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6=APA « fearzinopenicillanic acid

3D8 =« Sodium dodecyl sulphate

«gVB®~ « Covalently bdeund. ( eg. Sephaross «(VB=penioillin
acylase for psnicillin aoylase

| covalently bound to Sepharose)
PGME = DLePhenylglycine asthyl ester

* Recommendations for standardisation of Nomenolarture
in Bngyme Teohnology (P.V.Sundarsa et al, 19723 Blotech.
Bloeng. Syap. J, 15).
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Two distinet groups of snsymes hydrolyse the amide
bonds in the penisiliin molesuls (Pig 1). The B-lastamases
{penioillin p-lactan amidohydrolases, EC 3.5.2.6), whieh
are snsyuss of baoterial origin, oleave the amide bonk in
the pP~lactan ring. The other group of ensymes, pemisiliin
acylasse (Pentoeillin amidohydrolase, EC 3.5.1.11), alse
known as penioillin anidases,catalyses reversibly she
denoylation of penieillin with formation of 6«APA and the
side chain., In addition to She panloillin soylases, s true
penicillinanidase activity has alse been yeported, which
sleaves penicillin anidesS s te free sumonia. Suwoh setivity
has been shown in She yeasts Rhodotoruls grasilis and
lerulopsis (Huang g% 21,1963) sowards amides of both bensyl-
and phenoxzymethylpenisillin as substrates.

T.1 KICROBIAL PENICILLIH ACYLASES

The cecurrence of penioillin soylase was firss

repovted by Sakaguohi and Murse (1950) in the myeelium of

IgoRanNs and of Aspergillus oryEas without
oharacterisation of the products, The produst of the
hydrolysis of bensylpenieillin were sharmeterised later by
Batshelor o% al.(196111961a) as 6-APA and the side chain,
phanylacetio seid.

Several types of pesnicolllin soylase are known whioh
sre oharsoterised by their subatrate preference (Hamilton-
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Niller, 1966 Vandaame and Vosts, 1974). The features of

the three main types of ensysme are dssoribed in Pig 2. The
type I ensyme, whioh is generally fungal or aotinomysete

in origin, preferentially hydrolyses phenoxymethylpenicillin
(Peniuillin V). The type 11 enzyme, which is generally
baoterisl in origin, preferentislly hydrolyses bensyl—
penioillin (Penieillin Q). The nonepreferred substrates in
bosh types are hydrolysed at markedly slower ratesthan the
preferred one. An interesting type of penieillin. acylase
reported more recently is of typs III or ampicillin soylass,
whioh hydrolyses ampiolllin (D-X~aminobensylpenicillin)
spsoifionlly and is without action of benzylpenieillin,
phenoxymethylpenieillin and semisynthetic penicillins other
than ampioillin.

This type of penioclillin seylases has been reported
to esour in several strains of Pspieillium. Cephalegperius,
Aspergiling. Irichoderms, Pusapius snd gibberells (Vandemme
and Voets 1974). The ensyme has alse been isolated from
several genera of yeasts (Torulopsiss Jorula. fssehareayses.

Astinoplanes).. (Vandamse and Voets, 1974).
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The intracsellular mycslial enzyme “rom Fusariua

igtus was partially purified by Waldsohmildt-Lelitz and
Bretzel (1964), by preoipitation with soetone and colusn
chrosatography on Amberliite IRC 50 and Sephadex (-25. The
enzyne was shown to have a zolesular nxshn[fgs 000 and to
contain two atoss of zino/mol, The substrate speciflelty of
the purified enzyme preparation was tested by Brandl (1972)
with 52 differsnt blo-and gsezisynthetic psnioilline. The
preaence of bulky substitution as well as double bond in
the slde ohain was showm to oause lowsred susoeptibllity
pogsibly dus to stario hindrances. The intyacellular enzyne

in two straine of J m WA uhqﬁx"by

Erickson and Bennet$ (1968) to hydrolyse phenoxyzethylpenicillin
At & rate six tm“ faster than bengylpenicillin at ths optinu:
pR of 3,5 and at a tempersture of 30°C. The enzyme frov
Fusarius Sp was purified by Thadani gt al. (1972). The
nycelia) engyne asctivity was indused in the organism in the
presence of phanoxyaoetate oy its derivatives and the m;mo
specifically hydrolyaes phenoxysetiylpenicilline.

Wnile the reports desoribed above are of mycelium
preparations, psnioillin asoylase sotivity has also been
raported in fungal apores, Type I activity has been detected
in spores of aspecles of Pugarius (Singh gt ,ﬁ, 19693 Vandasze
8% 81+,1971). The spore soylase has besn reported to be
highly speaific towsurds phanoxymethyle



penieillin. An extracellular acylase has been reported dy
Batohelor et al. (1961) in She astinemycete, gtrepteuyoes
lavendulae.

A typs I penicillin aoylase has besn reported to be
present as a oonstitutive ensyme in Erwinis aroidess, while
penicillin asylases as a slass are generally induced ensymes
whose dlosynthesis is depandant on the presence of indusers
1ike the side chain aoid (Vandsmme et al., 1971a). The
Bruinis entyne was purified pant?ur by these authors and
shown t0 have s molecular weight/62 000.

The reversibility of the hydrolytic astion by the
type I asyleses was first demonstrated by REriokeon and Dean
(1966), using myselial extraots of Penisillium shrysegenum
strains at pH 6,8 te obtain enzymic synthesis of phenoxy-
methyl-and benzylpenicillin from 6-APA and the side chain
acid. The formation of bemsylpenisillin from phenoxyacetyl
CoA and 6-APA has besn desmonstrated in extracts of
Renjsilliva shrysogenua (Spenser, ‘19&6; Spenoer and Maung,
19705 Spenser and Burnhen, 1973).

X.1.2 3

The type II enzyme ooours as an induced astivity in
seversl gram-positive snd gram-negative bdaoteria. Thess

inoluwder | onAg, Deenfononag, Xanthomonag
Alealigenge. Jrwinia., Axokohestar. Zesheriehis. Asrgbacker,
Klurvers. Besillus end Jrosheoberiys (Vandamse and Voets,1974),
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Among the muwutn, its coourrence has deen #hown in
Meoardis and jtreptomyces. Ths production of the type II
eneyss by looardis has been reported by Huang st s8l,(1960).
ne has besn reported te produse an

intracellular type II psnicillin acylase and an extmm
csllulay typs I ensyme (Nare ot al, 1971). Among fungi,
several strains of Neurospops Srasss have been showmn to
produse type II penicillin soylase (Rossl ot al,,1973).

Penioillin aoylase blosynthesis in E.e0ll has been
shown %o be stimulated by phenylacetis asid and ite
derivatives (Levitov et al,, 1967).

Whlle the ensyms sotivity generally scours Antra -
oellularly, Chiang snd Bennett (1967), haw shown that in

the gram-positive organiss, Bacillus megaterium, the
astivity is extracellular,

Chiang and Bennett (t%ﬂ obSained the enzyms from
Beoillus megaterius witrasentrifugally homegensous by
repeatsd adsorption and slution from Celite followed by
frastionation on Ch-bellulose and showed 1% %0 have o
molecular weight of 120 000. The snzyme 1s inhibited
coapetitively by phenylacetic acid and non-competitively
by 6-APA. The K for benzylpenieillin is 8.5 mN (Ryu gt al.,
1972)e |

 The intracellular enzyse from E.00li NCIM 8743A
was partially purified by Balasinghesm et al, (1972) and



Warburton et sl, (1972) and was found to have a K, value
of 0,67 mX for bensylpenicillin at 37°C at pR 8.0, The
engyse was shown %0 be inhibited by benzylpenioillin as
well as the products of hydrolysis. Inhibition by phenyl--
aostio acld was found to be competitive, while that of
6~APA was non-ccmpetitive. The enzyme from E.90l) ATCC
9637 was obtained in eleotrophoretically homogeneous fors
by Bondarevs et al, {1969,1969a) and shown to oleave
phenoxynethylpenioillin and ampioillin, in addition Se
benzylpenicillin.Self et al, (1969) partially purified the
enryne from this source and reported a I value of 7.6 mN
for bensgylpeniolllin,

The ensyme from E.aoll ATCC 11105 was obtained
erystalline by Kutrbach and Reusnbuseh (1974} after
100=fold purification invelving asmsonium sulphate
- fraotionation followed by column ohromatosraphy on
SB-sephadax and DEAZ-sephadex. Crystals were obtained at
0.7 saturation with ammonium sulphate, Dise elestrophoresis
of the orystallised sneyne showed a single band in some
sanples and Swo in others. Iscelsotris fosussing however
indiocated a maln band and two to four weaier bdands, The
native enzyze had a molecular weight of 70 000 with subunits
of moleoular size of 20 500 in SDS-polyacrylazide geol
eslectrophoresis syrsten.

Kols and Stewarts (1964) detested an extrecellular
sype Il aoylase aotivity in the oulture napumrlumls:»fo{
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Beggl) NOIS 9465 with a pH optiaus of 5.5 for the hydrolysis,

which is markedly lower Shan that of other penioillin
acylases.

