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55 The reaction is carried out at a temperature of from about 20 to about 50°C, preferably at a
temperature of from about 25*C to about 35°C. The pH range of the reaction can be from about 6.5 to
about 8.0, preferably about 8.0. The reaction is carried out under a pressurized oxygen atmosphere,
causing oxygen to dissolve in the reaction medium, thereby making it available for the oxidation of
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enbodi ment unfimiip 5 inteeational upitsimbnt i on, sodi um borohydride is added to the

reacti o mi xiTog dmpreyed;strpin b’cﬁrb‘.ﬂ%ﬁ%&aﬂew&Blﬂhs)gnatﬂd: Tagpoepsist Yagatilig| 33187, fhes deent he

i mobi | i ze¥PPRsHEY WA AMerigan Tree Pultitet Gollgetionsas ATCCpe20§3esent process results

| n the ef ficient product| on of 7-am no cephal osporanic acid in high yield.
hal ospoP{HE metgd gl BE@°$'%@Y'@E"&&PETE‘WE°&'E@) n. These corrpounds are

e ul as antol rotbyea‘(_{t ng%ent% har mace tical and nedi Ilcatlons
5]

The pr eseng ‘fa{)a 1l 1I°8 'i'ﬁ" J pyeast
7 ACA N 3‘}5} Ei'fdge% to 95 g Eloose1 % @ f|s 438? ?t\/e
ona stage Is 1

t|n entl rowh ?Hgﬁg}r ’feFr d énd
f Ourt h Cepﬁﬁhﬁbﬁﬁﬁﬁn' rﬂedﬁuﬂmv |6h DL H guaﬁ\ r3ertau i organ
cephal og y&it"Fhe GRBIDMA! retidedd fod lﬁ%ﬂhﬂe%r brﬁer i fain e‘arat 36 Jd
the past. Jgesibn Qf50308 rgm) Gl RIS tabRibnUlols! fitAiidri ﬁrra.hpmd a?ssa nweén is
process UsSméigaia #Bove 8% GorQiveiidt G 2 hours 1448 Ibeldn 1094 the R 5. Whet e Srowistckds QRitionEQ"
t he envi r osham0BYs, rasIRECISS pHReilieE M Gl ahediRMIESAGH, 5.0 46 1R cbifs t@n td RkbrowA), the
utili zi ng enzimeoeqtesdiongbachal the pighasattI6 chodry iafidr indcLIBibIE This 80 liter e@attion|plodoteder
t 0 proderc eapProfi@iply i 789 gemsivhiparkadivet calls pidB0@1000dUsSH Beamirbabid oxtdesé. be r enoved
fromthe cephal osporin C nolecule. This side chain is too long for 15 nost
enzynes to react. The present process utilizes a two-step enzymatic
process; however, since process conditions are very simlar for both
enzynmes, both steps can be conmbined in one and beconmes a single step
process® . :



_o_‘I

=T

The invention is illustrated by the foll ow ng Exanples. 20 EXAMPLES
Exanpl e. 1: Pol yploid nmutation for Trigonopsis variabilis Trigonopsis
variabilis, as shown 25 in the Figure and described below. WId type cells
were tre ted three ti 9% canphor and/ or canphor anal ogues
(canphor%@?'ﬁ%?@[“%"’ﬁ?iggﬁ@—é#ﬁ%iﬁ sul fonic acid) for 48 hours. The
[exr]. A group of f".st—-g-p@«-ug—aud—aJ—;G—La-ngesFm—s-»z-e—\sNﬂ ngl e col oni es
were found. These cglmﬁ%NWere then individually treated with N-methyl -
nitro-N-N trosoguanildine (NTG for fwﬂfbﬁl’ mut at i on. | Qyudigernp NTG nl cul t ure
was added at a tenpgqrature—of—360—tpr For—46—66—inutes). A series of
Tri gonopsi s vari abi I|i t921y loi d muf ot e q Q78 opites wefe isol ated and
condi t-eons, the D arfi q}é oxi das d%t | \A%‘Eépf 4
mut ant Tri gonopsi s \ S were W | ype) 0.1

'% i ntern [E 2§ Mﬁtr%?" %(7501 The i nproved
strain of Trigonopsi|sg C@ abilis, d gnat
has been deposited \M,p,i td 5mgén9a ype | q.li,;ure Co|l'ection, as ATCC No.
One | oop of yeast of tri-gonopsis variabilis was transferred to a 100 mi
culture broth containing:. yeast extract, 5 gA nmlt extract; 5 g/l, peptone
24 hours and transfenqred—Tto a 500 T CUlT, cond stage i s
i nedbdfed for 24 hour | gt s nent i oned
medi um whi ch cont ai ng Maf0s7§=0 biotin, DL t3hi ajri ne, urea and
certain inorganic 45|s%ys The nedi um r é8i pg¢ Bidin| | sted %8| bw. The fernenter
rpm) and noderate aerdY\328df 38D (antifoppa )/ |jter he di ssol ved
oxygen i s mai ntai ned qmaag,stw%sfmfomnﬁzhioﬁt 12 hours and bel ow 10%
value of the culture nediumis below 5.0 and the cells turn to dark brown),
t he ermyg;a[_ﬁgpgfEg&loﬁ)nm{ﬁ%cg&qo;Bgmﬁbgpggxdaget 36 hours after inocul ation.
wet cells ghgh &Q,Qs 8% Hépa% 2 BB .@%J(a%pwﬂééfeéusﬁém@d in 7.5 Her® of B AQPBL
Fer ment af, t@;ﬂno%ﬁ b, W1 TEDTALAE I BBOTH! Bl ¥BPdnSIbH WasSpalle A2 hi hg%éulfetlﬁﬁroraan-

