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- 5 The present invention relates to the field of mnicrobiology and nol ecul ar

bi ol ogy. More specifically, a nmethod has been devel oped t o5dtmimry2oe4t he
nitrilas yi ty of uninmobilized or immobilized, mcr and to
. preservea,tohﬁ tli| ntegrity of the mcrobial cells, where thepun@lsmﬁg) +8|szed or

I mobilized mcrobial cells are stored in an aqueous sol ution contai ni ng
from about 0.100 Mto 10 the saturation concentration of an inorganic salt
of bicarbonate or carbonate, incl ud'gi%?mgjni um sodiunm and potassium
salts of bicarbonate or carbonate. - ND OF THE | NVENTI ON The
occurrence of nitri |MERVRRDFOR SARBREGIES NRERILWSEAGTHEITY descri bed.

Wthin this famly of enmp@gmvmmcggg@gschgsgeneral |y recogni zed.
The 15 first includes the ni 2 : |ch catal yze the addition

of one nol ecul e of water to tHe=f g in formation of the
corresporgi ng amﬁepreslaetanvermmnielﬂemthc ﬁﬂ@oﬁmmﬁﬂzgyrhed meleouldr gr oup .
inetudes theyiokl! MiESHMEAN Q%e%lo\dzfﬁsﬂg&'dé%léﬁéﬁtogﬁbﬂ%ﬁﬁ%ﬁﬁas@f water to
“the nitrite resafiting i di

I rect ormatl on o correspondi ng

‘carboxyl i ¢ atstisityp{rnmmesHIzad OWWIH%]EZ@H%ICWOH%?%&P&%WFWYF&@FM of the
correspondi nﬂt@mmmaeammmezs ReHEN the 2@ obilizpd RGOGhbBIlIMd3 25 Cel | s

t t. \ tl
~cont ai ni ng arorraD i,C ﬁ%ﬁes{opmhaﬁ (fgng ¢ ggﬁﬁﬁ%}g%&ﬂo 1‘60%‘%@‘3 y

convert a ni PIg9Ra correspd anmoni um salt in
aqueous 1cso|umsmnramm prygentration ioR pRgERgNistsalt PRiFAIPINgIF BfCABINERI de (Kobayashi

et al., FEABR; MumbaRin®niurk Soliuml 264 Q&Zssﬂiﬁﬁsa‘[tﬂaﬂﬁﬁrbmﬁ@é biscattmhtdg nitril ase

activity include "Rhodocogcu hodg ( ashl et at.
Tetrahedron 46:5587-5590 38 355 ayastt—et—at., J. Bacterl ol ogy

172: 4807- 4815 (19&&)c)cpm&manﬁmaﬂe hy@gtyewenmmesm@naﬁéellgesmhdd US

5,635, 391, Lﬁé# d g

r hodochr ous %% §( g{ng ggqgl?%g%dw%%g?m g&?{é@%}%mc% ett. l]il6 41 46
(1994) ; Bengfist eawé@sfthepmale hydwéﬁ?s whtckicaialyas B gt wa?fl‘c malsc ‘ioﬁe
(1989)), andwhkptaBesiEtls, eatdacirfommatidl of e bayapmding araide; Eur. J. Bi ochem
35 182:349-356 (1989)). O those ni Fchhé CE t hat have been sequenced, a

uni que conserved active-site Cést ei ne as been identified as the
functional group responsibl e R-6NeHzymatt RCANER | e hydration (Levy-Schil

et al., Gene 161 %@?e@ond(é@@éﬂr,};xudJMehmeeabvmtcae@zéaﬂdm gkl izing the
cystei ne; Cat 2 Y%:Sl(gs o%\grzritlerl t%sﬂ?e mm\i\oresull/nngm c%rec??olf"xanie on OP e PCT/ USOO/ 18908

correspondmg carboxylic acid plus ammonia, without the intermediate formation

of the corresponding amide:
| Reaction 2
R-CN + 2H,0 —— RCOOH + NH;j
25 Cells containing aromatic or aliphatic nitrilases have been used to directly
O convert a nitrile to the corresponding cari:oxylic acid ammonium salt in aquecus
| ~ solution without the intermediate formation of an amide (Kobayashi et al., FEMS
Microbiol. Lett. 120:217-234 (1994)). Cells having nitrilase activity include
- * Rhodococcus rhodachrous K22 (Kobayashi et al., Tetrahedron 46:5587-5590
| 30 . (1990); Kobayashi et al., J. Bacteriology 172:4807-4815 (1990)), Comamonas
testosteroni (US 5,629,190 and US 5,635,391; Lévy-Schil et al., Gene 16_1:15f2Q
(1995)), Rhodococcus rhodochrous NCIMB 11216 (Gradley et al., Biotechnology
Lett. 16:41-46 (1994); Bengis-Garber et al., Appl. Microbiol. Biotechnol. 32:11-16
(1989)), and Rhodococcus rhodochrous J1 (Kobayashi et al., Eur. J. Biochem.
.35 182:349-356 (1989)). Of those nitrilases that have been sequenced, a unique
conserved active-site cysteine has been identified as the functional greup
responsible for enzyrﬁatic nitrile hydration (Iévy-Schil et al., Gene 161:15-20
W " (1995)). The typical method for stabilizing the cysteine-catalyzed nitrilase
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activity has been to include nmM concentrations of dithiothreitol (DTT)
and/ or et hyl enedi am nzetetraacetic acid (EDTA) in the aquédalsud]gzﬂm
cont ai ni WY 8f#&78j sol ated enzyme or whole cell. A nmethod f8FTHISAYEE ng
suspensi ons of cells or inmobilized cells has 5 been described in EP
0707061 A, where the storage solution contains at |east one inorganic
salt sel ect ed fromthe group consisting of phosphates, borates, sulfates,

sul fites, anactvymhetbieore ihstude ToMeosnertrgtinns of fitkipheriw! GSHTerd/050t assi um

and .- anmoni ugy, ehécﬁamﬁbeue&eﬁeaéta@:mm) Bfthd RRSEuSRItes corsifRg tfd om 100 MM t o
the saturat] og concentr at the inorganic salt. The usé of these

i nor gani ¢ salf ‘efi(?“?éﬁn?)?re‘é’ﬁ‘i%ﬁ&e ‘he nitrilase activity of Gordona terrae
MA-1 was denonstr Atmesihod ﬂ)apmseymmsmmmmﬂcehsemlmmobﬂtzwﬁdﬁaﬁs A2

~descri besg 5 e q@g&lﬁta =P b7éfid lpta @@ft/ﬂgst%g@mlﬁu&l%qust {dag3hkng

nitriles Wt fure rations, €enzymes, or enzyme
prepar at i onslqorgﬁmcrﬁﬁt% ﬁ@%‘f’t@‘bﬁP@n‘ﬁe BEORP ﬁgﬂSISHPS Pf P@SHWSOP%CF)@“E@FS .vities in

- agueous r eackiifies,Hnd hyt:dcionbed. Nypes HARMBineuddbsodai Goaiksuspddds, where the
i ncl usi on of H2CO03 or caﬁgon te lts :S reai)é)rted ? Ioﬂ(fmfi"ﬁ? the observed

activity of PFEORIU AR %IF‘HF’C’% ‘g?“é’ﬁ P o RRETS
~ di scl osur e ofatamti¢meenosrarasinn Ofﬂlqm@'gmamltl i Tihg ued ofitheseriqrganiesalty dr oI yzi ng

oreserval] Lnt%?e’ﬁ@th%%f‘%‘éﬁé Y “‘W‘M‘f’%o‘f”@i‘tf’“?gﬁem%ﬁmco NG &
preservati itri | y S -

nitrile hydré?cpég?e(’?\‘iﬁ’étraé’p W@Pl’%ﬁﬁ&?%ﬂ%ﬁ“é’*%m&ﬁ’i P‘P‘t; converted
to an am de md/dmmgmhs«h:hgem&mmgmhsmahcumuthmdmmdb d:ad)l the

cor respondi n y r :ﬁﬁé , :
4,931, 391 angrcgﬁéﬁ)&% %ﬂfgmgg’fq %@W&I’EEP@#&( @ rgser vation of -
nitrile hydraimledydetyzing acywatesawqﬁ%!bﬁrpacﬂeawmterﬁwemeﬂag% &f oor gani sns”/
ad? alt | g@st cﬁﬂ&a&aﬁ@%@&eﬁﬁélﬂﬁ&@?‘ﬂ{m drh;erb@ﬁﬂa@alfeq?ﬁdpsﬁém OL e ,
nitriles, anides ani ¢ .a spensi on o e  uni nmobi |l i zed or
i nrobi | i zed ST t?‘?f’% %fgfﬁgv’gbﬁéﬁggg?ﬁﬁegr e&ég@efow fﬂce acryl ani de
f rom acr yl onnitrikej mmlmaomownsmﬂmmmmaof thet mirilex YCb’ola(cmgw ty (that
s, a nitril g.Rydr ?Hﬁ%%ﬂs Mr%é\g}ﬁé k& reaction mixture an al kal i

met al carbonate Or hi-car bonat e, e al kal.i .metal .car bq ate or

bi'carbonate is ad&l_@ép% cﬁr%%ﬁ?ﬁcr&at}%‘%nﬁ?leé‘ﬁﬁ?%“ BAVItY iof ¢Shat  occurs due
; gt ?V;S\t/vstdl)!s ng%mﬁnﬁgmeﬁﬁt'ﬂ@hjﬁaﬁsﬂ(mretdnehﬁmhimfbim eamhahbalgr L?sspﬁg sphat e .
buffer is adao%' {'}%[{6?%1a%’e’%%%ﬁ%“&ﬁ?@?Q%?C%Lq?%fsﬁggn%ﬁl ﬁ%tﬂﬂ‘g& the addition

of al kali netemrespendiumeareoxyiic Bridamsamre saly) aresdeseribsd iml)h& $y%84.3Pbr the 35

production ofnfgrsy ham @?zf TR LN 'Id)rttﬁé 48blE PreBérOiRinAlT nitridQyaratae
~ conbi nation V\Ath t he.. %) |on af a éganlc carbox%édllc aci d, thereby

mai nt aj ni ng £FE? iz, orymmpoilized migrogrganismy 404 ajeasiqiE \hi | e
acryl oni 2§i | eomﬁotmdrsvlectbéﬂ'ohntha(grqdpannsimng Bf nitriles, amides, or orgamc acids

to a suspension of the unimmobilized or unmoblhzcd cells.

U.S. 4,343,900 describes a process to produce acrylamide from
acrylonitrile using a microorganism having a nitrilasic activity (that is, a nitrile
hydratase) which includes in the reaction mixture an alkali metal carbonate or

30 bicarbonate. The alkali metal carbonate or bicarbonate is added to prevent a loss
of enzyme acti\tity that occurs due to a swelling of fixed cells during the reaction,
and this loss of activity is not normally observed when physiological saline or
phosphate buffer is added to the reaction mixture. In this same method, the
addition of alkali metal carbonate or bicarbonate to reaction mixtures for the

35  production of acrylamide from acryldhitn'lc is prefefably done in cotrtbination
with the addition of an organic carboxylic acid, thereby maintaining the enzymatic
activity for a long period of time while acrylonitrile is converted to acrylamide. -



“nitrilase activit

.5 January 2004 WO 01/04278 PCT/ USOOL18908 The problens to be solved are to
stabilize nitril ase activity and to reduce mcrobial contéﬁhm&ﬂ?ﬁﬁOQr
~putrefa suspensi ons of uni nobi lized or imobilizgd:

- D ffereﬁ%bﬁg?ﬁgas have been used to stabilize cells having eltﬁ nitrile
hydratase or nitrilase activity, where these two enzyne activities are 5
produced by different types of enzymes which have different nechanisns for

catalyzing nitrile hydrolysis t m des or aci ds, respectjvely.
exani nation of thee FPPIEEF ipbe ’?Pi‘fq%é‘EFstoc‘%Pg’H%?ﬂ‘ %1%‘1“8‘%&1“%%‘”8 u"t“3he st or age

stability ofmiirébiil @aemiktion\or pytrefacdiondi sppenstonk of rdmhebiized oni tri | ase
S activi ty wWiht Ib”?me%sce SpiFfdht Me;.h% éx}erbeP? u&:ﬁc&igtﬁtﬁﬁ?e ceﬁ's mmﬂ% the use

of - vari ous |1ﬁnmgan| C salts previ ous di'sc reserving the
~nitrilase oreitet pitfile hyguase atsr@trdﬁsemwa@m@aw@mﬂmme@cﬁh‘aﬁes Feabilize

the nitrig asﬁroaﬁéeﬁ\ﬂytcﬁff&famttﬂﬁ‘slﬁf e il HaSe BiffeteRCmBEIRARRS fovent i on upon
st orage as ackéﬁous SUS ON The.. |nv ntion

~'sol ves the st W%F‘B”B‘Og‘ﬁa‘ ?‘ES‘S tga’ﬁl Pﬁg%d%-fﬁspfﬁﬂgégy&ﬂﬁ am’f%n?ﬁ'ff obi al
cel I s havi ngtheieffedtl o yeriaustcanbokylicaastl fatis os thelstdrage stepilith of mitilesel ase acti vi ty

‘thereof, the, J{.%gmmm vkﬁetﬂglo@@m@u&sea@tmwmemaeg&ﬁmof

i rmobi |l i zed lized mcrobial cel

nitri| activity at
| east one coMydaAYdratass- e%‘fré’ér Y=rtBWWéV§?%‘Eﬁ“%’6?F§F §‘Ihg REpvenush Y%(sﬁ"é%\‘ﬁﬁic
car bonat gy said fresebéing termixitse or ﬂnuﬂahj&trmﬁ&fmbtwrgah&meuﬁﬁhﬁmesul ting
total concentr.at.i ensi on
ranges from3 tﬁlﬂ}f Wﬁ?%@%ﬁe@é&qﬁgf&%%@%h%zﬁ ? h;?e%Pﬁq%%QHI ho gani c salts.
The mi crobi aftorae ESaqugousRysPANsions. ase activity are sel ected from the group

consi sting of Acidovorax fagUMMARIMOEATEOINPBRKGION Aci dovorax facilis
72- PF- 15 (ATCC 55 47 and Acie,%%lorax faci ATCC 55745).