The production, parsial purification and propertiss
of the entyme from Kluyvers gitrophile bas been rsportst by
Nare gt al, (1971,1971a), Okeohi 8% al, (1973a,b), Shimuszu
st al. (1975a). Enzyme produntion is induced by phenyl—~
acetio acid and repressed by glucose, fruotose and maltose.
The ensyme was purified 120.fold by DEAR-eellulose and
hydroxylapgtite chromatography. The relative rate ef-
hydrolysis of asploillin was 80X of that of bensylpenioillin.
In addition soms ssmleynthetioc eephalosporins were shown
t® be hydrolysed %o 7-aminossphalosporanic acid, The ensynme
had a molecular weighs of 6) 000,

Several proocedures are desoribed in the patent
" Jterature for the purifiocation of the ensyme on an
industrial soale because of its application for manufacturs
of G«APA, & key intsrmediate for the produstion of semi-
synthetis peniicillin, The jsoladtion of orystalline enzyme
An high yield has been olaimed by Kutzbash (1973). In Shie
process She ensyme is adsorbded on aluminosilioate and then
eluted and orystallised,

Ia1a2(a)

Renieillin soylsse |
The reveraibilisy of the hydrolytie clesavage by the

type II enzayns has been shown as acidic pH value of #.5 %o
8.5 compared to the general alkaline pH opSimua of 7.8 to



9.0 for She forward hydrolysis reaction. The reverse
reaction l}ut been ntudﬁd with the B.gali entyme by

Bauner 9% 2}.(1970), Bondareva gt al.(1969,1969a), Keufmann
and Bauer (1960), Self st al. (1969) and Cole (1969a,b).
The ocatalysis of penicillin formation has also deen

studled with ensynes from ploaligenes fascalis (Claridge
2% al, ,1960) and Eluyvers eityophlils (Nare et 21,1971b).
Since the substrate speoificity for She synthetisc and

hydrolytic reactionswene similar, the involvenent of a
single engyme in doth proveases was assumed, This
assunption was substantiated by Bondareva ot al.(1969a),
by showing the synthetic activity with the eslsotrophore-
tioally homogwnecus ensyme from J.091li. The synthetie
i'uotton rate was shown to be enhanced in the pressnoe of
esteras,anides and other snergy-rioh foras of the side
ohain instead of the free acid (Okachi gt al. ’ 1972,1972a,
1973a; Tekasawa 9t a].1972, Nera gt al,,1971,19714,1972).
I.1.3 Zype LiX (Awptoillin) soyiase

The ocoourrence of a panioilliin acylass which
specifioally oleaves ampioillin to 6-APA and D-phenyl -
glyocine has been reported in several strains of
Pseudononas (Nars et al.1972, Okeohi et aly1973b). The

hydrolysis of amspieillin by these myn-' is optimal at

pH 7.5. The enzyme cleaves ampicillin specifically and 1is
without action on benzylpenicillin, phenoxyasthylpenioillin
and semisynthetio penicilline other than auplelillin,
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The isolation of mutanks of this organisa, whish are
paisiliinage-deficint hat: basn reported by Okaohl gt a).
(1972,1972a,1973). “

synthesis of ampioillin from 6=-APA and DL~phenyl
glysine and esters of both D-and L-and Di~phenylglyeine
at pH 5.5+6.0 and °C has dean desoribed by Okachi g% o] -
(1972s).
.2

Penieillin asylase nottv&tyLﬁi-o been reported in
the higher forms of life. WheSher thess none-mioredial
enzyaes sre true peniolillin acylase or broad speotrua
anidases le not oclear (Cole,1964), Type Idaoyluua aotivisy
has been reported in bovine i klduorillvor. splesn and
lung homegenates (colq,196“, Weltnauer 1964), Alburn, Grant
and Clark (1964)- have reperted that fioin preparation
from the fress of the genus Piaug also cleaved phenoxy -
meshylpenioillin to 6=-APA,
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Sines penicillin asylams 18 an induatrially
tmportant snsyse used in the manufacture of 6-APA, a key
interaediate for she production of sealsynthetio
peniotlline, severasl ismodilised synteas have Heen
deaserided specially in patens liserature, Immobilized
Eystens of the ensyue oan bs repsatedly reused whioh has
obvieus soononic advantages, The use of iumoblilined ensyne
in place of soludble preparations aleo excludes possible
allergenic maoromolecular inmpurities from the produot
(Pelin et 41,1972). The latter is an over[riding '
esonsidsration partisulariy in She drug industry,

Iumohilined p-nlcilikn acylass preparations
demoribed in the literasturs have been reviewed in two
resent artioles by Abbott (1976) and Subramsnian gt sl,
(19761.

Table I susmarises the data from those reviews
taogether wlth.loro recent examplen,
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Cayrier/Astivation Procedure Aosivisy Referance
Inmobl-
1ined
JHCXBE_ADSOBRPTION _
Bentonite - ?:gzzy,gg al.
DEAZ~sellulose/Sucainylated 90 Miyasaki 9t 8.
ensyns (1972).
DEAB-sephadex/Suscinylated - Kamogashira
peanieillin anidase 1] ;{: {1972)
REINE COVALBNILY LISXRD
cellulose/srishloro-g-triasine. 65 Self .

* (196sT:
DRAE~00llulose/Carboxynethyld 100 Self 2% a).
aninodichlore~g-sriasine (1969).
DEAR~cellulose/aminedichlore-  4#3.81 warburton gt al.
getriazine - {1972).
CN-celluloss/azide methed 33 Self .

(i9éoTs 2

Asrylanide~naleio aold-N,K*~ 98
methyliens hissorylanide
oopolyner

Sephadex(Sepharose)/ONBr 30
CNix=potivated polysaceharide we
hexanethylensdianine/Gluta~
raldehyde

Cellulose/CHBr - 85

Neleie anhydride-tSetraethylene 6%
glyosl-4dinsshaorylate copolyner

Bueper {(1973).

Deiin .
o 8

Saith (1976).

Subrasanian
o8 al,(1978).

et .ale,
Bosmeril1973)
Hueper (1973a).



TABLE 1 (continued)

Malelc anhydride-mathasrylie
atid-Setnethyleneglycel
dinethaorylate oopolyner

Nalelo anhydride-Vinylmethyl-
sther copolymer/ensyme + oota-
deoylanine

yolynerisation of CNEr-astivae
tad Hydroxynathasrrlate-enzyms
product

Polymerigation of ¥(p-amino.
phenyl)methnorylanide
alagoniua salt-sneyms produoct

Folynerization of methsoryloyl
ohloride-snsyus preduct

Cellulose 2~()'-anine-4'-netho~

xylphenyl }eulifonylethyl
ether/Glutaraldehyds

Iners filler/cClutaraldshyde

MeShaorylate reain Amberlite
XAD»7/Glutaraldenyde and
lzﬂ‘ﬂﬂz),n“ﬂz

DEAB=cellulose,Cit~cellulose
Jalusaraldehyde

Porous Hilloa/adipio aoid
diagide

Cellulose Sriscetate flber
‘Collagen menbrane

Polyaer enoapsulation of
soludle oomplex obtained by
Sreating msyme wish ONbre
sstivated dextren or starch

Polyscxylamide

92

50

o7

12

etal,
Boemer/{{(1973a),
Rueper (1973a).

Bmish (1976a).
Eamsher (197%),
Hamsher (1970},

Hamsher (1974).
Nys
(1or. 2

Anotx ‘ 19”) .

4 ’
Gispt, ot &k

Savidge and
Powell (1975).

Podosesy ak,
(1977). 23 Ak

Dinells (1972).

Wang and Viesh
(1973).

Bueper (1974).

Nandel
t1973), 1 &k



13

TABLE 1 {(continued)

Glyoidylusthaorylate-N,N¢ - Hansher and
methylens bisanorylaaide Lozanov (1978).
oopolyaey -
AMNOBILIZED YROLE CELLS

) oolls in polysoryl- - . sato

anide gel (1976
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T™he kineSies of She enzyme from Jagilius mexstorium
{nuodbilized by adsorption on Bentenite have bean reported
by Ryu et al,(1972). The enzyse frea Bgeillus giroulans
has been suooinylated and adsorbed on DEAE-ssphadex and
Shis systen has heen uwsed Loth for 6-APA preparation from
bensylpenieillin (Niyazaki g% 2),1972), a3 well as the
preparation of ampieillin from 6«APA and D(=) phenylglyoine

methyl ester (Kamogashirs gt a),1972).
Lede2

Several examples of the enczyme covalently attached
fo oarrier are documented in the literasurs. Csllulese
aotivated with trichloro-pg-trianine and DEAE~cellulese
activasad with 2-sarboxyaethylanino-i,b-dishleve«getriagine
and 2 amino-4,4-diohloro=getriasine have besn used for
oeupling the snsyme frem J.0011 (Self ot “.;.9_695;;.-,
Varburton “ g,,m:). The kinetic propsxties of the latter
DEAR=8sllulcse derivative and ite performance in various
reactor Sypes have been dosunented (Warburton gt a}.1972,
1973). CNe~osllulose hydrasmide has heen used for soupling
of the enzyms froa J.goll (8elf g8 81,1969), CNAr~notivated
Sepharose and Hephadex havs bean used for binding of ensyae
from F.0211 (Delin a% 21,1972). Alkali-treatsd cesllulose
has also hasn used for CHNBr-activation and the effioiens
immobilizasion of the ensyme from E.ooli from dilute
solusion (Subramanian g% al, 1978), Several synthesie,
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hydrephilic remctive copolymers similar S0 and including
the ethylens~maleis anhydride (INA) sysSen desoribed first
by Levin gt al, (1968) have heen applied for the
fsnobilization of the J.agll ensyas, These inslude the
axide derivative of XNA copolyaer (Bavidge et al,1969),
polyacrylanide-maleioc asid eopolymer obtained by heating

at 809C, malels anhydride~polyolasthacrylats sopolymer
derivatives and waleic anhydride«vinylaethyl ether eopolyaer
(Rueper,1973; Boener gt 3l.,1973; Hueper g% al.,197s;
Boeuer gk al,197)a; Salth 1976a). The polynerization of
enzyne nonenery derivatives has also been used for
immobilizing penicillin soylase from Preteus rstigeri
(Hansher 197%)., These include sncyme coupled to CHBr-
astivated hydroxymeshasrylate, N(g-aninophenyl)methacryl
amide dlagonium salt or methaoryloyl cshloeride. Cellulose

