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BACKGROUND OF THE INVENTION
The occurrence of nitrile hydrolyzing enzymes has been widely described.
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Within this family of enzymes, two broad classes are generaily recognized. The
15  first includes the nitrile hydratases, which catalyze the addition of cne molecule of
water to the nifrile, resulting in formation of the corresponding amide:
- Reaction 1
R-CN +H;0O —— RCONH,
The second group includes the nitrilasés which catalyze adding two
20 © molecules of water to the nitrile resulting in the direct forration of the
corresponding 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 of unimmobilized or inmobilized, mcrobial cells and to preserve
the integri ty of the mcrobial cells, where the uni mobi | b decuayy 2004
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activity has beenMethodh&riberriredicash pitdehydeton ativityo eflisei t o (DTT)
and/ or 20 hytengding ity iejdraaceiwhereatialip{diobiyile in ehdyenaticalyous buf f er
cont ai ni ng thenven?ﬂo%ea%ﬁ@ ﬂFut sﬁ%&g&% ccﬁﬁc)‘sien’%f%ﬁﬁge f e Preserving

suspenS| ons S Oor
: corresponding carboxylic acid ammonium salt) are described in U.S. 4,931,391

and U.S. 4,900,672. These methods for the stable pre_scrvatmn of nitrile hydratase
activity of unimmobilized or immobilized microorganisms add at least one

25 compound selected from the group consisting of 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\}ity 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 acryldhiﬁile is prefefably done in coiqbination
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. -



.5 been described in EP 0707061 Al, where the storage solution contains at
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been used to sta | hav &%t el t her nitril ase
- .act|V|ty25 m&rﬂ%mmm AR XemPifRE Suctd ans %@e%rvécmbmlce is k. coli S§1001

+ (ATCC PTA-1177) which contains 4. facilis 72W nitrilase actlv:ty 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
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5 produced by different types of enzymes which have different mechani sns
for catalyzing nitrile hydrolysis to am des or acids, respgedrnvas3004an
exam natwonifofz7g t he effect of various carboxylic aci d sal PETRReSReSL OF age
stability of nitrilase activity did not prevent the loss of nitrilase
activity with tinme as was seen with nitrile hydratase. Simlarly, the use
of various inorganic salts preV|oust di scl osed 10 as preserving the :
nitrilase or nitr ratase m.cro ni sms_al.so did not stabilize
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- Addi tional | %h % ‘mcrobial cells containing nitrilase activi ty are
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cell is E. coli SS1001 (ATCC PTA-1177) which contains A facilis 72W
nitrilase activit Pepostaddeniifimtiggani ¢ car blorladepostrdl bi car bonat e sal t(s) is.
pref erably one -or noriefesateact ed  from t hBesignaigp_consi $eienfDapbsitanmoni um

bi car bonat e s.gagdidmBi gachenate, and poiRESisH bi car bppateigedhe conditions
“-for the nethod include where the pH of 30 the aqueous suspen5| on of

i crobi al  cAPAROIERFRYH tril ase acti vi tATGSHPom aboAMEFH%S t 0 about pH.
10 and the uedpemalcl2dF-15he aqueous suspEssison of mEmati b cel'ls ranges

from about Q;gggﬂ ggpout 45 C. The m crgli-al, ¢ 7L,s are PW

i mmobi |.i zed 1 n polyacryl am de gel, algi nate carrageenan n a preferred

enbodi ment, the microbjal cells are inmobili zed i n carrageenan, the

N i nor gani ¢ 35 bi cAvMerhbieatisalATCS” sberata e Amesiean RypefrwWinee Coliesitioni ng of
. amoni umsbi GRéRRGIaEdepdkitbrp Rcafedliad MDD Wi DAHRE Boul&VAsH, M&aﬁs%ul ting total

Cuspensi on %g@tﬂrﬁgrﬁ%ﬁ?%&nﬁﬁbg%ﬁ Besblbrinh o niner pr of er ec

enmbodi nent ofmbergo gelhiresion dépositindthahs ATCEel | s are 3. V\D 0004278 5 January

2004 PCT/ USCO 18908 D ATEBIDbE PTHOR @pqcylmdfgm%gl um bicarbonate,
and the resul ti n (ien ration nate in the aqueous
suspenS| on range 5@8 g the nitrilase activity of unimmobilized or -

20 Immobﬂlzed 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)).
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20  of five-membered ring lactams or six-membered ring lactams from aliphatic

a,@-dinitriles, where an alipbatic ,@-dinitrile is first converted to an
o-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 putrcfabtion 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 resuited in the destruction of the immobilization matrix, and
while unjmmobilized 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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- In this disclosure, a nunber or terns and abbreviati ons are used. The
~follown finitions are provided. "H gh pressure liquid phy"

i's abbre\?\((g?lé‘iﬁl PLC. "Polyacrylam de gel"” is abbreviated w&ﬁg@‘%t erm
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is first con Y%Ggﬁ%‘cé%lﬂfguscfaeﬁeo%laor W;’/‘!I'Aélratevae{:li & ugir?r#%m ur%g}slgcﬁ_?tgs%n aqueous
sol ution usi rapdmiwiash trtyrase kiegli fftrant tigesend eadyimeh aithaliffgrentitheghaniglBe 3. 5. 5. 7)
activity, folgpuedyhy, Bﬁ‘ﬂe(ﬂx?'&%@}sis 6 QRN G Bk Qadsq?esf;aﬁvammldﬂmo%ed fn of the
co- cyanocarboxylic’ acid to-fhe 25 corres&%ndl ng tactamb .%de:ﬁ_enatlon in-.
aqueous sol utfNBHACCOMRAPARE BEIARES. BTmOBEh Pﬁgorgﬂﬁl‘g‘f‘ﬁ?ﬂfé" ¥obi 1i zed or. ©
i mobi | i zisd et effedtia impresdrting kleesdriadkeiaviidity of fuoimrhéhilzedraydmambiized
. suspensi ons !Eci?ﬂﬁ?%?ﬁcfﬁ?&%‘&fc%ﬁscom aining, for exanple, phosphate buffer
salrn

- or physiol ogi'ca e, 1t was found that many of these solutions did not
prevent nicrobial Itwasdssavated shrt srrbpnate aadliearbnaissaltp dncluding butagt al yst  at
30 t enper at urgfideB Ahebrii Bic2iidne] svaieh Melrbéndtd akdpdtasshuin t hose cases

Slon 11 cant | HCEbGRE ARerpidob bR pivafnk MR R RA ng- st or age.
Freezing 2f | compimiihativedr peiréfactivat oflsyspessionspil cainnobilizsd or sgmiohilizéd
coul d be ot or G- P RSy T A o et oty Ty ront s,
a si gni fi cantinglyding microhesrnsiormad g Rasseshihs Rt ViR AT wstands, 8$%ge of
these m crobi kil apw)yE4) babibskgkhe gitdlaRnitivitheitise suspensddseas  prepar ation
W thout |'0ss Of eNZHTRaRSLM icifled St ARl i8Rk Scifiibd aP! e @ Method 5 VIO
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.#
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~gdf RM111 9884 of stably preserving aqueous suspension of the uni nmobilized
or immbilized mcrobial cell catalysts in storage was so@idantuary\R004

exan nat he effect of various inorganic salts on t

. stabili t‘§8§y&{2h§e nitrilase activity of unimmbilized or m‘mfﬁ @

Aci dovorax 5 facilis 72W (ATCC 55746), including some of those descri bed in
EP 0707061 for the stable preservation of the nitrilase activity of

phosphat o, AESHEh dralifiesdaiae Ghmshetd B SpriaL 100 LR R 9 Potasstum
concentrat i cans fuigl (@@t Fprceiﬂemolafhﬁﬁrpststﬁchemut 167: 2686-6RAVITYH Wi th ti me
(see acconmpanyi nqnﬁiggp&%ﬁalsm gbﬁo§o zla Zb‘%b fsdﬁorﬂxé’s@ﬁﬁﬁ%%gtécet ate or

pl’ Opl onat e, previ o I"é' orte st ab ase act
“ivity of m disgpbsn feemq %mt peFE 1@ reds fe&%zﬁalﬁ%cpmtéméﬂ’qkh@ # h@ftm trile
hydr at ase . at Iniédd BasT.SenByes), sr4!- sﬂq@f(w%mt Ndmeaeteffmﬁaaums Wi th

~different chani slr_psdf r%{eaggéncjs y%l'ow er r| I %!Q%%B%Xlskggrm am des or acids,

‘{respectivel yo-ASHY SMBhi um acet at e
or ammoni umprdese gerasandareExpE:igin Sb@Wé}GnWeimln hmd@mmtwgyt he nitril ase

activity of mm%]éwﬂe@r& brudtBP Rl £ @SmmDR it af BX aftfgis zégN&%chl I's. It

T toa Lo bl BDSTRanaTe <a) T et SOt 1 B GOt B um

bi car boridX e, preseevacdd bgthe\meskmrmmmhn 1) preventing significant mcrobial 20

cont am nat i of,0Le %{ngaﬂ f@:sé? ng Aanst %@ﬁesOf uni.nmobi | i zed or

I Mobi l'i zed cont al n| y (specifically

Aci dovor axf aci | i sHeF‘E‘WQEéPq %xpafﬁamnpﬁenualﬁ%cnvw&%M@r&}%fb@ﬁtﬁ@as to possess .
the nitril ag@eagéjoyiel YKoba9hshi BSilanegs, Pedc. ANat. Ak, Skis 9@21\4?,,@15&%&)