‘Additionally, tra PP Féﬁategéﬂrctéerﬂoﬁtlﬁ?ﬁ}eWGZﬁﬁg THTFad® activity are
useful i15 25midrolsial wﬁeha\rmmnﬂase@xaw anddbr stallizing the aiteiase agicrityi cr obi al

cell s E Cfﬂel-aa@%@%tho& fg&ﬁﬂﬁﬁ%ﬁb MR Gddus %E&!si&% AimfBGilbe 72W

ani c_carbonate and iﬁar bonate salt(s) is
preferably oﬂ’é“%mﬂ?ﬁ‘j’ e@&‘@'&?‘éb"c“f Pafing RELgseATH vVIBoH £528% 915 FORPO ni um

bi-car bonat e, seﬁ@)‘ﬂécu%rblﬂ@dﬂirbmﬁh@wn@gﬁm@ghﬂssamaﬁdwmhﬁ'hmmganiihe condi tions
for the neth ncl ud r. h h

ni cr.obi al B’Icgrlbﬁyé?}eﬁﬂg V\/r}[%re gbsgcsgi: %pw% %uggsr:l?a%guﬁlﬁ%ﬁ&% to about pH
10 and t?@ t&mu@t&lﬁﬁ@qumﬂ%ﬁ&m&o% oriB¢ eriurafonroapeiyplaen o8| s ranges
from about Ojdfgr aﬂxcaéaﬁytTﬂémgmbTetl%e1mmﬁngradr11&eh&tﬁq@raﬁe Rlef-8 Fikd the ’

bi | d f d
embodi ment . B EPIROIESE Agenrd sl S TCE A T T RgeR s the - o
i nor gani c 357@4?63@(@;1&1@53@179 andsd sddvertxgfcifis 32PFHE (§TEE55F8Msi st i ng of
amoni um bi C%dﬁ?i@?%l@r u%ﬂ&or&?etd%ﬁioﬂm D166 RARA Enit ARE al Rty RSkl 39 T Ot al
concentration o

I horg
this invention. An example of such a transformed microbial cell is E. coli SS1001

3 ' (ATCC PTA-1177) which contains A. facilis 72W nitrilase activity. The
inorganic carbonate and bicarbonate salt(s) is preferably one or more selected

from the group consisting of ammonium bicarbonate, sodium bicarbonate, and
- potassium bicarbonate. The conditions for the method include where the pH of
30 the agueous suspension of microbial cells having nitrilase activity is from about
pH 6 to about pH 10 and the temperature of the aqueous suspension of microbial
cells ranges from about 0 °C to about 45 °C. The microbial cells are preferably
immobilized in polyacrylamide gel, alginate, or carrageenan. In a preferred. |
embodiment, the microbial cells are immobilized in carrageenan, the inorganic
35  bicarbonate sait is selected from the group consisting of ammonium bicarbonate
and potassium bicarbonate, and the resulting total concentration of the inorganic -
bicarbonate sait(s) in the aqueous suspension ranges from about 100 mM to about
1000 mM. In another preferred embodiment of the method, the microbial cells are

3



-bi carbonate-salt(s) in the agueous suspension ranges from about 100 mmto
about 1000 mM In another preferred enbodi nent of the nethdanuanhe004
m crobi avoadbdzss are 3 WO 0004278 5 January 2004 PCT/ USO%&BRf8er1590s.
uni mobi | i zed, the conpound is sodium. bicarbonate, and the resulting total
concentration of - sodium bi carbonate in the agueous suspension ranges from
about - 100 nM to about 1000bn1\/l I n anot her preferred enbodi nent, the
m crobi al cells ar ilized in ate, t conmpound. ddedAtothe
aqueous suspetETg h‘l'lzg‘f ‘irbsr dmﬁlg?rgow t"‘l‘fggﬁr‘ﬁrf}g sting of
_amoni um bt candentratien o@odnumwbxczbbomttburme equeaudsuppﬁnamalrangebﬁcﬁdb@nate and
- the process b@ﬂwgﬁbéﬂqowgﬁ{[' ﬁpﬁlothc?%r deﬁﬁl)g%l ng tﬁcaﬁférmsc%hs

in ormo

(preferably" clum ace queous suspension in
“the range ofard imypobilizgiin algiaaie. éheamﬂousd ed pIhE EIERSCRISPTRIEN BPng HE

Bl OLOG CAL [9eRfard E.Smbers/&ﬁmergmﬁ;i Soxﬁaﬁﬁa apdﬁnbﬁ&nfua&ammﬁgsdm@hogl cal.

dep05|ts unger. th ter Of . t est den |f|cation
I nt. pg’scafbory dTBOt‘ %ef”é?&‘ﬁ é‘t%%ﬁ‘gﬁﬁ@"lséﬁ %’c‘#%&rar facile .
72- PF- 17ATC®€=95’f4§¢8ﬂ%Fdhmmg (Amf@‘@bimmaﬂiedm Vel WMFEENEHBAB8 Mar ch 1996
Aci dovor ax  fagtdduk mzanﬁmw 557443 aw@ﬁt%magbgmsqﬂm SS 1001ATCC
PTA- 117711 Tanua r¥3 to the Anerican Type
Cul ture Coll-ection 555 FEEQSLES 10801 Uni versity
Boul evan@, Manas gpplicadés lﬁﬁimdézmﬁoilbhrﬁu/bmiiheal'ﬂbpiﬁsuk undde geeStefrid of oo
- Desi gnati on/ éﬁuﬁwsmn nunber to cultures on deposit with the

ATCC. . DETAIﬁf_ 'ON OF THE | NVENTI ON A net hod for stabilizing the
nitrilase activi ty. of uni mmobilized -or 20 irmobilized mcrobial cells has
been devel oped, wherdriddlifcaiw| | s are shdrRgostay an aqueous buffer ,
cont ai ni ng from aboutReferefG) Mt o t he sat Designdion concemrreafPeposiof - at | east

one- i norganlAg,déa,laLfagfuﬁlp@Qﬁbonat e or carprigadkas | ncl udj pgbidhs ot linmited
"'to anmmoni um soﬁyum and ‘potassi um salts of Dbicarbonate or carbonate.

Storage soMffq® 5% ning at | east YESTRBi car bont ¥ &% ar bonat e sal t
si gni fi cant lyiddbrak fasilit 724PFa5 0bi al cont am AwdGse7or put refaet isoe of 't he -
.stored enzyne, gg#ﬁblyst and - al so st abi I.Ilcéq,ﬂmaﬂdem rqggghw m activity.

of the .unirnno I'zed-or inmobilized

As used heréin, “ATCC” refers to the American Typc Culture Collection '
15 international depository located at 10801 University Boulevard, Manassas,
VA 20110-2209, U.S.A. The “Int’L. Depository Designation” is the accession
number to cultures on deposit with the ATCC.. |
DETAILED DESCRIPTION OF THE INVENTION
‘A method for stabilizing the nitrilase activity of unimmobilized or
20  immobilized microbial cells has been developed, wherein the cells are stored in an
aqueous buffer contammg from about 0.100 M to the saturation concentration of

at least one inorganic salt of bicarbonate or carbonate, including but not limited to
ammonium, sodium and potassium salts of bicarbonate or carbonate. Storage
solutions containing at least 100 mM bicarbonate or carbonate salt significantly
25  limit microbial contamination or putrefaction of the stored enzyme catalyst, and
also stabilize the desired nitrilase activity of the unimmobilized or immobilized |
cells. Microorganisms which are characterized by a nitrilase activity and are
stably preserved by this method include but are riot limited to 4cidovorax facilis
- 72-PF-15 (ATCC 55747), Acidovorax facilis 72-PF-17 (ATCC 55745), and
30  Acidovorax Sacilis 72W (ATCC 55746) and microorganisms transformed so as to
include nitrilase activity (for instance, E. coli SS1001 transformrd with the
. nitrilase of Acidovorax facilis T2W(ATCC PTA-1177)).



.cells. Mcroorgani sns which are characterized by a nitrilase activity and
are stably preserved by this nethod include but are riot b&iJantag2004
Aci dovorexf@mutiss 72-PF-15 (ATCC 55747), Acidovorax facibkCwusaReesl7 ( ATCC
- 55745), and 30 Aci dovoraxfacilis 72W (ATCC 55746) and mi croor gani Sns
transforned so as to include nitrilase activity (for instance; E. coli SS
1001 transforned vm'th t he n|tr| | ase of Acidovorax facilis 72V\(ATCC
PTA-1177)). 4 WO 5 Januar 04
di scl osure, a nu 6& ‘o8P Fs% 4 mab%l?f)rtg'q d%}sé%rgé&ﬁagggsé%he f ol | owi ng
definitions &llewmmddfmétibns atdimgbvigedessure | i qui d chromat ography” is
abbrevi at ed HPLC. sy Bokyagt b ﬁmc%nﬁednraph& Rhbrevikal e®IPAG 5 The term
"nitrilase'" refers to an enz d$ used to directly convert a
‘nitrite to the corr¥¥ Bﬁ %]aﬁ%@%‘ﬁvﬂaégdgp (g i n aqueous sol ution without
the intergediate Trbertmhl“mmlaic acfeant deerzRmErhat ca@iie-usell to+diRCBPH + NH3) . The
term"stabi ||z 0 Zt?igﬂgtottge: &E’egﬁ deE Qrbhi?ﬁlc%{d ﬁ{'a&ﬁ/eoiﬁ sBaGvHRRy cat al yst

«-i n whol e uni Amobi i

m cr obj_al ébﬂj% there is
10 no cont i nﬁ@usteﬂ@%at@)fm@ﬁ%%%fa&@tﬁil% Y Vet O 1re- rFecI: ENBIthe initial
enzyme catal yst a%é Aerh Y stadilige"abfenab mzmﬁmmgmerﬁcawry sfnyeeymet i vity at

| evels simlar to e obser.ved, at. . of the
enzyne cat al ﬁ’étf'ly?dﬂlliv f?a‘fn“f'%g‘x%e% o 113?4 %&%ﬁ%‘%ga C(P?ls
prol ongedio Tib eorttarunes fopr af carymee acyivity pyas sievelaii e ee'malfﬂb'fymfeventl ng or
limting CBt H?Eteafcﬁﬁw %e(éﬂe@tﬁ@m ﬁhn&ﬁf@n@%@ﬂéﬂvﬁ? ablevél® lsx'mﬂa&’ & s) of

nt a

nitrilase-co ni ng cells. The effect Is t ni.f tly limt
cont'am nat i ofoS¢ O‘?SI%"CTGH{)M%‘?%% ISpargt Rl e PEEre @ ?713'%1 Hgb@?a@ﬁs pensi on
by, mai nt ai ni agefaldift of ibeteerymbe aatabyst bquolohgesi s rel ative to cells not treated

with this method. ) ﬁ?mge@asm@%rfg;gsemmafmrg@@nqegsfmmr ocesses for

t.he preparation nenbe rin or six-nembered ring
| act ans fLF omperefpetiom; (micrabialsogiampgtion 85 cell {pds)e &H“ AP, ca-dinitrile

is first convgdoBrl &émsaflhe Sﬂecﬁi&ala@igarﬂ&@mwmmt asttAniafmmfithe sal t i n aqueous .

sol ution usi cel fldifss (EC 3.5.5.7)
activity, folug’&%‘gb Bﬁedﬁﬁ #’@(ﬁxpc aﬁveﬂrugfoﬁé&sﬁt gmghmmnl m sal t of t he
co- cyanocar bdntygrity vathiout lyss tefasive %o exdls netsproted iwith thiseretiadoy hydr ogenation in
aqueous sol ution. %&@ ©fs 893 Baeid e pRRkeSkOfok (e piepaiatai | | zed or
0.8 450 %8 P piep |

i mrobi |ized cells having nitrilase ac for thi r ac as
suspensi @s ioh fixertnegher Wﬁt?%ﬂ“%?frf‘f’%ﬁ“lﬁ%/’ ﬁgd {85?'5’:%% gu(ﬂ hiatlc

a,@-dinitriles, where an alipbatic o,@-dinitrile is first converted to an

w-cyanocarboxylic acid ammonium salt in aqueous solution using microbial cells
having an aliphatic nitrilase (EC 3.5.5.7) activity, followed by the direct
conversion of the ammonium salt of the @-cyanocarboxylic acid to the
25  corresponding laétarn by hydrogenation in aqueous solution. In the course of
i : preparing and storing unimmobilized or immobilized cells having nitrilase activity
) for this process as suspensions in aqueous solution containing, for example,
phosphate buffer or physiological saline, it was found that many of these solutions
did not prevent microbial contamination or putrcfébtion of the stored catalyst at
3;0 temperatures ranging from approximately 5 °C to 30 °C. In those cases where
microbial contamination or putrefaction was not observed, a significant loss of
nitrilase activity still occurred during storage. Freezing of immobilized cell
“catalysts typically resulted in the destruction of the immobilization matrix, and
while unimmobilized cells could be stored frozen without significant loss of
35  activity for months, a significant cost was associated with this method. Because
storage of these microbial catalysts for weeks or months before use after
preparation without loss of enzyme activity or putrefaction is desirable, a method
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- phosphat e buffer or physiological saline, it was found that many of these
~sol ution ' ot prevent mcrobial contam nation or putr f t he
stored ch%%s%%at 30 tenperatures rangl ng from approxi mtﬁ%@o 30 T.
In those cases where nicrobial contamination or putrefaction was not
observed, a significant loss of nitrilase activity still occurred during
storage. Freezing of immobilized cell_  catalysts typically resulted in the
destruct i on off sihly DTPRSDBRS RQUEPTONSRARSION;O! thedgmmphi e iR S ed cel | 5
coul d be storrﬁgrgm@agncmyfwmstsmg@m Sowaht. loss of 35 activity for nonths,

a significant cost was as%Pc @\%gd EC{&‘%H‘%Smo%aqggmg%gwgg‘?méé or age of

t hese microbial ¢ ore use a preparation.
W t hout | oss sufbilsmafthe nacmﬂasvafetynmofptumﬂahzqdmn immobibized dpievorar met hod 5 WO

. 01/04278 gdf ?&M.ﬁ?&%ﬁ@c 547} Mnd?ﬁcﬁﬁ@ﬁdﬂ:@&tﬁéﬂé%@é&ﬁbédlwmmﬁPi’ort he
uni mobi | i ze

I,rmobilize bial .cell sts or age was
sought. An e%ﬁﬁ?‘ﬁ%@??ﬁﬁ“&‘l‘m{“}fgt@? ecﬁ“ ViR 9 fo(g‘g ’f%’reﬁ&ﬁ:b@o’?a]“’?%gon t he
storage st ahichidlcgedofStorhge sulttidns asetamirig potdsyiumfphosphatepirninonich arfate,
| mobi |7 zed &&ﬁﬂ}wﬁiﬁpﬁa&t‘daaozzgégqéél%o&wﬁ&pre&ﬁ#ﬁa@u&g ofome of those

described in he "st e preservatlon 0 he nitrjlase,
activity of CowdoAacHEy e K (SeeRarompapiag xamplesst eRllqY cEgAniR dciies

~ contai ni n@ Pouds &4 A6eRNRTREAbRAte, PREVERIsL Pepditeliad Sabiligy tha BN Hydratkt or | de at
vari ous concent.rations event the J|oss.of |t ivity with
time (see acc¥ %HS’%%O mg’ acalr?ﬁnl?e?%m A 70 edb?veﬁrtﬁmélg%%f Jhﬁggﬁgdulécl%é as acetate
or propi onat sa,ndpmlaiﬂS@asdyweﬁ@p@hffmntmm@bﬂmmﬂhéhfﬁfplﬂﬁm@WMt ase act

ivity of micrgbialivael hitrie Woh@l S8 afdition&dds, ?ééﬁé!:n%l?ugl% dififostd fol il e
hydratase and nitrilase enzynes are different ¥8Wgrenz mes with

di fferent mechaATCOMPYRE CXtPLESy STMPUT FGeflE 9 PR YEE or aci ds
respect i visl y.noheffetitive npreskriing thdhwraaseanpatyydf nginexabiifitedsr immubilizedn acet at e