2= (3 ~anino-dt=nathoxylphenyl)sulfonylether has heen treated
with glutaraldehyds and then accupled with ensyse (lNys et al,
1977).
Ieded

Exanples of She enzyms immobilised by intermolesular
sroaslinking are alse avallabdle.Crosslinking with
bifunctional reagents like glutaraldehyde has Lesn sarried
out and inert fillers like cellulose included for eanse of
use (AmoSkm,1974). lo;ntonlo porous methacrylate resin fillers
have been used with glusaraldshyde in the presence of water
soluble dianine for cresslinking the enxyme fros E.09l1
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(Savidge gt al.,1974#). The entyme has hesn initially adsorded
on ion exshangs resins 1ike DEAR-and Checelluloss and then
orossiinked with gluteraldenyde (Savidge and Powell,1975).
Adipio acid Alaxide has Deen used fov orosslinking she
anyne adaordbed on porous silica (Pedomesy 3t 8l1.,1977).
1360

Encapsulation has also besn used for imaodbllizing
the enzymne. The ansyne frem J.00]l] encapsulated in wet-spun
oelluloss triacetate fibers has been used by Dinelli for
She produstion ef 8§-APA (Dinelll, 1972; Mavooni st al.,1973).
The use of the Sriacetats riber entrapped anzyms for the
preparasion of sssisynthetis penicillins from 6-APA and
side shaln aster hae alee baen reperted (Marooni gt 8}, 1975).
The ensyne froa Rasillug Rgaterinm has been inacbilized
in cellagen nendrane by impraghatien of the preswollen
suppert (Mang and Vieth ,1973). Polymer snoapsulation of a
soluble ecaplex odbSained by trsating the enzyms from R.gell
with mn-u_ﬂntn 4Aextran or aSareh has also besn used
(Maepar ,1974). Polyssrylamide entvapment of the 3.90L1 .
enzyme has besn deserided (Nandel st al,,1975).The
entrapamt of snsyae frow Profeus rettgexi in slyeidyld
aethasrylate-N,H'-nathylene bissorylanide copelymer has
aleo besn reperted (Hamsher and Lesanov ,1978). "
1.3.5 Zmmobiliged Niorobial hele oslle

E.0014 salls entSrapped in polyssrylanide g¥l have
alse been used for she hydrolyeis of bensylpenicillin so
6=APA (Sato ot al.,1976).






1y
6«APA, the key intersediste for the produetion of
senisynthetio penisillin san be obtained dy thres different
prosedures nanely;i)Pernentation, 2)Chemical cleavage of
biosynthetic panicillin and 3)Snsymic cleavage of blo-
synthetic penieilling Feraentation proosdurss for sanu-
facturs of 6-APA are only of historioal significance as
yields are uneconomioally low (Carrington st ak.1971;
Abbots , 1976), Chamical and ensymio hydrolysis of blo-
synthetio penioillinssuch as bmlmuua and phenoxy —
nethylpenicillin convert the substrates aluost guanti —
tatively to 6«APA and the side ohain, In the early
" procedures ware sither whole aslls of microorgsnisas or
srude soluble sxtracts of aotivity were used, shemioal
process was the praeferred route. The more resent
developrents in snzyns immobilisation has lead in recent
yaars %o the preferred use of sush aystens in place of
the low tenperature cheamloal conversion (Dunnill and Lilly,
1978 ). Desldes the reuss potential, the inmeblilized ensyme
preparation has the added advantage of sxeluding naoYo —
nolesulay contaninants and yielding finally nosallergenie
products (Delin a% 2l.,1972),

Work had besn initisted in the National Chemiocal
Laborasory in sollabjation with Hindustam Antibiotics Lil-for
the developaent of :: . imsodbilized psnioillin ssylase based
on the ensyme froa high snzyme-yielding strains of J.goll
(NCIN 2000) end Pusarius Sp HA 7.5-5. The partially purified

“TH 226
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snzynes have been immobilized on s oelluloss support
(Subreasanisn g% 8l.,1978) and the usefulness of the
‘yrmmum estadblished in pilot plant triale {(Borkar
st al+1978).

In a programse %o study the behaviour of immebilised
nm»ﬂmu of the ensyae from other sources, the sntyme
rmlmmﬂr remtad souros, Kluyvers sitrophlla ATCC
21285, haw Mm studied in the ‘pw tmgﬂiuum. The
ensyne from this sourse has not been iamobilized hitherto.
The ensyme was purified S0 a high degres by & modification
of the prosedure originally described by Shimuzu ot 8l.,
(1975a). The immodilization of the purified entymse by
covalent attachment to 2 variety of supports, nsaely ‘Sep‘mvcs«.l}‘
sontrolled-pores ceranics of mox. uzos and 'sw, have bun'
ocarried out knl sone of the properties of the native and
immobilized ensyne have besn studied. The imacbilization
of penieillin ssylase on inorganic supports has not been
reported esarlier in the litsrature,.
| The results of the investigation are presented in
the following twe parts,-

Part I 1 Purificasion and pmmu%“ penioillin aoylame
Part II: Studies on immobilized peniciliin saoylase from



The literature references for the General
mum«tm: u well as vomponsnt Parts of the ?rmt
!muulmtuu sollectively listed in the final section,

The significance of the findingsare sumnarised
in the following seotion.



5
5
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A procedure has been desoribed for the partial
purification of penicillin asylase from Xluyvers sitrephils
ATCC 21289, The purified enzyne has no detectable P—hotmn
activity. Polyaorylaside gel slsctrophorssis shows the
presence of three componsnts, all of which have penicillin
soylase sotivity, SDSe-polyacrylamids gel slectrophoresis
yields aluost sxclusively = single component. The enzyme
has a pH optimus of 7.5 for the hydrelysis of denzylpenicillin
with a K, value of 2.7 uf towards the substrate and an
motivation energy of 10,9 Koal/mol. The enzyms has & aolesular
waight of 60 000 to 57 000 and probably consists of a single
polypsptide chain, The ensyme is oharacterstio of type II
soylase end preferentially nydrelyses benczylpenleillin, the
relative rates of hydrolysis of phanoxynethylpenieillin and
amploillin being 10 and 40%, respectively, of that of the
preforred substrate,

The preparation and proparties of immobilized penioillin
acylase from Kluyrvers oitrophlils ATCC 21285 are deserided.

The partially purified enzyme has been ilmnobilized on
CNBrenctivated sepharose as well as on the aldehyde derivative
of silanized controlled-pors osranios.

The entyme is quantitatively immobilized by covalent
binding to CNBresctivated Sepharose 4B, 7The imaocbilized
enzyme shows an effiolency of about 67% on the basis of
the bound protein. The Sepharose-CVB-peniolllin seylase
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hkas & pH optimun of 7.5, for venzylpenicillin cleavage
astivity, sisilar té that of the native ansyme, The
saloulated sotivation snergy and temperature soeffioient
values are 12.5 XKoal/aol and 2,12, respeotively. The
immobilized preparation has good operational stabilisy
and no detestabdble loss in sctivity was observed in 22c
oycles of use.

Results are repoyted fax the first Sine on the
fmmobilization of penieillin asylase by cevalent attachment
to inorganic supporte, The partially purifisd snzyme fros
K.gilgrophile was immobilized by covalent binding wia
glutarsldshyde %o Yaminopropyltriethoxysilane derivatives
of the controlled-pore oerasicss Ti0z, Alg0, and 810p.
High binding efficienoy could be obtained with adequate
asounts of the activated support. Aotivated Ti0; binds
90% activity from selution under these oondisionsand the
immobilized enzyms has an efficiency of 90% of the soluble
preparation. The Ti0,-CVi-penieillin acylase has a pi
optimun of 7.5 for hydrolytio astivity, similar to that of
the native engyme. The caloulated K, value ur the
iamobilized enzyne is 2.5 mMd , compaurable “ the K, valun
of 2.7 =¥ of the soluble sntymes, The activation aergy
and temperature cosffisient values are 11.2 KXoal/mol and
1.9) raspactively, similar to those of the soluble enzyne,

The T10,-~CVBepenislillin scylass shows good
operational stabllity with no deteotable loss in activity
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over 10 oyeles of use whish wers tried out. Aly04-CVB=-
ponioillin aoylase nleo shows no loss of activity over the
b eyoles of use tried out., S10-CVB=penicillin scylase,
howevar, losss approxisctaly 20% activity in every ayah

of use, provably through leashing out by hydrolytie cleavage
of the =gi=O~silane bonde.

