éd @$ing thd EOCTRRC Tdodksed as one
of the I| he | i.quid- I|qU|d

d
Qa1 or 13 wBERRS BoliRal Gt ceﬂmﬁcwwgﬁrl@s@w%s&ad B0 resul'ts. of
batch chr onatlgd@qﬂm wapesedastone ofithé liquid phases o sinulatépthei dalidal | y, t he

[ i id-1i | t at
ity Tt e T i S8R B oot gits Aae S8t BOTREANT HBbE 2°L Al
(wi t hout nedikasedcyn resultsiof batchehromategrap Y§&P¢ﬂfl§§nt§uwlthcﬂnecorrpar| son

pur poses to é)ld Hﬁb Esﬁe\é%aﬁﬁttﬁé fiqiHAR-Eylilibria Bohdt8nRFeERatdngedi a

oouE o B Giodisaneavarechat b BtRIGA 1ok AR ow YR FASeReiAR o 1 anef or ed
wth the EXAMPLE 1
Comparative EXAMPLE (without media recycle)
This experiment was carried out for comparison purposes to
illustrate volumetric productivity in the absence of media recycle.

25 A fed-batch biofermentation was run using glucose as the substrate
to produce 1,3-propanediol. An E. coli strain, RJ8n transformed with the
plasmid pSYCO103, was used as the biocatalyst in the bioprocess.

E. coli RJ8n strain (ATCC PTA-4216) comprises (a) a set of three
endogenous genes, each gene having a mutation inactivating the gene,

30 the set consisting of (i) glpK, a gene encoding glycerol kinase, (ii) g/dA, a
gene encoding glycerol dehydrogenase, and (iii) {piA, a gene encoding
triosephosphate isomerase, and (b) at least one endogenous gene
encoding a non-specific catalytic activity sufficient to convert 3-
hydroxypropionaldehyde to 1,3-propanediol. The plasmid pSYCO103

35 (SEQ ID NO.:1) comprises a set of seven exogenous genes: (i) three
genes encoding a glycerol dehydratase (E.C. 4.2.1.30), (ii) two genes
encoding a dehydratase reactivation factor (WO 01/12833 A3) (iii) one
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pl asm d pSYCOL03, was used as the biocatalyst in the bioprocess. E. coli
RJ8n strain (ATCC PTA-4216) conprises (a) a set of three endogenous genes,
each genewbaxiosgy3m nutation inactivating the gene, 30 thecyatSormssé sting
of (i) glpK, a gene encoding glycerol kinase, (ii) gldA a gene encoding

gl ycerol dehydrogenase, and (iii) tpi A, a gene encodin tri osephosphate

i sonerase, argenebgneadingaglyasiel-Entogphaie sehydwgenaseddr@d -4 1ronasgdeci fi c

catal ytic actayidng geHd efdditg %@{&lﬁyeg_ hgsSDEﬁmQ%@f%(-p:r@meqJ dehyde to

| f

1, 3- propanedi ol’. The plasmd. 03 .3 [ 1 onprises a set of
seven exogenous gehd§:litgfyo wolugerfugfe @8§rr‘{basapr6p§%eéf'6$ﬁaehydrat ase
E\E\Ocoﬁllg éé%p%mpéﬂle:r?ts tand rgetheds kﬁﬁw?ghmb artd dhadia AaagErepamst wsing i on Bact or

i) one > encodi ng a
ol yeor ol - 3- pHAUIRSR 8 st 288 ety Efrabigond Hidhade Rlow N e C
encodi ng a glarteTbe-irbqilgspias prepatetndshnks. flasks usingomethods knomin ing vol ume
bi of er ment or y\@s,prepared using conponents and nethods known in the art.