. or anmoni um pﬁ&g&vggﬁﬁawgfw]éﬂglot effective in preserving the nitrilase
or

~activity of uni mobi | i zed Acidovorax facilis, 72Wcells. It

was di scovered t hdt wesdisenyated thai gatbipadle pattieabangiesalts. incdndieg Big mstt not

|b! m tgd to ammm&?famumﬁmﬁ?mon&edsddmnbb@ﬁbmb@d paAGHEEt assi um bial 20
i carbonate, -are, effect| or ent | nificant nicrobia

cont ani nat i on Wb?iﬁfcrérF FILYE ¢ Q@E%téﬁgﬁa q%ﬁﬁ%r#ﬁ a|('ized or

‘i mobi | i z26d mtdusnmntoapmrerfgctmntqflsmeslwtd wmym(tslp@dlor iroaiobyized

Aci dovor axf acldk Eoﬁ%%%#&lﬁs@%wfgqgﬂédﬁicﬂ% Amdsma@ﬁcmmw eamgdt 0 possess

the nitril ase actlvit i nst facil

stabi lizing tineludmg luiuprsé%'s tmptopmeq) taposease i ngt{}%ﬂﬁ%%réﬁ 5’§tﬂﬂﬁ‘§vf> nced by
the resul ts dizsgi 93®Y, 4nd 2) babikiek@rhanyrilag euwtdfakese aﬁpamgm; &5
Potent al | y Eé(\HcEe%rs:esci brr])gtble\l Iré[s{ljtsl gigrﬁos%%r_}g%e accompanying examples.
25 Organisms Potentiallv Expressing Nitrilase Genes:
Many different genera are known to express nitrilase activity or contain

genes that are thought to express nitrilase proteins. Both Gram negative (e.g. )
Comarmnonas, Acidovorax, Klebsiella fB/IcBn'dc et al., Appl. Environ. Microbiol
: 52: 325-330'(1986)], Acinetobacter [Yamamoto et al., Agric. Biol. Chem. 55:

30 1459-1466 (1991)), Alcaligenes [Yama:ndto et al., J Ferm Bioeng 73: 425-430
(1992)]) and Gram positive (e.g.,'Rhodococcus {Bhalla et al., Acta Biotechnol 15:
297-306 (1995)], Arthrobacter [Bandyopadhyay et al., Appl. Environ. Microbiol.
51: 302-306 (1986)], Gbrd_ana [DNA encoding novel nitrilase from Gordona -
terrae. NCBI GenBank ACCESSION E12616, Patent: JP1997037788-A 1

35 10-FEB-1997], Bacillus [Cramp et al., Microbiol 143: 2313-2320 (1997}])
bacteria expressing nitrilase activity are known. A number of reports are also
known from plants (Nicotiana tabacum [Tsunoda, NCBI GenBank, ACC. #



Many different genera are known to express nitrilase activity or contain

~.genes that are thought to express nitrilase proteins. Bot#hJ@eany 2edmti ve

(e.qg. , Aci dovorax, Klebsiella [.MBride et al. ?ﬁe Vi ron.
. M crobi ;95%?@%:%325- 330 (1986)], Acinetobacter [ Yamanoto ?{lonsﬁﬁrl C.

Biol. Chem 55: 30 1459-1466 (1991)], Alcali genes [Yamarmto et al., JFerm
Bi oeng 73: 425-430 (1992)]):and Gram positive ( - Rhodococcus [Bhal |l a

B BNl B 0 a0

encodi ng nomld fnmgl K¢.& aSesdriuonsoe fdarper, Baxchem J. NﬁBI 68@65984&19(77AQ¢ESSI ON
E12616, Patent: 7 et al.
M crobi ol 143: 23 ?g}%g% ﬁgrg%%&%acfg?g@g;%%ym ﬁ‘?rﬁb Hﬁﬁt 1l ase acti vi ty

“are known. Aaxekesafosnd Hatappey I%P@ieafpwmlﬁﬁ:camcmﬁ B’rﬁkﬁw%e@eﬁr@ot i ana

110, 1048 (1

t abacum [5Ts uvigrdadcdiCB. GenBask15)ACR4-8745 (I998)R Mo disdtéte fMOHOA hA278
PCTI USCO! 18998, LBA0CB)c ALRBL doPBL5 103 An.l LG ehicBh o (ELAN Physi ol

Bi ochem J.
167: 685- 69an(n_i@?!Ebt)f]s)zﬂld arelﬂﬁpmtfghershwmaén@nl(%lbwé@t;mathty&enor habdi tis,

E?g?e;sﬁg' Fgﬁxgﬂ es PMEsEfRd RUH atcbxi\hoﬁ&&ﬁﬁad "atS the a&%@%ﬁi Q(Imgi t r1|5I ase
8744-8749 (18 i%ﬂx{fﬁg Letaps 73@?%6‘#‘#?&%“58@?@?@5%?’? Sycpsib tF\ese genes.
However , 10t heyreseetatiom b tiglprésomobegyyion.o known nitril ase genes and are
expect ed toé%ﬂ&é’i’ofrﬂd?ioﬁaahd @;%feké:@n Bgﬁftﬁiakﬂ@eﬂ&t Ivity. N trilase genes so
far sequenc ve site (Novo et al. (1995)

FEES Lett 367: 27RISroldZonseroression of @@%%‘@Mt@ﬂb@%ﬁf&%ﬂtﬁow o 10
pr-eservat i orbely réﬂﬂ:ﬁe@r(ﬁslﬁa@hshh BvANT$93) Prdd. s f A¢ARSEL 02T, Kutyassi on of

1 anst or od RiL: 07 E LS, ﬁﬁ?ﬁfﬁc%sé’e&a@f 537 oSl B o N

Acad. Scls. mwmabbl@s%m 8)alln sqrgggaseﬁtheﬂaosm mushemspeiéizal0746:

‘Kobayashi  etm@dified 398:dB @Céisfélss d¥hzPR0 Qe B9 (1et-Sehifer 31 9995 Bepe | N SOMTE

cases the ho fled i n order press good
enzyme acti \;iyl%:”% é%gﬁ%lg gag 1%@35? nd? CaE§ where £g0 B“%i( 45 830, 693;
U S. 5,635, %ﬂx)'lty isrfoumd abe evrgme egpresked by rthd amforaxctllhusttrytams tieound, the

enzyme exPrerﬁ g&aﬁ&?a&{vﬁ{?%{fﬁfe%ﬂw trl nveﬂi!éseh@ﬁveﬁi 5&: e hydration

activity of t Ive_ enz : presen tion w preserve such
nitrite %drt&ﬁseﬁvﬁ %Jeb|nunlthQ£6&0§§§%ﬂ%vpr¢sa¢¢sbyOv%&rws%ﬂlgsm,a@ evi denced by

the data in dixcwiméda; En& dataan ExAeblad oxietE Aeidobdrax fd&lmmw hiiRseVaEs
tr ansf or med Pormed . 1o}:.l ColHet erol ogous Host Cell

Heterolorous Host Cells:

The active Acidovorax facilis 72W nitrilase protein may be produced in
25  heterologous host cells, preferably in microbial hosts. Particularly useful in the
Ly present invention will be ceils that are readily adaptable to large-scale
" fermentation methods. Such organisms are well known in the art of industrial
bioprocessing, examples of which may be found in “Recombinant Microbes for
Industrial and Agricultural Applications”, Murooka et al., eds., Marcel Dekker,
30 Inc., New York, NY (1994), and include fermentative bacteria as well as yeast
and filamentous fungi. Host cells may include but are not Iimited to

Comamonas sp., Corynebacterium sp., Brevibacterium sp., Rhodococcus sp.,
Azotobacter sp., Citrobacter sp., Enterobacter sp., CIosm'diumAsp. , Klebsiella
sp., Salmonella s.p, Lactobactllus sp. ,. Aspergillus sp., Saccharomyces sp.,
35  Zygosaccharomyces sp, Pichia sp., Kluyveromyces sp., Candida sp., Hansenula
' sp., Dunaliefla sp., Debaryomyces sp., Mucor sp., Torulopsis sp.,
Methylobacteria sp., Bacillus sp., Escherichia sp., Pseudomonas sp., Rhizobium
Praae sp., and Strepromyces sp. Particularly preferred is E. coli. Microbial

7



The active Acidovorax facilis 72Wnitrilase protein nmay be produced in 25

het er ol ogous host cells, preferably in microbial hosts. Pgfamaha2004 useful. -
B YR ERET o

in the YWOMEH8i nvention will be cells that are readily
| arge-scale fernentation nethods. Such organisns are well known in the art

of industrial bi-oprocessing, exanples of which may be found in -
"Reconbi nant M crobes for Industrial and Agricultural Applications",

" Murooka et atxpressim.systiins ead edgkison vegOrsicaptaininpireNaoR), seaNenceaban | and

i nclude fer i j o TR whith RO LIGNE fungi . Host
cells may i %%E%E%@?%ﬁ%%%@rﬁgﬁgﬁﬁe%&%‘iﬂﬂﬁs sp., Corynebacterium-
sp., Brevi batiee¥t um sp., Rhodococcus sp., Azotobacter sp., Citrobacter
sp., EnterobgggiefilabPurain€l osrridiumsp., Klebsiella sp., Salnonella s. p,
Lact obaci Ll us sp., I Qic I har ad i
Zygos acchl‘étr onycesAléiﬁ,gpo%flgchﬁcgls?ﬁv? ?‘ﬁgé\?g?o "g%g&gfe‘fﬂ‘&ﬁﬁ?ﬁ%“eé%d ,m Hansenul a
sp., Dunal i eCrepgspTX. Stavdasdomyickgens procefurenyvergysed wigh e dpiavang | ‘
Met hyl obact egiedins(E2 Baal Medfms RH 7.8scherichia sp., Pseudononas sp.,

Rhi zobi um sp., and St to es sp. Partic%rly preferred is E. coli.

M crobial 7 WO 01/ 042'%%%@% 2004. PETFUSO0/ 18908 expression systens
and expressi on vect or sK&eRO3ai ni ng regul at or y.-4bequences that direct high

| evel exppession of foggiy Erot eins are welggknown to those skilled in

the art Particular Strains: 5. Acidovorax facj]Jis 72W (ATCC 55746) was
isolated fromsoil col PeEEBFHEr ange, TX. Y%t andard enrichnent procedures

were used with the fol Ca@l,FgHedi um (E2 Basal.02edi um pH 7.2): E2 Basal _
Medi'um gL KH, P041.4 10 2PO40. 69 Sodi um ci tyate0. 1 CaCl, -2H Q0.025 KC10.5
NaCl 1. 0 15MySO4. 7H, 0. 5 FeSA. 7H. , 0. 05 OoCl,'d 6H200. 01 . vnC12. 4H200. 001

ZnCl 20. 0005 NaCl 1.
15 MgS047H,0 0.5
FeSO4+TH,0 0.05
CoCly*6H,0 0.01
MnCly+4H,0 0.001
- ZnCly 0.0005
20 NaMoQ4+2H,0 0.0025
~ NiCly+6H,0 0.01
CuS0,4+2H,0 0.005
biotin 0.0002
folic acid 0.0002
25 ‘ pyridoxine-HCl 0.001
: riboflavin 0.0005 o
thiamine*HCl 0.00005 R
nicotinic acid 0.0005
pantothenic acid | 0.0005
30 , vitamin By, 0.00001
. p-aminobenzoic acid 0.0005-

The following supplementations were made to the E2 basal medium for
the enrichments described above: o

Strain , Enrichment Nitrogen Source Other Suppiements
35 A facilis 72W 0.2 % (v/v) ethylsuccinonitrile 0.3 % {v/v) glycerol

Strains were originally selected based on growth and ammonia production
on the enrichment nitrile. Isolates were purified by repeated passing on Bacto®
Ll - Brain Heart Infusion Agar (DIFCO, Detroit, MI) followed by screening for

8
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. 20NaMp™4. 2H-) C0. 0025 Ni C1, 6H2C0. 01 CuSO4- 2H2C0. 005 bi oti n0. 0002 folic

~ aci d0. 0002 25pyri doxi ne- HA 0. 001 ri bof I avi n0. 0005 t hi am ne5 HEuanoBIE5

ni coti ni goAflod¥30005 pant ot heni ¢ aci d0. 0005 30vitam n B 128r4R001ksos

. p-am nobenzoi ¢ aci dO. 0005 The fol |l owi ng suppl enentati ons were rrade to t he
E2 basal nediumfor the enrichnents described above: Strain Enrichnment
“Nitrogen Source Qther Supplements 35A. facilis 72W0.2 % (v/ v)

et hyl succinonitrile 0,3 .% cer ol P sel ected
based on gr ofif° i PTOHTRRR oﬁr%d%g%/ P { ﬁlieﬂgiﬁ%{rﬁ t“% lH e. Isolates
were purifi etlasoy on dpgatasn sawrse n@hzahmBamﬁtﬁ(qn)a Bigiog® ﬁCSFEé@'quI nf u5| on Agar

(DI FCO,; - Detrggatwapg’)cpiqjs IR Ime /a8 bRGsf or 8 WO 01/04278 5 January 2004
. PCT/ US00/ 189 anmoni.a producti on fromthe enrichnent nitrite. Purified

strains wer eNilE@se ASEE pased on their carbon source utilization profile
‘on a Biol®g(r) teBdérteyinpainilagdiayiviy dE2 baSA) meumovidr dg/hebmbsereat est pl at es.

Nl trilase Act Iﬁ\éltg éfOV‘?AEg&VO;‘&Sbeﬂg W rﬂe%&x B0 Ia%lkl-?f)lenﬁ% %ﬂ!l ‘medi umw th

10 g/ L gl ucos CI dovor ax The nmedi um was
suppl enent edmmhh( S-mRihyiziaaneaimig) ¢ L} aboriune ofsupplementsd Eg gredimm of

suppl enment eduﬁzmaaﬂhuémmmm QT Hoatesod dultuf. Folfbwirg ovemighn grdvaak cul ture.
250 ot heS ORI HGR A7 ad <l 8 ACTARY § o ugem B 19 R hohaB RIOE 21, |
flask. The cedded tqB9Cemirafifmstomedininghta 2 laflagko drpetcelhpwera Sraven oyernight i rring at |
a rate hi gh gnguohe; gerﬁtﬁl-bsﬁlﬂpﬂﬁhhgatf @{a{mﬁgrpehougﬂtdé&asmﬂbmor&ﬁdns were

72) 115% of gggﬁggegw S S B B R PERC T IO BN 1 ozen
on dry ice aphbsphfi¢ Baffat(pHER)ASYAgliyool dnd ltliea;ond@uami celhpastdl®asl so used in
~the 1liter fer %&%@ﬁ&@ﬁ onﬁW1@Qﬁc?§tbﬁH§t Vi3l SA&B&E&I@HB%M was
15  also used in the 1 liter fermentations. Fermentations were stopped after

16-20 hours of growth. The cell suspension was chilled to 4 °C, harvested by

centrifugation and frozen at 60 °C following one wash with 15% glycerol in

0.05 M phosphate buffer (pH 7.2).

Thawed cell pastes were used for testing mmlase activity. The desired

20  property of the microorganism is a nitrile hydrolymng activity capable of
regiospecific hydration of a dinitrile compound in the absence of interfering nitrile
hydratase and amidase activities. Microorganisms tend to undergo mutation.
Some mutations may be favorable to the desired nitrile conversion. Thus, even
mutants of the native strain may be used to carry out the process of the instant

25 inventomn.