The mer(m-pmmuun aoylase catalyzes formation
of ampioillin from 6-APA and DL-PGME at pH 6.5 ana 409C; the
yield being about SO0% on Phe basis of S«APA Inltially
Saken,
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A procedurs has besn desoribed for the parsial
purification of penicillin aeylase from Kluyvers eitrephils
ATCC 21285, The purified enzyme has no detsotadble
P-lactasage sotivity. Polysorylamide gel electrophoresis
shows the pressmoe of three companents, all of whieh have

penioillin acylase astivity. BSDS-poiyscrylamide gel

| eleotrophoresis yields aluoat exclusively a single component,
The snzyme has a pH optinum of 7.5 for the hydrolysis of
benzylpenlolllin with a K value of 2.7 aM towarda the
substrate and an astivation sneygy of 10,9 Koal/mol., The
enzyse has a molsculsr weight of 60 000 to 67 000 and
probably aonsista of a single polypeptide ahain, The
engyme is charactenstio of type Il acylase and preferentially
hydrolyses benzylpepioillin, the relative rates of
hydrolysis of phenoxyzethylpenioillin and sapiolllin being
10 and 40%, respactively, of that of the preferred sudbstrate,

Wide variations have Lsen observed in the propsrties
of penioillin aoylases froa 4differant alorobial sourses and
sven from strains of the same amlorverganisn (Vandawme and
Voets, 1974), A source in which a type II or benzylpenieillin
saylase aotivity has been reported recently is Kluyvers
SAtrephila XY 3641 (ATCC 21285) (Nars of 21.197131971a )
Okaochi et al.,1973a,b). The encyss Crom this source has
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not been immobilized hitherto, A study of the purificadion,
proparties and immobilisation of the enxyme from this source
was undartaken under a programas of work on peniolllin
acylase systeme suitable for industrisl preduction of 6=APA.

Prelininary studies on the purification and properties
of penieillin seylase fros Klurvers sitrophils are desoribed
in this Part of the thesis,

All ohemioals wers of eanalytionl grade., Streptomycin
- sulphate, primary standard grate 6-anminocpsnicillanie seid
(6=APA), benzylpenieillin, phmmthvlpmt;ultn and
snplielllin wers obtalned from Rindustan antiblotiss Ltd,
Poona,. 'nwmum bovine serus albumin wag obtained from
Sigaa Chemical Co,, UZA. Sephadex G-200 was from Pharmacia
fine chemicals, Sweden. DEiBeoelluloss was ahmﬁosmphr
grade DE-S2 from Whatman Ltd, UK, Acrylamide monoumer, ’

N N*methylenebissorylsaide, N,N,N'N'-tetrs. - methylethyl
mﬂmxnu, riboflavin wers froa Eastaan Organio Chemlioals,

USA., Sodium dodsoyl sulphate was from HICO produets Lta,
Bombay. “

mgyse aotivity zeasurments were msde et 450°C by
deteralning the G-APA formed with pedimethylaminobenzaldehyde,
The coloursd Schiff's base which was obtained with the
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rengent wae Ansayed acoording to the procedurs dessribed
by Bomstein and Evans (1965). The detaile ars indioated
below,
Selerinetyio determipation of 6=APA.$ ClSrate~phosphate
buffer, pH 2.5, was prepared by dissolving 56 g Citric
-om.uzo and 17.9 g NaghPo, ,12 130 in 1L K0. The ooleowr
raagent was prepared by dissolving i g of p-dinethylanino-
banzaldehyde in 50 =]l eShanol and adding 10 ml of 0.01% w/v
hydroquinone and 110 ml of She oitrate-phosphase buffer,
pH 2.5. |

Sanples oontaining 5«APA were mixed with an equal
volune of the selour reagmt and read after 3 min at 415 nn,
The standard surve of 6-APA is shown in Pig .1 .
Assey of Penieillin sorlage agRivity:s The assay was done
ensentially as desoribed by Balasingham st gl,(1972). The
test system oontained 2% w/v substrate in 0,1iN potassium
phosphate buffer, PH 7.5, One unit of enxyme aotivity is
defined as the amount of ensyme oatalysing the hydrolysis
1 muol/aln of subsbrate under sasay condition,
p-lactannge sotiviey

!:‘MM. activity was cheoked by the miorolodo-
metric proosiurs as desoribed by Ross and O'Callaghan (1975).
_ The assay was standardised with a §=)actanese preparation
obtained from Kindustan Antibiotios L%d, Poena.
Exetein ssuny

Protein was deterained by the method of Lowry et al,
(1951) at 500 nm, standardiszed agsinst orystalline bovine
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6APA (/amol )

FIGL [. STANDARD CURVE OF 6-APA. ESTIMATIONS WERE
CARRIED OUT WITH p-DIMETHYLAMINOBENZALDEHYDE
AS DESCRIBED IN THE TEXT.
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. serus albumin.
Qpsienl density

All optical density messursents were made on a

Beokuan Kodel 26 spesatrophotometer using euvettes of 10 im
light path,

A Philips preeision pH metey PR 9805 with the
sonbination < glaes elevtrode was used for all pE mensuraents.

Diss elsctrophoresis was oarried out unooratni to
Davis (1964), using 7% polysorylamide gel. Rihoflavin was
used for polyasrisation and Trie-HCl buffer,pd 8.3 was used
An the separsting gel. Nelther sample nor stacking gela
wore used. 50-100 Mg of sanple wes made dense with 208
suorose and loadad on top of the gel In a voluwe of 0,2 nl,
Tris-Glyoine elestrode duffer, pH 8,3 waw layersd on top.
Broanophanol blue iuu incorporatsd as sracking dye.
Eleotrophoresis runs were carried out at 4%¢ with a surrent
of 4 ma/Sube applisd till the tracking dye had migrated to
the bottom of the gel. Protein bands were visualised by
stalning wish 0,35% amidobleck 108 in - 7% acetio soid,
Destaining waas done by diffusion in a 7% scetlo acld solution.

8D8=polyacrylanide gel slectrophoresis was ocarried
out asoording to the procedure of Weber and Osborn (1969),
7. 5% polyscorylanide gels wers preparad using 06,074 ammonium
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pe¥_sulphate for polynerisation, Approxisately 50/ug of

protein in about 0.2 al was loaded and the running huffer,
0.14 modium phosphate uﬂ'?.) conssining 0.1% 308, win
laysrad aarsfully on the top. RlecSrophoresia was oarried
out at room uoﬁptraauri at B a@ftuho. Bromophenol blue
was used ap Sracking dye and relative mobilities were
oaloulated with respeot to dys., Gele wers stained and .
destained sasn desoribed sarlier.

g

ALIRL Ml A

FPOWEDN AN HXT)

i A LEOLALN QGRLLE
Qrsanies : Sivyvexs oikrophija ATCC 21285 was obSained from
the American Type Culture Colleotion. Ths organisa wem

F 9

routinely matntaiﬁoﬂ on nutriemt agayr wedius and suboultured
avery wmonth, The oulturs was grown at J0°C for 24 h.
growsh of organiss ¢ Klurvers oitrophila ATCC 21285 was grown
sepsrately on 1) NMedium demoribed by ahimuzu e ul,(1975s)
ant 2) Modified nutrient mediun to determine whether the
oultura could be groun brrnutlvaly on & cheapar mediun,
The former asdiun was of the following ocomposition i Yeast
extract,s g Poptdno,ié £) nacx.z %3 phenylscetic acld 15 My
Ha-Glutamate,10 g wade upto 1 L after adjusting pid to 7.2
with 1 N HadH, The supplezented nutrient nediux haﬂ??bllowlnc
gomposition s Beef extract,10 g; Peptone,10 g3 NaCl,5 gt
phcnylnanth acld,15 oM and water Lo mske 1 [ after adlusting
pH to 7.2 by sdding 1 N NaOH, The oulbure -waus grown in
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shake flaske Tor 48 h at 3092 and cells harvoigid on the
aentrifuge., Sonis extraats obtalned after 2 min expomure 8o
20 o (300 W) ab 0-590, indioated that selle of tne organisss
grown in hoth medis had similar penicillin acylase aotivity.
The organism was Shersfers grown on the -odirtud nutrient
wedis for ensyme lsolation. ,

4e5 3 lot of the nutrient medium supplsmented with
phanyincetio acid wers taken in 10 I flet-bottomed flusks
at 309, inooulated with 250 ml weed of the Kluyvers gitrophils
grown in the sane medius for 24 h at 30°C in shake flasks .
The inoculated flask was serated at 0.35 L/min for 24 h at
0%, Cells from two 10ta wers pooled and harvested by
osntrifugation as 49C in a Sorvall RC 3B centrifuge at
11 000 2 g for 20 min, Yield of wat cells war anpproxinately
10 g from 10 L mwedin,
Bxtrastion of eslly

Web cells wers suapendsd in 0,1 ¥ potaasiun phosphate
buffer, pR 7.5 (to:ulfg).' The suspengilon was sonicated at
20 KXo (300 w) for 2 min in the Blosonlo IIIl (Bronwill
gelentifio (Je., UBA ) sonie oseilletor with cooling in ice.
™he oell debris waw renmoved by csntrifugation at 15 000 x g

for 20 ain at 4°C, The cell-free extraot (100 ml) contained
120 U of aotivity and 750 ag protein.

The enzyne was purifisd by a medifioation of the
proosdure deaoribed by Bhimuxu ot al,(1975a), in which the



final hydroxylapatite cshromatography was repleced by

filtratlion through Sephadex §-200, All operations wers
osrried out at 0-4°C,

The extrast of sonloated cells was treated with
streptouyoin sulphate { 1.4 §/100 nml) under conatant stirring
to a final conosntration of 1% of the base, The presipitated

nualeio acilds vers removed by csentrifugation at 350 000 x g
for 30 min.

The supsrnatant from the atreptosgoin atep (100 =l)
was stirred conatantly and Sroatsd with powdered ammonium
sulphate to 0,45 saturation (235.6 g/100 ml). After 30 min
stirring, the faint precipitate was removed by eentrifugation
at 10 000 x g for 30 ain and was discarded, To the olear
supsrnatant mors powdersd aszoniun sulphate was added to
0:9 saturation and stirring oontinued for 30 win.. The
precinitats was then sepsrated Ly esntyrifugstion at 10 000 x g
for 30 ain and She supernatant was then discarded. The
pracipitate was dissolved in 0,01 ¥ potassiun phosphate
buffer, pH 7.5 (17 =l1) and dialymed agsinst 1 L of the
huffer of the same conosntration for 15 h with 3 changes.