Medi a was prepared_using 5 conponents %E.g. water, salts, yeast extract)
and met hods known The fafmeatationmsas runiaiBsh afier ippeyation GlycesrranPlasks

usi ngl rrf‘_t hodSwééla%bmﬂnsHémebt l@ahalyirihg éﬁri;ipl@:]e?.‘er@d' bma\/ﬂsalﬁdﬁdjﬁﬁfngﬁt&ehl after

| NnOCul at 1. Qn. ucose ,con 0] aceconpl 1 sned . I N Sa e ever
LooCh andOn; dlutees Solifion tePd sl BadSE BTN SRF Bt IR hidiet o i o o'
point of 10 g gl udasabid overfiimgitie farevemitdr, B L loébfath weare airain@d4ronh.  of
broth were drtﬂéf}’? e%ggi%?@?hgﬂ%iﬁ{)gagﬁ&{ 40 h after inoculation. The

vol unetric pro | Vi ] ernmentor was cal cul ated by neasuring
t he 1, 3- propanedi ol he velumetric prasuctyifefithe tigfermgutos wes catewateddyr aphy and

cal cul ating thgas@Hty te 1,33 rBpamadiectitet intthatferienter by iy@dbeen produce i f
that titer. had been roguceg Igﬁlﬁtl?ge I gwd m,LBe b1 of er n{or | us the

i quid vdPunerATEtedaPRY aRd Falbuialing the soass o dehrapaneaiotiBat WeHk f f e

?i reccz:'; |y bly shdve bheemprddueeritttiattitet batlibgkenproducetinghe lliggidi id thélr(ﬁngtagraphy
HPL anal ysj. r r | 1y i i is a nmetho ere
fermentati on%ﬁrgeﬁgoqﬂgﬁﬂze_ewLﬁ@@@&%&iﬁg@ ggg}é?ﬁ%':"?ﬁbn chr omat ogr aphy
(IMP) with 0.01 N k3tFrepanedicl mayke idebtifies direatly kyreubmitting thedoediai ¢

fashion. In | i i [ red by
HPLC A Vi ore gL PETBRAREPl d&@ﬁ?}‘%‘%ﬁemnpéﬁ%ﬁh@%ﬁ TS g set 25

poi nt 50 20) , DaRsPEeTEIRvaTI NI A MEORIMETEIpETEBiATon Medja e ARANERS! U
detector (wawsy onghbadlediphrtition chestageaphiyt (IMR) Fithd®s 1NRUEuEio ¢l

as mobile phase and in an isocratic fashion. In all of the examples, the
concentration of 3G was measured by HPLC.

A Waters 715 autosampler, Waters temperature control module (set

25 point 50 °C), Waters 410 refractive index detector, and Waters 486 UV
detector (wavelength=210 nm) was equipped with a Shodex HPLC column
(SH1011 sugar column, 300 mm x 8 mm) for 1,3-propanediol quantitation.
Mobile phase was 0.005 molar sulfuric acid at 0.5 mL/min isocratic flow.
Pivalic acid was used as an internal standard. Under these conditions,

30 1,3-propanediol elutes at 25.9 min.

The maximum volumetric productivity was 15.85 kg/m3/yr, which
was observed at 41.85 h after inoculation. The volumetric productivity was
calculated by dividing the amount of 1,3-propanediol produced (from the
titer multiplied by the total volume of broth, both in the fermentor and what

35 had been drained, by the total volume of broth produced and further
dividing by the time since inoculation plus eighteen hours (to allow for
turnarounds between batches). At 41.85 h after inoculation, the 1,3-
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(SH1011 sugar colum, 300 mmx 8 mm for 1, 3-propanedi ol quantitation.
Mobi | e phase was 0. 005 nolar sulfuric acid at 0.5 nL/mn isocratic flow
Pival i c awopd2mea3tised as an internal standard. Under thes@caarsd2/ticons, 30
1, 3-propanediol elutes at 25.9 mn. The maxi num vol unmetric productivity was
15 85 kg/ nB/yr, which was observed at 41.85 h after inoculation. The

vol unetric prriopanediot titenmas 1082004+ andl brpti volumenth threielesuantaswas