The present invention 1s not limited to the particular organisms mentioned
above, but includes the use of variants and mutants thereof that retain the desired
, . property. Such variants and mutants can be produced from parent strains by
e ~ various known means such as x-ray radiation, UV-radiation, and chemical
30, mutagens. |
- Mutants of Acidovorax facilis T2W (ATCC 55746) with reduced capacity
to produce the undesirable 2-methylglutaric acid by-product during hydrolysis of
2-methylglutaronitrile to 4-cyanopentanoic acid were selected based on their
inability to use 2-methylglutaronitrile as a carbon and energy source. Specifically,

35  an overnight culture of strain Acidovorax facilis 72W grown on LB/succinate
medium (1% (w/v) Bacto- -tryptone (DIFCO, Detroit, MI), 0. 5% (wiv) Bacto-yeast
extract (DIFCO), 1% (w/v) NaCl, 0.5% (w/v) 'sodium succinate hexahydrate) was

exposed to 100 pg/mlL solution of N—methy1~N'-nin'o-N—nitrosoguariidinc, a

9 | -



16-20 hours of growth. The cell suspension was chilled to 4 C, harvested by
centrifugation and frozen at -60 C foll owi ng one wash. w t '
'0.05 Mp BQHWQF% buffer (pH 7.2). Thawed cell pastes Werep%wgstestl ng
nitrilase activity. The desired 20 property of the mcroorganismis a
nitrile hydrolyzi'ng activity capable of regiospecific hydration of a
dinitrile conmpound in the absence of interferi n%@gl tril hydr at ase and

ami dase act i WBgeEEs 29Nl FO5 SPRARIRAEY S8 FYmEES: LS FgYEhit 3&930? Sone _
mut at i ons mMa¥akEoh aVAEEID balstin tidwldes IMﬁdﬂdmieﬁlctlB eanwesisddree ofles, even

mut ants of the native strai.n e u QCess of t he

instant 25 i'AYBET Brcen aBP%éré t%rla Pnvent |on ?ﬁ}{s yaftgwﬁn%rt 9 t he

. particul ar OWgshedsells weardsospedded mé@d&lﬁcmﬁ@ﬁnﬁdﬂm a@bgow&va@&héﬁt vari ants
and nut ant s {eF eQipstdiad thEL ALK efeiSidaBbn magtaﬂ@rswnmmm/arl ants and

or ZCt?aﬁf‘Qtnmﬁg ool 7o b e%b%?anﬁﬁf%g%m%ﬁ B AR TS o

Aci dovor ax fgaﬁwseﬁcoﬁ&liﬁlﬁgﬂdim (5&3&®cw1ghtaredtrde,dinddpmhblpnca o produce the
undesi rabl & &xELIM 65 WAL B ShibnRraduph decing-RidEBaKal s of

2- et hyl gl ut P (geal opent anoi were sel ected hased on
their i nabid¢vernightat HeC zndmaﬁngqha@ Hy B¢1iler I@Mﬁ’d‘é‘“bﬁh%@i‘ﬁ %ﬂ'ﬁ&énergy

source. Pecist £4). | Washd®caR wareEpttgihin £t plufes cortaisiing ainenAeledineor ax facilis

72Wgrovvn o] /su |nate d|u % ( tone (DIFCO Detroit,
0.5% (V\W}B‘ C"‘]Sé’f’ ‘%151“3‘—’&%3)15“%/% \XW’? 0. 5% (W v)
SOdI um SUCCI I}atedlymgwaiwdn&taegi 0vie% (weRsodivn suecinge e@éﬂfﬁtes%ilaut i on of

N- et hyl - SEELLASH ginfls 4t OF1RiES wercliabutated 186 04
PCTI USOO 189 é‘gérh&{agzg)g#gpa ydfoﬁﬁm rox?g@l@ l % 1rn?nut e This resul ted.

in a 99.9% mparmABlY 4 rh’\‘)‘ pem@ﬁ?‘i@gf)ﬁleﬂfé O“Wt“éhj i zed cells
were wasied fdaek eciwbﬁecplmp&gﬁhdwagmptatasfcag(ahmmelenummcdlm EE M sodi um

phosphat e buffer %{\%gp L ccm ate
medi um and g ﬂg)ver ni ;ﬁ?‘h" %szﬁlsgsz %&ﬁg&%@?&%ﬁ&ﬁgﬁeg(%

centri f ugat i wrreiincubeied 1§ 8 at 30 GriesaliseiealoniesiRaisprien- MBS FFT9019) and
resuspended mﬁ%s&aﬁétrﬁdw wenIowme(smdcﬁ%emghlucmeforemmmmh,ng 0.2% (v/ V)

g. gﬁ 2?;/! ?: :Jf’l%r 5‘{‘;;’1%‘%5 w%g%f"té"%gﬁa ﬁllbl i IS?‘&T C%%}er nlegﬁlfg P&%%dé‘% andaggal n
washed i p0 st sreiive; wa@ smveNfedditbentesiogphat e buffer 10 (pH 7.2). Washed cel |'s
were spread on agglpl ﬁﬁ %%195 ﬁQ@%l%nx@?&é&Qih@&&eﬂﬁ%m 2eplatéBndE2 i ni ni al
medi um (W t hout g ucose us % (v/v)
19 strains with the desu'ablc quahtles were 1dentified. These mutant strains were
further tested for growth in liquid, E2 minimal medium (without glucose) p[us
0.2% (v/v) 2-methylglutaronitrile. Strains which showed litile or no growth in
25  this medium were screened for their ability to produce 2-methylgiutaric acid
~ during growth in liquid medium consisting of E2 minimal medium (without
glucose) plus 0.2 % (v/v) 2-methylglutaronitrile and 0.5 % (w/v) sodium succinate
hexahydré.te. As a result of this process, two mutant strains, identified as
Acidovorax facilis T2-PF-15 (ATCC 55747) and Acidovorax facilis T2-PF17
30 (ATCC 55745) were chosen for further development due to their greatly
diminished capacity to produce 2-methylglutaric acid. :
To produce biocatalyst for stabilization studies, the following mcdia can

be used. ‘ _
Strain ‘Medium
35 72-PF-15. Lauria-Bertani Medium(Bacto® tryptone, 10 g/L + Bacto® yeast
' extract, 5 g/L + NaCl, 10 g/L) + 0.5 % (w/v) sodium ;
succinate=6H,0
P CT2W E2+ 1 % (w/v) glucose + 0.4 % (w/v) adipamide
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~2-nmethylglutaronitrile and 0.5 % (W& sodium succi nate hexahydrate, bi a
concentration of 40-100 colony-fomting uh| ts per plate.. Rlawey 2adde

i ncubat egof@fpsz7gPpPr oximately 48 h at 30 "C to allow col oni, uksdndsose! 6p-

- Col oni es whi ch 15 devel oped were replica plated onto agar plates containiug
sel ective nmedium. E2 mnimal medium (without glucose) plus 0.2 % (v/v)
2-methylglutaronitrile. Plates were incubated 48 h at 30" Cto allow

col oni es to devel t ant th desirabl e. ual i f ow wel |l on
the sel ective ned]o‘g’rwtllvl%elgfrﬁ r"g“ g&?&’r"prﬂ%“%e g”r g‘p |‘(L':'§St eac%"ﬁ@eci%igﬁ wer e
conpar ed ando. $tﬂaoﬁi&ozghcwchgulgnomfﬁlm'nhgfommngbtrgrs‘éﬁ!@étzﬁv@ WIQ!O medi um wer e
saved for fug h%.gﬁﬁlﬁ@ﬁfpﬁgthelorfo&ﬁfﬁl:ﬂ s@a%@ﬁs%ﬂ \U&tﬂnﬁfcé'eé-a:pl CoFgei es were

checked from ates ' and 19 sftain ira u Les were
i dentified- SAeqacdiyRane 2dt flaskad C?’i“rﬁmf‘i]é‘?zgt gi hrpgl'“g %S\éllr in
liquid, B2 nioivim celfedipsmiomivadtih agladao$é)offtheisame Bedifm (v W()L

2-met hyl gl ut gr oni 4t '&esse%ﬁ&l@w&g&%t}nma&ef&o%e forld @?%@ndep 25 this

“medi um wer e screene taric acid
during growt chenzﬂﬂmmgﬁm@mm%a%f‘émfha2@r1d|§9 'M"Pﬂ‘ﬂ’&} ’K%‘dl um (wi t hout

gl ucose% pl Eg) 01 8%% gtﬁé Vésséw%ﬁ:ﬂﬂlbﬂlws-\mﬂcfaﬁd talsaneiefedbPo (w/ v) sodium
succi nate hex rate a resu iS.pro trains,
i dentified a%e““%{‘gmor_%ﬁf%ﬁcﬂgﬁ% ‘igggafé @'é‘%i%‘%ﬁ& Cl dov%?d;xf ac ilis
- 72-PF 17180 sgtéﬁd:@t SW%BWMM@ Nurosrens ftber ﬁmlhmenmmomm}b‘pﬂimwedae to their

greatly di "% sBMcEﬁoPEQ%@ﬂ?m@tM%édhﬁﬁh&kﬁwm To produce
‘bi ocatal yst tor stabl I I zat1qn studi eﬁ t he foI | awi n a}?can be used.

Strain Medi utfesesskiliesl ipghejast. Thess. as wall @3 pompley g PheweiBhe. 10 g/ L
+.B act oo yepsbucetibdabdyst. Shygpdrticuiddafddia d@cxgjeﬂ)ab&ve(hhﬁu%r(ombw\)xewcﬂl um 0
succi nat e<6112Q .72 WE2 + | % (w V) glucose + 0.4 % (w v) ad| pam de 10 WO
01/04278 5 J%snuatr};;‘3 04 PCTI U500/18908 To initiate growh, m. of the
appropri &t e medi ufelisinvinggdtiase aerviiyiand wiich an cojfected W‘%@{S’@k"@ul ture.

Fol I owi ng OVﬁfr@fo%gte ﬂﬁﬁﬂlﬂpéfsloﬁg or@)ﬂMsHhthgﬁfﬁphﬂ o ﬁﬂbbﬂﬁz]&ﬂ ctize gr ow ng
cel |l suspensi ﬁ{ rans%ﬂerrte ?? ﬂ{?‘ﬁgﬁgf Q”aglflﬁ fl ask
and grow h c SR AreRbsTaus é%C?W%Jﬁ%%SW SRS VP OW Ng Ce

suspensi on vvaaoxttbmr@tdnds&m immobgizatitre osmemh@ﬂmﬂﬂhﬂ‘ambuﬁ@r ment ati on
vessel wher e gt auth o haHe b NUE tis G AisbibeR8lldcRdlRiin EaRAERbLAN

20 and frozen prior to storage in cell suspensions or as suspensions of immobilized
cells. : '
- Nitrilase Assay:
Nitrilase activity of unimmobilized cells was determined either by -

benzonitrile conversion to benzoic acid as measured spectrophotometrically by the
25  increase in absorbance at 245 nm, or by 2-methyglutaronitrile conversion to
4-cyanopentanoic acid ammoniurmn salt measured by HPLC. For the benzonitrile-
based nitrilase assay, 5 mg frozen wet cell paste/ml. was suspended in 0.1 M
phosphate buffer (pH 7.0). Benzonitrile was added to a final concentration of
1 mM. The suspension was shaken at 250 rpm at 30 °C and samples were
30 collected into a 4x volume of 0.04 M phosphoric acid stop solution at 0.5, 1, 2 and
4 minutes. After five minutes centrifugation at 15,800 x g, the resulting
supernatant was analyzed spectrophotometrically. Based on an empirically
determined extinction coefficient for benzonitrile and benzoic acid in buffer plus
stop solution, unit activity for the nitrilase was calculated by the following
35 equation, where X is cell path length in centimeters (with correction for dilutions):

AC (Molar) = AQ.D.545/ 1.81 Molar! cm1(x)

BRI
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were: >80% oxygen saturation, 25 C, pH 7.2 and 300-1000 rpm After 20-91
hours, the vessel was chilled to 8-12 C and cel | s harvest édlamary 2004
centri f ugioimazzsThe concentrated cell paste was i medi at ePgTfusowessoon dry
“i'ce and 10 stored at -70 C until use. Nunerous other suppl enentations
which will serve-as carbon and nitrogen sources for cell growh in E2 basal

- nmedium are known to those skilled in the art. These, as well as conpl ex

nutrient media, m%gg I jcul ar nedi a

descri bed above s uf}g (é)l?&g}&@l\]n ewe &gl%sgie%tg% gtrl}i%tec’ﬁsa%%gﬁéﬂ havi ng

nitrilase acﬁ%ﬁ‘fyﬂaﬁ%ﬂ sispensiosn, @prrgkimagly A0 Mg frazen celt B2Y/BHA INf or st or age

:AE Cﬁl | SUSpermmq{ngoj@Hmwguﬁeﬁm z(alﬁecparia'()lrﬂnoﬂﬂ 4IOrMDb| lized cel |hs -

' ich are suhseque L.b_suspens a di I ec wi t hout
g O[g ]§E 5%11’861&[% 1811]'2%(? 9/%%61’. I Z %Q?&a‘(’f&q xmre &ILSV

washing opri tion, an pbe washed with
t he 'storafje lnwﬁrﬁtemcdpﬂin?ctvoths&tmlag}eﬁndto 180robiakifuoss iWGFF rewwe%ammy al so be

' ga'ngﬁtsfg nf r Q& e e b ok b r@%@%dfzb%e& kdrRd| siﬁdﬁl%%?ﬁﬁi%n'(@ Kg@Jxl
S Qr as suspensl ogns, o ) S. | TFI | ase say:
N trilase ac-peRy aspenelans ol il 260, Cells N ALl goe/ by
benzoni tri | e imarRdtatgy afixed( tHee rREodrifugedifor 21mimeakd 0@ drpapeThe eyleatasmet ri cal | y
by the 25 'n%& o Léqg ﬁ%ﬁg&ﬁeﬁﬂﬂkd%ctgym%d@lﬂé}&h}“ aronitrile

conversion tag t anoi c aci d gm’mnl um salt nmeasured by HPLC. For

the benzdfit &G- és %WK%@‘FW&%‘SE‘% gmetst) S Ue B ANEPSSOWERY ~ past e/ L was
- suspended lncené;n&ﬂg mwmwm@nbwﬁte,rlo(lﬂﬂ atetf)) acidBandzbititnidthamolvas added to a

final concentrati pm at 30 C
and ‘sanpl es were %JI‘P%{ ({311%(?&%11& ﬁyrﬁ%gn oric acid
stop sol utiod6dtg of Sllmobzhﬁd@ellmcaﬁﬁlmm 104 @fr2-mie%gl#tm@éean _
centrifugati on &y 1?28 @ pothssithbashete b fter (]pﬂl«mrdﬂ% agt Al wgamanal yzed --’

n

B

spectrophotonetrically. Based on an e |, r| m xt]nction
“coef ficidft f(gflggé‘h{z)o‘f‘ﬁrf’lr?’?“é"egr?d‘dﬂ’é‘ﬁ% oﬁlﬁogﬁh&gr’m i%‘i
sol ution, uniektetdl isiantiatd fsokutibin €0.7A5 ™M iN- msmylpmplmhndd)amdciohyed tvatef. oI | owi ng -

L gl S (T )
5 January 2004.-008cpmsswiche W@WWF@ f%‘?ﬁW@Pﬂl‘%{’I"H’rﬁ O assay,

1 L of 50 rrgaﬂrby}mldasd&mrwaﬁbmmcell suspensi on (approxi mately 200 ny
frozen cell qas eb l in 0.100 M KH2PD4 (pH 7.0) buffer was added to 3.0
nL of O. Q |

Nitrilase-containing cells can be immobilized using any of the methods
and procedures known to those skilled in the art. These methods include, but
are not limited to, immobilization in alginate, carrageenan, polyvinylalcohol, or
‘polyacylamide gel, as well as immobilization by adsorption or attachinent to ion

.25  exchange resins, diatomaceous earth (celite), activated carbon, silica, porous
glass beads, alumina, zirconia, titania and the like.
Stabilization Compounds: ‘ .