The dinlyzed solution after a:zeniusz sulphate
precipitation was centrifuged at 10 000 x g for 20 min and

the slear supernatant was loaded on s DiAl-cellulose column
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{20 x 1 em) wquilibrated with 0,01 M potassium phosphate
buffer,pR 7.5 The ocolum wew washed with 250 al of 0,01 M
potassium phosphnte buffer, pi 7.5 at a flow rate of about

50 al/h. FPreotions of shout 15 nl were colleased on an
automatic fractien colleator. The encyme was elusted hetween
30 to 90 ml, The fractions with penicillin soyliase aotivity
vare pooled and eonaunurat.d by ulteafiltration tnrough a

Pﬁnlo mezbrane to s final volume of about ) %o & nl.

The enzyne solution from the ultrafiltration step
was loaded on - Sephedex G-200 (100 x 2 om) equilibrated
with 0,095 n poinnalum phosphata bulfer, pE 7.5. The column
was slurt:ed with buffer of the same composition at a flow
rate of 4 nl/h and fractiona of § nl were ooilaocsd on an
sutonatio fraotion collesctor. A drop from saoh sanple was
aseayed for penielllin acylase aotivity. The slution o
banaviour is desoribed wﬁdor RESULTS on moleoular welght
estination. Practions containing enzyme activity were
pooled, The poolsld fraotion ocontained adbout 3.8 mg protein
with 30 U activity.



Wot walght of oells: 8 g

31

Volume Total
Aotivity
nl RS

Fraction

Tetal  Speoifia
Protein Activity

ng 'G/ys

Yield

Cell«Tree
c:crnot

100 120

Asnonium sulphate
fraotion _
(0s5«0.9 ant,)
diswolved in 42
0.01 ¥ potassiun
phosphate. buffeyr . -
and dialyzed

LX)

DEAR-celluloss
fraction oonoenw
trated by
wltrariltration

52

Sephadex G-200

frastion 8 30

750 0.16 100

433 C.18

69

22 2.4 %)

3.8 8.0

a5
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AEBULTR

Purifieation

The roaulta obtained in a typical expsrizent are
sumnsarized in Table l.1.

‘The asmonium sulphate precipitation was used nainly
to reduse the volume of the orude extract of sonioated ocells.
Removal of nualels aoids with streptomyoin sulphate and
the snnoniux sulphate pracipitation atep did not inereass
the specifiec aotivity of the meyne, DEAR-cslluloss
ohrosatography resulted in apptoxtmntol& 15=fold purification
and the fina) gel filtration sSep a fuyther 3 o 4efold
purification. The overall purification waws about 50-fold
with a recovery of about 25¢ of initial activity. The
specific activity of the final preparation was 8 U/ms
conparsd to a value of approximately 13 reportsd by Shisuzu
25 al, (1975s).

The purifisd ensyme was asheoked for R=)sctacnge
sotivity as desoribed under experimental prossduves. The
assay indicated aomplets absmnae of R-lsotanage sotivity
in the purified ansyne praparation.

Fleotrophoresis in polynorylanide gel showed the
presence of three ocomponsnts. The eleotrophoresis profile
is ripruuontoa in Pig 1.2, The protein couponents froa
regiona in unstained gels whan ocut out and qualitatively



i

FlG. 1.2
1G. I
"

£ 13
IG. 1
.3




34

7% gel; Tris-glpsine buffer,pk 8.3
& mA/tube; 1.5 nj#°CiProtein loaded 100 mg.
Segnants fron unstained gel corresponding to

" all 3 cowponents showsd presencs of Penlseillin
noylase activity, |

Pig I3 1 SDB-PO

O.1 & spodiua phosphate buffer,pi 7.3
8D8,0.1%3 8 mA/sube; 4 h,
Total protein loaded, 100 mg.
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ohsoked for penicillin soylase activity showed that all
thres conponents were aotives 7This might WGMW indioate
the presence of either three 4ifferent types of penicillin
acylases in the organisa or the presence of ilsozynes of |
the same. type. o ?mnw work has been dons in the pressnt
studiss to characteriss the nature of these components,

2LA8STORNOGTEY

SDSe-polyacrylanide gel electrophoresis indicated the
presence of one major componant enly. The elestrophoresis
pattern is showm in Fig I.3. The pressnce of atleast four
very faintly stained bands oan be dseteoted in Pig I.3. The
presence of a single major somponent  aight suggest that
the heterogensity observad in gel slestrophoresis under
native conditions could sither be dus to srtefavts such

as those in whieh aspargine and glutasine axide bonds are
hydrolysed or of Alffering engyms types of sinlilar aoleculsr
sige but varying net oharge. The presence of aggregates

that 2till retaln i~ activity is unlikely, »inos no evidence
for this was obtained in gel filtretion through Sephadex
G200,

The molecular weilght of the entyme wes determined by
gel filtmtion through a Sephadex §-200 solumn (100 x 2 om)
calibrated with standard proteins. The results are shown
in Pig I.8. The motivity cmerges in a single symsetrioal
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1.4 . MOLECULAR WEIGHT DETERMINATION BY GEL FILTRATION THRCOUGH SEPHADEX

G-200 ( 100 x 2 ¢m). MOLECULAR WEIGHT OF MAEKER PROTEINS:

1) CATALASE (250 000);: &2 BOVINE SERUM ALBUMIN (68 000);

i OVALBUMIN. (45 000); (4) MYOGLOBIN (17 500); (5) CYTOCHROME C
000); (/\) PENICILLIN ACYLASE FROM K, citrophila.




pesk and had » osloulated molecular weight of 60 000,
As stated earlier, no avidence was obbairied for agzregates
with penioillin soylase zetivity,

Por deteraination of subunit moleculay weight, the
partially p&wiu« sngyne and marker proteins were treatesd
separately in 1% 2.mercaptoethanol snd incubated for 3 h,
at 379C. The solutions were dialysed against 0.1% 8D8,~,
0.1% 2=-nercaptosthancl-0.1 N sodium phosphate buffer, pH
7.2, Electrophoresis were oarried cut simultaneously dut
in aeperate gels. The ensyne sazpls nigrated almost
exolusively as a single component (PFig I.3). The moleoular
weight of this sonponent was deterained from a oalibration
ourve obtained with marker pretelns., A typioal callbretion
eurve of the logarithin of molecular weights of marker

proteins versus relative a0bility is shown in Pig I.5. The

molecular welght of the main component was (7 000. This
would indiomte that the ensyne probably consists of a
single polypaptide ohain, since the native ensyne also
has approxisatsly the same moleocular welght,
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[RG RAVIOR A0S
The activity depsndence of the anzyme on She pR of

the test medium for She cleavage of bensylpenisillin ie

shown in Pig I.6. It will De seen from Pig 1.6 that the

optinum pi for the enkyme is 7.5. This is In agrpezent

with the value reported by Nare ot sl,(1971).

2) } :

gL

1)

'Bffeot of substrate concentration on the ensyme
activity of the partially purified preparation towards
bensylpenieiliin is shown in Pig I.7. The K, of the enayme
was calculated from the Lineweaver-Burk plet. The K value
for benzylpsnicillin was 2.7 aM. | |
3)

The effest of tesparature on the enzyas aotivity
of the partially purified fraotion towards benzylpenielillin
is shown in Pig 1.0, The oalonlated activation energy fream
Pig 1.0 was 10.9 Hoal/mol, whioh oorrpsponds to a texperature
coelficiemt, Qo of 1.85 for nyidrolysis of benxylpenioillin,.
b) gubstrase

The relative rates of hydrolysis of = = hansyl-
penicilliin, phenoxymethylpeniyillin and aazpioillin are
shown in Table 1.2. The enzyale hydrolysis of benxyl-
penloillin u_ approxiaately 10 times faster Shan that of

phmmmwhﬂpmmtnm and 2.5 tiues faster than Shat of
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FIG.I.6 EFFECT OF pH ON INITIAL RATES OF HYDROLYTIC
ACTIVITY OF PURIFIED PENICILLIN ACYLASE FROM
- K.citrephila . TOWARDS BENZYLPENCILLIMN.