1, 3- propaned|@l169r|_oduced (fromthe titer nultiplied by the total volune of
broth, both in _the fer t or ang what 35 had bee t he total

vol une of br ot RIPHEYQBOY NEidr ning CoRIDoRER L @tion

I nocul ati on plus ei ght een hours (to aI\V@sseior turnarounds betvveen

bat ches). At 41.8 r 2
PCT/ US02/ P2606 p%ﬁ%ﬁﬁ%&&f tﬁ?ﬁﬁ)ﬁﬂ&gﬁ%dﬁgggéﬁpn ‘%@vﬁf’%ﬁ" g ume in the
bi of er ment or pvaducieg163-propsiediolavasosimdatad hyrwithdraringacatalygt-eeponent s to
of = b of er e O e 0 e e e i g
catal yst - fre@eﬁﬁéﬁmﬁfmﬁ”ﬁ‘?ﬁﬁﬁn@mws'mmﬁ i $fepanp t 'Tﬂé’“c%/‘&q’ REMIr a
tSL rteam (lmakg Wnlngﬁsﬁok)totﬂg@blo?@'mmbﬁﬁbmdhéI‘s%ptafat‘mseytste?ﬂ of the tstream

at wou ei ng ac ntor from ration
Syotem 18 The bi of 8 hefegiental frdds ae rREIEM Herd PRI el SR L | " he
conpar atlve ecamparatiue exemplédabove nedi a preparation Make up nmedi um was
prepared usi Wﬂak?%g%é&%'prghgﬁa?lbgemor medi um reci pe and net hod, except
that 1) yeas 15 concentration of all other
non- aqueous conponMAke URdBedisa Wag pwpafe%usmwths)nom@@bpf%m@t%ero| and

109/ L gl ucosempgiugn fetsigs! an&@ﬁéthéﬂ eéxdelpz &Hdtan eaﬁobma@ﬂmts%rhxhed nzz)dl um
50% concen ration,o or mal

, tl 1
o e e reRhATos o af QAT TEnAtuspUR ot Bk deduted B % Tof
whol e cel | brand3naSg/Lvefighteasirarid t0g/L lpdudaisefveeresadded. (Post steridizatiord passed

through 3 Of oAl MEIHERLITR ginbhubidhe, Glede Sidd aidd bt sl on Ui

consi sted of a pore rpora ion catal og #
XX42PM NI ) coeangentratjon of the norawi retipeser i es regenerat i ve cellul ose
menbrane (M| tépaion Cor poration catal og # #P2C01 MV01). The nenbrane has

E, ?gg; ? LZ(QSO gtartlr?gnatn&nk a?tler m)olc%f l%llo%r 1\,I\§mﬁ1h f wh le ce?l br%t?]oveas
withdrawn from the biofermentation vessel and passed through a cross-
flow filtration unit. The cross-flow filtration unit consisted of a Pellicon-2
Mini Holder (Millipore Corporation catalog # XX42PMINI) containing a
Pellicon PLC series regenerative cellulose membrane (Millipore

25  Corporation catalog # #P2C01MV01). The membrane has a area of
0.1 m2 and an nominal molecular weight limit of 1000 kilodaltons.
20 mL/min of biocatalyst-free solution was withdrawn from the cross-flow
filtration unit, while cell material and the remainder of the broth were
returned to the biofermentation vessel.

30 At the same time that the withdrawal of biocatalyst-free stream was
started, 18.5 mL/min of the make-up media was fed to the biofermentor.
To prevent overfilling the fermentor, 3.2 L of whole cell broth was drained
from the biofermentor at 38.28 h after inoculation and 2.65 L. was
withdrawn at 46.81 h after inoculation.

35 At 52.8 h the titer in the fermentor was 75.7 g/L. and the volume of
broth in the biofermentor was 8.3 L. At 52.8 h after inoculation 2018 g of
1,3-propanediol had been collected in the biocatalyst-free stream

withdrawn from the cross-flow filtration unit. The total volume of broth was
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20 mL/m n of biocatalyst-free solution was withdrawn fromthe cross-fl ow
filtration unit, while cell material and the renai nder of the broth were
ret ur ned wo oelesibs of er nent ati on vessel. 30 At the same ti meTiUsar/116be

wi t hdrawal of biocatalyst-free streamwas started, 18.5 nlmn of the
make-up nmedia was fed to the biofernentor. To prevent overfilling the

fermentor, 3.831+ 32 whidbd <H-15Hhs othusndhe tﬁtdiamwqufdﬁ‘iph@@ﬁﬂi@r ment or at
38.28 h af t erpioRnEet AldsABKkEmth Be 65 1+ 155 Wi 28089, Hhiolinidier