ShalrLLii 19 GAE 18sy R RS Yt doble, WRREoRISRENODIRR R | O] deNCed DY
Pot ent i a5l y Hx$08SH0AgUN- t4r$10a@e3){3élhe@ne pAsay the i hoste mast bfgmfrenﬁ&all}f e known to
express nitrib&fed Acod¥ foYexpress SddRyme QRAS (Lhegksaﬁﬁettahwme express

nitrilase pr t nas, ovor a
K ebsi o 1o’ (el P8 B 4 BB DR S A8 I 1g iR R Foog piniiSd °L 35
(1986)], Acmmﬂtrmjoa(foand [taemmt @xpressell by thgtransforBied hostGhins thh: 30

1459- 1466 (éyﬁﬁ drﬁh&?ﬁdcﬂﬁ?%?tﬂeﬂwnﬁ e %ﬁaﬁfﬁ%ﬂﬂoﬂ%ﬂ 73 425-430

(1992)]) an ositrve ococcus Act a
Bi ot echr’® Jmeserwmh@ﬁntcﬂy@mon aA‘i“leYrW&??ﬁ@rbY[ sakEFEsddesaSet al ., Appl .

Environ. M cvideinodd by i daﬁaaﬁi&ﬁp(em%ﬁdre ASRIoArAR FACEINA 29N aivdiabgwaoV el
nitrilase from )%o 81‘% ﬁtgé‘g’g NCBI GenBank ACCESSI ON E12616, Patent:
7
ou ]

JP1997037788%&S Bacillus [Cranp et al., Mcrobiol 143:
2313- 2320 ( 18€@@olgeoud HoteCdlls: expressi ng nitrilase activity are known. A

-nunber of 1 epor 193Gy S8y k&%@zlfb"ﬁw BANSrbRiCRlY 80groliglagHm [ Tsunoda,
NCBI GenBank, ACCe 6 5 Januvgr y y r Y Belfio i
: 25 heterologous host cells, preferably in microbial hosts. Particularly useful in the

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
sp., and Strepromyces sp. Particularly preferred is E. coli. Microbial

7



WO 01104278 PCT/ USOQ 18908 D83078], Arabidopsis thaliana [thou et at.,

Pl ant _Ph%si ol . 110, 1048 (1996)]), and fungi (e.g., Fusarsdmuro} 2004

[ Har per , WBi®B®KA . J. 167: 685-692 (1977b)]). . In higher BFYHRIXIFE08
(Drosophil a, Caenorhabhditis, Hono sapiens), genes have been found that
appear to code for nitrilase proteins [Pekarsky et al., Proc. 5 Nat'l. -
Acad. ‘Sci. U S. A 95 (15). 8744-8749 (1998)]. No discrete function has been
‘reported forethrespngystems akbwgwessiontvhetprsiconainingieghlaapnisHeazes hatk nown
nitrilase gepgs. ang 184 cEREGIEk hRichR¥lein) BiCwdI BioWnith thd3¥ SR AT
activity. Ntrildse genes so far sequenced retain a common notif at the
active site ¥l et al. (1995) FEES Lett 367: 275-279) and thus are
expected to pgrisuisepiihdl € to 10 preservation by the present invention.

Transfornpati on an r i on 1 Rl.as ressi on
of n?tri IrTg'sle actigf%pﬁrrg’?crﬁc? fsaﬁjs\ygl‘%‘?rgg Sﬁztg@s@ %32“ gﬁ%ﬁhgé@gﬁﬁ g obgjlashi
et al. 1993, Crange, TXaf

lat
e

tanfard enrichment ggrcpdires weis Ayedswith thefoligwing 992 3. " Bj ol .
Chem . 267: ZOM@;MMM(;@}“H@IPH 4992 Biochem 15 31:9000-9007; U.S.
4,810,648). In sone cas t hlsts nmust beg&pem fically nodified in order
to express good enzyne——gm%&(‘%evy- Schi | al 1995. Gene 161:15-20;
U S. 5,830,693, US. B5KE3BO391). In cases wiete good nitrilase activity is
found, thg enzynme exprgsg y the transforpegh-host retains the nitrite
hydration activity of - the“nalive enzynme. Th resent -invention will 20
preserve such nitrite BQHFBSGEHCactivity exg?r)g
evi denced by the data CaCkhaiipe. 11 where Ad2dovoraxfacilis 72Wnitrilase
was °© transfornmed int OV\;(&IE' coll. Heterol og Host Cells: - The active
Aci dovorax facilis 72Wmnitri
host cells, preferabl yNafl nmicrobial hosts. Befticularly useful in the |
present ijgvention will thgcp‘efhli,;ot hat are reags |y adaptable to | arge-scale
fernmentation net hods. ?%(5' _gizlg' ni snme are vvelrﬂ%l;novm in the art of
i ndustrial bioprocess ;4 | es of which ey be found in "Reconbi nant
M crobes for |Industri &Chr@HAQricul tural A#WIL cations", Mirooka et at.,
eds., Marcel Dekker, 3Qgldicqptew York, NY (gl@f}4), and include fernmentative
bacteria as well as yeast - and filamentous fungi.. Host cells may i ncl ude
but are not linited toZ2€kmai nonas sp., Cor %@%ﬁct erium sp., Brevibacterium
SCID'.', R_hg_@gcoccus SKID 1 Nﬁzzﬁicgbl‘alq@rssr). : C: ltrmmﬁ%t er I_,sp'.[ : bEn_t Flrobacr er sp.,

osrridium sp., ebs g ., Sal none . p, Lactobacillus sp., _
Aspergi |lus sp., Sacch]gér:f@a&({%s sp., 35 Zygg)s'glccharonyqes sp, Pichia sp.,
Kl uyveronyces sp., Can€udf4$P50 Hansenula $h905 Dunaliella sp., _
Debaryonyces sp., Micokigp. , Torul opsis sp.,o.0ddt hyl obacteria sp., Bacillus
sp_, Escherichia sp., I?(?leudoc[mnas sp., Rhi zch) sp., and Streptomyces sp.

Particularly preferred ¥ %< coli. Mcrobia
25 ‘ pyridoxine-HCl 0.001
’ riboflavin 0.0005 S

thiamine~HCl 0.00005 B
nicotinic acid 0.0005
pantothenic acid | 0.0005

30 7 vitamin By, : 0.00001

' p-aminobenzoic acid 0.0005-

The following supplementations were made to the E2 basal medium for

the enrichments described above:

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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. WO 01/042' 78 5 January 2004. PCT/USO0/ 18908 expression systens and
" expression vectors containing regulatory sequences that & Jaeanh2@i | evel

expressi%@kd@rei gn proteins are well known to those skpétdod hoos e art
- Particular Strains: 5.Acidovorax facilis 72W (ATCC 55746) was isolated from

soil collected in Orange, TX. Standard enrichnent procedures were used with
~the follow ng nedium (E2 Basal Medium pH 7.2): E2 Basal Medium gL
n

KH, P041. 4 10NaH2POA0. 69 -Sodi um citrate0 1 £aq . Nacl 1. 0
15MySO4. 7H, ob‘.“%“’%&%&’?ﬁf"}%ﬁ’.“ ?‘%@m %ﬁé%“{f'c@'ﬁigﬁﬁ%%fﬁ%éu 20. 0005
20NaMbO4. 2H- p436d OO EEixNatibp SHECOuZzaCoSER iHICOBOUE  (Hs6E4SHE: 0002 f ol i c

aci d0. 0002 252%;,; X A8 HE @Ok ot 3L BMitda0. 0005 t hi ani ne- HO 0. 00005
- nicotinic acydaQ, 6%85 fagar?t g{ heni cgaci do. 8005 30vitam n B 120. 00001

p- am nobenzollrilese AGNIBB5 The fol | owi ng suppl ementations were made to the
"E2 basal sredi um f Ber tehimg aittilashamivitg, Bebasai hebiuralyotbel 0 g ighicnsdEwms chnent