The compound or compounds used in the present invention to stabilize

nitrilase activity and preserve the integrity (prevent the microbial contamination
30 or lysis) of unimmobitized or immobilized cells are selected from the group
conSisting of inorganic salts of carbonate or bicarbonate. Types of inorganic

 salts include, but are not limited to, sodium salts, potassium salts, and
apumonium salts. A single compound selected from this group may be used as a
nitrilase stabilizer, or two or more cbmpounds selected from this group may be
35  included together in the preservative solution. Solutions containing carbonate or
bicarbonate saits may additionally be prepared by sparging a buffered solution
with carbon dioxide to generate the desired salt in situ, with appropriate pH
Fe ' adjustment. In the case of carrageenan-immobilized cells, ammonium or
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2 methylglutaronitri.le in deionized water at 25 C. The reaction mxture
was 5 maintained at 25 Cwith stirring, and 0.180 nL aI i udansiapys2d94r enoved

and mw&o%% S5 gL of 6.0 NHA and 20 L of.external ggﬁ,@g&@% gution

- (0.75 M yI propi onam de) in deion zed water. The re trng mxture
was immedi.ately.m xed, then centrifuged for 2 mn at 12,000 rpm The
supernatant was anal yzed by HPLC using a refractive index detector and a
Supel cosil 10 LC-18-DB colum (25 cmx 4.6 mmdi aneter), using an aqueous
sol vent  conpaiassivig salts arspsefentedn 2 dhasa cations penaliciRliy daceease it degeeeof 5oy

met hanol . Tbﬁ)sﬁliﬂldné RSRe aftigebian gof. (mive biseiof algmaehhsnalahzedetm tened by

? )r(ria?ﬁyéltsu?agB ‘{af‘“i‘e an%upﬁ%dm%ﬁa@uégé (’rj}IMS% L?a35| um p%l at T %bf fer (pH

7.5) at 25 Cto theibipachopatt®r carbose salty lwp@npérmo@au@n@w% cigit h 5 p.L of
ﬁl— 0 'I[\Ih H|C| 5anG, 20 od t1afdesR¥ bEERAlinkin ﬁﬂﬁfe@lgﬁﬁﬂtéﬂrélowhé A dTforl\bf ca}cutm ion

met hyl pr opi on ei opi,ze ter r iSOl ution was .
- i mmedi ately HW&%&%B&#‘%@H&FP fhj’é‘ﬁz % t‘fﬁtﬁ’ é? uﬁ%hb *Bhiand t he
super nat ant an8lli¢aedht aitrikse yaiviy of tainonabiliaed dr ammobitised cellal thelmge HPLC as
‘descri bed aboggl(:ar%%n‘lng%%oﬁﬁg ﬂp%dﬂfgﬂ%y g&ac&g%%letd%}cel |'s can be

I mobi | 1 zed usi'ng an rocedures known to those skilled
in the art. thmnmn@aeumm¢m@fswmans@ frilr upmmobdEEd 87 | nmobi | i zat i on

in algingpe, ipalobaegsan. pol yvinyl al cohol, or polyacyl anide gel, as well
as imobilizatio bi;% qqsgftg%ﬂcféﬁ}f& éé@%@?@n&uh@fqt%c%@m%fhange resins,

di at onaceous ear I ca, porous gl ass beads
al'uri na, zi r coosslinking Q%mmmh&@%@lqrwéé celty @hP1 4.28%558mndonpounds: The

Vi Ty A B e e o1 AT Dl oy eont 2t on
i Vv i

30 or lysis) I6Fh ’t?ﬁlltﬁ'&}bg ?géi) gf’sﬁ%‘/rﬁ‘é’b#’f”ie &t9& ér]:&lga]l@g?%ﬂom t he

group consi stBahglekér et abrGapine Mierdob sTashnal ar3R58a368 (8991bi Gzactrt plat e. Types of

norgani o SoLachs e BaRLORYtold Tl Bk eioBl) ubAal o, POt assi um

salts, and ammonium’s e coffpound selecteéd from¢this group may
be used as aSlmilﬁqﬂpﬂﬁfébl%ﬁﬂwamcﬁcww tghesgataly 33 HSG R | ect ed from

this group meyndigosdininie u@ Hedtiogs idtudingtht p@dpetivaef iighi corcentritidnison.

Sol uti ons cont %I %% Lar at ggemm bi gsaﬂ&gnﬁ%fﬁmg%%}g%@ogggi tionally be

prepared by SOJ 1'on e to generate
t he desiraed. ismhqumdscuapndwubwqustgmgmmums baffpry shatdamot qoAtaithe case of

carrageenan- i gppibeiof 6ilabshits saldHPRG P oudd tprdRRUAE Yosd 0P ititeae01104278
activity over time. Carbonate or bicarbonate salt(s) may be also be used to -
stabilize nitrilase activity and preserve the integrity (prevent the microbial
contamihaﬁdn or lysis) of unimmobilized or immobilized cells which have been
25  chemically-crosslinked with glutaraldehyde and polyethylenimine. -
The concentration of the inorganic carbonate or bicarbonate salt(s) in the

agueous p_reserirative solution may fange from about 0.10 M to the saturation
X concentration of said inorganic salts. The saturation concentration of each sait
o o will vary with temperature and concentration, and for stabilizing immobilized
30 catalyst is preferably in the range of from 0.25 M t0.1.0 M. In the case of
unimmobilized cells, it has been observed that at concentrations of bicarbonate
salts equal to or ‘greater than 0.50 M, the cell suspensions become heterogcnous,
although no loss of nitrilase activity is observed; therefore the preferable range
of concentration of the inorganic salt for the stabilization of unimrmobilized cells
35. is from 0.10 M to 0.50 M. '
The pH of the suspension is preferably from 5 to 10, with a more
preferred pH range of from 6.5to 8.0. The pH of the aqueous storage
— suspensions may be adjusted with a suitable acid, such as acetic, hydrochloric,
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PCT/ USO0/ 18908 potassi um salts are preferred, as these cations beneficially
increase_the degree of crosslinking in the carrageenan gdiJarluarytmé)ficase of
“al gi nat eWOPRY¥BH7Fi zed cells, the optional addition of up PETASHIRE8E ci um
ion (e.g., in the form of cal ci um acetate) to the bicarbonate or carbonate
salts is preferred, as calciumions beneficially 5 increase the degree of
crosslinking in the alginate gel. The addition of calciumion is ‘
preL elrabl y lg\ﬁhﬁﬁ: A lﬂ@s pRbricRadlor SuihbIe bhee, gxbilhbﬁs agmmmhmygﬂftmd 3” tﬁ
sta||2|ngt ni.trilase activi i mobi i zed or immobilized cells,
“the use AR e P B%B‘}%P g’élﬂff addi tional |y prevents the

m cr obi aI cont anThetdngrerourepy whishabe unimm:fbilimépverimmogézzgd cgliseare

uni mobi |'i zed gy L?rsc egrmhﬁeoa@ 1&@&45%@:1&%1% d?fm&leliﬁ@'gﬂléj@ﬂiﬂﬁ’ and

pol yet hyl eni m ne §or em ca cr ossl 1 nKi n biljzed m crobial

cells (U & hicadwoatspr gapoppiesmay rapgs Qs ppRIR¥DY Fﬁ?%B. E@D ABGEIRS| col | <

(Takata et afreeszg 9pmoaema prefesatiad solifiiohBafibsq 1098)th aTosterred raige of

Bi oi echnol . ﬁ egg é ng? 1709 (1979) 15 Bahul ekar et al., Enzyne

M crob. TechHSf® 1§t§ Q 8 (1991): Chao et al., Biotechnol. Biogeng.

28:1289- 1293 (1988} prmgntbe@nugm Mﬁh@lqﬁfm@cbwrﬁlééolwm%ﬁgﬁwlie&am |y

- st ag' lize th@h&ﬂ&ﬁ%&&s@&t i &Eséﬁxa!ltdiﬁéev&ﬁé @idy@hﬁg predered eact i on
conditions in ma pljcations, includi.ng the t|o

~ concent r aPi of®P 0%‘:8% "(fdﬁ'i/’rnl"?:m@& Ao YLy e | @3? X300 ﬁ&“%g

uni nenobi | i zeﬂomedhkcmsmnﬁﬁﬂmnmalmpieadomaesmdandh@msaqmm age in

. aqueous buff r I pdrgﬁémﬂﬁ&l@ ts has not
bgen found tgg P%%%Wgﬁm%gga% Mr?ﬁdrb?ll’ glg‘g@kg%‘;?gmnppig roti r?gﬁkCar bonat e

or bi car bonafed sene(tagrepfa jatBaks WoB: ChAgEs Jng m metl?‘fei“&% activity
and- preser ve b h@agt it 18 Fatibys L(sagee\a@ﬂtcoﬁd‘iﬁom crobial contamnation or |ysis) /

of uni mnlgl I'ized or immobilized cel ‘Wi have been 25
chem cal I'y-crosslinked with glutar a%y’d@isand pol yet hyl en| m ne. The

concentration of tMaeriaerehmphodnsuieblafer be mamenap wih pEhactesial he

aqueous presepialek Y wal Hﬁdvﬂﬂmrfﬁaaﬁa%enﬁq&ms&mw foeuwld\dhb@oudiﬁngat uration
- concentration of sald ingrganic salts ur a |fon conclthratlon of each

salt will vAXFORles Fay hrjerndasset Ip o i ng

i mobi | i zed 3IPhitkproGyrhhrdt,sR p(r“ereNhﬂmy, leptha (?.mstﬂg:ew FugkroW. Nagr\VMibis 1

M™ In thegcas hare AR RIE KKS tfatat
concent rz?t | oﬁg gjfoogiulgar bo?%r'lt1 hItlul %‘%89 % ter S? gty a M the
cel | suspensiMissoielesywe W%%u@gg hP’EhY)GB §%°de :

cactivity is qbsx%&tbaék of Bﬁﬁﬁﬁﬁlrﬁldr&ﬁolbmf&tam Edma]m,gﬁnmf Asmumnt, fmt.j on of

t he i norganic. s I 10 ahi | | zat | QN4 of ﬁﬁi |
fromO0. 10 Mtr%'“g NME@%#% g‘?l usp |on |s pre e%r a?romSto 10,
with a nore Ipszemnceabf pMWMQdI&)Wemmme@d&mmh Ghpanigls ﬂfhl’le"ﬁ%ke&queous
storage ;5 W), DIFCO Laboratories (Detroit, MI), GIBCO/BRL (Gaithersburg, MD), or

Sigma Chemical Company (St. Louis, MO) uniess othc_rwisc specified.

The meaning of abbreviations is as follows: “sec” means second(s),
“min”means minute(s), “h” means hour(s), “d” means day(s), “pL” means
microliter(s), “mL” means milliliter(s), “L” means liter(s), “mM” means

30 Imlhmolar “M” means molar, “mmol” means m11hmole(s)
. EXAMPLE 1 _
Storage Stabilitv of Unimmobilized 4cidovorax facilis Cell Nitrilase Acnwﬂ

Acidovorax facxlzs 72W cells were isolated from cultured broth by

centrifugation, and then suspended at a concentration of 1-5% dry cell weight in
35 agueous potassium phosphate (0.10 M or 1.00 M), sodium acetate {0.10 M or

1.00 M), or sodium bicarbonate (0.10 M or 0.30 M) at pH 7.3, and the resulting
suspensions stored at 5 °C in capped glass bottles. Samples were removed from

b " the cell suspensions over time and the samples assayed for nitrilase activity. .

14



~suspensions may be adjusted with a suitable acid, such as acetic,
hydrochloric, 13 WD 01/04278 5 January 2004 PCT/ USOQ 18908Januanu?0dd or
phosphoryj i- or a suitable base, such as anmoni um hy i odi um

. hydr oxi d‘g,sog@hg%tassi um hydr oxi de. The tenperature at \/\h%@?@“sgﬁ

uni mobi | i zed or .inmmobilized cells are stably preserved in agueous

sol utions containing one or nore inorganic salts of 5 bicarbonate or-
carbonate may range from approximately 0 C (or just above the freezing

poi nt of t heTpbled shews heaelawyenitridasy agiityf the stoppd ellusneasions ¥ith B ge of
from5 C to 3rifese aiQitP bESHE RispbRVaR ki &% O Gefinvd hE00vd efdlBetbréfohe fol | owi ng

Exanpl es. It houl ¢ unde ood that .these Exanpl.es i l.e .indicating
pref erred 109%3%&&3@13? °6ﬁ"@ﬁé 59 \'}Equ%??@tﬁf%mla?%%g%?c%%hg e?I | ustration
only. From t hercemipewd tiah initias sitascandvitthwhen @rwpaysdds storggeinsiiber ed in the art
can ascers ai g 1h/ig or $9MIbkith bR bOblsbich Shospaud N 5 1 nvention, and wi thout
departing fromthe spirit and scope thereof, can nake various changes and
--nodifications of the invention to adapt it to various usages and
conditions. 15 EXAMPLES Materjals an®ebdt hods suitable faor the maintenance
and growt h of bacterial cultures are pgld.408W)in the art. Technijques
sui tabl e for—uoseTTTthe fol T OWnNg gxanpl es_nay De Tound@ &et out] in
Manual of Methods for GenBidPaBact eriol ogP2phillilpp GeMBF R R IG E
Mirray, Ralph ay Cobbirbpw, Fugeme Wo.Newter| ol i s @0M. oM Nodl R
- Krieg and G Briggs{PhiIlTps, S), | Angrican ietly f cr.gbi ol jogy,
" Washi ngt on, | DC. 0( 1994) )Ibé)r l%)y l('?‘ﬂomas B‘.%BBro:kqigﬁ Bi [ot elg nol ogyl:%) A |Text book
of I'ndustri @l Nocrobiol 83y, i Sedénd Edi t87on, | Si Bauer{ As8bci dt es,~ I nd|. ,
~ Sunder | and, |MA (1989). Al reagentsiand_materials used for [theogrow h and
mai nt enance|of bacteérial cells were|obtained frgm Al dr]'bﬁch em cal s
(M | waukee, |25 V), | DI FéD Labor*it or | es '¢Det foi 2 M}, '& BoQl BRT '
(Gai thersbung, D), jor -Sig Chem cal Gompany (St.| Louirs, |MD) 9&inl gss
otherw se specig,i edj The, meani ng of | abhgevi atigps ils agsfolll owgs "sjee”
~ means second{s)y—eans—nnute(s); T means tour (S), - dF T eans
day(s), "L" means mcroliter(s), "nL" means mlliliter(s), "L" neans
liter(s), "mM means 30 nillinol ar, EX&MBERAS nplar, "mmol " neans
m | limol gs).  EXAMRldbillkafRbis008d0bah ifhdiliy720W il 0k jahiPagitleAci dovor ax
Fa s Nt epsoras el o b8l AL Syl Ak E Wik atire 1 501 at o
of 0.88% NaCl, and the resulting suspension heated at 50 °C for 1 h to inactivate '

undesirable nitrile hydratase activity. The 50 °C cell suspension was then added
to 135.0 g of 2 5 wt % solution of Pronova ISAGEL RG300 carrageenan at 55 °C
15  with mixing. The resuiting suspension was then immediately gelled by cooling to