volune-of - brdAdEGR 2 & Pariss o iatien wes B Ko B0 Bet er 1 nocu at | on
Z?rlga?n or/mtﬁ,&qreaﬁ%dhmntdaﬁdnlm:ém mbibitreg tigetmbleeuls indaeiil yst-f(r)faﬁm3 o
Er ot h was 521%@%‘ 3@%%f%é#owgg@r%ﬁéhE%Wéélwr%eﬂﬁlq%L Thus,

the total anmount of 1, 3-propanedi ol EXAMBLESY was taken to be 75.7 *14.15 +

2018 = 3089 g. The vakHaRbIUE™ CB SivddidticH warR a Elgl nocul ation was
27 kg/ L/yr. Due to t%ﬂ%&%m%ﬂng t ar get
mol ecul e i n the 5 IRitBisH%ABMRIG: 2 Sieasysiate computer smuatiGnvasPEFRMEHe was

i ncreased by téQredicEXAIYBIIOWS Hasednsn kiscwh BRysivalesropemiesafitee Wi th Medi a
e conputer simulation was perforned

Recycle In this exanple, a steady.stat.
to predi cltra na%osmw%n\r/gs %’gggats'gﬁﬁﬁﬁmlab?ﬂrsi cal properties of the 10
conpounds present AmAspenpiusilf ainatiomwasspestplicted o siodel atéedn was

constructed t deln geFﬁ.Blwagéﬁﬁr?é\ngfépsérﬁPa W%’;’tﬁ&%@%%t&%@gha”d a

SMB process chromat ograp ernentation, SS comnmposi tion
was assuned tA biaiataenfation brthdpad masssompasitian wasassumngdito gentainl e), 4. 73
% dry cells, 9648 %013%pedpiranl ((PeX8rgetnidlzsfen 4. 79904% deIRCO4scYAC d,

0.169 % pQt assi um t an Jpal ance . Jhe cell separation
step of ﬁﬁe @PS‘P%%@?@%@&%@&&@?@@% '%ag}%’ﬂgéﬁbﬁeZQQWanf liquid as
bi ocat al yst - fplemsphate)tandrthehdlaeetwatee Thelcell segatdtionrstemfither of the

super nat ant b&gﬁrﬁw%n{élﬁnbdr%ﬂe'mwe%%%oﬁﬁ%sﬁgerﬂagnpl'id{ﬁ@égl yst-free 20
solution is fed t0O a process-to-process heat exchanger operating at about
0.196 atm THaocatglystireasolisoransksentibe calls ardithecsemhainder ofthe  separ at ed.

The liquid issidepnahPbaGetd the dibrerERGESA _@Qé&@ﬁ%ié@ﬂalysﬂﬂ%&apor
exiting the exc[h‘%gg_erf | io npsté%?sv_vat_er and i st conpr esseder%g about 0.2562
atm and 8d (PRI ISfRA o &iRye tonRroseet bedt exehangeearerqling aabgut hanger
wher e the vaphn96 atmderseliquidthand vagensxting tie heattex@hahfer are
separated. The liquid is the main feed to the process chromatograph.
The vapor exiting the exchanger is mostly water and is compressed to
about 0.2562 atm and fed to the other side of the process-to-process heat
25 exchanger where the vapors condense. The condensate is used as the
main constituent of the eluent for the SMB process chromatograph. The
balance of the eluent is water separated from the product stream exiting
the process chromatograph.
The process chromatograph was modeled as a 50 theoretical plate
30 SMB with the fresh sorbent being fed to plate 1 and the eluent fed to plate
50. The liquid feed was on plate 12 and a target molecule stream was
withdrawn from plate 37. The water in the target molecule-rich stream,
withdrawn from plate 37, was separated from the organics and combined
with the condensate from the process-to-process heat exchanger to
35 constitute the eluent for the process chromatograph. The liquid exiting the
chromatograph at plate 1 is a biocatalyst-free and target-molecule free
solution. This is combined with cells and liquid from the cell separation
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mai n constituent of the eluent for the SMB process chromat ograph. The
bal ance of the eluent is water separated fromthe product streamexiting
t he procewe olosasat ogr aph. The process chronat ograph was moddiSer1ze6 a 50
theoretical plate 30 SMB with the fresh sorbent being fed to plate 1 and
the eluent fed to plate 50. The liquid feed was on plate 12 and a target
nol ecul e st reﬁiﬁp\ﬁag 'qumfﬁtﬂﬂmdﬂ%h@ bicfernentatiomuesigl &1 madiehe t ar get
nol ecul e- ri chreBElRRyN ReditsfaF sdleclddostrdtingé aredin, Tae 3separated fromthe
organi cs and conmbined wth the condensate fromthe process-to-process heat
exchanger to 35 constitute the el uef_ pr, the process chronatograph. The