Zi

[ err] ®  acid oxidasd whrel i8édvdred. The clarified su&ar nt (9.3 IRdr§)lwas then er&‘lwn{hefSBﬂ grams of
0. 04 b@mbdium sulfate for Q8dut [68116]80 minutes. A Sharpidd. Esabifuge sblardidut #hb PrdcipRate ard 67

vari abi lis polyploid nutant was &9 4€600BIn t he wi | d-type Tri gonopsi s
treated microorganisnms were cultivated in YMagar plate for three days at
cultured. Wth a corbj of nod fﬁ%d du e Ed dhh an ferrren_tation

'1s t
international unit Ani rt’

ri gOﬂO)SésS variabilis 33187,
20931.75Cul t ure et hog—e u. —Fr-geoRepSHs—rarebi-s—bB-afi-re—aei d oxi dase) 40
5 g/l and gl ucose 10 |guddivn™4 2redi un). The mixture is incubpted at 30 C for
above. This freshly gri&awROi noculumi g t Ken ito p fernentation
is maiptained at 30 | PR 24 to 48 |hol¥s \ikeosti | d adPtafion (150-300
thereafter. Wen the growmirTeaches stattTomary pase [erri reaches 35, pH
This 60 so-approxi mately 1730 granms of packed
g lit er izbiNdnlon-Gaulin homogenizer at 758%ar (11,000 pkifthfeb times. At tﬂ:s t8dd; 260,000 units of D-a

Bi oti n  supernatant. The clarified Gufibthatant (3.8ili@f5) W& put onto a phbnPCSdphamdsel UquidEchromatographic

2Q uel@an which was equilib2tdd Withz U2 (M aiBlbonifrarsilfaleoany enzyme was duted wivbedoum No 2
20 © pryophosphate buffer with 0.001 M EDTA at pH 8.3. Thgnebultt §8.5% eif rthe enzyme activity was
4 tgcevgred. The pooled Ira{:t@p rtl]en freated with acetic acid to pH -5.2. [The xqspyeradi engyme Bad a

specific activity of 30 units per milligram protein. Approximately 95,000 IU of D-amino acid oxidase were
recovered. The enzyme was stored at 4°C with DTT (5mg/ml) and was stable for two weeks until
immobilization.

and produces 0.005 to 0.01 international units of deacylase per milliliter.

The bacteria was treated with N-methyl-N'-nitro-N-nitrosoguanidine (NTG) and ethylmethanesulfonate.
The conditions of this treatment were 0.2 to 0.5 mg/mi at 0°C for 10 to 50 minutes. The enzyme deacylase
activity was increased from (w:ld-type) 0.005 - 0.01 lUslml to 0. 4 Usfml.

50
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A smgle colony of YSIi4 strain was transferred to 100 mi of culture medium at 25°C for 24 hours. The
inoculum medium formula is listed below:



Sol ul ys 7.5 Bi oti n ' 0.02 d ucose

15 .sucrose 10 25 : ' Mazu df 285 ( antifoan)

1m .pH adjusted to 5.6 before steriER@465800 B0 Exanple 2: |solation and
purification of D-am no acid oxidase 1730 grams of cells prepared as
described in Exanple 1 were resuspended in |iters of 0.01 M of

pyr ophosphat €™® n%‘i*’ﬁﬂ’?ﬁ”"é(?"‘ﬂ‘ﬂ"@ '“m'l'?fevs%ﬁm @ﬁ‘g‘ﬁ'@nm on was passed through
a high pressure honogen- -35 izer Manton-Gaulin homogeni zer at 758 bar

(1K 000 psi) three tines. At thji Becd Repiope 16® 9100 uni s of D-amino acid

oxi dase re recovered. The cl af vdastedtrastipdrdeglt ant (9} 3 liters) was then

m xed with 1553 grans of ammoni|ubeebentrbeit e |[fD91 about BO to 90 minutes. A
Sharpl es centrifuge separated th¥a@r eci pi tla¥®! and supernatant. The
clarified supernatant (9.3 |it ey gyaggesidout] betaPR7Bhenyl Sepharose |iquid
chr omat ogr aphi ¢ col um which was equilibrated with 1.2 M anmoni um sul f at e.
The enzyge Wwarhe @riértflonvédiunDiokduladVs teaield@sphat e buffer with 0. 001 M EDTA at
pH 8. 3. The rmsfnhila Serméntation me@ure e YsI® acti vity was recovered. The pool ed
fraction then treated with acetic acid to pH 5.2. The recovered enzyne had
a specific activity of 30 uni t S RRGium NG 7 07 am pr ot ef|n. Appr oxi matel y 95, 000
| U of D-ami no acid oxi dase wer ej+ecovered— The-—enzyde was stored at 4 C
with DITs(5ng/ M) and was- st abl ppfofie t wo |Wedds unti || i obilization. Examle
3: Mutation of Acinetobacter sppyeastexracyi |tgk gram rlegati ve bacteri a,

Aci net obacter spp., utilizes gl fe#ysc aci|déek its sdl e carbon source and
produces 0.005 to 0.01 internat| 8H&fic i ts‘@ﬂ‘ deacyl ase per milliliter. The
bacteria was treated with N nethPMCIN -ni t|r |_Lrosoguani di ne (NTG and

et Wyl netfanesul fonate. 50 The kL eAs? i ond ng PR ? rleat nent were 0.2 to 0.5
nmg/mm at [err] for 10 to 50 m nutes. The enzyne deacyl ase activity was

I ncreased from (w |l d-type) O. 005 - 0.0 IUs/mM to 0.4 IUs/m. The inproved
strain of Acinetobacter spp. §r{)\ﬂ|392t ed Aci netobactier Ispp. YSI 14, has been
deposited with the Anerican T"“f‘ t-e—Cot-eet+eA—as—ATCC No. 53891.