5 °C in an ice/water bath for 1 h. “The resultixig‘ gel was cut into particles
approximately 2 mm in diameter, and the immobilized cell particles then hardened
in 450 mL of 0.30 M KC}, 20 mM KH,PO, (adjusted to pH 7.0 with KOH) at
5 °C for 18 h. The hardening solution was then removed by washing the
20  immobilized cell particles three times with 5 mM KCl, 20 mM KH,PO, (pH 7.0)
at 5 °C. '
EXAMPLE 3 o
Immobilization of Acidovorax facilis 72W in Polvacrviamide Gel Particles
A solution of 13.8 g acrvlamide and 1.20 g methylenebisacrylamide in
25  15.0 mL water at 25 °C was added with stirring to a suspension of 30.0 g (wet cell
weight) Acidovorax facilis 72W in 82 mL of 0.10 M KH,PO4 (pH 7.0) at 10 °C
with stirring. To the resulting mixture was added tetramethylethylenediamine
(0.45 mL) and 7.5 mL of 5 % (w/v) potassium persulfate at 25 °C. The resulting
Pt - polymerized gel was stored for 1 hat 10 °C in an ice bath, then cut into particles

15



centrifugation, and then suspended at a concentration of 1-5%dry cell

wei ght in 35 aqueous potassi um phosphate (0.10 Mor 1.00 MJamadi2004acetate -
(0.10 Mwio 010408 M, or sodi um bicarbonate (0.10 M or 0. 3@ckusas/1g9bk 7. 3,

and the resulting suspensions stored at 5 Cin capped gl ass bottles.

Sampl es were renoved from the cell suspensions over tinme and-the sanpl es
assayed for nitrilase activity. . 14 WD 01/04278 5 January 2004

PCT/ USCT 1899§%r3§9$£elk2%§9% dfaﬂete; eirfl infGoktlibdd ée%@mere& Wtd YasBbq t he st ored

cel |l suspensi nitril ase act|V|ty of "t he suspensions at day O
defined as 16W%s Wity 300l bHabBOs GHH 69) #ay &in' 0 10 M or 0.30 M sodi um
" bicarbonate retained a significantl gﬂmm@ percent age of the initial

4 @

Snitrilase activity whes, CORPRIGE. R SURLAYE bl SlihEhaS ReduM O 1.0 M

sodi um acet at e or>pota , vity (9
KH-) PO4Na®AC NchoACM@a&mwm l-iﬁowlsie%\m @eﬂ NGiZhO MEresMobilized in

010010010010940109s 482 AEHAag e (-0 wifl) aOAIARERAID e Bt the - - 92
92817863769595 10 I nmobil.i zation o Q;Ogﬁ]\éor ax facb(1 is 72Win

Car r ageenan I%@FWQWW& Haﬁ TN granms) was
m xed wi th 42mmdnium efetfe,38Undiath premichatd) emmesiln bngbsugpensi on heat ed at

20 Cror 1 N abihddi Shithl Or ik NS LARL R Bﬁagphﬁeb&%ﬁhg%wt'v'ty The 50 -

C cell suspen5| on_was en ad % sol ution of.
Pronova L8AGEMIIERED cblaflﬁif'a@té%aﬁ e gasulging Wt Kedaalry SUSPRRSIQSs Ul t i ng
~ suspensi on V\I&&:ré heﬁdlanﬂetdhaé@pyd gleisltﬁiﬂtldaya:ﬁicmfnpmgm& reﬁxoﬁ‘ed dﬁ/eaﬁmece/ wat er

bath for | h here ul 1 |n mately 2 mm
in dianeter, e %g% s el ax‘é\’&c hsu]rgr |%:l eag?a&% (Fi‘%n 450 mL of
0.30 M KC, 20 m\ATmbtzﬁ@ho'(vaé}eusla@w mmlmaarmwt\v\miithem uamoedlesd‘mil 18 h. The,
har deni ng. solsidpepfoN@with ARMEGIPHQLBY l@ydemémwmow AR BEIld stqeld cel | ‘

particl e515t ht e(f B\ neamsmc\:lr\itn}nrl] b15c r(])rl\l/zliteK g:jfame a SIgm Igaznl?%uélﬁf percer)tage Of?hc

initial nitrilase activity when compared to storage in 1.0 M potassium phosphate,

ﬁ

. ammonium acetate, ammonium propionate, or in 50 mM potassium phosphate
containing 1.0 M ammonium chioride, at pH 7.3 and 5 °C.

- 20 ' : Table 2
nitrilase activity (%6}
NH4CL
ammonium (1.0M) 7
NH4HCO3 | KHoPO4 | NH40Ac propionate KH2PO4 | (NHy)2804

day (1.0 M) (1.0 M) (1.OM) (1.0 M) {50 mM) (1.0 M)
0 100 100 - 100 lOOl 100 100
151 - - - - - 93
23 96 71 78 34 83 -
27 - - - - - 72
43 - 53 - 79 - -
45 98 - 67 - - —
46 - -~ - ~ 67 S
56| 102 -~ 60 . - - -
60 -, - - - 62 -
74 - - T 73 . - -
81 99 - 50 - - -
95 - - 40 - - -
T 98 | 107 - - 66 - -
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- EXAMPLE 3 I mmobi li zation of Acidovorar facilis 72Win Pol vacrvl am de Gel

Particles A solutioh of 13.8 g acrylam de and 1.20 g 5 January 2004
net hyl engiap gagehsl am de in 25 15.0 nmL water at 25 C was adgegWodkosd i rring
- to a suspension of. 30.0 g (wet cell weight) Acidovoraxfacilis 72Win 82 nL

of 0.10 MKH P04 (pH 7.0) at 10 C with stirring. To the resulting m xture
was added tetranethyl ethylenediamne _ (0.45 nL) and 7.5 nL of 5 % (w v)
pot assi um persul fate at 25 C. The ﬁl&m% pol ynmeri zed gel -was stored for
1 hat 10 Cin anlce bath thenc rtlcles 15 V\001/042785
January 2004 P 5 Y fdy i e ilis a0

i mmobi I'ized cel| Qamwﬁcwwmﬂa%% dme% ﬁflwégurﬁMdﬁthﬁeE% (pH 7.0)

at 5 C. EXAMPLE 4 Sto ‘-Iﬁ@lrégiigb oA I'nmobi T zed AC| vora acilis '
Nitrilase Actrapysise: 5§(ITEF=§WI (& 0p9p)asip Sxqmpls OEee?q i ght) were

i mobi | i zed kd3ultiRg wﬂyap:ﬁ%lsuﬁﬁa@@i 1ﬁaq1ﬁ®geenaaﬁa.(nﬁlc&mm bidarbasate at Exarrpl e 2
above and thepy yespt rl:é?ﬂm&%a‘oﬁﬁze‘a%&lﬁl %e%&ﬁ%ﬁ%g%réd%%“é%ﬁ 1.0

" pot assi um pthpha I um acet at ni um pr opl onat e, “anmoni um
bi car bonat e, canped almsﬁdmﬁéw%%smlés ks rﬁ;niam@é oWV tigest ﬁ@ébﬁmlrsﬁb‘&ma
cont ai ni ng 1.40;Mckex ﬁmnam&ﬂala@sﬁy@lﬁo@hu@lﬁke@cﬁmﬁ he resulting i rmel l'i zed

tal yst t d at C Ny d :
Cam b5 wor o1 omoUHE URP R TR P ) RECH A REBGUMARPN 11 s 72w

cel.l s asd8yeduspension) with iteesastisigy anday\p, defiagd & @0%hows the rel ative nitril ase
activity of the stored i mobilized cell suspensions, with the activity at
‘day ,0 defined as 100% inmmobilized celjgsstored 15 in 1-0 M ammoni um
bi'carbonate retained a si gni fFrcantty-higher percent age of the initial
nitrilase activity when conpared tlo SfieAglviy (191 M pot assi um phosphat e,
anmoni um acet at e, anmoni um pr opivonat e, m{dm:o} 50 nN/I-pot assi um phosphat e
containing 1.0 M amoni um chflorde, at pll—bOY. 3 and|5 C. 20 Table 2 nitril ase
activity (%9 NHACL ammniurr(ld)l\lp :

NHAHCO3KH- ) PO4ANHAQACpr opi ongit eRH- )[PO4( NHA%2S04 day (1.0 M(1.OM (1.0 M(1.0
M(50 MM (1.0 M 0100100100100180100 15---g4---93

38 92
59 93
78 88

105 91

EXAMPLE 6

15 Microbial Contamination in Suspensions of Immobilized 4cidovorax facilis

Acidovorax facilis 72W cells (5% dry cell weight) were immobilized in
Pronova ISAGEL RG300 carrageenan (3.0 wt %) as in Example 2 above or in
polyacrylamide gel (PAG, 10 wt %) as in Example 3 above, and the resulting -
catalyst particles suspended in aquco&s solutions containing: a) 50 mM potassium

20  phosphate (pH 7.0); b) 1.0 M ammonium acetate (pH 7.3); ¢) 1.0 M ammonium
bicarbonate (pH 7.3); or d} 50 mM potassiumn phosphate/1.0 M ammonium
chioride (pH 7.0). The resulting immobilized catalyst suspensions were stored at
5 °C in capped glass bottles, and samples of the storage solution were removed
over time. The samples were examined for microbial contamination by

. 25,  measurement of the change in optical density (OD) at 600 nm.

Table 4 shows that immobilized cells stored in 1.0 M ammonium
bicarbonate retained a significantly-higher percentage of the initial nitrilase
activity when compared to storage in 1.0 M potassivm phosphate, ammonium

_acetate, ammonium propionate, or in 50 mM potassium phosphate containing

17



239671788483-- 27------- 72 43-53--79---- 4598-67---- 46----67-- 56102--60
------ 60-----62-- 74-----73--- Si99-30----- 95----40----5)980072B8+--- 16 -
VO 01/ 04%d%1/0429@nuary 2004 - PCT/ USO0/ 18908 EXAMPLE 5 Storpgﬁuﬁjoabgdgl ty of
| mobi |'i zed Acidovorax acilis Nitrilase Activity Acidovorax facilis 72W
cells (5%dry cell weight) were immobilized in Pronova | SAGEL RG300
carrageenan (3.0 wt % as i-n Exanple 2 above and the 5 resulting catal yst
particles sus ded in.a p% i.car bonat e H 7.3. The
resulting i Mﬁ@?@ﬂl%&’iﬂfgﬁt aéq.] %ﬁ%g]v%g}aﬂ 8?1’18 mitggé’?rﬁ capped
‘gl ass bottl eincram! mﬁwph@suméngtmaédwem@i)bmfmt storage Huff¢reovemmdi | | zed
Aci dovor axf gl aﬁllﬂnﬁlo@a&%&%@mﬁef metcfrlﬂcm cﬁeﬁgeﬁh&ywhemmr@d 3 shows

the relative n|tr| ase activit he stored g | zed

suspensi on, #’P @M}fé’t"éﬂt@\ﬂhﬁ’ﬁ’f@fﬁ H’é‘f}e go Elé‘fliﬁﬁ%‘?i mEro @}Ban%EB‘FtE’“?"m trilase
activity s( %pﬁ@ﬁd&ﬂéﬁ@%o&kﬂ&df&%llﬁ%&d%!& MARBnFRBBadAEO] EXAVPLE 6 15

M crobi al Contanm. %ﬁ%" PFS&SEWM%"%“ ém%/%dﬁﬁdpdﬁ&k vorax facilis

Aci dovor ax faci TS ry ce were |mm ilized in
phosphate. Of the thrce: storage suspensions which showed no microbial
contamination or putrefaction; only the immobilized cells stored in 1.0 M
ammonium bicarbonate showed no significant loss of nitrilase activity (see

10  Example 4, Table 2). '
Table 4
0D (600 nm)
. RG300,
PAG, RG300, RG300, RG300, NH4CI1{1.0 M)
KH,PO4 KH5PO4 | NH4OAc NH4HCO3 KHyPOy4
day {50 mM) {50 Mm) {(1.0M) {1.0M) (50 mM)
1 - 0.026 0.055 0.045. 0.054
2 0.061 - - - .
5 0.047 0.075 - — - 0.035
. 8 0.079 0.137 - — 0.617
11 - 0.207 - . - -- —
12 - 0.115 0.008 0.001 0.040
15 0.360 - - - -
16 - | 0.276 - - 0.067
18 - 0419 - - - -
19 - 0.221 - — 0.033
23 - 0.521 - - _0.050
26 — - 0.029 0073 ’ -
. 33 - - 0.027 0.082 -
46 - - 0.048 0.104 -
47 - - - - 0.032
57 - - 0.085 0.072 ﬁ -
61 - - - - 0.033
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~Pronova | SAGEL RG300 carrageenan (3.0 wt % as in Exanple 2 above or in
pol yacryl am de gel (PAG 10 wt 9% as in Exanple 3 above, amndanuaey2@®ulting

catal yst g€S suspended i n aqueous sol utions contain . vl -
. pot assi um 2@ ?osphate (pH 7.0); b) 1.0 M anmoni um acet at Z’E?%ﬁm/‘@% c) 1.0
M ammoni um bi carbonate (pH. 7.3); or d) 50 nM pot assi um phosphate/ 1.0 M
anmonium chloride (pH 7.0). The resulting i mobilized catal yst suspensions

were stored at 5 Cin capped glass bottles, and sanples of the storage
solution were renoved over tine. ThEAMH és were examnined for microbial

contam nation by Zﬁmnmwiﬁr&%z&%ﬁah%c@ﬂaﬂw:d@ar%;%érﬁﬂ'Bcﬂ&nSi ty (0D at

600 nm Tabled4 shows t AN cells st.or I M ammoni um
_bicarbonate retained a ol‘g@ ] .Qddw /gqlvnﬁhx ‘“““ECI?“ the initial

nitrilase activi fiyow2s0 ndompdnaé»dtﬂb@qmpperda@eh iragretio siid. hmnhai;sdnmningo?]phat e,
cont a ﬁ?‘ngaﬁ“%ﬁ&%%%nu%%%a%éﬁf%%%ﬂfﬁq%‘g* b i

-chloride, at The@ixwmyrewephested é@ﬁ%a ﬁl@ﬁaplﬁiﬁ%qr@a%@tbf;/caawgeqnﬁ%w@ase in the

measur ed. Optcbﬁlgletalyeaissdwed( Qm)msfeshzhﬁoséieﬁ@g@owftées oy ec (gduﬁ@ occurred
with cells i eenag gored in

ilized L.po |th
50 nM pot assfetfﬂ? S iE 6 Céat"'d Wﬁ‘@ TSEOL

A
|Ie OSI |can?mcro f%natlon or
5 putrificat p’mlmm@blése(rmédelmmgbtém 3l fs‘:'tgw‘é@w M $domwblaamgmﬂmhm%et at e,

ahmmmhu[n 18i C #tigr?}{“ﬁas he4ted toC5OMCAIIFP Rbi b @Eic@iﬁzistﬁ%féﬁh il
phosphat e. e thr or u si ons i C crobi a
cont ami nat i offu¥ERHeR ?‘eﬁa&s‘i"ﬁfﬁgrb?ﬂs SF%@’"‘ F?ﬁ:ﬂgﬁ?‘}af‘fglﬂt‘%%g ggoaé’ﬂﬂi n1.0 M
anmoni um bi catibingathen ﬂiwmﬁt(tmesmagnnmmam inosadigély nidadi dicodg tact i vity (see .