A ABLE

liquid exiting th chr.amat ogr.aph
t ar get - moPecul e fE@&IJgf,BﬂHPO ..';gi—g
the cell separation 22 WD 02/0 BT Vg
returned to the biofernentation vessel fo medi a

sel ected streams are in Tgblater3. TABLE 2 5 RaPR693f |iduid activity
coefficients in dodecane phasRropanadibl vity cloef6icient|s in water phase
Water 22093 1, 3-Pr opanedlglucgséb G ucose U B4 G ycqgrol 0.191 Acetic
acid 0.784 n-Dodecane 2. (i gsgTe 1768 23 WO 02/ 086135

- aAd- | iquid from
step and is then
recycling. Results for

PCT/ US02/ 12606 N N O LO { g0 C6 U) '"gr N NV

Q L(bLod NC4NCOC)n-Do‘d"e’c:ane ~ |2.07E-0 Em
Potassium Phosphate 7.768
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PCT/ US02/ 12606 COVPARATI VE EXAMPLE Aspenpl usTM Conputer Sinul ati on with No

Medi a Recycle In this exanple, a steadﬁ state coguter si mul ati on was

performed as in Exanple 2; h A ' P Bdi a recycle. The net rate

g( Wh: Ch2 S 1’03;'2%0,&%%@&“ @ohﬁﬁ@f@mﬂ[ﬁi@nt\biﬁw Nb%éﬂW@é&lé’nl Vtesstelh In
anpl e is O. SecC. STy on was constructed to _Si a e

same net  removal Bt SXEARRIEeR SRy SRS ROMMRMET SILaan Wes SeTPERed!  but

wi th the brcadincExarplen?;showevehthdreds ad ahgdit récyate.sThetned ratecit ihich han t he

1, 3- propanedj gl ' ; ' I pt | of I rate by
10 addi ng 1 r ek AraBARFdel eARVER RO the BaeHrniBR ) oelin b rinPRE
construct ed tis Ordafekg/secelN simidglionawas norstaycteditdmsiiulateghe samennet ot h f eed
mass conposi ty S bihi i % ' (the
target nol ecu'lleg&f\)gz.gf?%%os)? N)g‘raqegig, ﬁgm%F%é&o%ﬁﬂﬁﬂf;égég%eg.gggﬁm&)ﬁiﬂ{/\geroI ,
0. 048 % acet | FOHEFRMPONER'S Dy ﬁ%bﬁéﬁﬁéﬁéﬁtlﬁ’rﬂeﬁfg%%@beratha”tt%1g-’al ance wat er .
The cel | sepaysraphnedish)aeiny refldsied irethewidfathentdpaotie sanevate ¥y 512 kg/ sec
of the s ernacicﬁnt | iagi d  as ii(@l oc(ftal yst-free solution and sent the
cells and"t he? H%F"ﬁa NAP-TeHE'eH [Pt Aat ant back to the biof ernentation
vessel . Thi s bi ocdAnlAspenplusd siullatiorowas tcoastructedttainmeded adéedl kg/ sec of
1, 3- pr opanedi 7 - t : han

prop %pa@?ﬁ’ot “ﬁ%‘%?a’*?ﬁ"%?@eggt@é ERER @e&%%t'gdlgggﬁp&’?w*

1, 3- pr opanedi therefore necessary resh nmedia to the
bi of er ment at i ¥FFWRedtg contain 9.60@ % fl,3-propanediol (the target molecule), 4.73 %

dry cells, 0.48 % glucose, 0.961 % glycerol, 0.048 % acetic acid, 0.169 %

15 potassium phosphate, and the balance water. The cell separation step of
the biofermentation broth removed 4.512 kg/sec of the supernatant liquid
as a biocatalyst-free solution and sent the cells and the remainder of the
supernatant back to the biofermentation vessel. This biocatalyst-free
solution stream contains 0.455 kg/sec of 1,3-propanediol and 4.057 kg/sec