Cul ture of deacyl ating enzynE Eﬁfcﬁ’,ﬂ!@t ng bact pRigdm A singl e col ony of YSI 14
strain was transferred to 10 POsf culture mdd@umat 45 C for 24 hours.
The i nocul um medi um fornul a | &4YY¥8st ed bel ow. @9" EP 0 |[465 600 Bl The
formul a of inoculumcul ture n%‘ﬂgqﬁ?i"f"arg'“’?@i‘i4 g‘q’M medi Um) Becto Peptone

10 g/l 5o yeap 2 g/l beef
extract 5 g/I NaCl Agel 2801 glutarik ggﬂ')%il"'?% /1 at pH 7.0 10

The fernmentation nedi um fornul a is listed bel ow The formula of

f ernent at i on ABel liten eronentyiSvasquskth darthe Blzymé pfioBuction. A 10 liter inoculum was used and the
proflo fermentagjory wis %@ﬁ*ﬂd atx35" Gewith Modgrafe ajo[2¥1Ang and high 2gitefign GPQH08 rpm). Jb¢ d

1 g/| Nesel dissolved oxygen (gyqls wag maintained at or above 50% of saturation, pH was not gpnifelied dhroughout
10 ¢ /1 at th]q ryn, dhe) pHd) velyp pygniually rose to 8.5. The culture was fermented for 30 hours end the enzyme
expression attained 400 international units per liter of broth. Approximately 2527 international units of
l enzyme and 5500 grams of cell paste were recovered from a Sharples centrifuge.
/ “International unit (IU) - one micromole of 7 ACA produced per min at 37*C at pH 8.0
40

room temperature overnight and suspended in 2.6 liters of 0.1 M sodium phosphate buffer pH 8.0. The
45 suspension was mixed -with an additional 6 liters of buffer, and passed through the high pressure
homogenizer three times, and a clarified supernatant was recovered. At this stage. 11.5 liters and 1132 1Us
of deacylating enzyme .activity were recovered. 1171 grams of ammonium sulfate were added to the
solution, mixed for 60 minutes, and centrifuged with a Sharples centrifuge. The supernatant and an
additional 2021 grams of ammonium sulfate were added. After centrifugation, 522 units of enzyme were
50 recovered. This protein precipitate was dissolved in 0.05 M sodium phosphate buffer at pH 8.0 and dialysed
with the same buffer overnight. The enzyme solution was then fractionated with a DEAE liquid chromatog-
raphic column and eluted with a 0 to 0.3 M NaCl linear concentration gradient. The enzyme peak was
eluted at 0.1 M NaCl salt. At this stage, 4.7 grams and 426 international units (0.089 1Us/mg protein) of
deacylating enzyme were recovered. The enzyme was stored frozen at -20*C and was ready for
55 immobilization. This preparation was stable for six months.



25 ' yeast extract 2 g/l [err]

-1 g/l solulys 2 g/l Mono sodi um gl utamat e 2 g/l 30

NaCl, 5 g/ At gelEPAD4B5 600 B1 20 gl at pH 7.5 A 550
liter fernenter was used for the enzyme production. A 10 liter inoculum was
used and the fernentation was operated at 25 C with noderate air (2 I/1/m
and hi gh Bgreas ERyTelmoslzith) . The 35 di ssol ved oxygen | evel s was

mai nt ai ned at_or above 53)% of % E{)rlrdation, pH was not controlled throughout
the run, MaeblizgtonMethoddor Dgming -\'?t L€ to 8.5. The culture was fermented for

30 Rdurs end the enzyie expressi Jid 98 1608b0i it $brdHabsR8 Rrough b 'o iR
iter d E.%?ﬂj} D B e e RS et Bl WO G200
[o]

o3¢ WECAUARE B TP ThélexcbRdeRe S8 bof thé E&er were quenched
*I nt er nat |41 MLHNcﬁfa %ﬂi"m Tﬁl@%uf%r%ﬁ%!ﬁ[ﬂn@w_ﬁg stofed'¥-0.08 MOTHIS Biseld 4 - O] Thisdéactoer I |
at pH 8. 0,40 5tatBRlyPusdd fof &3h RlglRiyI-AAGA BHubrbibrcsidyon of deacyl ating enzyme
2.6 kil,pgrams of packed Acinetobacter spp. cells prepared as described in

-with an addie migedmstt DAO 30sIUbfg Hof éxer481 andcs pelmt BTN ehd H1.R)Ig citelasei(gigma C30,
pressure bangsog@mgpesre inmobiizediome800 reg(@.5anchéschick Reehoet @ &7 may ip diamelery of PEVCLU

r ecoveredactifdtecdt MPS The agayme $dlutien was passedahraugh Himresctos thege times at/f BMiRgThe PXSRRe
activity weehyda sileouvichewactar Were quenched with additingplisa0mt of 5 glveing iB 098 HEE‘“? 89%ehe
sol uti on, anpH@&e Thereagor yasrihercwashaslth G5t M Fﬁﬁgﬁﬁe’\@{ pifh 89 aag, sfoged dn,2G.mal gt *PTuge.
The super heffeneantaining 180kl of gantmyrin-Jhe effigjenang '5‘f“°5ﬂ'ﬁar?ﬂ'?i"ﬁ@a%‘iﬁ ’fgé?fe% yt .:
added. Af foal ot P79 junitsoelt B-gipino 899 ojdgsp dmmebiliagr Onig. g Lpastos (PP it A EYMrAT'S

pr &tei 70 pPEdEHPer ghast MPSYi ssol ved in 0.05 M sodi um phosphate buffer at pH

8.0 and dialysed with the sa buf fer overni ght. The enzynme sol uti on was
t hen fracfﬂﬁ?@@.ﬁ@%-@gﬁ@&er*?%%'igtgl’ggﬁzrzﬁﬁat og- raphic colum and el uted

with a O0Oto 0 'NaCl | i ' radi S
P (Fatodt hIAGHS winCIE §HAbiE ¥f MPE (& A Boter AAC48B8 A TRaDRBK MG
el ut ed %‘t ﬁe’(%%%%nes ﬁtﬁﬁﬁ (o}f hiSmatibiad Grits/fhl, 223" S af18024 6 prdddin IWas tpastBd|
units (0. g. S EBkoAhBh BinbY at 8 TmIAR2FIE rBecton BasBrEneaRitN Bd0Sn! 0B 6.9 WRfly2 e inl00S M
enzyme Wasplikstht bl @0C didWed by Aushing with 400\@Bof 0DB A TRIS lbuffeh, AftBTNRShihg, A1t rodetor
Thi's prepaaalbedintds v T8 lobtel 8 pHoa. KwithDi0tlgAni gehtamycififh RshbHtolaD8 3B mExtmgéie 5:
Enzyne | mapphg irskiatichal dimas kitehdd et e tréuomdr. 8a.5% b aniye Addacklaing eieeyme Hvas
300 M Hf afacAdd (N6 6 et shctLdsms), DAO) sol ution (7140 IU, 900 ng) were passed
through a 0.5 inches thick (23 sheets 47 mmin dianeter) activated MPS. The

attached to MPS. The excess al dehyde sites of the reactor were quenched
with 0.5 e yiciHms cophalospa® QST Sadtivifyfokimmebllizd gnaymes Rraring it exiglage/caigiagss