_Nitrogen .Sou{lé’et% t&%%%&&ék!@}% 8{5‘3?:‘1:? AU Tl‘{eqxgdlid.rﬁ u%?\lzﬂé:?l&le%ieﬁ% g
‘et hyl succi nonttri e 0. o (VIv) glycero t.ralns e OI‘ICPI nal |y selected
based on gr ok mM fa-Zamstinlentpopimist Yol mbryolune SfEpRiFmeEed B? fedfe | sol at es
vere purifiegabiobaneaist emsidTdroeth Haek @ftige. Following overnight growth
at room temperature (22-25 °C) on a shaker at 250 rpm, the 10 mL inoculum was
10  added to 990 mL of fresh medium in a 2 L flask. The cells were grown overnight
at room temperature with stirring at a rate high enough to cause bubble formation
in the medium. Cells were harvested by centrifugation, washed once with 50 mM
phosphate buffer (pH 7.2)/15% glycerol and the concentrated cell paste was |
immediately frozen on dry ice and stored at —65 °C. Adiponitrile, 10 mM, 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 nitrilase activity. The desired
20  property of the microorganism is a nitrile hydrolym'hg 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 ovemnight culture of strain Acidovorax facilis 72W grown on LB/succinate
medium (1% (w/v) Bacto-u'y-ptonc (DIFCO, Detroit, MI), 0.5% (w/v) 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
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Brain Heart |Infusion Agar (DI FCO Detroit, M) followed by screening for 8
WO 01/ 04278 5 January 2004 PCT/ US00/ 18908 anmoni a produc e
“enri chmeR® %P8 te. Purified strains were identified bas%%%%arﬁﬂ%r car bon
source utilization profile on a Biolog(r) test system (Hayward,- CA) using
Gram negative test plates. Nitrilase Activity: 5 For testing nitrilase
activity, E2 basal nmediumw th 10 g/L gl ucose .was sed rg(g)u/grow Aci dovor ax
facilis 72wmqmgenmee4ﬂeaﬁqqu/&§pr9ﬁwt@ﬁeﬂf@ww t Hpipxes 0 |
()-2-met hyl %auc@bﬁm fiabik eellsAn 1 dﬂnlﬁéolmmodmizeﬂltplﬂﬂ weere ntasibdFRenddicum  was

I nocul ated with 1 roze rnight growh

at room terrﬁB'r“&g‘iPrtg C(EEE{%%E&‘-)’ 1%?15% Olrclblk “z&i.‘?f’%gfa% tmrﬁg{?\@m i nocul um

. was 10 addeoWhﬂxeG@@llmcrngSﬁmsﬂﬁdrm&HdwcFlnﬂa medjurg F‘H%%OWFWG!'B@& '3t were grown
overni ghts &, J@%xk%@meﬁwa&ew hestinidatiBg iBdterfle, 5BtEMNYoghimenough to cause

bubple 1oL q#er&sﬂ'égq'o‘#aﬁrsﬂﬁmq%s&%(%mm%%i SR GABR  and the.

concentrate m@dsb) Joasininga 8% (v Aimttbyightaramtie,ond theyantibotiahd stored at - 65

C. Adi poni tr| | t ment at i ons.
Ferment ati ong© \FAdéfr:%n%é élflgiglp%%%%sﬁg{?/ﬁL @3%‘6"\%\#&6&%&%80 suspensi on
was chill ed wrmmatm\ ant agginpyyashed it FEH et IP%SOQH'H*P %E'é%ﬂe o efeo C

foll owi ngy ongHAs) Whdnbd d&kovery s or éga:ﬂaQEcMmhmg[ahﬂhaehui\feer (pH 7.2).

Thawed ceII tes re used for tes | ivity. The desired -
20 property ‘gF EM r'im Pe)l u%‘l@%?(;@ﬁ/il ng activity capable
of regi ospeb-tﬂdﬂwlgiyumaxmbmndﬂ h%dwhw)tsmhu@ woripoe hekapydrelkealgbsence of

interfering éHnE%ﬂ&aﬁon By £l P8PSR @fqﬂatb! | PlaRS wel Estatdant sms t end
to undergo nuta

I on Some rrutatl to the desired -
nitrite convinpspamateimfdd atdfefy toﬁﬁ?‘ﬁﬁgg’};ﬁ? 9 ﬂ?@“ﬁsr“g}l may be used to
carry ouis t h@ewer dge@%reeéplichplmeaﬁdm&gaiﬁlataswem@xmg selEbéveomediomt ERnvention is

not limted to B%(% eof i{rﬁrt[w‘;?aqgﬁmylgﬁggg Bt UblajelC| udes

the use of VAt tarn desi red pr operty.
Such vari ant weandcubaméﬁﬁ - at:%t(?f’ (Béﬂ Blosuerietes pdsvHen- eMPtaélfsr‘ﬁ‘Fhﬂ%esH?b €vari ous
known means suififiefido Xot'gfdhv Wl ioathdiRlectiMe hadiual IDiref@atifiehedrhcal  30.

nut agens. I\/Uta f Aci dovor ax fac lis ATCC B57 ced
capacity tor"',ﬁ'pl ﬁﬁ%latﬁﬁ’e‘ﬁﬁa’é"?f”fc s?nﬂwﬁgq%rg‘g% (?ﬁgé? ﬁé%%%?ig uct
during hg@rohgeéjumw&es@emwwttﬂngm trile to 4-cyanopentanoic acid were
sel ected based onyffgyr, gﬂoﬁ%kél tSMZb@olBﬁi%s%efEQih@M&eﬂ'ﬁ%ﬁS@ﬂh{eEhﬁ@ as a

O st s e R hed P Al AL S8 ot a0
further tested for growth in liquid, E2 minimal medlum (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 media 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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~medium (1% (w v) Bacto-tryptone (D FCO Detroit, M), 0.5% (wv) -
‘Bacto-yeast extract (DIFCO, 1% (wv) Nad, 0.5% (wv) sddlammgiifidnat e
hexahydrgbeh s exposed to 100 .tg/nL solution of PCT/US00/18908

- Nemethyl-N -nitro-N-nitrosoguani dine, a 9 WO 01/04278 5 January SQ. 04

PCTI USOQ 18908 nut ageni ¢ agent, for approximately 30 mnutes. This resulted
ina 99.9% reduction in viable cells in the culture. Mitageni zed cells
were washed free .{Jf. th?

nmut.agen .b entrifagati in.sterile 1. Msodium
phosphat e buf fer ‘bﬂ“‘?"‘.?%r.o“&k\?\géﬁ‘é[dxé RS A ggl&‘snp‘g?\s Ielg “‘:LartledL‘ﬁl Succni ate
medi um and g@.bwil offesashgtuck agltuse.’ FIpwiay o@ehipht grewd at B8 ACwadhed by
centrifugati ﬁ-ﬁk:]lg 9a§ﬁﬁli%r?thesegom4 R dhdmsiRhpspatRmeatd BL of e 7. 2) and
resuspended Tn E2 mni el _ngdi um (W t hout ucQse) cont ai ni 2% (v/ V)
2- et hyl al ut SERSTPEdRpAD ﬂ&&dﬂ%éﬂ%ﬁﬂ"ﬁF&?W@% %‘y?%l gi‘&ﬂi‘ Qf@ﬂ’ﬂé gﬂ‘ﬁgm and
pi peraci |3 i ngrodthga@lisuspesibh sraveies addedub 8t osf thosarenhetitman a 30L" C and agai n
.,WaShed In St%%én%ﬁo%oxeggemgrgl %BQSEM&GNBHE{;E Eorgcﬂi&lg%%e@rmé h?d. Cel I's
“were spread On agar plates comtalning a _non-selective ned um m ni ni al
medi um (wi t heere: gB0%oREEepsasanm @6 CAphyy-2 2pd ABP-AQPGIPR- AR trile and 0.5 %
(wfc) sogli-umt gmgphﬂ;ﬂ?,%@eefsaalx&@?ameﬁ&§42°gan@e¢1maweaede¥ 40-100 -
col ony-fomting.uhit's per ate... es WeLe_ingc r. approxi mately
48 h at 30 '€ %?WOSWp[g‘SIcg’fﬁcﬂgat?%ce&]gWéfeé’ba.s “&ﬂegﬁl%_%gﬁ % 1] (?ﬁ_di%lcge CEe)_l oped
- were repl0 castpledned/0it ondgas. MWhmaerous cthernt mppiemgnigedns whiighewilesdvgas E2

-mini mal - medi wbc(nv%mﬁa&geqlsyaea% Al o PtiPin F(BAbM Imedn HE bt WGl kAT oni tri | e.
Plates were 1ncubated 48 h at 30 to all.ow cal onl%?aeto dev%op. Mut ant s

wi'th desirabthese skijlespthet. deieses Yl ds GRPPIOG IR e 68 UeSAEH um

+I7her ef or e, prtib@rbid&tdlystr T paatda medid éscriedaebownsharviddotbdvisvedai ns

showi ng gr owt he%lcgveon non-sel ective 20 medi um were saved for further
testing. In forar: approximately 5,120 col onies were checked from 89 plates
and 19 ¥tains wielis havingitiasa petvigyaad whiargegliscted om qultag-brathese nut ant