20  of broth components other than 1,3-propanediol. It would therefore be
necessary to add fresh media to the biofermentation vessel at a rate of
4.057 kg/sec (or 350,525 kg/d) to maintain the concentration of the other
broth components in the biofermentation vessel.
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4.057 kg/sec (or 350,525 kg/d) to maintain the concentration of the other
broth conponents in the biofernentation vessel. 25 25 WD 02/ 086135

PCT/ US02/wdeRes616. Al M5 What is clainmed is: 1. A product remasat/13spO©cess
for use in a biofernentation system conprising: 5 a) renoving during at

| east a portion of the biofernentation at |least a majority of biocatalyst
froma portion of biofernentation soCUAIME cont ai ni ng a target nol ecul e;

b) renoving anpat sl G8indd iyat er fromthe biocatal yst-free solution produced

in step a); 10 c) pptjona before or after ste onents
ot her Lhan the ¢ arboth REMel IR RrorestiP bsd it 5 bidreirBERalEY sVagh q)
f eedi ng througjmprlmhg omat ographi c medium 1) the biocatal yst-free sol ut I on

produced Ry any of thg temdliRPddind’at 8hst pofitfl i ind BicRiiHtatich at

recovering the target rml ecul
bi ocatal yst-free sol uti ode@ﬁtgcmarcgéijf bignatalyst front apertiagr abhi ¢ medi um 20

f) optionally renoving n%féﬁHéﬁl‘éﬁoﬁ's@ﬁﬂ’bnfdo‘hfﬁlﬁmﬁ%?@ﬂget rbRehleon of the

bi ocat al yst-free and target nplecul e- a‘% *KB |sc|§g€_d fromthe

chr omat ogr aphi ¢ nedi d 3?""8&“90‘?‘18”‘&?” d\’"ﬂ AR SHIe® t he

bi ocatal yst-free soluti mmlutrmnspredu@éd tnostébez)bl ocat aI yst-free and target 25
nol ecul e-f.ree solutia e for
return tolOt he bi of er oﬁp?’gngﬁgﬁ%foﬁ% OPE %prsr;(?gﬁ b%%’%gglﬁg é}%&et%?%ree and
target nolecul e-free soIQﬁ'D&!rdhaﬂrtbertaIl?t mbletqmte fompbedfioettalystfre¢), or g)

to the biofernentation. Q3fitign; A product renoval process for use in a

bi of erment ati on system co risin r enpvi n during at least a portion
of the biofernentati dh atfeed Qéiﬂroéﬂghéi %J}rpmat%gra Q‘%Wst froma portion

of Dbiof ernentation sol utf)orhe bidcatalystdree $slutisn pm@iuegulbey ARy of the

15 steps of b) or ¢), and
2) an eluent;

e) recovering the target molecule from a first fraction of the
biocatalyst-free solution discharged from the
chromatographic medium;

20 f) optionally removing non-aqueous eluent from a second
fraction of the biocatalyst-free and target molecule-free
solution discharged from the chromatographic medium;

g) optionally adding water removed from the biocatalyst-free
solution in step b) to the biocatalyst-free and target

25 molecule-free solution after steps e) or f) in an amount
suitable for return to the biofermentation; and

h) returning the biocatalyst-free and target molecule-free
solution from any of the steps of d), e), f), or g) to the
biofermentation.