TRI'S bukfer at 4 C. This reactor was subsequently used for ceph .
C gl ut ary| - 7Tha@fiect o RHEeRsP-aming @@awidawatamwmez'aequwaﬁréfe'ﬂe@“;?'@ra ?’W%"
aci d oxi d&selutipiwithae sengedratiopoef 10| 9raneiterA 8P°k[_fRB"‘3"3’(?S|W nd J P LAY Hora g
5 my/ ni DFFflehaed at wes ﬁl%lf%*&ttaﬁ?a?séﬂ,g f GnEe alausolsaRaloPOl, ¥ RELE, winim, The

i b Iuioz%@‘@Ngg&%%ﬂ%ﬂgﬁ%@%ﬁ@oggﬁgfos hgé;ge x o F5T A iSO of
PEI / CLU"1 : | ot

reactor t hr e&°FS FRYIMERts ore i gt o %he %iacéé;%"dgpﬁﬁ%@g%a&s%gg% TE% 9‘#&‘2‘ pﬂgﬁgttagr'
were quenched with additional 300 m ofep Mglycine in 0.05 MTRI'S buffer
at pH 8.0. The reactor was then washed wth 0.05 MTRIS buffer at pH 8.0
and stoged in 20 M of sanme bufferteontarntng-i0—ftqrr] of gentanycin. The
efficiency of inmobilization wiPHappRELATHEA MY i th a total of 20670
units of D-am no acid oxidase iiremhi | i zed7smto the |[reactor (860 units of
D-am no acid 70 85%
8.0 100%

50

The effect of temperature on D-amino acid oxidase was studied at several operating temperature
conditions. The reactor was operated in a water bath which is set at 20, 25, 30, 35, 40, 45 and 50° C The
operating parameter run at 2 mi/min, pH 8.0 with a cephalosporin C concentration of 1 gm/iter. The
reactivity reached its maxiumum at 45°C, however, the reactor has a similar performance between 30 and
45+ C. The results from the temperature study are shown in Table lI:

55
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20 oxi dase per sheet of MPS). Immuobilization nmethod of enzyme 2-deacyl ating
enzyme A PEI/CLU activated nodule with 12 sheets of MPS (47 nm di aneter and
4800 ng) was used. 110 25 mllilitER@4656aBYne 11 solution (0.2
intemational units/m, 22.2 units and 392 ng protein) was passed through
the reactor three tinmes at 6 ml/mn. epctor was washed with 200 ml of
0.5 Mglycine in 0.05 MTRI' S buffer at I’—P'% 0, followed by flushing with
100 mM of 0.05 MTRI' S buffer—After washing the reactor was stored in 0.05
MTRIS buffer at pH 8.0 wilt TEMRERPNEYRE ° @dntchBLATME REACHEGN ¢, a total of 331
mg of prptein and 19 intefnationg unitg was atiggched ont¢ the reactor.
84.5% of "enzyne 2-deacyl ating engynme wagy 30 attagghed (1.5¢ |Us per sheets
of MPS). Exanple 6: Effecl of pHs Tenpenature agg Pressur¢ on Enzyne
Activity Effect of pH of ¢ephal agporin ¢ vs theggeactivity of immobilized
enzymes D-am no acid oxi dase/ catql ase 33 The effiggt of pHjon D-amino acid
oxi dase/gat al ase enzyme mfxture sgas studi ed usi g a cephaljosporin C
solution with a concentra sol ution was nade
and 100 m aliquots were divided and pH was adj usted to 6.0, 7.0 and 8.0.
Each al i quey %?Fifs%ﬁé?rgé'pﬂ%%%'r&c& n,é&%'.r%&bﬂi@ed’m n%%%@ilsé hrough the reactor

containing+ -a-S| s-node at a rate of 2

m/mn. Whe 4f.Ifhas bOopH mseawua;@ bedstiddusind & m&swaﬁgﬁg@a;sg Hods & ﬁ,ﬂo&n A
prior to tRecesdmbd Y5 g1 bR ERAryEXREA WHERhds 8160 MY Rigidts WSS AvidETRAMpM atfuste@nd
at at nophenitk 1RINGOR Y Me fgng%hééTBﬁ 50/ .0, 5.508.0,8.50:nd 980t hlig& of substrate was then
pH REL A blunvpedridigh lalYbrzymb 1l @actor in single paéSfode £ a rate of 2 mimirBkifoatofibtaltic pump. The
100% 50 Ef fermkimedit wap@h af rodigtoinpérpers ahdistamesphe@aéssie.t y of i nmobi | i zed enzyne
D- 4o no &ci d At ciase sbére the fopiingdl p fior tiengpevession b glatary DS th BAGEC bydusing ieday®e IMBLS
studi ed at appwémasly 8pThatelathe roetigities altvarops pid lkebls are stewn ThiT@ble 8lact or was
operated in a water bath which is set at 20, 25, 30, 35, 40, 45 and 50 C
The operating paraneter run at 2 ml/mnJageHll8. 0 with a cephal osporin C
concentrgtion of 1 gmliter. The reactivity reached its maxiumum at 45 C,