PAG, RE300, 448@%%%%%%?&5% "R DR et ety Mo ron

day(50 mV) ( 5@eiiepragcenamdraples of ths desimep sige tvepomodwst o ha gilby 054
©20. 061- - -15- . cohRolQg the@hfringral, 018 Eenfferdi0Of 3 bil-vihsOdihcddl 023 PC-to-get

the droplets, and the oil decanted from the resulting beads. The beads were
washed with 0.3 M potassium chloride in 50 mM potassium phosphate (pH 7.0),
‘then resuspended in 250 mL of this same buffer, and 2.0 gof25wt% -
glutaraldehyde in water was added and the beads mixed for 0.5 h at 25 °C. To the
20 mixﬁl;-e was then added 9.0 g of 11 wt % polyethylenimine (BASF Lupasol
PR971L, average Mw ca. 750,000) in water, and the beads mixed for an additional
hour at 25 °C. The beads were then washed with 0.3 M potassium chioride in
50 mM potassium phosphate (pH 7.0) and stored in this same buffer for at least
18 h at 5 °C to further harden the beads.
25 - EXAMPLE 8
Storage Stabilitv of Glutaraldehvde/Polvethylenimine-Crosslinked, Immobilized
| Acidovorax facilis 72W Nitrilase Activig[.
Acidovorax facilis 72W cells (5% dry cell weight) were immobilized in
Pronova ISAGEL RG300 carrageenan (3.0 wt %) as described in Example 7, and
30" the resulting catalyst beads suspended in aqueous 1.0 M ammonium bicarbonate at

pH 7.3. The resulting immobilized catalyst suspension was stored at 5 °C in a
capped glass bottle. and samples were removed over time and the immobilized
Acidovorax facilis 72W cells assayed for nitrilase activity.
. Table 5 shows the relative nitrilase activity of the stored immobilized cell
35 suspension, with the activity at day .0 defined as 100%.
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12-0. 1150. 0080. 0010. 040 150.3

60

16-0. 276----0. 067 180. 419
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01104278 5 January 2004 PCT/
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catalyst suspensions were stored at 5 °C in a capped glass bottle for 144 days, then

samples of the catalyst beads assayed for nitrilase activity. The catalyst beads

stored in 0.3 M ammonium bicarbonate and 0.3 M potassium bicarbonate had

EXAMPLE 10

Immobilization of E._coli SS1001 in Carrageenan Beads

With Glutaraldehvde/Polyethvlenimine-Crosslinking
Into a 250 ml. media bottle equipped with magnetic stir bar and containing

.38 g of carrageenan with rapid stirring.
The mixture was heated to 75 - 80 °C with rapid stirring until the carrageenan was

completely dissolved, and the resulting solution cooled 10 35 - 56 °C (gelling

temperature ca. 52 °C) in a thermostated water bath. A suspension of 24.5 g of
- E. coli SS1001 cells (wet cell weight) in 20.5 g of 0.30 M sodium phosphate
buffer (pH 7.3) was heated to 50 °C for 12 minutes, then added to the carrageenan

immediately added slowly to 450 mL of soybean oil at 50 °C with stirring using
an overhead stirrer. After cell/carrageenan droplets of the desired size were

- produced in the oil by controlling the stirring rate, the temperature of the oil was

reduced to 35 °C to gel the droplets, and the oil decanted from the resulting beads.

10
93 % and 97 % of their initial activities, respectively.
.15
64 g of water at 50 °C was slowly added 3
20
25 solution at 55 - 56 °C with stirring. The cell/carrageenan mixture was
30

The beads were washed with 0.1 M potassium bicarbonate buffer (pH 7.0), then a

35 g portion of the beads was resuspended in 83 mL of this same buffer, and

20

'0.875 g of 25 wt % glutaraldehyde in water was added and the beads mixed for

educed to -



50 mM .pot assi um phosphate (pH 7.0) and stored in this same buffer for at

"least 18 h at 5 Cto further harden the beads. 25 EXAI\/PLE&@BWK@G
Stabilit t ar ai dehvde/ Pol vet hyl eni m ne- Cr ossl i nked, &ms

. Aci dovor‘é’?ﬁag"?l s 72WNitrilase Activity Acidovorax famr %cel s (5%

dry cell weight) were immobilized in Pronova | SAGEL RG300 carrageenan (3.0

wt 9% as described in Exanple 7, and 30 the resulting catal yst beads

suspended in aqueous 1-0 M armmoni um bi carbonate at pH 7.3. The resulting.

i mobi i zed (¢ QJIQ/JS‘C %ﬁ%%ﬁkﬁ@e wastheh added 3atg & 2.9 wt% capped gl ass

bottle, and sanples, wer i e, and 4:he %q‘@m ki g8d; Aci dovorax
facilis 72\/\/119&)[%‘%5’%2%@5?‘ Oﬁsﬁggg‘ gc?ri‘lé/%qy{ I L-)> shows t he
rel ative ni tahulﬂa&l&adsﬁumdﬁyr anfadtiienslthoneet 257 Hibe bsads wase e“ﬁs}éﬁi‘spenm on,
wth the act Emg%éj LivBade A5t 2994 sked\R Hib/sarkha Bafier atanuar y 2004
PCr / US00/ | BIBE: 6\? atg“ﬁf“u. Tasglﬁfsu:t?vuty (10) 0 ~ . 100 61 92 106 95
204 90 285 37%C0.1 ~ 88 EXAMPLE 9 Storage Stability of
d ut ar al dehvde/ Pol vet hvl eni mi ne- CrBEAMBLIKED | mmbi li zed 5 Aci dovorax
facilis 72 Wg"_?'mt %rﬁ' $@§ 5 ¥QLAYEAGIihd-Srobdikee! tnfndbifiedr y cel |
wei ght) were : W%dlga%ongx@h/%ﬁl%-\tgtL 300 carrageenan (3.0 w 9% as
described in Exanple 7, -and Zt¢ed $50Q1 Nitglase ACUYY+ peads- suspended in
ei t her aqueous 0. §Mz%@‘ﬂ@(ﬂi (PhGay banatightpwerpdnawbilized bi Bmnbenat e at pH
7.3. The resultln b||ized Qcaty R8] AlshdREAGagored at 5 C
in a capbtd Bi @B@W&%F rTﬂi 85’;‘;’,}5% ?\%?Hﬁ@g ?eé t he %t al yst beads
assayed for dsutilystlbamis stoeed ini0tyM Fhmosiamalisasionge %BF fiﬁ S3°M
anmoni um bi ¢ E@t 78 qapd @ss%éMfepﬁz&ﬁﬁelmmtyCﬂfebm@agapbm &samde 97 % of
ac

their initia vities, res i XANMPL 10Immb|I|zat|on of E.
coli SS 100101 the cinlyside édﬁalﬁdﬁgafa f%fw%ﬂa‘mm% ¢ acivi |
d ut ar al dehvde/ ‘PoI vet hvl eni m ne- Crossl i nki na
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Into a 250 nL nedia bottle equi pped with nmagnetic stir bar and containing
64 g of water at 50 C was slowy. added 3.38 g of carrageehdanwary B004pi d
stirring. 20 The mixture was heated to 75 - 80 Cwith rapid stirring until
t he car MHY8EPEM was conpl etely dissol ved, and the resul t'iﬁ%”%‘?“(}f‘?[@n cool ed
to 55 - 56 C (gelling tenperature ca. 52 C) in a thernostated water bath.
A suspension of 24.5 g of E. coli SS 1001 cells (wet cell weight) in 20.5
g of 0.30 M sodi UNDPBEEINSRELABING BP AQEPOTITEP MIGRORBGAESM 0 50 C for 12

m nutes, then added to the carraqeenan 25 solution at 55 - 56 Cwith
stirring. The cell./carrageenan m R B8 i medi at el y added slowy to 450
m. of soybean oil at 50 Cwth stirring using an overhead stirrer. After
cel |l carrageenan droplets of the desited—size—were—produced—ia—the—o-h by
C ONt| Ao Irheiindigntibria @ade bélawrEinggo therrieoorgpriirm refearidedp Bt dgsedptist t he oil was reduced tfo 35
C ta thlpaichE-:ﬂlﬁlQplcE‘t S. _and t helingj |_23H¢=2r9;§n3$1.f romthe resulting beads. .30
The frEads VT c. [T 0O.1 M potassiu B .19,

{ her P BT IGATION BEPEEOHT 0 boais e esilt SRR L a HAEh ey pH s

buf fi Sime ortB@siain8itliorg of 25 wt % gl ut aral dehyde in water was added and fhe
beadsyirxet: To5E ADLYERO LobYA80® January 2004 PCT/ US00/ 18908 0.5 h at 125
C. To the mxture was then added 3.5 g of 12.5 w % polyethyleninne @¢BASF
LU p 3 AdressBRepbkidary insitQibD@eivdidiiosil.codd DB ) 1 n. water, and the-beads m xed|{for
an ad .ab.i%&%e G {y25> C. The beads were then washed wth 0.3 M anmpni um
bi car %a% g n’i%g MGpSipeed .in this sane buffer at., 5 5 C EXAMPLE |1
'St ,or{at#\ tabi [Tty of Q utaral dehvde/ Poi vet hvl eni ni ne- Crossl i nked.

| mopbiTized E. coli SSI001 Nitrilase Activi E. coli SS 1001 cells (5%dry
cell}] weight) were immbilized in Pronova 10 | SAGEL RG300 carrageenan (3.0 .

|
wt C%as—m—gxa-mpl-e—w—a—nd—&-h&r-e&u-l— _ x —3 M
amoArsiiPPEar bonate at 5 Cin a capppd gIass skt e for 70 days. Assayed

for |ni t 8 Yaxsd BAAG i fter this stotage ferind —a sanple of the catalyst
beads. Bagiriffial hRRnds Rhclelsbe ibelapolidodtS e AGHil Mbniion i@cbntRucd S idfond G4
01/(3?98 Pﬁg’ﬁégﬁfﬁggﬁgﬂ%hglCK$“HﬁgaﬁglAT!Né Trﬁﬁ?_f“ c o SM
(PCﬂ-fﬂJkgéﬁgégléé those designations in whlch a European patent is sought,
a sample of the deposited microorganism will be made available until
the publication of the mention of the grant of the European patent or
until the date on which the application has been refused or withdrawn

or, is deemed to be withdrawn, only by the issue of such a sample to an
expert nominated by the person requesting the sample. (Rule 28(4) EPC)

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADEL (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if noi applicabie)

Thc indications listed below will be submitted to the International Bureau later (specif the general nature of the indicanons e.g.. "Accession
Nunzher of Deposit”) ’

For receiving Office use only For lntcmational Burcau use only  se————

Q/This sheet was received with the international application D This shect was received by the Intemational Burcau on:

Authorized officer
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A. The indications nade below relate to the mcroorganismreferred to in

" the dcscriptioit on page .3;4; 10 line 23; 29; 30 - B. | DENFakuagAZO@N OF
DEPCSI T Further deposits are identified an an additional sheet ~ Nanme of

. deposi t ay gi/asd7kt uti on AVERI CAN TYPE CULTURE COLLECTI ON Aﬁ@f@g@,ﬁgos
depositary institution (including postal code and country) - 1080

University Blvd. Manassas, Virginia 20110-2209 USA Date of deposi tAccessi on
Nunmber 8 March 1996ATCC 55745 G _ADDI TI ONAL | ve blank if not
applicable) This i H‘fQiFﬁﬁ’cQ‘“@H*qLéT&‘ﬁproéﬁsgﬂ%}&g%%&%ﬁ?s heet 0 In
respect of those designations in V\‘{gbﬁ:ﬁuigl%ﬁropean patent. is sought, a
sanpl e of the deposited mcroorganism W be made available until the

publication of the nmention of the grant of the Eur opean patent or until the
dat e gn-vwhi-ch—the—appHcatton—as uccqgéchsfu ar wWittrdrawn—or,- 15 deengd

¢ ‘P Hé‘“'Fg"éﬁ%"”b'f

to be "\thh'd‘?*‘a%h‘“‘“éﬁ?l“?”'ﬁ n’g e to an exp_ert noni natled
by t hie parsbn G sis) f D__DESLGNATED. STATFS
. FOR VH NONGFDE rite i nChumlebptiSrdieRitRQh anf@hionishckt [ :
desi gnate ERARATEFURMN-SHHNG—G—H-NBH-GAH-ONS—{(H-eave—btank—if
not alppine o ddpdsey iffretion ndli cati ons |isted below will be submitted to the

I nt erjnaMERTTAN mmeam.maﬂwgmfydxgeneral nature ofthe i+dicattoar e.[g-
4cresisi_on_Nunber of DPanI'r'\ Eor_recejvi ng OFfice—use-onl y Thi-s—sheet- was

ﬂ&mnm&)oimmtmoerm&#mwalcwpmcr"e'aﬂ| on For International Bureau usd
only Lioddi snshesicy@svd.ecei ved by the International Bureau on: 5 Januafy

2004 042 78 r Plalla USSXAO1 888 | NDI CATI ONS RELATI NG TO A DEPOSI TED

M Nl SM (PCT Ruic !ibis) A The indications nmade below relate to tlhe
m .cr rgar’lism referred to in the description on page 8. 9, , fine 22 30];5;
5:/ 31 B. | DENTIFI CATION OF DEPCSI T Further deposits are identified on.an

addi tj eet—0Name—of 0eposTtary RSkl WuhtirAVERL&AN 1 YPE CULTURE
C?ﬂ fﬁfﬁg@r é§%5 of depositary instituti (Sn (i n&f udi ng postal code and

C. ADDITIONAL INDICATIONS (feave blank if not applicable) This information is continued on an additional sheet {_|

In respect of those designations in which a European patent is sought,
a sample of the deposited microorganism will be made available until

the publication of the mention of the grant of the European patent or
until the date on which the application has been refused or withdrawm
or. is deemed to be withdrawn, only by the issue of such a sample to an
expert nominated by the person requesting the sample. (Rule 28(4) EPC)

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank :;fna& applicable)

The and:cznons listed below will be submitted 1o the International Byreau {ater (specify the general nature of the indications e.g., “Accexsion

| Number of Deposir)

For recciving Office use only - For Intemational Bureay use only e

[34113 sheet was received with the intemational application D This shect was received by the international Burcau on:

:‘\ulh Authorized officer

. 4L

l-mm PCTAO/134 (July 1992)
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10801 University Blvd. Manassas, Virginia 20110-2209 USA Date ldaritch 1996
Accessi on Nunmbc&TCC 55746 C. ADDI Tl ONAL | NDI CATI ONS (| eave5idbaudey 2004 0r
applicable) This information is continued on an additional sheet 0 In
respect v 01/4#@%e desi gnati ons in which a European patent ACI/ESsagssos a
sanpl e of the deposited mcroorganismw || be nmade avail able until the
“publication of the nention of the grant of the European patent or until-
‘the date on whi chNDIGATAQNS REBATISA TiNers DEISHTERMICRQRDRGAMISMdr awn or . i's
deened to be withdrawn, only by the issue of such a sanple to an' expert
nom nated by the person requesti F§Tte!%khple. (Rule 28(4) PC) D.