?t r aihns rwelr eforfsioea) gtelhﬁeen ﬁ?%oﬁ@,}or%@ﬂﬁ&lﬁ@#ﬁp%ﬁ&l offifinndbilize8 bellze di m )
wi t hout gl ucopse) ° S o (yLVv) 2-net ut.ar eni i ic
showed littl 8’%5? aﬁfgs"éff&%f’?ﬂyi ﬁxior%m[%ﬁsgenﬁ@& %ﬁ\%\ﬁél?;%d"gl%f@%tgoﬁtor Trei r
ability to ppooitostcRagret fugd iglimtrewbilizaten, dr cahe wagheft with theistpragedufier nedi um

consi sting of ot S8y 1R | alsH BR 2B echldyFfor? crltudl kréfhV) ,
2- met hyl IutEﬁﬁ?%@rﬁﬁgg&%%ﬁXti%?gglo??uraesuccier?ate .hgxo%. draate. As a

resul t of0t hprd Bp7sasEior 1o YiRfagn inshll FUSPERSIONT ST 25 PRSP af
Aci dovor axf agéllks 72- PF-15 ( ATCC 55747) andAci dovoraxfac ilis 72-PF 17 30

(ATCC 55745) £ %@ Sen for fnthe | r devel opnent due to their greatly
di m ni shed cyﬁ&ﬁ produce 2-net hﬁ/legl utaric_ acid. To produce
bi ocatal yst for s 4st aefivitg ol yrigmatilizedicelly was dfgrmdpedetihe b¥an be used.
A 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)
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Strain Medium 35 72-PF-15. Lauria-B ertani Medi um Bactoo tryptone.

succi natwoahpdtys 72 WE2 + |

10 g/L
+ B actoo yeast extract, 5 g/L + Nad, 10 g/L) + 0.5 % (¥ Jgnuanyc2Qds O

% (W v)- glucose + 0.4 % (w vpcadisoamsde 10 WO

©01/04278 5 January 2004 PCTI U500/18908 To initiate growh, 10 nL of the

appropriate nediumwas inoculated with 0.1 nL of frozen stock culture.

cel |l suspensi

and growt h continued g
suspensi on wasighuEL sejliagpension (EPHPXW@%&%%BQZEW?I Pastefpily) Inf er nent at i on

on Vag, Erg:?%%&%[%ﬁa{?%tﬁlc%aﬁd ésg A 1%?115!%1’8@%%‘“8?# &ggl 2

- .vessel . wher e 0QIOOVMIKHIPO] qmaui 0) Nﬁfﬂzmks sidadiid 3. 0msL oh0140eMf er ment er

e u‘halig}“g%rbf“g%ﬁ “ﬁ ﬁ%wa%(fjﬁtagg cr:’LvesF ega% B@f rz‘ig?sgg]:]-a{] ?gLS

The concefit r maintained ht Fa’€ evitesirringreadid £ HO0ymE. phgens G’ﬁrmﬁﬂque(ba%d

>80% oxygen
t he vessel

~stored at -78.]1&&%&5 S@f6NW(9%dQ@QﬁIo§éﬂd@&hﬁ@&ﬁHﬁh's@[ﬁoM@?bNN|| serve
as carbon and_nitrogen sources#?or 8 F&B% i n.E2 basal nedi um are known
to those skiN-meHiRFopRBAmIdE) in -eC gt eFESUlRR PRI 35 ent  nedi a,

can

. Foll owi ng overnight growth at 28. Cwith shaking at 250 rpm the grow ng

L fl ask

Wer e:

10

be used to mmﬁﬁdﬁezljonmm &iey&cbnm’ﬁl@dﬁarl it het2, 0@dipan. dEhe sifeemitabov e

shoul d not b
whi ch are co
for use i t A&

storage or use I n L, mmpb %ﬁ? W§P 3@“ ]{ hg ?; rage buffer
prior to storage (;[lrheln% o] %&Zé.?l on. Ll col’l'ec egg from

aﬁ}ﬁgg\?da% ﬁpﬁbrdsﬁg AVfefrackive %ek%cﬂaﬁ& 3 I%dgeldog®e activity and
m cul tur

broth for storage in ce]l suspensions,
Shedums 2 p1m KB ‘ihiléﬁte’ae‘llﬁmsg M gERSFPYeRyubsequent | y
~stored ib suw@:aﬁmsgno@Msdaaumsesiatduroemvﬂayemacimmﬁmmmmpr| or to

I (

cul ture brot H620g efh lfmmﬁﬁelwcélcbléﬂrcaﬂéyséwhd§§g#%@?&)’%‘ﬁéﬁﬁ@ﬁ@‘b%@ or as
suspensi ons oh ji mgbm%msﬁxnﬁhomhbﬁlbhﬁ&%gsmmmpcr iAlgG&sact i vity of

uni mobi | i zed ceI | s was determ ned either

" benzoic &éid

(8.4 3Rwnla \Werg TSpRYEC ANE B EHE TR édﬁr P&’e ﬁﬁ@ ?"ﬁ@r 5 420 s

absor bance atexéfal isiamiard sohyio? (OrEﬁ b ti-medyiprofisrahide) dm deiosizedh whgr.

4- | e-
based nicri | Ak ety SRR YRR P B b et It B ECCCT ') A

phosphat e buf

126000 1 qﬂd(f}le SURSFAGHL apalyzed fat '&%Pd‘@ﬁeq‘"ﬁméf 39 %‘FmEB‘HE’ent ration

rsion to

in

of 1 mM_ The snopeIMiME: dBGitehakewe. at 250 rpm at 30 C and sanpl es were 30
col | ect e%ol nt.o aobzllf(mvol ume of 0.04 M-phosphoric acid stop .solution at 0.5,

1, 2 and

tion:
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, polyvinyialcohol, or

‘polyacylamide gel, as well as immobilizatior by adsorption or attachinent to jon

30

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
or tysis) of unimmobilized or immobilized celis 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

35

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
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

* adjustment. In the case of carrageenan-immobilized cefls, ammonium or
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4 nminutes. After five minutes centrifugation at 15,800 x g, the resulting
super nat ant was anal yzed spectrophotonetrically. Based on %afereapi2d0dal | y

determ 80%34 pet ion coefficient for benzonitrile and bepé'begﬂo?l%b in
- buffer plhus "Stop solution,-unit activity for the nitrilase was cal cul ated
by the followi ng-35 equation, where x is cell path length in centineters
(with correction for dilutions): AC (Mdlar) = (c)QOD. 245/ 1.81 Molar t c
(x) 11 WO 01/04278 5 January 2004 PCTI US00/ 18908 For the
2- met hy| gl ut apessivmisples 238 Peefemad Ay thege gauiaps berehiglylly igrrease the drgregirl/ m cel |
suspensi on ( gRRsIMkidRinahy caPilebinnfgenz &nthe edse of algimaferitmobilized call) thd KH2PD4
(pH 7.0) buffer S.added- t o 3. ' 4 . : Lty .le in
dei oni zed_WaPB{lon\;é?a‘?gmnC?fjfuﬁfg%r%%%.cg%ﬂ%nx@#eﬁmﬁggg%b%%%?%e jat 25 C
With stirrindg thamitachong® ortarhpnaeieslts ivereiered #p vdeiumians baogBeialy t h 5 gL of
ﬁll 0 'I[\Ih H|C| 5ang, 20 ok tiafdepret gf E@Eslﬁﬂch@dﬁﬂﬁ a&ﬁﬂ_ll_a@é bén Tﬁf’ﬁd]ﬁud\i of ctalcium ion

met hyl pr opi,ona | ei on.ze r. e res n . xture was
- i mmedi ately HB(‘&%IF(}’?%B%Q%@H&F Pfé@&hﬁ@ﬁ upt Ilﬁ’uég Hli@ Bb%ﬂr%% ®The
super nat ant  si8Bizaiathy aitdlaby addRirg ofi ahingnebilizefirea dmimebilizedeslisddease or and a
"Supel cosi | 10

- 18- : L XehffonialUSi Ng an aqueous

sol vent Contog?jﬁéﬁ%ga_%o%%té%ﬁ%ﬁd&l@%{l?%m}%& a,cet.ilef:_ acid and 7.5%
met hanol . Ticentaminatipn o€ PaEefactianof sRsOcAToNs AfihebrEoPUizgd 6T det er ni ned by
m xi ng 1§05 gmeobded BEMbI | i zed cells catalyst with 10.8 g of
2-met hygl utaronityile 7 - f 20 L hate buffer (pH
7.5), at 25 C. Al IEB?ESO%nfgm?’@%féﬁ&trﬁfgp\%é’?tggyamvggﬁg%?h%&g%g wth 5 p.L of
6.0 N HO andr@glinking of wimmohiized minrolirlbe o1 6788 B2rgdMm -
'-,N&T”rgfjhy't'plr OP'LQQ%@%)M) laRd H%BBM%@%EM&% cel_lsT(heJtcart@&Lﬂ.; Bivgrscebsut i Qtnhwas .
i iately.- mxed, n_c I fuged for. n . LM the
super nat ant Jﬁ&ﬁ'@ie‘ﬁ%@@ ﬁgé§5&8%§ﬁﬁgréiP@°A£€{‘ﬁ%ﬁ?ﬁéﬁi‘fﬁ%\q'g@%@g)ﬂﬂc as
descri bed sab®sbhuleRér dt ahyDizyime Microh. Tddhali 13a88-368r(1 281 Gpocthl.s can be
| mobi | i zed usi Yo 0f, ot ! MhaB LGSV SR Wied@ those skilled
in the art. 5%%@‘3"’%@%@%’{5 ?fé?%@ggb?ﬁ are notepql I m t)}gdegt o, i.nmobilization
in al gi nat e, sisnificegtE pabilizeteppzymatis acbye of tise eyl fagioyel | as wel |
as i mmobi | i zakh@Rohyinaates appiicbions, imiddae e plodi@ion@fihi2h cenchaafymsr esi ns,
di at omaceous earth (celite tivate I.b L1 gl ass beads,
al uni na, zi rc‘gr‘?‘f”i??élfctaﬁ}ﬁt %ngﬁ?%légﬁr‘%éﬁ%ﬁé@ P za?ﬁgﬁe%ﬁggindsz The
conpound 26r  commbilid ceibsedisnbscuenp stoman in daveeustuEarsthat §p AR (OO nitril ase
activity and RReRGE\E bich®ohatk S4fsiHaY nédbey Rithd i iteventihe ldsBlof Siadlbstmi nat i on