>

however, the reactor has a sim ertiATvR R eRcheirwden 30 and [err] C. The
results fromthe tenperature st| ; ell: 8 EP 0 465 600
Bl Table Il TEMPERATURE * C % Tl VE ACTI VI TYJS

20 65 30 - 262 92 35 94
40 a0 95 45 P 100 10

50 82 Effect 5 ubstr o ,pH vs tlhe reactivity of

i mmobi li zed enzyne deacyl ase 15 9:0 The ef 8@ct of pH on deacyl ase was

studi ed using a dilute substrat: f f approach. A stock

solution of 5.55 g/l of glutaryl a ACA was made and 100 m aliquots were
di vi ded #nd_pH adj usted wth 1 N NaOCH to the follow ng values: pH 5.0, 7.0,
7.5, 8.0, &ectgipporgting te"E&@H!'%XSJ!ffﬁMW gt”@&ﬂﬂ&?ﬂ%i?ﬂ“%\ﬁém'ﬂ%éﬁﬁ_?ﬂﬁﬁe thr ough an

enzyrre 11 reagto | n s I e pass rm e attu at e o%‘l 2 ér'i/m n wt qmons The
Ir‘}lﬁzt ﬁlet : G aﬁﬁg rate ina wa e'fé’fg %1 is s ﬁ fZE gig Yﬁ% 4‘%“155 g% @éﬂapnd Gt%ﬁec e operating
P J;) mgt r was set at 2 mVmin pH 8.0 with a concentratlon of glutaryl 7ACA at 0.45 gm/liter. The reactivity

reached its maximum at 45* C, however, the reactor has a similar performance between 35 and 45°C. The
result from the temperature study is shown in Table IV:

Table IV
45
TEMPERATURE°C | % RELATIVE REACTIVITY
20 73
25 75
50 30 83
35 92
40 97
45 100
50 87
55 65 84
60 . 62




20 As it can be seen, the optimal. pH for the conversion of glutaryl
7ACA to.7ACA by using enzyne 11 is approximately 8.5. The relative
reactivities at various pH | evel SERPA6SEINRTIin Table |11 Table 11l 25 pH
RELATI VE REACTIVITY 5.0 57% 7.0 58% 7.5 66% 30

8.0 . 98% 35 Effect of operating
t enper at Lﬂx%gegge"?'g'h‘ést??ﬁflw ?‘W%ﬁ‘% 'F?Eg’-’?d enzyne D-anino acid oxi dase The

ef f ect of t E?eﬁttQJ fﬂeénvm%s §ft &félbl@egl eﬁei‘ﬁlﬁgade-a%&%&) rﬁ%ﬂm of.
t erper at %&1 % ﬂc)ieﬁu 5; ia S U Eluro

set at 2Qilffu ’|nt |on alo 5rm3@ Qn 3t 5‘3@%%@5&5&&6}1 pH B8, v@agEt er
was set onahnm& OthW rEé}cl@d RiOHK: GRE FabtbOdbmdhstrStbd!h Algh linitiarYedotiaH
gntliter 1915 S QRakyi VJAbx ploB@SH B8l rhifiute .smnee%ma&to#aﬁd Gerd QA ¥R 4. c&mrerd%ﬁt or
has a si fhd RictiBEédoRicd AN MospRENGRIRsuRS Wit lird &ydeh diffidd liis tehdtiod V63581 L 16 reaction
t enper at yte redllidéd Yo & Range saWden N7 1504 §m biglutdrAlylATAl o¥bdiEed PENRRIRABIBRet of Geactolo
RELATI ME TiREAsadtivivyl wa¥ siiilar between the initial and overall piddittion rate. The comparison of these éfadibdis

30 listed in the chart showB Bel@d Furthermore, not only was the ré@divityOmproved significantly, the reactioR 7 45
100 50 product also improved fo theBaktehbthat glutaryl 7-ACA becomes the dominant product, as Sown in Table
84 60 \E 62 EP 0 465 600 Bl Oxygen tension vs reactivity

of both enzyne reactors This experinment denonstrated the effectiveness of
di ssol ¥ed oxygen in the de-amination rléde¥ion of cephal osporin C to
glutaryl 7-ACA. The reactor was operated under a 50 psig pressure with pure
giygen 564di5ff;Jie§ilMErMiﬁhtéshe I CRATE (9 gUREFRLA prblRedifipambst s N € sol uti on,
to in concenW hrougi.the react or
in arecycledgmdp This rbSABE P{B CTLgaP Rs'ap) |:l??r( %’?’ action rate
of\-29. 8 gm of gljut arapl 7- ACA pr ¢eleiced pger mindit e per sheed. of re¢actor and
overall rate of |8.4.40Conpayed wit3h t he |reactndon opef at edndt at mpspheric
pressure with pyre d®ygen diffudb¥ intqg reacdd on velssel 158 he re¢action rate
reduced to a rarge Bt ween| 1.7 84 2.3 gm of fl-utary] 7-A®h prodyced per
m nut egper sheet| of PVeactof. io"dThe rdacti Vddy was| sini Mr betyeen the
initial and overal | ¥Poduclion P8te. THe corkP&rison| of thfe stidies is
listed in the cH 1 el ow™dfurt hdr nor €4 not o leactivity
i nproved si gni fi Copérhtyd att3laansmassig), PR 8.0 ariowtrat@bfBanlimiD24shedls teactdrhe ext ent
that gl utaryl 7-/ACferkiedamemsphiotc mhessing,phits.quno d elinin. G sBdebwactern Tabl e V. 15
Tabl e % TI ME M nuOperated at ainfaéheri¢ pressgyb,upHaA:0/dnd ACAI/mIn.dcdheststhbarion/ sheet of MPS)
3.4 bar (50 psig T err]) 0 bar (0 pstrg 2) O bar (O psStg 3) :

35 S oL - dRo ST

18.35 grams of purified cephalosporin C (Lot number 235CX86) were dissolved in 300 ml of 0.15M TRIS
buffer and-pH wa$ adjusted to 8.0 with 0.1 N NaOH. Cephalosporin C solution was pumped through enzyme
reactor | (DAO/catalase) and recycled at 6.0 milliliters per minute. The whole system was under a 3.4 bar