DESI GNATED STATES FOR WHI CH | NDI CATI ONS ARE MADE (if the indications are
not for all designated States) E__SEPARATE EURN SHI NG OF | NDI CATI.ONS

(} eaxerﬁaluaualaank&mmbwapplmmabkuer}mﬂihefmmdm@avwnsnf isted below will be

subm tB:ﬁdsctMﬂmm_QLDﬂu_QnaJi-nB&Leaﬁ_Li&u_Lspﬁanyt | t egeneral nature

of t fre=rree R e e L
use an%'ﬁ“ﬂﬂ%“w %Efn'i%gs received with the ihternational. %{'%Td?c“én%'l FoYaleme))

| Nt Efdad bl depddthy Ruk@aU Use only El This sheet was received by the
I Nt eraeki QRakyFRUESEEREN codlEchRed zed of ficer 23 5 January 2004 WO 01/04278
“PCT] USOQ' 18908 | NDI CATI ONS RELATI NG TO A DEPOSI TED M CROORGANI SM (PCl ' {Rune

- 13bfRd urd thgpmgmgdm&gwel ate to the mcroorganismrclerted
to } .

sc tlﬂg on page 3.4 line 23; 29 29; , 10 S. | DENTI FI CATI ON
OF %1‘ P%/Ez? re identified on an additional sheet D Nalhe of
depp ?"9‘*5' N TYPE CULTURE COLLECTI ON Address of
"deppsitary institution (ineludingpartal code and counvy) 10801 University

Bl vg. Manassas, Virginia 20110 2209 ' . USA Date of depositAccession Nurber 8

Mar h ’IQQGATCCRR?A?
Date of deposit ‘ Accession Nutnber

8 March 1996 ATCC55747

C. ADDITIONAL INDICATIONS (leave blank if not applicabie) This information is continued on an 2dditional sheet {_]

In respect of theose designations in which a European patent is sought,
a sample of the deposited microorganism will be made available until

the publication of the mention of the grant of the European patent or
until the date on which the application has been. refused or withdrawn
or. is deemed to be withdrawn, only by the issue of such a sample to an
expert nominated by the person requesting the sample. (Rule 2B(4) EPC)

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE {if the indications are not for all designated States)

E. SEI’ARATE FURNISHING OF lNDICATIONS (Iea'vc bla.rzk :f not nppllcnble)
The indications listed below will be submitted 10 the lnmn.utunal Bumu later {specify the general narure qﬂhz indications e.g., "Accesaon

Nurber of Depatit™)

For recciving Office use only = " Far tntcrnational Bureat use only  s———

[]/ﬁxis sheet was reccived with the international application D This shect was received by the laternational Burcay on:

Authorized officer
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C. .ADDI. TI ONAL | NDI CATI ONS (| eave bl ank if nat applicable) This information
.i's continued on an additional sheet O In respect of those &@eengastZ084s in
whi ch a Eurogean patent is sought, a sanple of -the deposited nicroorgani sm
will be WReEYA(i | able until the publication of the menti®¥AIEFIE8yr ant of
t he European patent or until the date on which the application has
- been-refused or withdrawn or..is deenmed to be withdrawn, only by the issue
of such a sanpl e jPIENTIONPRELATIOG TeoA BEPQSITED MIGROQABGANBHLest i ng t he
sanple. (Rule 28(4) EPC) D. DESI GNATED STATES FOR WHI CH | NDI CATI ONS ARE
MADE (i f the indications are not (fJrRug|!Péigiesi gnated States) E. SEPARATE
FURNI SHI NG OF | NDI CATI ONS (| eave bl ank if not applicable) The indications
listed below will be subnitted to the. lnternational-—Buread—t-ater———
( SPEET Tl GG Eidddeiol adiatbicAneabicthorg s et iooTis vgirtidicce non Nmmber  of Depmi tj~ -
- Fpr pegeiving; ffice use onluge 1295 F3 | nternational- Bureau use only hHis
Shat=was—reecervea—rr i1 LITe 1 1L er nat I onal C
r ec p By BENFFIGARION Of RERPSTS onal  Bureau on; AuE ﬁ%ﬁq?’&é\rgﬂgfll?gnﬁmgﬁxng%nmry
2004 me WbtV tubian PCT1 US09118908 | NDI CATI ONS RELATI NG TO A DEPOSI TED
M G%”‘ hSEM %ﬁg@h&ﬂ&@ﬁﬁ A. "The indications.made bel ow rel ate to
ni'sm refer

thef M Croorga red to in the description on page 3. b. line 26; 32
B. FCATION % GlmegyepoSi tary institution AVERI CAN TYPE
CULW m&%ﬁ}( Ad r%ggaof depositary i-nstitution (including pagta!l
cod¢ 198l @sﬁvﬂwtwﬁ%ﬁé (%,J iyersity Blvd. Manassas, Virginia 20110-2209{ USA
Dat § Mgrashdgesy -1t 5{}%500 Further deposits are identified on an’.

.add{ tY%8nal sheet Accession Number ATCC PTA-1177 C. ADDI TI ONAL | NDI CATHONS
. (Jegve blank ifnot applicable) - This inforntationis-continued an an
".additional sheet

. Datec of deposit .

11 January 2000 .

C. ADDITIONAL INDICATIONS (leave biank if not applicable) - This information is continued oa 2n additional shect ['_'j .

Accession Number
ATCC PTA-1177

In- respect of those designations in which a European patent is sought,
a sample of the deposited microorganism will be made available until

the publication of the mention of the grant of the European patent or
uatil the date on which the application has been refused or withdrawn
or is deemed to be withdrawn, only by the issue of such a sample to an
expert nominated by the person requesting the sample. (Rule 2B8(4) EPC)

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not Jor all designaied States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) : o

The indications listed below will be submitied to the Internationat Bureau Later {(apecify the general naiure of the indicotons e.g- “Accetnon
Nusber of Deposit”} )

' For receiving Office use only ' For International Burcay use only st
i i; This sheet was received with the intermational application EI This sheet was received by the lnternational Burean, on:

Authorized officer
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In respect of those designations in which a European patent is sought, a

sanpl e of the deposited mcroorganismw || be nade avail abﬁdamunrg?%%ozl
t he. pub@A¥4E of the nention of the grant of the: Eur ofdaiUsHt! or

until the date an which the application has been refused or wi thdrawn or.
I's deemed to be viithdrawn, only by the issue of such a sanple to an expert
nom nat ed by the person requesting the sanple. (Rule 28.(4) EPC) D.

DESI GNATED STATES FOR WATCH | NDI CATISINEMEF MADE (if the indications are
not for all desi: Eﬁifﬁ States) E. SEPARATE FURNI SHI NG OF | NDI CATI ONS (| eave
bl ank if nor applicable) The indications |jsted helowwl| be sybmtted to
the |ntent ati onall By BEIodSPE PrefeBogipoREgeh er W#&eﬂf‘lﬂlﬁ@bﬁdUanonr

e. g_ Acr esnagiiis bivihe ndfilapesdvitk @nd feoeiblizig Gk ficase aaivaryl diedeof, the

| nt er nati_onal tEu eau use only This sheet was received with the _

i nt er nat i‘onaf® ?)‘%F?%%rtlsl% A This sheet was received by the International
Bur eau, - on.  Aut hor i zedddibg ite a8t apEoRySUsPEREIQD PRINERiNE AT yaRReYilizeh 4

PCr / US00/ 18908 - MhateefiShakidl mBfladeSictivity abidiBt dhedofpsurirseRefedifitgn ihenobi | i zed
or uni mrobil1zed m cr.obi cel I's havi nagtgni éri | ase gl '3/{1 Ité’saﬂ.?d for

stabi | i zi ng ETHEP FANSISHRG SEMQEEARIF PEPORfe FRS And 110Reanie Yed BORS ¥ r i si ng:

addi ng t o anwhdsteiaahsresulipe ngil ennehtitmmulfithe inergawe saltsiimsrigueousd  ni cr obi al

cel | s hayj nd B diieh 3562 8bidtok fo hoRSBRraRARANMnaabestad from f he
'mg of I

group consi si [ or gani ¢ carbonate salts and inorgani c bicarbonate
salts wher einarganie selésul ting total concentration of the inorganic salts in
t he aqueous 10 susperns @eho6@BHERiIH Nomhaatiauhe hPobidl dells hirang atitilaa¢ | on

concentration of the inor i ¢ sal t fops iy 1 wherein the
ni crobi al  cef{ITHATH ﬁ?&cﬂﬁd&?‘{’}}@%eﬁog@ﬁ'é}sfggggggrgg%gﬁégﬂ;ﬁgﬁt he group
consi sting- o(A'lKEG:dé%ﬁ)aﬂciﬁammxﬁﬂﬂ@\/’\’ﬁﬁ&i‘%@'ﬁ@@@??7)Ae,4icﬂi(§\‘/€ﬁaé>fa‘¥”&%i lis .
72- PF- .15}5 AT%E;:’@QHMC@SBM?M&%& ic8lisl@ankforided With(AEE8voRd’ 45) , and

m crobi al” celTs,. transz{med wW.th Acidovorax facilis 72Wnitril ase

activity. 3.Jorlé Te¥¢ REEIaST 28 m 2 wherein the microbial cells transforned
with Aci dovor axf aci Thesm#hvd of Cldilncdsehareinitie mjcrabial Eils tepsfogaadweth ( ATCC

PTA- 1177) . . Ih : F&'E!s?%:"t?' wher ei 0yt ' i i eanbonat e.
.salt(s) is ggd%%oz-agfatc%%eiﬁge ecte }%ﬁ{ 'eggréﬁgeggl?gtﬁrﬁn?amni um
bi car bonat e, sodi tim Bacmebed of Elaimny Wheteds HeiRousaus PisgHhppate salt(s) is

70  one or more selected from the group consisting of ammonium bicarbopate,

sodium bicarbonate, and potassium bicarbonate.
5. The method of Claim 1, wherein the pH of the aqueous suspension
of immobilized or unimmobilized microbial cells having npitrilase activity is from
about pH 6 to about pH 10.
25 6. The method of Claim 1 wherein the temperature of the agueous

_suspension of immobilized or unimmobilized microbial cells ranges from about
0 °C to about 45 °C.

' 7. The method of Claim 1 wherein the microbial cells are immobilized
in polyacrylamide gel, alginate, or carrageenan.

30 8. The method of Claim 7 wherein the microbia! cells are first
immobilized in carrageenan or alginate, then crosslinked with giutaraldehyde
and polyethylenimine. - _ |

9. The methed of Claim 7 wherein the inorganic bicarbonate salt is
ammonium bicarbonate, and the resuiting total concentration of ammonium

35  bicarbonate in the agueous suspension ranges from about 100 mM to about

1000 mM.
10. The method of Claim 7 wherein the microbial cells are
= " immobilized in carrageenan, the inorganic bicarbonate salt(s) is selected from the

S abon:

26



~ 5. The nmethod of Aaim1, wherein the pH of the aqueous suspension of

i mbobilized or unimmobilized mcrobial cells having nitril és!enlaary20®4y is

~ from atwa p? to about pH 10. 25 6. The nethod of Clal §$ﬁ)|8n t he

. tenperature 0 he aqueous suspension of i mmbilized or unlnnn zed

m crobial cells ranges fromabout O Cto about 45 C. 7. The method of
Caim1l wherein the mcrobial cells are imobilized in polyacrylam de gel,
al gi nate, or carrageenan. 30 8. The nethod of Caim?7 wherein the mcrobial
cells are fidrsp cdndisebg bi zﬁﬁonmnﬁma:rbcgnaemdpouasamrgbwaltbenatc,mdth?r oss |inked
wth gl utar a' d@{;g%fm%e o%td%x.&o@synﬁeﬂsarb&meﬂaﬁ SBthognebud ai m 7 wherein
t he |norgan| PForat e sa Aanmmoni um bi carbonate, "and the resulting
t ot al concermmmr@nr@mgeaﬁﬁ@rﬁbeﬁﬁ10§5ﬂ%%&b%r¥8@% t he aqueous suspensi on
ranges from aboujj 108heiverhed abguhnlaa&mwlme mitgobidllrellseehod of Caim7
wherein the m,crobial |l.s are an.g fppe i norganic
bi car bonat e %“éq"f[tog)hzleg & TR ?%n’ﬁlo Saé%lgﬁwﬁlﬁﬁ%‘%g@]g% %%nugry 2004

- PCTI US001189@suifing tpalconsinsiaiion obfodmmbisanbonase iraihp §aRe0Es SECBassi um

bi car bonat e, aﬁ?%ﬁ%ﬂabB&%‘éthoa%&Iwg@mmrat'0” of inorganic
bi car bonat e sa

i_.n the aqueous ension r om about 100 v
to about 1000 211 eTRgh %?‘F@Gm&)? %mep%%aﬁ’gﬁﬁéf T PO e cells are
5 uni nmobi | i émugéﬂ@pdnﬁﬁh@mﬂieeaﬂycmmmmt @M toi abowtFoinlviratd whetsnat e, and
the resylti t.ota pRAt 8 drfodalesaftueous
suspensﬂcu‘rJ tﬂg 81? 5%[}’5%@&%@‘%@&%% %9&36%%&3&11%%% iﬁi% The net hod of
Claim?7 furtﬂs@nwomﬂrﬁ s¢lepsechframribe am@aﬂenﬁwgafﬁmf!@%bmgaa%%s suspensi on

in the r angesdafudh bRarsHaaie! amd pivhdsRnAbiesbomeTM  and wherein - 10 the
‘microbial cells are i mobi |i zed in al ginate, and the inorganic bicarbonate
sdlt is one or nore selected fromthe group consi sting of anmoni um

bi carbonate, sodi um bi carbonate, and potassi um bi carbonate. 27
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