activity over time. Carbonate or bicarbonate salt(s) may be also be used to

stabilize nitrilase activity and preserve the integrity (prevent the microbial

contamih;lﬁdn 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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- 30 or lysis) of unimobilized or imobilized cells are selected fromthe
group consi sting of inorganic salts of carbonate or bicar tﬁ)qlmtueryﬂgges of
i nor gani WOUR$378 i nhclude, but are not linited to, sodi um 8GFUSO0O I ssi um
salts, and amoniumsalts. A single conpound selected fromthis group may
be used as a nitrilase stabilizer, or two or nore conpounds selected from
this group nmay be 35 included together in the preservative solution. ‘

Sol'utions cogfiaird, B8 peaipherkeicd T a RkEHE BaRabehsaldnsnoymagdid<idnal | y be
prepared by S@g{nﬁi nﬁ a.(?uffer ed.sobu%i on wi th carbon di oxide to generate

“the desired.$ BYRraidey OF BRIEsS U BYUBF St e pH  adj ustment. In the case of

car r ageenan- i mobiThé renpecasidesyy whinhohé weimssobiized of dnmabilized ois\ale 01104278

- PCT/ US00/ 189 ' : { t gn&3htifRastgneficial ly
I ncrease thegr_%g ree g#édrﬂé?igéégﬁ? %‘alﬁ%(g{s?%&?#g%c%@%r lg{g;:an&gel. I.rr%:l\;“]he case of
al gi nat e-ﬁmb@?#goﬂé’& 0 gpybguatg pay fﬁ‘ﬁcifﬂﬁﬁﬁpﬁﬂﬂ’ﬁaﬁi% 0 {}ﬁB 155 3BOYENPR 41 cif um

ion (e.g., ifethifg pombvdihe podseivativeashttmng)nd 49°Chwithiagaefeordtrengsrofcar bonat e

salts is pre&err d tas_,,oc&tl. ciumions beneficially 5 increase the degree of

crosslinking o hg 3l gindte gel. The addition of calciumion 1is

preferably in the Thapmsenfingptor isturerdsfined iybe following Examplgsi €4 on to

| SLabi I zi ng t&)ﬁ&n@*g& bihc3SBoP Ahi %EieYEﬁiuﬂll?}i, mﬁggﬁﬂdﬁm Fefemi@bi | i zeﬂ cells,

the use _of bicarbonat r. carbonat e.sal.t "addi t.i.onal | event s..t he
microbi ail® cMPARTHAR GG PV e A A B PYOY S s EHESR R, FipT the

uni mobi | i zedbeove difcussiomen thesedtikaoeldss oneTékilladsio thef amycan ascattdaitiele and

pol yet hyl eni %g%ﬁ’g&%%g‘%ﬂ&%??ﬁ% mvgﬁms%ﬁd;ﬁgggn% HBhAPIRA dhkZpgiem crobi al

s

cell's (U. S’ 355,105 ilized m.crohial cells
(Takata et aRnd sgppsphereefs gan W@%%P“&%S?%@d(@‘gg‘ﬁn%g the nggntion .
Bi oi echnol . B a@i}d ir 18 Vafio®usdgeddnd EOndiicns. 15 Bahul ekar et al ., Enzyne /
.M crob. Echnol . 13:858-868 (1991): gChagpgig al ., Biotechnol. Bioeng. :
28:1289- 1293 (1986)) has been previ eported to significantly

stabilize the enzyMaterias aed ingthogs sfitablp dercthe maintsnanee aserowile afbactsaial
condi tions i Ry,{{RRY 2RPRLN RASWPRAShe bAC Tethiiguck BEitaMORbY Ghd ﬁfkh@ffoﬁﬁ\ﬁh%

- concentrations of car&)o§é_llic acid salfs. a r pssl irt‘&i?
e eral Ba 0)

uni nznobi | i z&¥2ERlef ay nd A%t Pt SR dlanaal : " > in
aqueous buf f ¢PRilligiaGertiardnd®. GoBt Mumray cRaipbMat@ostlovhifygeoWatestsal Wellisas not

or bi car onact PR ol I KB O B e o ot i £
and pr eser ve Misgobipioayyr Weshingiem Jehqt (199%B) Ay by %?%Psa] c gm%ﬁm ysi s)
- of uni mbi | i £ géxMkok BIDRUHiAMiEHibiBe M Bectnd BiitioneSinaidh Associates, Inc.,
Concentr at i orsBReprigs M teP ANERIHE A Gl AR e ?ﬁ#‘@?@di " the
aqueous pr esenaiatensee o baxtériah celts/wers whired dram Bddrichd leguisals Milwaukes: ur at i on
' 25 WI), DIFCO Laboratories (Detroit, MI), GIBCO/BRL (Gaithersburg, MD), or
Sigma Chemical Company (St. Louis, MO) uniess otherwise 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  millimolar, “M” means molar, “mmol” means millimole(s).
' ' ‘ EXAMPLE 1 o
Storage Stabilitv of Unimmobilized 4cidovorax facilis Cell Nitrilase Activ_iﬂ
Acidovorax faci!is 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. .
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, ar _ ‘ o
¢ of a 5 wt % solution of Pronova ISAGEL RG300 carrageenan at 55 °C

with mixing. The resulting 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
immobilized cell particles three times with 5 mM KCl, 20 mM KH,PO,4 (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
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

15

- polymerized gel was stored for 1 hat 10 °C in an ice bath, then cut into particles



Si gma Chem cal Conpany (St. Louis, M) unless otherw se specified. The
meani ng of abbreviations is as follows: "see" neans second $nuary2004' neans
m nut e( sWo 0142a8eans hour (s), "d" nmeans day(s), "L" neanspcmiuso@idoder (s),
"m." nmeans milliliter(s), "L" nmeans liter(s), "nmM neans 30 mllinmolar, "M
means nolar, "mol" nmeans mllinmole(s). EXAMPLE 1 Storage Stability of

Uni nmobi | i zed Aci dovorax facilis Cell Nitrilase Activity Acidovoraxfacilis

72Wcel s weg gpﬂo§%ﬁél?§ rﬁrﬁ%ﬁe&?r ‘?ﬁle Qﬁr%lﬂf@éﬂ ceﬁ%%lﬁleg @Al W Qfeq and then

suspended at concentratlon_of Yo dr wel ght 1 n 35 agueous
1.00 M,

pot assi um ph&¥isaaiE WW{HBB% @H)@OM“ ‘$odi um acetate (0.10 M or
~or sodium bi carbonate (0.10 Mor O.BRAMPIE 4pH 7.3, and the resulting
- suspensi ons st oreﬁo a’;-‘zegtag:h't\poﬁaupﬁ)c?bdlg A bgrt’atxl éisléi@rﬁ%eeﬁc H,€ removed

from the cell s or nitril ase

activity.5. 14 DAgiooary SicyisyaNaslis GP0ky crCTeigBOGeIBgURobiizsddn | shows the

relative nitmprdRsee Imeﬁzlmscmfcaﬁ@eﬁmﬁﬁg@%) s HUSRRPRE Dibove ‘A«%/d ﬂyecte IhF
a 0 S

nitril ase actlv e s nsi fined a
stored for &L‘s{é?w“&%“%f-‘%m “%@H@B&?‘iﬂ%ﬁf%%ﬁ%‘t OFR¥Y ned a
signifi cant I yniniayinen acqpae, ca&mhcagmg:topthmta, piniacaiunm bicarbbmess oact i vity when

conpar ed. aﬁ{“ﬁ&’?‘gﬁ tate or
~ pot assi um phosp Sqlquf an 1?1;\)? %[gsesmgg Y Hat hl %NaOACNaHCO
Dav0. 10MI1Q" | emuprign ghlogge mﬁbm@emseﬁesfwféé

31%6“939@%6878297-

C41------ 106 %9@&61%2&2&9(4 uﬁazp-pcd glms%u%%%ﬂ&ﬁ&bﬁ@&&ﬁ: rEﬁﬁAW_(E/eQn;h@
| mobi li zat i on AcCi acilils 727?4,, an P r S :
Aci dovor axf am‘i1 %ﬁ% 1Jf)vom acil 4 celﬁ‘assg gésa%rpn Xé %1 45 nil. of