/ o (50 psig)pressure pure oxygen enriched environment. Within 80 minutes, all of cephalosporin C was
converted to d-keto acid (14.88 gm/l) and glutaryl 7-ACA {52.6 gm/l). A production rate of 197 mg glutaryl 7-
ACA per minutes (8.2 mg/min/sheet of reactor) with a 90.6% of product recovery {molar ratio) was achieved.
Under the oxygen enriched environment, oxygen becomes abundant and this reaction becomes first order.
The results are shown In Table VI

“ Table VI
'REACTOR ONE UNDER 50 PSIG OXYGEN PRESSURE
50 TIME Minutes | pH CEPH C g/l | CEPH C utilized g/ | & keto g/l | GL7ACA g/ | MOLAR RECOVERY
0 8.0 64.5 0 0 0 '
20 7.7 28.3 36.2 14.3 314 96.4%
40 7.3 123 52.2 14.2 428 91.3%
60 7.25 4.3 60.2 14.6 54.4 93.7
55 80 71 . 0.0 645 - 148 52.6 90.6%
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12' 0 co ion. An enzyme 1 reactor (5 sheets of 47 mm diameter containing a Totd! of 3450 units D-amino -
) oxidase) was followed immediately downstream by an enzyme 2 reactor composite (24 sheets of 47 mm
diameter containing a total of 31 international units deacylating enzyme). 300 ml of ceph C solution, 6.6 g/
45 in 0.1 M TRIS pH 8.0, recycled through this system at a rate of 4.4 mi/minute. The entire system was

pressurized under 3.4 bar (50 psig) oxygen. The results are shown in Table VIl
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Cells suspended in 80 mils. of glutaryl-7ACA solution (35 g/l pH 8.0). The pH was adjusted to pH 80

periodically with 10 N NaOH.

Projected half life is 170 hours (based on assayed activity of cells).
Total 7ACA made during the first half life of reactor 5.95 grams.

Average rate s 0.516 mg/r IU.
7ACA made mg/IU in first half life equals 104 mg/U.

samples were resuspended in 100 mls. each of 0.05 M phosphate buffer, pH 8.0. The samples were passed

once through a 4.9 gram stack of polyethyleneimine glutaraldehyde derivatized flannel, 47 mm x 1/2" thick,
packed into the reactor cartridge shell, and fixed with 2% glutaraldehyde for 2 hours. The samples were
then flushed with the same buffer. The binding capacity was 4.5g of whole cell and 10 g of minus-extract
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made duri n@. fA mpsicest/@ dainh &, wber@in ghe comditambs | sufficidt 2ol cgyed grandmtion Stvesphadsporinien
new comprise a terhpeBaturg fanperofdrom 20 G tol4G1G/ (e 2500 39 C), an okyden fegsigt eidhouhas

run with a paﬁ#baoisolpsiamm pitfromh & fo@bsfor exemple @ PH 0b8.0.40 grans/liter

Cephal ogporin C at 3.4 bar (50 psig) [err] and 22 ml/mn flow rate.
Reactors wér eA PoRess \ferr MPQyRing i71gmino [raphalesrosni cxcld qepmerisingnepmbipiie de 2\ipactiongypssel
Dy Nor Cant o HOHEEGROT (i CARE. ELAENToaRdd GURERY, dairot, Jo cTH0en0ns, garisbley sirely ATCC
process for p?"g?fuefyﬁ ?"daﬁ'ﬁawmégmacr Bap delnelphactersog. FERPITCS F871: tderstoadionss .
a) contacti ngEERHA %dﬁﬁﬂﬂ“'@f’ i ‘PPSB%T? a&‘:‘i’e and D-anino aci d oxi dase

derived sr mTrrl oQof%a}ms variabills, strall res X 30931 I n the presence of
pressuri ze ox% Pi§Talm, & ydergin ﬁ%aa‘.’ ﬁ 8f' % Sﬁ f’osporl n C, thereby

produci ng gl ut @;%aj&c%%gqur@%ggh%ﬁgg% Gordi§ (#g and 20 b) contacting the

product of ste eacyl as ved Trom Aci net obacter spp, strain

ATEE/ 53891 7U Nl BFoc&sNEH SrbdiBiRg Fidhninb CefHalosgorinie M#afd Wofprising T difinfng AN @l ORAGY @Bdef

acid.- 22 A piepiessorR’C, £ boikdd ol D-aiB a8l Bxidls; chialasd] 415urs bleadyiBe &R oRyldh Ofidet e

deacyl ase i S dohamivRs lsiffcRit ®Npréduce 7-amino cephalosporanic acid, wherein the source of D-amino acid
oxidase is Trigonopsis variabilis cells, ATCC 20931 and the source of deacylase is Acinetobacter supp.
cells, ATCC 53891.

8. A process of claim 7 wherein the Trigonopsis variabilis cells and/or the Acinetobacter. supp. cells are
immobilized.

9. A process of claim 7, wherein the conditions sufficient to produce 7-amino cephalosporanic acid
50 comprise: a temperature of from 20°C to 35°C; a pH of from 6.5 to 8.5 and under pressure of about
3.4 bar (50 psig).

10. The mutant Trigonopsis variabilis ATCC 20931.

11. The mutant Acinetobacter supp. ATCC 53891.
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the cenditions sufficient to praoduce 7-am no cephal osporanic acid conprise:
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1.4 ng/ m n sgerot0 Alife study was run with a pair of D am no acid
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cephalosporin C, a source of D-amino acid oxidass, catalase, a source of deacylase and oxygen under
conditions sufficient to produce 7-amino cephalosporanic acid, wherein the source of D-amino acid
oxidase is Trigonopsis variabilis cells, ATCC 20931 and the source of deacylase is Acinetobacter supp.
cells, ATCC 53891.