0.1 M POTASSIUM PHOSPHATE BUFFERS; 40° C.
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‘amplolillin. The subatrate spesificity is charaotemstis
of typs 1I, whioh preferentially hydroiyses benxyl -
panioillin, like most other entymes from baoterial source,

TARLE 1.2 » RELATIVE

Substrates, 0.1 X310.1 H potassium phosphate
buffer, pi 7.51 Senperature 450°¢,

Substyate Relative rates of
hydrolysis
o 5. V.
Bengylpeniociliin 100
Phenoxyaethylpsnioillin 10

Amploillin 40

“* Relative yates caloulated from initial rates
of hyarolysis.
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The purified preparation of penicillin soylase
from Kluyvers eitrophils ebtained by the present pm«mﬁ
shows three components on polysorylanide gel electrophoresies,
all three having enzyme aokivity, In BDS«polyscrylanide
FOE olﬁtmmmu. howevar, only a single aajor component
1s obsarved together with faint Sieees of at least four
other somponents. The uoleoulay welght of the native ensyne
determined by gel filtration is 60 000 and that odtained
for the major somponent in 8DS-gel electrophoresis is 67 000.
This might indleate She pressmce of isosymes of penisillin
soylase An the organiam.
| As deserided sbove the molecular weizht of the
enzyse from K.0itrephila has been found to be 50 000 te
67 000 both from gel filtyation and from SDS~-polysorylamide
gel electrophoresis. This walus is in close agreeaent with
the value of 63 000 reported by Shimuzu et al, (1975a), by
fhin layer chromatography on Sephadex G100, The pressnt
data obtained from SD3-polynorylanide gel electrophoresis
would indlente that the ensyne noleculs consists of a single
polypeptide ohain, The oryatalline ansyme from R.goll
ATOC 111035 has been reported to have a molesular weight
70 000 by thin layer gel chromatography, while SDS-poly--
aorylanide gel eleatrophoresis indlosted the prasence of
a 20 500 molecular welght spscies in addition o one of
71 000. The ensyme from B.nsgaterius has a soleoular weight
of 120 000 (Acevedo ot al., 1973).
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The partielly purified ensyms from X.sitrephils '
has & pH optimum of 7.5 for the hydrolysis of bemsyl-
penioillin, Simllar pH optisus has been reported in mosts
of $he Type II ensymei:She exseption being the §.goll emyme
(mm 9863) wnioh has sn unusually low pH eptimus of 5.5
(Holt and Stewart, 1964),

The X value of the partislly purified entyme froam
K.8itrophils is 2.7 an for Liazylpsnioillin,’Shimusu gt al),
(1975a) reported & K, of 1.4 ngczgr eephalaxin hydrolysis.

The erystalline ensyms frow/ATCC 11105 has K of 0.02 uH

‘Sowards bensylpemicillin, The enzyse from F.ool) NCIB

8743 A has been reported to have a Ky 0.67 =¥ for benzyl—

penisiliin (Balasinghan g%t aly 1972). The enzyme from

| Begesaterius has a K of 4,5 a¥ for benzylpenioillin

(Acevedo et al, 1973), The ansyme from Z.90)1 WCIB 8783 A,

when present in the intast osll, has bBasn reported to have

an unusually high K, valus of sbout 30 mM({Cole 1969).

The enzyne from L.goll HCIN 2300 has been shown te have

e B of 0,0 m¥ for bensylpsnielllin.(Rorkar et al, 1978).
The preferred substrate of the K,sitrophila ensyme

is benmylpanieillin, which ochareoterises it as a Type II

Paniolllin aaylase,



STUDIES ON IMMODILIZED PENICILLIN ACYUASE
from Kluyvera citrophila
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BUNBARX
The preparation and properties of imumobllized

penioillin soylase from Lluyvers gitrephils ATCC 21283
ars desoribed, The partially purified enzyme has been |
fnmobllized on ONBreactivated sepharose as well as on the
 #8ldehyde derivative of silanized controlled-pore cersnlos.

The snzysze is quantitatively izmobilized by covalent
binding to CHbreactivated Sephurose i, The immobilized
sngyse shows an efficiency of about 57% on ths basis of the
bound protein. The Sephaross~CVB-penisiliin scylase has a
pil eptizux of 7.%, for henzylipenieillin cleavagze setivity,
sizilar to that of the native enzyme, The caloulated
astivation enersy snd Sesperaturs coefficient values are
12,5 Kokl/mol and 2.12, respectively. The ilnaobilized
preparation has good Speyktitenhl stability and no detectable
loss in aotivity was observed in 22 oyocles of use,

fesulta are reported for the firat tine on the
imsobilization eof pmuulm aoylase by covalent atSachment
to lnorganie supports. The partially purified enxy.s Trom
Kegitrepnila was immobilized by covalent binding yia
glutaraldehyde to [-aminopropyltriethoxysilane derivatives
of the eontrolled-pore cerasics: Ti0,, Al,0, and 310,.
Bizh binding efficlaency could be obtained with adequate
azounts of the sctivated support. Activated Ti0, binds
90¢ acbivity fron solution under these condition and the
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immobilized enzyme has an efficlency of 90% of the soluble
preparation. The Ti0,«CVBepeniolllin aoylase has a pH
optimus of 7.5 for hydrolytic activity, similar to that
of the nutive enzyme, The oaloulsted K, value of the
imnobllized snzyme i 2.5 =M, comparable to the K, value
of 2.7 a¥ of the soluble enzyme. The actlivation energy
and Sezperatuye soefflolent values are 11.2 Xosl/mol and
1.9, respectivaly, similar to those of the soluble engyme.

The T103-CVBwpenialllin acylase shows good
operational stability with no detectable loss in astivity
over 10 oycles of use which were tried cut,. Ala04=CVBe
paniclillin soylase snlso shows no loss of notivity over the
4 oysles of use tried out, 810,-CVB-peniclillin acylase,
however, loses approximately 20X sotivity LA avery ayole
of use, probably through lesohing out by hydrolytic oleavage
of the ~%z~¢-n&1ann Bonds.

The Tl@aaﬁva-pnnlatllln acylase oatalyzes formation
of ampioilliin from ‘«APA and nnnﬁﬁﬂiuut PH 5.5 and #0°0;
the yield belng about 50% on the basis of G-APA initielly

L LY

Anonget the few dosunented applioations of
inzobllized ensyses in industrial processes ie that of
immoblilized penicillin aaylase for the production of 6-APA,
& kay interasdiate for She manufecture of seuisynthetic
_penicilline (Abbots, 1976), The properties of enzymes

AP R

= g
ABbreviations @ PGREi= Di«Phenviglyoine methyl ester
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from various sources lmmobllized by diverse procedures
on a1 variety of supports has alresdy hesn described briefly
in the General Intreoduction,

The i.mmxtmum of the types (I penlelllin ssylase
from f.oltrophile ATCC 21285 is desoribed here., The enzyme
froz thie source hae not been immobllixed hitherte. The
tmzobilization has besn oarried out with the purified
snzyme by eovalently binding to CRAr-aotivated sepharose
and to silanized derivatives of the sentrolled-pors ceranics
T105, Al.aﬂ:, and 8105 The immobilizstion of penicillin
acylanes by covalent binding on suoh inorganic supports
has not been reported earlier. Soze of the properties of
the 1mmobilized systemsz are desoribed,

The enzyme was purified ms desoribed in Part I of
this thesis. BEnzyme frozen at =20°C was stable over
prolonged periods and no acuwumc loss in aoctivisy wes
observed even after 3 months of storage at this Semperature.
inzyne samples used for immobilization had a aspecifio
aotivity of about S to 8 U/mg protein,
Supports: Sepharose 42 was obtained from Pharasois Fine
Cheazioals, The support was mwm free of preservative
before use,

Controlled-pore TAGy, Alg0 and 8510, were gifts
from Coming Glase Work UsA., The specifications of these
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supports ave .
TA0, (Lot 2511«T), Pore dlamater 560 Ry Surface
area 10 N3/g; 30/45 mesh,
Al304 (Let 2011-A), Pore dimsster 225 Xy Surfase
ares 90 K2/g; 307435 mesh,
810, Pors Alaneter 428 2; Surface ares 40 u3/¢|
45/80 mesh,
The ceranios were slsaned befors use by bolling wish
5% nitric aold for 45 min and wers then eooled and washed
with distilled water and dried at 115%C for 24 h,
Ghealgals All organic solvents ware redistilled before
uwe, Buffers were preparsi from analytioal zrade reagents.
Cyanogen bromide and glutaraldehyde (%0 in Hzo) wers
obtatined from Fluka, Switzerland, Y-Asinopropyltriethoxy-
silane was obtained {'roa Plercs Chemlaal Company,!{SA,

Silieone DC 100 wus obtailned from Dow forning, USA.
DiePhenylzliyoine snd §thanolanine (2-aminosthang) were
obtained from She Organic Synthesis and Chemioal inglneering
Divielons of this laboratory,

The ester was prepared socording so the procedure
denoribed by Oresnstein and ¥initr (1961). A streas of dry
HC1 gas was passed rapidly Shrough a suspmsion of 10 g
Di=phenylglyoins in 150 ml of abeolute methanol without
sxternal oooling. After all the azino acid hud gone inte
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solubion, She hot remction mixture was ccolsd in an iee
bath and passing of ACl gas continued until saturation,

The reaction mixture was protested from atmoapheris
moisture with m CaCly suard Subs and left 34 h at roon
Senperalure. The reactien mixturs was Saken &e 4dryness

in vasus., The 4ary solld wan dliasolived in the mininmun
anount eof hot methanol, decolorised with sosivated sharooal,

filtered and the filsrase Sraated %111 turbidity with

petroleun sther (B.P. 50-60°C) and lefs ovemight at -20°C,
White eryetal of the ester hydreohloride appsared
‘21.16,311 8)-

The astivation of Sepharese 48 -1cn'cunr was oarrisd
out by a modifiostien of the nsthod desoribed by Porath
2t ade (1957)1 An whion 1N Nay0Oy was used for oontrelling
pH during sativation as recoumsnded by March gt al. (1974).
one velume of an squecus slurry of washad sepharose
by beade (111 w/v) was Srested with 2K NeaCa, (1.5 vol).
An agueous svlution of CNBr (100 mg/ml; 0.5 vol) was
added 50 She bends and the mixture gently agitased for
10 win at 18.22°C. The mixture was Shen cooled with
afddition of orushed 1oe, The sotivated bends were washed
rapldly on & sintered glame filter I - with t&- cold
O¢ 1M HQHGQ’ containing 0,17 N HaCl (25 vol). FPiltration
and washings were conmpleSed within 10 min by applying
gntle suotion, The washed hoﬁﬂa wore lmmedintely added
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80 ics 60ld entyme solusiom in a 0,080 potassiun phesphate
buffer, pR 7.5(0.4 mg protein/mly J=i U/g wet beads). The
beads wers gently agitated for it h at 0-49C, The beads
were then filtered off and washed with ocold soupling buffer,
The Tiltrate pH was approxisstely 8 at the end of the
soupling reaction, The filtrate and wsaghings were
ioporntoly tested for aotivity and protein,