0. 88% NaCl , and t H@bkeisahbw thy rsla@fﬁernmlm ahfe‘at\e@lf the stgyrgd @nm@bﬂqechceﬂlo
inactivate ypdeaiibmhlih Md dotibiey Sy @tcﬁﬁﬁecﬁ&t 100% Vimmiob#tize8 c&HsC@drbd
suspensi to 135.0 %,sql ut| on of Pr.onova

dded '
| SAGEL & 00 %5&&@3‘8&?%?}1%@%%’0@m i"égﬁf‘{ %Slﬁ*%iy' T persetse ) Reuspensi on

was then i midiialtréirilasgattivity vayenconiphred td storage in 1.0 M potassium phosphate,
. 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 KH,POy4 NH4OAc proptonate KH2PO4 | (NHy)2804

day (1.0 M) (1.0 M) (1.0M) (1.0 M) (50 mM) (1LOM)
0 100 100 - 100 100l 100 100
15 - - -- - - 93
23 96 7i 78 34 83 -
27 - - - - - 72
43 - 53 -- 79 - -
435 o3 - 67 - - -
46 - - - - &7 -

56 - 102 - 60 . - -- -

60 - - -- - 62 -
74 - - - 73 - -
81 99 - 30 - - -
95 = - 40 - - -
- o8 107 - - 66 - -
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5 Cin an ice/water bath for I h. -The resulting gel was cut into particles
approximately 2 nmmin dianeter, and the imobilized cell padan@neg0Ghen

har dened w fydkef nL of 0.30 M KCl, 20 nM KH2PO4 (adj ust ed p-@ndgh/ 7508 Wi t h

- KOH) at 5 Cfor 18 h. The hardening solution was then renoved by washi ng
the 20 immobilized cell particles three tines with 5 znM KC1, 20 nM KH2PO4
(pH 7.0) at5C. EXAMPLE 3 I nmobilization of Acidovorar facilis 72Win

Pol vacrvl am de Gel Particles A 30%13 8 g acrylanmide and 1.20 ¢
net hyl enebi sacryl am de in 25 15.0 t 25 C was added wWith stirring
to a suspension glorae Namlitnedil ; g WNATAa $. 72Win 82 nL

~of 0.10 MKH P04 Qﬁbb%r@fa@ﬂulrﬁuﬁcew(m d%,t &enrwa&u) J;Qretlﬂﬁndbﬁﬂéhliﬂ ng mxture
was added tetra cgé éggglamne - )5: é% nmL of 5%(W/v)
pot assi um pef: S‘Ii‘PYaarlsé c "eF‘é"é‘ﬁP@l"ﬁg()ﬁﬁd’P KUPPLS ¢PQ¥s 2fdEe st ored for
1 h at 105C ra3ulting tatalyltginhicldshespenddd inntezopat 0iM kesohfur\BicAhbiA2 78 5 ‘
January 2004 _..RCT/ i
“imobilized gglﬁpgﬂrég%#tggﬁ\%?@%&éhg@ﬁ{% nmk&ﬁsg%%%glgg (pH 7.0)
at 5 C. EXAVParEed gigssdrogie; andssamsiles vere stmavedoner timeandAbe wymebilized aci | i s
Nitrilase Acybz\abwaﬁfaémsdngmps abagd o8 nitdiMdeCRtiliey. (5% dry cell weight) were

above and the  roCtET AP BATIAt aF IR Erag DL pentit gl 0w ©

pot.assi urmphezswha:im with trecastuity atodbty &k definethasol®0%m pr opi onat e, ammoni um
bi-carbonate, or ammonium sulfate,. or in 50 MM potassi um phosphate’ ,
containing 1.0 M 10 anmoni um chl ori detalespH 7. 3. The resulting i mobilized
cat al yst suspensions were storegiat5_Cimca gl ass bottles, and
saypl es were renoved over tijme and f"ﬁﬂﬂs‘?%‘m‘mf"“)- 7d~d A cidovoraxfacilis 72W
cells assayed for nitrilase {acdavvijty. Thahieo? shows the relative nitril ase
activity of the stored imuobjiTized cell guspensians, with the activity at
day O defined as 100% inhobjlized cells'stored 15 in 1-0 M ammoni um

bi carbonate retained a signiffi®ant|l y-hi ght¥r percentage of the initial
nitrilase activity when conpargd to storage in 1.0 M potassi um phosphate,
amoni um acet at e, ammoni um propi onate, or_in 50 nyl pot assi um phosphate

containing 1.0 M amoni um ch ot dd, at pI—?? 3 and|5 C. 20 Table 2 nitril ase

activity (% NHCL anmmoni um({1-8 M 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 aqucods 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



NH4HCCBKH- ) PO4NH4AOAcpr opi onat eKH- ) PO4( NH4) 2S04 day(1.0 M(1.0OM (1.0 M (1.0

M (50 mV) (1.0 M 0100100100100100100 15------- 93 239671788483anuapy2004 - - - 72
43- 53- - R001/0424998- 67---- 46----67-- 56102--60 .------ 60pcT/usddA 8908
74----- 73--- Si99-30----- 95- - --40- - - - - 98107-66---- 16 WO 01/ 04278 5

January 2004 PCT/ US00/ 18908 EXAMPLE 5 Storage Stability of I mobilized
Aci dovorax acilis Nitrilase Activity Acidovorax facilis 72Wcells (5% dry
cel |l weight) e i nmobi l.i,ze ovaISA L RG300,car eenan (3.0 wt
% as in EX AR CRIOTHS ﬁ{eg 58 18@ PR Fo AU Ly 1 15%?‘? @5?@% suspended
"in aqueous linfreddeanmthemiaasurbd optidad dertsgy £0D) @ﬂﬂhé’s@mgﬂ'h@ffrr@s'aﬂummg i nmobi | i zed

catal yst su }H"@é P&?ER)I@% A5 tlgeg and
sanpl es V\erz&rg?n%ve vles’?&ﬂl{oﬁ’gugﬁ I@éﬂgrll)%tgl | zed /g:fl dovo‘?g%f acl I is 72W

cel | s assayéf PpamMmpofassipgpRosphate, phile nq'%‘l“gc%mé’l‘i&‘iﬂg FROGEINIHONGE njtri| ase
activitysof pgunefiGition eds bsepled|fozedls setdd in 1.0 Muspandimacetaet h the activity

at day O defjned.as b%%gﬁﬂ%g,@] F%%%bh@hgﬁs&lﬁ&eifﬁﬁrﬁﬂ gg@ssﬂ&le—MHCCB 0100 -

1094 2394 388275Y
phosphate Of the three 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).
Tabile 4
OD (600 nm}
. RG300,
PAG, RG300, RG300, RG300, NH4CI1{1.0 M)
KH,PO; | KHoPO4 | NH40Ac NH4HCO; KH,POy4
day {50 mM) {50 Mm) (10 M) {10M) (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 - - -- -
1% - 0.221 - - 0.033
23 - 0.521 - - _0.050
26 — - 0.029 0.073 i -
) 33 - - 0.027 0.082 -
46 - - 0.048 0.104 -
47 - - - - 0.032
57 - - 0.085 0.072 Vl -
61 - - - - 0.033
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15 Mcrobial Contamination in Suspensions of Inmobilized Acidovorax facilis
Aci dovorax facilis 72Wcells (5% dry cell weight) were i maaiuane2Didn

Pronova h%@ JgG300 carrageenan (3.0 wt % as in Exanple -
. pol yacrylam ezgel (PAG 10 wt 9% as in Exanple 3 above, Péﬁﬁgﬁ&?sﬁgému ng
catal yst particles suspended in aqueous solutions containing: a) 50 mM

pot assi um 20 phosphate (pH 7.0); b) 1.0 M ammoni um acetate (pH 7.3); ¢c) 1.0
M armoni um bi carbonate (pH. 7.3); or d) 50 mM pot assi um phosphate/ 1.0 M

anmoni um chloride (pH 7.0). The r Y robi | i zed catal yst suspensi ons
were stored at 5 Gninabmémﬁ.dafgaic%soﬂaewcmsnvandc&mr@ﬁ Behdd he storage

sol ution were renoved ti he sa es vvere exam ned for m crobial
_contani nation by 25, ehyge/Palye = density (OD) at

600 nm Tabl e4 shdms at25aimli medibibbitz equippdd witls o gwsdic istir. Har @ndtamaininig um
bi car bonage %ﬁf@df&&@er%%@@wasglagwdd@agag o‘i‘%%]ﬁa%’é%%ﬁﬂ il rapidSiriligt | @l

nitrilase  act conpare torage i pot assi um phosphat e,
- ammoni um acéﬂlatn@méﬁmfrhe&f?#;s? dr Ehae &vitharpid SO wlIBe GERBERRPNESphat e

c?”nt ai gi ng 1Zoiﬁ?eaﬂf @iéeoi&dSax&aﬂuae’smua@@auu&C&{owamwsasctgeﬁluM amroni um
cnl ori ae