8. A process of claim 7 wherein the Trigonopsis variabilis cells and/or the Acinetobacter supp. cells are
immobilized.

8. A process of claim 7, wherein the conditions sufficient to produce 7-am|no- cephalosporanic acid
- comprise: a temperature of from 20°C to 35°C; a pH of from 6.5 to 8.5 and under pressure of about

80 3.4 bar (50 psig).

~

10. The mutant Trigonopsis variabilis ATCC 20931.

11. The mutant Acinetobacter supp. ATCC 53891. -
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cephal 0spor an) tn-Rdhtakk BiMGEAT ek Prddies FALEHRE @f MPoRER VaR ABRdEhad B Rarki§ ATCC

Tri gon@psi s waB91abrhblieRonCiatyiase Adie} BedldGidhgern 0@ durSictn,Unt B-ARIno-B&pREAYSpSEBHirS

Aci net obact erheiugglen.cel | s, ATCC 53891. 8. A process of claim7, wherein the
Trigonopsis variabilis cells and/or the Acinetobacter supp. cells are

I rmobi | i 2edVer@breA npahodreprechofl, edbtai Hie M-Aminestierp@xitidse uwdodbr tdieoDeacyasbfaut eieerd t O
produce 7- afigm invegbliisibrbisthoor ani ¢ acid conprise: a tenperature.of fromJ[err]
a pH o from6.5 to 8.5 and under ressure of about 50 3.4 bar (50
psig). 1@ Yeshrentash Ameruglrie j&1r2pra Bpsamisiepmenop (Rephalosperin  Crjgusreigheadsn

Aci net obact E?d"'gl{(gcp" aylyeisen:pinge ’“@5"“1’!?’9"’“ vep2Qy' G Bis 4% 09 (338- 25 *C bis 35 *C), einen
ilc ryck von £3. 3i4 har {5Q:psigh und Sfen BH om 6.5 bis B55a Asispielsyeish siesn PHaron en
von 7- Am no= Eephal osporansaure vvobel das Verfahren di e fol genden Schrit-
K-\~

SHahran rt é?os 340 g erfah nuoeBPend S
Tt Katal asg;%g% sﬂ%@@%@ J em‘%; é E‘L‘@rﬁf é“ og"f diates 0%@%

\?E)ﬁ Ceé\-fll-glc o &mé &0 ¢yla'§.£n o spp,
G utaryl - 7- erﬁ @giﬁ%ﬁ@élﬁ mwne i, h\er nglti gntTr Bedln%un%enbﬁhe ausrelchen um 7-

| n- Kont akt - Bri ngen des Produkts von Schritt (a) mt einer von Acinetobacter
spp, St argn Pefakronfhch AnsprucP$3BBei 8 MakidoRdyets dlackesuRegtigt er Bedi ngungen, die
ausrei chen, um 7- Am no- cephal osporansaure herzustellen. 2. Verfahren nach
Anspr uch el, veuahren nadh Ansprublivh, ias bENdMumBaBgrid agwader di e Deacyl ase auf

ei nernsgoTrager immbilisiert ist. 15 3 Verfahren nach Anspruch 1, wobei die
zur Desami nVeriabrag zurmoHer&allph a¢ros proine-cephil@pe anséiwrd) evabokd dasBledahngnLotagiolgeralent Sehrisen:
ei nen Tenpetezuiweisie Verpiolgen en Géphatosiiorib iCs eidds Quelle vor D-ARinoSyre-Oxidady, Katd@ase: @)er

ei nen Sauer Queli¢ fair Reakylage nnt%auelstpﬁinlﬂ}em(@@kﬁp@bgﬁﬂ unted Bedingungep.tdie/avareighed, tm s
8,5; bei spi éfmirerepbalesperansiyrpi hpaystalory. wobei Zitp Quells/wort Rifymingsaurerdases Tigonapsis v on
7- Ani - cepladebilisiFelioanSEGH 20931yslod jundidie Quellervan DeseylasecAdnglobasier sypp=Eaipn, ATCE o
auf wei st: VP& #idgen von Cephal osporin C, Katal ase, D-Aninosgure- Oxi dase,
die von Tri onoj SIS variapilis,. SQtanpm ATCC 20931, erhalten jst Sauerstoff
und Deacyt a gg whiveQ] e enopas bl ot imdgas e A copsy

i n\el nem Re b7 OGS nt er Bedi ngungen, di e ausreichen, um 7- 25

A no- Ce%ha{/é?ﬁﬂgﬁ R Mpﬁjcp?rv?oﬂét %l z&Pﬂerstellung von 7-Amino-cephalosporansdure ausreichenden

Bedingungen aufweisen: eine Temperatur von 20 *C bis 35 *C; einen pH von 6,5 bis 8,5 und unter
einem Druck von ca. 3,4 bar (50 psig).

45 10. Die Mutante Trigonopsis variabilis ATCC 20931.

11. Die Mutante Acinetobacter supp. ATCC 53891.

Revendications
50 ' _
1. Procédé pour la production d'acide 7-amino céphalosporanique comprenant les étapes consistant 3 :
a) metire en contact fa céphalosporine C avec de la catalase et de la D-amino acide oxidase dérivée
de Trigonopsis variabilisis, souche ATCC 20931 en présence d'oxygene sous pression pour
provoquer la désamination de la céphalosporine C, de fagon & produire I'acide glutaryl 7-amino
55 céphalosporanique ; et
b) mettre en contact le produit résultant de I'Stape (a) avec une désacylase dérivée de Acinétobacter
spp, souche ATCC 53891 dans des conditions permettant la production d'acide 7-amino céphalos-
poranique.
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5. Verfahren nach Anspruch 4, wobel das Reaktionsgefl B druck fschl a
ist. 6. Verfahren nach Anspruch 4, das ferner Natri unborhydrim mﬁ"m%m"’
7. \erfahren zum Herstel |l en. von 7- AER 0265600 OSpor ansaur e, |