30 2. A product removal process for use in a biofermentation system,

comprising:

a) removing during at least a portion of the biofermentation at
least a majority of biocatalyst from a portion of
biofermentation solution containing a target molecule more

35 volatile than water;

b) optionally before step c) removing components other than
the target molecule from the biocatalyst-free solution
produced in step a);
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35 volatile than water; b) optionally before step c) renoving conponents
other than the target nolecule fromthe biocatal yst-free solution
produced wo ®eq3an); 26 WO 02/086135 PCT/ US02/ 12606 c) f eediusg2/datsnough a
chromat ographi ¢ nmedium 1) the biocatal yst-free solution of steps a) or b),
and 2) an eluent; d) recovering the target nolecule froma first fraction
of the 5 biocatal ystof r feedipgdhioggh@ vrEraiegraphisrmedm chr omat ogr aphi ¢

nedi um e) renoving a porf)i QRe Bfocardlpst-free0solatiGreePstdps maer bpraref t he

bi ocat al yst-free and tar%t nol.ecul e-free solution discharged fromthe

chr omat ogr aphi ¢ nedi um AN gHeMonal Iy, before or after step e), removing
non- aqueous el uent fd)omrebeveringathd tamget madecudé froimea irstdeetcibn <f the ee and

target. m)lsecul e-free sol Lgié%})alg%t_g?ggggﬁmaﬁ rd%hta{)&r%ﬁgmﬁgt ographi ¢ medi um

and g) returning the bioca ree and targe ecul e-free 15 solution
fromany of the steps of aliyomagtographie mediumpi of er mentati on. 3. The product

removal process of Cg&i Mdnfyvirg &pBtdn SIRIBH froh'# se€bMERBCiIGHBI thees wat er
generated by the water r m)va*l stgg \%;1 (r%r Siﬁﬁ%e@ respectively. 20 4. The
product rempval process dtoegtalygi-tice gRdtaigst Moleelgdiee sAYIRs i ses a nixture
of water and a non-aqueoudiseHanged from théhehromatbgraphiemedilmpr ocess of d aim
4, wherein the non- ueays: | i chai tone. 6.
The produlcrbt renoval Ef?oceo;b?og%afﬂ&%tﬁf%r%ﬁa\ﬁt}zers{ee!pngfﬁé;m§}f®§Wnr§5u water. 7.
The product renoval procedgentfframn fierseconshitaction cfihe bidaatalystfresendo % of
water is renoved from t hgspiddpfdietEirde RButki angh')é}tgga fdethd @) 8. The

roduct renoval rocess of Claim 1, wherein the sulfabl e anount of water
X 1 h'EHPﬁFﬁ

added at step (g) return<Shvopalograp Wiy 80 on of the 30
bi ocat al yst-free and g)ar geturnipgens biodat#ipstsirdeland faryet mpfdcuid-fratel y the

Lt o or o o R BBt R BN 2P o
wat er added at step g) rdiioflenpentationat er concentration of the

3. The product removal process of Claim 1 or Claim 2, wherein the
eluent comprises water generated by the water removal step b) or step e)
respectively.

20 4. The product removal process of Claim 3, wherein the eluent
comprises a mixture of water and a non-aqueous eluent.

5. The product removal process of Claim 4, wherein the non-
aqueous eluent is a short chain alcohol or acetone.

6. The product removal process of Claim 3, wherein the eluent is

25  water.

7. The product removal process of Claim 1, wherein approximately
50-80 % of water is removed from the biocatalyst-free solution of step (a).

8. The product removal process of Claim 1, wherein the suitable
amount of water added at step (g) returns the water concentration of the

30 biocatalyst-free and target molecule-free solution to approximately the
water concentration of the biocatalyst-free solution before step (b).

9. The product removal process of Claim 1, wherein the suitable
amount of water added at step g) returns the water concentration of the
biocatalyst-free and target molecule-free solution to less than the water