, tion jnorease in t he
nmeasur ed. optt?‘%%cfm&ré:’ncg'l 1 q%)(ﬁu_))a oefm? q%c%f” 8treééglg‘b%fsf"§jensolé%9 f%occur red
with cells iyt T3Wedll§ (wetpalheeighhd Jr.5ReaD03¢ i MQ@eh&wbvmblsﬁe;r ed in
50 mM pOﬁ@SS'@m"?pjj%Qhe&t@d mvwdcefmpﬁoﬁltgaeécmaetmmk%m TR nation or

S e e o e oo o sy Gy gl T et ot e
phosphat e. " Ofstitritg, thian e ceﬂicamr@enamusmemeswamsnmtdmﬁvsmdetbwip teri cr obi al :
gg’g’i)ﬁ:’]‘luaah: ggl’ gona?{a © E%toél% 505 l“){thfélﬁg—édr%mﬁgségl (0] eédnl%ése aC?I l/r]t 3/_ (OS(I:,‘/IE
10 Exanpl e 4cel; &meaan dremFte ol the%ese@é@wﬁ jereadiyed | in the oil by
. PAG, RG30Q 5RGZeRurHmae the Nt ab(rdte OthMeniierdiad KFRROH was rddud€ o NISPEGEEKH2 PO4
26061 O D ) R g
: 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------

19-0.221---0.033 23--0.521--0. 050 26--0.0290. 073 33---0. 02%dangy 2004
46---0. OWB(1b@ys 47------ 0.032 57--0.0850.072-- 61------ 0 PRFAIShE/ 19068

01104278 5 January 2004 PCT/

US00/ 18908 .

EXAMPLE 7 I nmobilization of

Aci dovorax facilis 72Win Carrageenan Beads Wth
A ut ar al dehyde/ Pol vet hvl eni mi ne-Crosslinking Into a 250 nL nedia bottle
bar and containing 5 64 g of water at 50. C

equi pped with nagnetic stir.
was slowy added 3.3 8, g of
was heated to 75 - 80 Cwth

d stirring. The m xture

rapi d shidkiisk Rgvinitd | it he carrageenan was

conpl etely dissol ved, and thg
(gelling tenperature ca. 52
of 23.4 g of A facilis 72W¢
sodi um bi carbonate buffer 10

deactivate nitrile hydrataset zy‘gei cel |
at

to the carrageenan sol ution
cel |/ carrageenan m xture was

a thernostated ter bath- A suspension

reé::lltlng %)Autlon cooled to 55 - 56 C

el FbJ(wet cefl weight) in 21.56 g of 0.30 M

(nbb

56 C
i phedi atel vy

3) wasgfieated tjo 50 C for 1 hour to

uspenS| n at 50 C was then added
stifrring, then the
&dded slomy to 450 nL of soybean

oil at 50 Cwith stirring using an overhead stirrer. After
cel I/ carrageenan droplets of the degskagfbigige were produced in the oil by

i SR bigeo ok Fomoblied “beads.

15 control i t he |rr|9gr
35 Cto gel 'ﬁg@g@,@i@.@g_é

The beadsSwere washed wi

phosphat-e (pH 7. Okczdogw{a@ﬁﬁugg@?égeaﬂ%m

errgggls&glggé#em g’]ﬁ%ea fse:n" xggdf or.

WiditdlboActdéyi n 50 MM pot assi um

2.0 g of 25 vt % m&gg

0.5 h at 25 Eonpya Rﬁ%@pﬁﬁﬁagﬁﬁ%ﬂ‘t(ﬁ@dﬂaébéfdd%“@% iy Exqmple s ang

pol yet hyl eni therresulBASEatdlyso Bk sudpBed i ity afig@as My M ammbz@ur®00) i n wat er
The beads were then

ﬁ’lc%)rlbg%age 'Tltr’f)rigg n@{h B rffsm%‘g H'g ‘iat e (pH 7.0)

and stor 8 i eatplistsusparionyiverestorest atdi®Q leaﬁppeﬂ&lhs gorﬂg f@ 1t4d days. thesr har den

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

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

and t he beadg c%‘biéﬂuﬁjtc P otgﬁm%g

washed with pota srumc

93 % and 97 % of their initial activities, respectively.
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EXAMPLE 10
Immobilization of E. ¢oli SS1001 in Carrageenan Beads

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

64 g of water at 50 °C was slowly added 3

.38 g of carrageenan with rapid stirring.

20  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
25 solution at 55 - 56 °C with stirring. The cell/carrageenan mixture was
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.
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

: f:}‘ i '0.875 g of 25 wt % glutaraldehyde in water was added and the beads mixed for



25 EXAMPLE 8 Storage Stability of _ ‘

" d ut ar ai dehvde/ Pol vet hyl eni m ne- Crosslinked, | mmobilized Aamano2tHé
facilis . {.ti1 1 ase Activity Acidovorax facilis 72W cel Q cel |

. wei ght) Jm@ﬁé}yﬁr%&mbi lized in Pronova | SAGEL RG00 carrageié%/%é‘fpégg%wt %
described.in Exanple 7, and 30 the resulting catal yst beads suspended in
aqueous 1-0 M amoni um bi carbonate at pH 7.3. The resulting i mobilized
catal yst suspension was stored at 5 Cin a capped glass bottle, and

Sanpl &5 Wer & § REPYPA: OVl ifir s e ad OIS 4 021305 wht dovor ax faci | i s 72W

cell s assaye or nitril ctivi abl e- 5 i.ve nitrilase
activity 01}/ Hoﬁﬁ@d%@ﬂ%ﬂ‘e,i(ﬁ%ggi ‘ﬁpﬁf@&%’éé’?ﬁ agga%eu%[@gér%?%dr%@%ﬂfﬁ%%ﬁe activity

at day 0 defindekt waddObad faon\ABdDbABARTSaDS Tan (ke Peaisovere Hep Mg | 8908
Tabl e 5 day nitpil GlunY bicdrbl 73y ankQbre®ih BR sad@Gufier at204 90 285
TS ae EXAN 3 A q‘frz’age bl ﬁ%@%f %) anetS | |

‘A ut ar al dehVd¥®l-Pol vet hvl eni mi ne-Cross |inked_ | mobilized 5 Acidovorax
-facilis 72. WNitrilase Activity AcEMaMitldxilacilis 72Wcells (5%dry cell

oL N oot © SIBDLLLER ol RONOPLRERy RR00-GAIATRIMBIEI0 W 5 as
descri bed in= ,—arnd_tne resurting catalyst beads suspended in
either aqueous 0.3 M amoni ufaca$i SHOESAOESE S ssi um bi car bonate at pH
7.3. The resul ting Jeboi &d (49 deptal waphts wepdmsicbizedin Brosowr ed at 5 C

in a capped gl ass e for 144 _days,. 1 igat al yst beads

assayed fbr %ﬁ@lﬂ- g&ébéEW?W%Tﬂgytc@aasl_ygfm%@ggg%ﬁlg%?%gﬁﬁgo. 3’ M

ammoni um bi cenilgnataisantkdin®. M posassinmhititoarRSGha e ThadaRPSIEasTHd 97 o of

thei'r initi 3hofie Fr Y0 LS ALBIRGEE hikifhst acdoBleMBisStdidgd portn & samagle on of E
n G e

coli SS 100171 rrageenan s..Wth .. - ‘
G-ut ar al dehvaithpeitggst F@rﬁaﬁigﬁgef@%?‘f’ﬂlf’f“ﬁ%“? ATD™Y 250 mL nedia bottle
equi pped with magnetic stir bar and containing 64 g of water at 50 C was
slowy. added 3.38 g of carrageenan with rapid stirring. 20 The m xture
was heated to 75 - 80 Cwith rapid stirring until the carrageenan was
conpl etely dissolved, and the resulting solution cooled to 55 - 56 C

E (gel l'ing
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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 053d8nparg@a04im
phosphate buffer (pH 7.3) was heated to 50 C for 12 mnutes, then added to
the car MR 25 solution at 55 - 56 C with stirring. Trel/US00/18908
cell/carrageenan m xture was imediately added slowy to 450 nL of soybean
oil at 50 Cwith stirring using an overhead stirrer. After

cel | | carrageenan INDEPAEONS RELARBGIER ADEJOSITER MIERBORGANMRM ed in the oil by
controlling the stirring rate, the_tenperature of the oil was reduced to 35
Cto gel the droplets, and the oif“HRHEAt@d fromthe resulting beads. 30
The beads were washed with 0.1 M potassi um bi carbonate buffer (pH 7.0),
then a 35 g porfihn of the beads was rncuspnnded :n 83 nr‘ll_ Cf *-.‘JFH S—S-a e
buf flar Ihcandichtiord m@F Beiay refte :108e rigrootrgnismurfearrddd ioldtdpgdtitsn wat er was added and the
beads wipeed_f06;: 200 WO 01/04278in6  2anf2sy32004 _PCT/UUS00/ 18908 0.5 h at |25