Any unrsacted activated groups on ths support wars
uasked by trestzens wish 1N ethanolamine at pH 8 at 0-5°C
for 1 he The bLends were finally filltered off, washed with

O.1M potassiun phosphate hurtnr, pH 7.5 (10 vol) and stored
at 0-4%C in the saue duffer,

Inayne was oovalently heund to the surface of the
aarrier seramic through silanization with Y.aminopropyle.
triethoxysilane followed by coupling of the protesin with
the use of the bifunstional resxent, glutaraldehvie,
sgoording to the procedure desarided by wWeetall (197¢),
Preparation of alkylsming ozrplert The clesned ourrier
after drying (1 g) was added to 10X w/v Raminupropyle
triethoxysillans dissolved in toluens {75 ml). The mixture
was refluxed on u heating mantle for 16 h, then ococoled
and the oarrier filtered off and washed thoroughly firss
with toluene and then with acetona, The alkylamine carpler

20 obtalined wam air dried,
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Exsparation of glutsrsldehyde derivative of sikylaning

SArTiery The alkylamine sarrier {1 gl was treated with 2,3%
w/v glutaraldenyde solutien (10 ml), so as to cover the
support. The mixturs was agitated with a teflon coated
magnetio stirring bar for i h at room temperature., The
ourrier was Shan filtered off on & Buohner funnel snd
washed with distilled water 80 rexzove excess of glutaralde-
hyde,

Coupling of ensyme to vhe sidehyde oarrisr s The aldenyde
derivative of the sarrier (1 x) was trsated with Sthe enzyme
solution (5 nml oontalning $ mg protein and about 30 U ) in
0.1¥ potamsium phosphate buffer, pH 7.5. 7The sixture was
stirred for 1 h as roon teupersbturs, The carrier was
filsersd off and washed with 0.1M potsssium phosphate
buffer,pi 7.5 The washings and filtrate ware sasaysd for

angyne sobivity,

Iamobllized ensyme preparaSions were cssayed in
stirred water-juoketed reastiom vessels aaintuinsd at 409¢,
The ansay medium wans sinlilar to that desoribed in Purt I
of this thasis for the asaay of the soluble enrymse. The
final volume of the renation mixture was 50 ml. Aliguots
ware withdrawm at 135 =in intervals and rapidly riltered ofr
through & sintered glags filter under suction and the 6-APA
in the rfiltrate wasw assayed se deseribed sarlier with
p=Ginethylaninobengnldehyde according to the method of
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Bomstelin and Bvans (1965).

The operational stability of ilmmobilired penicillin

aoylass preparations was deternined in repeated oyoles of
uss at 409C and » subssrmte aunoentyation of approximately
2% vensylipeniolllin Keselt in a 10 =l capacity wnber—
Jaoketed glass resotion veswel provided with « combination
slass eleatrede prede for nonitoring pE and a teflon-
coated magnetic atirring War feor sontinuous agltation.
9 nl resction mixbure containing 200 mg benzylpsnioillin
Kezalt was tranted with an adequats axnount of immobllized
snczyme for complete hydrolysis of the substrate in 2«3 h,
The pH was maintained at 7.3 wish addition of 0,5-1K
aquecus axsonia sclution dispmnsed froz a zlorobhurette,
The progress of reaatien was munitored by assny of SsAPA
in saaples withdrawm periedisally. The awsay wnszgcloribod
in Part I eof this thesia. The assapletion of hydrolysis
was apparent fron the otloutlﬂh of proton releass. After
the coxpletion of reaction, She ismobilized enzyme ware
filltered off nnd washed with wateyr till washings were ¢ -
free fron 6«APA, Destermination of 6~APA in fLitrate und
washings astablished 9%-100% hydrolysis of the substrate.
Aliquots of she iamobilized snzyze were assayed

for ensyne adctivity afssr set oyoles of use.
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The foraation of suplaoillin eoatalysed by
lawobilized penisillin aoylase from g.oltrophils was

followed essentially as desoribed by Oksohl et sl.f 1972a).
The reaction mixture oontained in a total volumue of 6.5 ml,
$~APA, S0 g} DL-phenylglyoins methyl ester HCl, 125 mgy
potassium phosphate bduffer, 0,038, finul pi sdjusted to
6.5 with 1N NaOH. The reastion mixture was treated with
350 mg waoa-cva-p-ntoxxxxn aoylane (8 U): The uixture
was stirred with a Seflondsoated nagnetis stirring bar and
0.2 Bl sligquots ware withdrawn every hour by aeans of a
suberculin syringe fitted with a sintered diso at the nostle,
10 4l of the clesr fllitrate from the syringe ware diluted
to 1 ml and 0.1«0,2 ml of the dilluted molution analysed for
6=APA with pedimethyaminobenssidehyde as desoribed eariler.
Both rhunylslrolnc methyl ester and anplolllin gave no
oolour with the reagent and 414 not interfere in the assay
of G=APAs 1=2 M1 sanples were %Saken for sharscteriszatien
of the product by reversed-~phase thinelayer shrozatogrepnhy
on sillos gel, |
Reteotion of msplodllin by yeverssd-phase thin-layer
ohresasgxraphy

Ampiailliin was detested ohromatogrephioally by the
proocedpre of Biagl gt a}.(1949)s 20 x 20 om gless plates were
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ocoatad with Silloa gel G in the usual zanner to a thiciness
of 2 um, A Uationary nonpolar phase was obsained by
iapregnating the sllioa gel layer with Silloene UC 100,

Thia was dones by developing the plates prcltmtnag; in a
§¥csolution of the silicone ol) in dlethyl ether inside a
covered chamber for 16 h. The plates wers then removed and
dried at room teupsreturs and ssparately spotted with the
renotion mixture as well as authentis samples of ampioillin,
6=-APA and DLwphenylglyoine asthyl ester. 7The plates were
then developed with 0,051 sodium acstase-veronal burfer,

PH 7.4,2ixed with acetone ( 350 vol Buffer to 1 vol moetone).
The developed plates were sprayed wish dilute alkaline
solution of KMnQ, and the sompounds visunlixed by heating
for a few minutes in an even at 130°C. Yellow or whise

spote appasrsd on an intense pink baskground,
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AESULTS
The data on iasedilization of partially purified

engyne fres K,0itrophila on CiBr-astivated Zepharcse-ip

are suamarised in TABLE Il.1

ZARLE 1Xad ¢
Sepharose~48 beads () g wet wt) were activated with

CNAP in tlio presanss of 1IN !hzcos as dessribasd undey
Experiaensal Procedures, Aotivated desds wers trsated with
the indleased amount of penicilliin aoylase (3 ml) for 16 h
at 4°C, Activity of She lmmebilized envyme was determined
by bengylpeniellliin eleavage and is cemparsd with the
sorresponding activity of native entyme on the baasls of
total protein bound. |

Seludle Pemioillin Total Protein Protesin W
Aoylase in filtrate + hound vity -
washings : bound aienoy

a ) (a)
Aotivity Protein

v s g | U/g wet £

—— beads
10 1.2 0 100 2.24 69

{(a) Caleulated from activity Saken up frem solution and
Shat ohtained on sssay
IS ean be nm‘l‘m TARLRE IXl.1 that guantitasive
binding of protein to ONBr-astivated Sepharose is obtained
wider she gonditions used, The imacbllized enzyms showed
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only about 674 of the activisy saloulated froa the presein
bound, This oould he due to diffusional restriotions

within the gel satrix. Inaotivation on shezlcel coupling

ie unlikely wince peniolllin acyluse from [.03l1 ooupled

to CNBr-sotivated oeliulese shows 100X of flocienoy, the
support in this case being nonporous (Subremanian et al,1978),

The dependence of bengylpaniaillin sleavaxe aotivity

of the Sephaross #B-CVBepenicillin acylase on the pN of

the test medium is showm in Fig Il.1. It will be sesn
from the Pig II.1 that the optimun pH of the immobllized
mzyae i 7.5, whioh correaponds to that of the soluble
engyme,. Apparently the positive charge aonferred on the
suppert by the isoures groups formed during the coupling
of the CNBreactivated support So protein (Perath,1974)

has negligible effect on she pH optimua of the hydrolysis

rasction,

Affeot of temperajure

The offent of temparaturs an she activity of the
sspharose bound snayme is shewn in Pig II.2. The osleulated
notivation enargy was 12,5 Keal/sol and Semperature coeff-
ioient Qo vaan,a.xz. The »soluble saxyme has a alightly

lowsr wvalue of 10.9 Koal/mol.

Progrens ourve of hydrolysis of bensylpentiolillin
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at 2% substrate level 1a shown in Fig I1.3. I will be
sesn that hydrolysis of She substrate 1is quantitative in a
period corrssponding to about twioes that ealoulatsd fron
the initial hydrolyels rate,
Qperetienal stability

Opsrational stadility was determined as desoribed
under experizental procedures after svery 5 oyolss of use,
enoch of a durut;dn of mbout 2«3 h requirsd for ocomplete
hydrolysias {9%5=100%) of bensylpeniocillin. The data 1is
shown in Pig II.b. It will he apparsnt that no datsotable
1088 in activity is obasrved in 22 oyoles of uss, which

was oarried out over a period of about two weeks.
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The data on immobilisation of the partially purified

ensyne fres K.gijrophila on She silanized oonSrelled-pore
ceranios, Ti0,, 11303 and 810 are presented dn TAMLE IX.R.