Verfahren die folgenden Schrit- te aufweist: Vereinigen von Cephal osporl

C, einer Quelle von D Am nosi ure- Oxi dase, Katal ase, einer Quelle von

Deacyl ase BndPregdesdenfa revepdisatigerh R@‘ﬁk’?‘l"@h@g@'ﬁ'ﬁ@ @pide PXidage) |9Vf§'uﬁg1§PP°V'ﬂﬁee93t
ausr ei chen, UmMPLiligse s e spRelt- osporansaure herzust eI I en, wobei die QJeI I e

von. D- Am ngsaur e- OXi dase Tr| onopS| lis- ZeI I en ATCC

Si na“und di*e F' é"@ 65[5 permel '

sind. 8.%5Verf ﬁ t?mp e s 8 ﬂrS 'f‘%f's? é’i_)af en
und/ oder die %8'?" % 5ss'°"2% KT "Vb?'I aé(? gf'??d

Ver f ahren nach %nsBr ucﬁ Wobei die zur Herstell ung von

7- Ami no- ceghahgsne e G oS P ERRE R BRI JHAKDID Eohp 41533 RonsiRlaR mettn
Tenper atyr Voé?: Egp (En qg,é r de'id! hQ Sring c%gl ﬁéa‘ﬁlagéd o0 441 B-akhibb SEid€ b )
Druck von ca. qsavéd derighnels Piisitie, oL OTC RodYUbA xGoadd btgmgraasaéyuasardm@é ¢ S
ATCC 20931. %ne@b&t&ﬁ%E@I%ﬁbhgcAT&et&b@C&éaé IssUddRditi roprises L perirsHéRNg | prailiiom S
50 1. Proc6d6dgae7-amimoREshidsiotafiuetl’ aci de 7-am no c~phal osporani que -
conprenant |es 6tapes consistant a: a) nettre en contact |a c6phal osporine
C avec de Isa Pradéad seon |£ieveahdicdtian £)-dansi lsvpelaciéabtoubast hdsoustegssivioe de Tri gonopsi s
vari abilisis, souche ATCC 20931 en pr6sence d'oxygene sous pression pour
lor ovoguer I IG? EI&?&&;#&MU& @veggieatibra4.@6'p¢t&i;@|srp®rdua €u @;rorderunfeatg@g;uw gﬁ;t teldo,utra @jouté.
acide glutary am no cepha osporanl que ; e nettre en
cont act | e 7prRyokeéidé mtgﬁelﬂrqda%ec;eg@ wosg@@wmpgegab%m?sa@;ﬁ év'gjeﬁ':ﬁe
Aci\pet olfact erenspypseneecises un res PERIATROTHR & UNSrRANES B9 S-apHn0peide axigase. ge fa
production d' @&es upe &?H"F?od%é‘iﬁﬁ“ﬁﬂa% ot dofoxygepr, dans jop condiions PPd ?Hé‘ﬁ %GE!I“TStFI""I'%l
revendi cat i orP"id“"'IfPaH§c'F% yersino pép f?s%‘gfﬂ'ﬂb“’ d?:f%l@e 89( Paxing agidpgyidese &tas ?f"g
est i mobi | i s”,' _ gfiqbilis 20T 6 2 SRY eI ISl "&%"F‘B‘I‘?ef Hgs

| equel Ies c oHe ?ﬁBIa desami nation de la 5

gﬁf?g' 88 8, ;”ng éIEIIE’Ié‘vS J&gﬁg&nﬁgﬁ (jqugé % éeh&lééd(?e ﬂ@@r?opés I,aI}I!Lb‘?lIs e%J Es il s

d' environ 3 un pH de 6,5 A 8,5; par exenple un pH de

8,0. 4. PrgC6slfceaddbion @ Malendbiibd 9Nadts %héIEIes ARG apSEIRsOSRARRA 1§ Yoduction
conprenagt 1' @&ﬁae’-méé%ﬁaﬁﬁ&or@uqﬂgh&ﬁﬁenﬁ&t une toRPSrRtirE SRIRCSD *4adl 3546 uh PRCINRS!T
de | a cephal @@&rgmu@pr&eoﬁ @oivitdrcd A5L (50@8g) @ D-am no aci de oxi dase derivee
de Trigonopsis variabilis, souche ATCC 20931, de |'oxygbne et de la

desacylase1d&ammwmakw@@mﬁﬁi@haﬂkencspmwtsouche ATCC 53891 dans les

condi tions appropri6es pernettant |a production d' acide 7-am no

c6phal osponaniequeant d'BcindiobadRir sappdATCOH3691. | a revendi cation 4, dans |oquel le
reacteur est ms sous pression. 6. Proc6d6 selon |a revendication 4,
caracterise en ce que du borohydrure de sodiumest en outre ajout6. 7.
Proc6de pour |a production d' acide 7-am no cephal osporani que conprenant

| ' etdpe consistant A mettre | 20 en presence dans un reacteur de |la
cephal osorine C, une source de D-ami no acide oxidase, de |a catal ase, une
source de d6sacyl ase et de |'oxygbne dans | es conditions appropri6es
pernettant |a production d' acide 7-am no c6phal osporani que, |a source de
D-am no aci de oxi dase etant constituee de cellules de Trigonopsis
variabiljs, ATCC 20931 et. | a source de d6sacyl ase etant constituee de
cellules

50

55
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d' Aci n6t obacter supp.,

ATCC 53891. 25 .,& Proc6d6 selon |a revéndication 7,

dans |l equel les cellules de Trigonopsis variabilis et/ou les cellules

d' Aci net obacter supp. sont immobili FR@460600Bbced6 sel on | a revendication
7, dans lequel les conditions appropndees pernettant |a production 30

d' aci de 7-am no c6phal osporani que conprennent une tenperature entre 20 C et
35 C, un pHentre 6,5 et 8,5 et une pression d environ 3,4 bar (50 psig).
10. Le nutant de Trigonopsis variabilis ATCC 20931. 35 11. Le mutant

(o} Acvn6t obacter supp. ATCC 53891. 40 45 50 55 15

EP 0 465 600 Bl The

| i nage of inproved strain of Trigonopsis variabilis. Trigonopsis yariabilis
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R
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