C. FFW% 3.5 g of eI AV R A}V M =Tal BASF
LupasBOI"’ AT N Jerage ca. 750.000) i SMWE?%% éin"ﬂ tdh‘g&hp;‘:ﬁ'q “[n%‘m f or

an qeighieloi @by Botiorat 25 C. The beads were then washed with 0.3 M anmmni um
bi carpgreds Cort Cudyumndostmoredni n this same buffer at., 55 C. EXAMPLE |1

Storlage Stability of G utaral dehvde/Poivethvleninm ne- Crosslinked. .
| M) RdrdszRidposidry inseibltibn @SLAHR foslickak bias@ryAct i vi E. coli SS 1001 cells (5%dry
cell hoh; iggggpi lized in Pronova 10 | SAGEL RG300 carrageenan (3.0
wt @ﬁgfggﬁ% JaL 2 dh1180Mbobhe resulting catalyst beads stored in 0.3 M

o

‘amprgdim bi carbonate at 5 Cin a capped glass bottle for 70 days. Assayed
for|nitrilase activity after this storage period, a sanple of the catalyst
beads had 90 % of the initial nitrilase activity. 21 5 January 2004 WO

01/ ( = SM-

04278 PCT/ IUSO9-1-89088—-NBHCAH-ENS—RE
( PCT PREA! &Pt s% A. The indications npdé "mwr%ﬁlsat e to the mcroorgafi sm
refgrred ¥arepn! riptioit on pahe 3°#° 10 Tine 23- 29- 30 - B

| DENTET KhbrtDh el et RS e Bkl A ap SRS U i G D hohelnk b 8 ek 4L g ¢nal
sheg¢t_ 2~ Nane of deposit \|
Addn egs 0o edEPOsi kY ddiikhdcibh®Nn( WHEIEI AGopOs! Bhedtdes aliROUNTTY) |
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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10801 University Blvd. Manassas, Virginia 20110-2209 USA Date of

" deposi t Accession Nunber 8 March 1996ATCC 55745 G ADDI Tl ONAS JamRInCage4ONS
(leave blank if not applicable) This information is continued on an

. additionghothegk O In respect of those designations in whpefygedagbdapean
patent. is sought, a sanple of the deposited mcroorganism wll be nade
avail able until the publication of the nention of the grant of the European

patent or until the date on which the Ilcatl refused or

withdrawn or, is d%dTWSB%E%TfWaFQ 8&@“&@%@%@2@' of such a sanple

to an expert nom nated by the pers&ge.(&ﬁ ting the sanple. (Rule 28(4)
e

EPC) D. DESI GNATED STATES FOR WHI | ONS ARE MADE (if rite
indi cations are not for ai I | desi gnat ed Stat es) E. SEPARATE FURNI SHI NG COF

| NDI H-eave—blank—+F—not T | e Jne T nm carTons tTsted bel oy
will je B‘abﬂﬁﬂwséﬂ“’tb&°‘fﬁ'é“?ﬁf‘§'ﬁqé‘i’+)‘g’h f"“ﬁ é (speci f ydxgener al
nat urie ohpige | G-obt-£oot—€2-4 ‘o gatbri--Nit eposit' ) For _receiwing

O ficg _;HEﬁr:ﬂP:k-Y[o. ;ﬁ:n§8ﬁ€t was received WIFﬁx&hcrﬁikbes:daﬂﬁcﬁr&ma!tohﬂlauailumaxppl::l-t
For nt ernational Bure

| nt er |tatne ShcpdsiBursttptign on: 5 January 2004 WO 01/ 04278 PCT/ USOQ 18908
| NDI' GATMENSARBIYAE| CIG.TTRE ALODERCRIORED M CROORGANI SM (PCT Ruic !ibis) A The
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In respect of those designations in whiph a European patent is sought,
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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
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Aut hori zed of ficer 25 WD 01/04278 CLAIMS 5 January 2004 PCr/US00/ 18908
What is claimed is: 1. A method for preserving i nmobil i zed5danuany Bo&bi | i zed
mi cr obi YO OHMIT& having nitrilase activity and for stabi 5 %8
nitrilase activity thereof, the 5 nethod conprising: adding to an aqueous
suspensi on of immobilized or unimobilized mcrobial cells having
nitrilase activity at |east one conpound selected fromthe group

consi sting of inorganic carbonate sdllkAIMEd i norgani c bi carbonate salts
wherein the ' tal concentration of the inorganic salts in the
aqueous 10 sﬁ%ﬁ%\ga@%&&rgh es fromabout 100 mMta the.saturation
concentration of khed msEoddnar preseyving impobihized AL EHEEH P her ein t he
ni crobi al celehs hi\ang ABriRké fddvarg and datsuabilizmathe nielse baivifyribenebhehgr oup
consi sti r]jg of %gdovorrisar facilis 72W (ATCC-55746), Acidovorax facilis

72- PF-15 (A THIISIR T dovorax facilis 15 72-PF-17 (ATCC 55745), -and
microbial cells transfddimgdo o aqveps yereesian of mmehijized7rWnimmebili

activity. 3. The:methoshvife Ghrabadtvier Riak drbofib6urticRkteddtdns tHer ansf or med
wi th Acidovoraxtacjl.is %Z%N nitrilase activi %}/ are bEcarﬁé):laixes 1001 ( ATCC
PTA-1177). EFOuPrtRRSERS ghingreapicsrrhoRate wilis AB{ ropsra™s HEF gdif ™5t car bonat e
salt(s) is wRersinghoresmting s lcontesttatonarithehisorgawa paltsan ghesaguaejsof ammoni um
bi carbongj e, Lum hi VRS HaSSihiti RiceatRRaRdof the The net hod
of 0 o ity R AN, | WIS g

wher el n e aqueous suspension of immbilized or
. uni mobi | | zelgorgaricsdlisal cells having nitrilase activity is from about pH 6

to about pH 10. 25 6rpehbehs@bhothimfil Gheatimthe mfveotdaicetlh batiogparilser e of t he
aqueous  suspension of i L1 ' L Iy bd ) ' cell s ranges
From about B g Bl he BP Lot BBRP UL IReL I N I, T, | 2
ni crobi al ce(ABC@SE746nhmsbidpvarax facilis BREAE (ATER B4 Peicidgrerian fdls or

carr age?{\sﬂn-j?_?l:ﬁ- R85, afd Blcadbil Ge @Rl it A4i@hiopdx cel |'s are
first inmmobilized 1 n carrageenan or alginate, then cross linked with

gl ut ar al dehyM6is Ak BETIESE BHVERi mi ne. 9. The nethod of Claim 7 wherein the
i norgani ¢ bi car bopat Fhesmbthod 9f Ciaina®nwhereii thamiankitisella pansthanedewitht i ng

total Concentér:%iog%gjcg%lwiugmaségctﬁ.hf?q{i@;g%tlzesﬁ'lﬁ()f hereayaus1pyspensi on
‘ranges from B0t to about ) ] o ;
. 4. The method of Claim 1, wherein the inorganic bicarbopate 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 method 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:
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. anmoni um

1000 M _ 10. The nmethod of Claim7 wherein the mcrobial cells are

i mmobi lized in carrageenan, the inorganic bicarbonate sal tﬁslﬁnliles'yQGm@ct ed
~fromth 1/04278 5 January 2004 PCTI US00118908 9r 9Py ting of

eWé 1"}aggbgnate and pot assi um bi carbonate, and the resu%ﬂgﬂglégoﬁt ot al

concentration of .inorganic bicarbonate salt(s) in the agueous suspension
ranges' from about - 100 mMto about 1000 MM 11. The nethod of Caim!]
wherein the mcrobial cells are 5 uninmobilized, the inorganic bicarbonate
salt is sod|gam;ba;(ﬁa{sﬁﬁglafmamdmtﬁmmbm&dnﬁrpn@sﬂmélca@gn@emmahﬂ on of

sodi um bi carbo e ut 100 nMto
Sbout 1000 (R o] bl B S RUBRAgE ﬁ%tgfpgggﬁp%fﬁ“ﬁ;‘%. ng a

cal ci um sal tsuspension ranggs omsabousiie r\'%Mdﬁ apeptl B mihge of from about 2 nmMto
about 5 MV and phergiemerhéd bhelamlqr»ﬂkarah ﬂﬁtﬁxhicﬁotﬂileeﬂmbi lized in |

the oroul CORUPERPHED: A MR oF Ealio s b soduHesliopdl®, pEREPC 2 4 o7
* pot assi um bi resuiting edtal. coBFenrtration of sodium bicarbonate in Lhe aqueous suspension

ranges from about 100 mM to about 1000 mM.

12. The method of Claim 7 further comprising adding a calcium salt to the

agueous suspension in the range of from about 2 mM 1o about 5 mM,'and wherein
10  the microbial ceils dre immobilized in alginate, and the inorganic bicarbonate salt

is one or more selected from the group consisting of ammonium bicarbonate,

sodium bicarbonate, and potassium bicarbonate. - '
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