35 concentration of the biocatalyst-free solution before step (b).
10. The product removal process of Claim 2, wherein approximately
50-80 % of water is removed from the biocatalyst-free and target

molecule-free solution of step (e).
27



bi ocatal yst-free and target nolecule-free solution to | ess than the water
35 concentration of the biocatal yst-free solution before step (b). 10. The
product rwooeaelps ocess of C aim 2, wherein approxi nat el y PCII82130wef wat er
is removed fromthe biocatal yst-free and target nolecul e-free solution of
step (e). 27 WD 02/086135 PCT/US02/ 12606 11. The product renoval process
of C aim2, wherelh tHe iadughresneyal precess of&ilaim dqwbearesn tha syitable ret urns

the water congfBlhpslwatePbdiEe at Biep-(GRiatlibai thEvistePEGhdeitEibn Bkigs Ul e-free

solution to roximately th ter congcentration of the biqcatal yst-free
sol ution bef MBS s and Twoekioleqtiiliee selitiode Jppeazetly the o m 2,
wher ei n t he swatenltbacentrationt ofdhe \bédoatalpstefesk sdlutidre pefpre stepifchs t he wat er
concentr atd on of e | - ’ - lution to
|ess thanthe wat ie? E@n@@g’:‘l?{a{%%\;%ﬁ ??%égboltf g%l%' a?{}gb g%r%@’%%lﬁfﬂbﬁ%n before
step (c). 13.ampunpeloveies addedabpierig) ralwnethe watericangentratinneefithe is 1, 3-
10 propanedi OhiocdidlystiialbHritalddt mdtedllbYrdt S8lUfdn tEIERY Bharfltie Wated! | €ast a
portion of the bi fernengha?tsl_on oLya ta;%?t, ms)t{ cul e con)prlsmg a) a
bi ocat al yst s‘éﬁ!ﬁ%‘?"@ﬁﬂ"ﬁé bipgatalyshiree solytiondietgre sigpdel 1y of bi ocat al yst
frlom aI por t ibg)n of1$.heTHéSpllaicelfsebfrenatim]E1,cvrihérelru_h'lecuarg@t)I’ﬁc&l@ad&lﬂuléﬁtﬁc a3ar get]c
nol ecul e; r . renoval means for renoving a portion of water rom
0,7 yRPpffitdol

t he bi ocat-al ol ution produced by the biocatalyst separation nmeans
of a); c) optional4y Asysiem for irnbifeprastuspresnoval deniog at leastagpartion 20 r enove

component s Ottﬂ%rbiéﬁéfrﬂehﬁ%oh%‘f%ﬁ%rd(??lg@&téﬁge%mﬁ’r‘%ﬁr‘r’d fromthe

bi ocat al yst-free sol ution g,ro uce e water renoval neans of b); d) a
process chromat ogr api)c rRekirsatalisb s8RarAtiPe means togepoyeAtyeast@ ee sol ution

produced by the water rermxjatity Sfbioefalystfrom)a portidy dfilee r enoval neans of c)
the tar gd ol scul o 11 oigerneb BB sellioh Gt BO R BiderBaRRH o
process chromat ogr apth)c reewatersémdyal Béans farpemuvilg § partioonefagateous el uent
renoval neans to renobve fm:‘;ﬁélH%%?&ﬁégﬁéf;sg&%@rﬁﬁgf‘%%q’yf‘ﬁ@miOn

di scharged fromthe process chromatogre
biocatalyst separation means of a);

c) optionally before or after step b) a removal means to

20 remove components other than the target molecule or
water from the biocatalyst-free solution produced by the
water removal means of b);

d) a process chromatographic means through which the
biocatalyst-free solution produced by the water removal

25 means of b) or by the removal means of ¢) and an eluent
are passed

e) a target molecule recovery means to recover the target
molecule from a first fraction of the discharge from the
process chromatographic means of d);

30 f)  optionally a non-aqueous eluent removal means to
remove non-aqueous eluent from a second fraction
discharged from the process chromatographic means of
d);

g) a water adding means to add water generated by b) to the

35 biocatalyst-free and target molecule-free solution
produced from e) or f) in an amount suitable for return to
the biofermentation; and
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d); g) a water adding neans to add water generated by b) to the 35

bi ocatal yst-free and target nol ecul e-free solution produced frome) or f)
in an anowoto2esdiBabl e for return to the biof ernmentation; Pamrd/sBy1166s

02/ 086135 PCT/ US02/ 12606 h) a recycling nmeans to return the

bi ocatal yst-free and target nolecule-free solution fromd), e), f), or Qg)
to the biofernentatidn. 2orecycling means to return the biocatalyst-free and target

molecule-free solution from d), e), f), or g) to the
biofermentation.
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