Cleanesd ceranics were silanized with Yeaminopropyle
Sristhexyailane and eoupled to tShe partially purified
ensyms through glisaraldenyde.
Ceranies | 100 ng
Partially purified Penisillin aoylase & U/mg

oluble snzyme Tmmobillzed enzyme
Suppers Pore .w_ﬁ Fobivity  #peelfie
diaxeter Anms, « FOOOVE Bowna astivity

Sakenn in filtrate ¢

s (b E ¢ -
mo, 560 6.8 3.3 52 3
10,  b2s 6.8 3.6 b7 25
8105 228 $.0 0.2 96 30

(a) Caleulated from the differense between activisy taken
and aotivity recoversd in filtrase anéd washings.
(b) Value obtained on assay
IS will be sesn from TABLE II.2 that the binding to
support varies from 47% so 96%. The highest arfficlenay of
binding is observed with 8105, The spescific activity of
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She Ti0,-CVE=-penicillin scylase preparation deternined
axperiamtly sorresponded tppro:lminlr to the wvalue c:l-
saloulated froa the uniss of activity taken and aotivisy
resoversd in filtrate and washing, This would indloats

thas diffusional restrictions are negligible in thie suppert,
The snsyme dound on u,o, showa an upu-l.nnﬁa detarained
astivity corresponding So 76X of that plokud [_rrtm solution,
while the ensyms immeblilised on atoz shows an offliolenoy

of only 6048 of she assivity taken up @R theciuppent from
solasion, The pore dilameters of the Ti0p, &1303 and 810,
were 360 A, 225 A and 425 % respectively.

An experiment was earried ous with Ti0; %o deter-
mined whether She dinding effiocliency could be enhanced by
inoreasing the Tasio of support to ansyss protein., In
this experinent the uniss of a0tivisy Saken ocorresponded
to the caloulated aneuntd froa the data sbtained with the
100 mg lot of ﬂ.ﬂg('ﬂﬂ.& Il.2)e The daba are susmarised in
TABLE IXe3e



RABLE II.) XPIFR

oluble enzyme Tamoblllzed ensyme
v RSB R
Teoove bound aoBivity

saken in filsrate ¢

waahing '
, - Li ié!
TA0z (100 ng) 6.8 3.3 L1 p L
T10; (500 ng) 16.8 1.3 90 28

{a) Caleulated from activisy Saken and activisy recovered in

filtrate and washings, |
(b) Experiaentally determined. |

It will be apparent frem TABLE 1l.) thats an effloiency

as high as 90% bBinding 1s odbsained when the proportion of
support %o encyms protein ias mmm. Is is ilu ssen fron
TABLE II.3 that the dound cnmt has an experiaentally
 deterained aotivity of ni[g. which is 90X of the aaloulated
aokivity of 30.2 U/g plokd W B aotivated support froa
Sho' solusion. This again confirms Shat diffusional rest-
ristions in the snxyse bound e suntrolled-pors TiG, of
860 g pare dlaneter are negligible.
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RE Ontinus ¢ The dependence of astivity of penioilliin asylass
imnobilised on T10; Shrouzh the mldehyde=-sllane derivasive
ie shown In PFig 1I1.5 The pN optimua was 7.5 whieh 10
similar to that of the soluble ensyme as wall as of enayae
ftemebilized on CNBr-sativatei sepharose,

m ¢ Rffect of benzylpeniolillin

concanSration on engyme activity of penicillin acylase
Ammoblilized on TL0, is shown in Pig IXe60 The K, valuse
oaloulated from the Linewsaver-surk plet was 2.% nN, which
is siullar $0 ShaS of She soludble ensyns,
BrLeos of SeRRSrature ¢ Activity dependence of peniolllin
aeylase immobllized on ﬂo, o Imontﬁu is shown in

Fig IX.7. The saloulated astivation sensrgy was 11.2 Koal/mol,
whioh 1is siusilar $o shat of She soludble ensyne. The
caloulated temperaturs ooaffiolent,Qgg, was 1.9,

Progreas ourve of hydrelrsis of bensrleeniolllin ¢ Progress
surve of hydrolysis of bensylpenioillin at 2£ substrate
level is shown in Pig II.8, As in She oase of ensyme
inmobilined on Sepharose, Phe hydrolysis of substrate is
quUANtisative in a period coyresponding to less than twice Hhat
oaloulated froa the initial hydrolysis rete.
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mszmzmmmwm ¢ Operational #tability was
determined am dessribed under Experimnsntall Prossiure by

deternining the speoifioc astivity of the imaobilined enzywne
arter every § oyclas of use. The data are presented ;
graphioally in Pig I.9. 1t oan be wean from : ?ig I1.9
that no dstectable ;on in aativity ceours even afbver 30
suecensive oyales of use, Further prolonged use has not huli
sarried ous,

n,g,-wm ¢ The experiments on Al,0, wers
oarried out only over & limised nuaber of ayoles of use,

b oyoles of use ‘i’_lf_?‘ found $o have no effedot on the snotlivity
of the immobilined ensyme, The results are ghown graphioslly
in Pig 11,10, |

2105~Ci-panieillin aorlase ¢ The atudles with 510,-immobllixed
SNSYR® Were AlsSe anly over a limited numder of oyeles of
uss, The data ars susaarised in Fig Il.11. I% oan bee seen
from Pig II.11 Shat approxioately 20§ loss in sotivity
osours in svery ayocle of use of entyme ulabinnl on 8105,
The leakage of bound ensyus frea 310, particularly at
alkaline pis has heen reported in the literasurs, Glucoe
anylase bound to 810, his besn shown to lsak aotivity
{veetal)l and mnmh;w?n even a% seid pH of b.s . rm.
has beant expiained on the -uawnbnny of the -st-o-at-

" alkylamine bonds %o m‘l‘uua oleavage. The -umlnum
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FIG,II.)l:, OPER/TTCNAL STABILITY OF Al 203 ~CVB-PENICILLIN
ACYLASE (K. citrophila),THE IMMOBILIZED ENZYME
WAS RECOVERED BY FILTRATI(N AND USED IN SUCCISSIVE
CYCLES OF BATCH OPERATICN. THE SPECIFIC ACTIVITY
OF THI PREPARATION WAS CHI'CKED AFTER EVERY CYCLE
OF USE.
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oosurs supsrficlially at the exposed surfases of Shs suppers
and she cleavage of these bonds resulss An leakage of the
bound ensyme, 3ush leakage has bDean overcoms through
Zrog~coating of the support which resuls$s in the more
resistant --};r-o-a::.-nxymmo honds on sllanization.

PRHETHRRIS ACTIVIXX
Smthesis of ampieillin @ Symbhesis of ampleillin fronm
6«APA and DL=phenylglyoins methyl esser satalysed LY
partially purified paniclllin acylass immoblliczed on
silenised-Ti0, was deterained a3 pi 6¢5 ana 40%c, mhe pH
| used /\tms- ahown So be oplimum for the soludle @uuo for
the syntheblo reastion by Ckashi g% 8l.(1972a). The progress
of the reastion was sonitored by sstimating disappearance of
6=APA by the pedinsthylaminedansaldehydn asthod desoribed
in the Experimental Procedurs. The progress curve for the
synthesis is shewn in Pig zll. 11,

It oan be seen from the curve that approximately 50%
conversion of S«APA is edtained in a period of $ h under the |
condisionsof She experiment, Conversion oaloulated fyrom
- data presanted by Okachi g% al,(1972a) for the soluble
enzyme from K.01trephija.indicats approximately 385 sonver-
sion when Di~phenylglycine methyl ester is used in 2.5 fold
excess and 64% when D{«)-phanylslyoine wethyl ester is used,
Mareoni 9% al,(1973) nave reported L3 conversion of E-APA
So ampleillin in oase of the fibre entrapped E.goll sncyae
while Kasogashir: 9% a1,(1972) uqlug_od 70% conversion with
DRBAR-sephadsx adsorbed suneinylated enzyme from B.oireuleng.
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The product obtainsd in the sxperiment desoribed
above was sharacterised by revarsai-phase thin-layer ohro=
natography as desoribed in the Experiment .l Procedure, The
dlagrasmatio rapresentation of the chromatogran is shown
in PAg IX.13« The reacion mixture at the end of 5 h
incubation qualitatively shows presence of a spot GOrres~
ponding to hlut obSained with an authentio sample of
anmpiwillin,in addition te Shoms due 0 remctants.
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FIG.11.13. DIAGRAMMATIC RLPRESENTATION OF TLC.

CHARACTERTZATTON OF PRODUCTS OF REACTION
BETWEEN &APA AND PHENYLGLYCINE METHYL ESTER
IN THE PRESENCE OF Ti0Qy — CVB-PENICILLIN ACYLASE
FROM K, citrephila.

~ REACTION MIXTURE}-50 mg 6-APA, 125 mgDEPGME,Ti0,-
ENZYME 250 mg (7 U), TOTAL VOL. €,5 ml; pH 6.5,
TEMPERATURE 40° C.

REACTION MIXTURE{IAL! ) SPOTTED ON SILICONE-COATED
SILICA GEL G AND DEVELOPED WITH 0,05 M SCDIUM ACETATE-
VERONAL BUFFER,pH 7.4/ACETONE (50 : 1 v/v).
SPOTSVISUALIZED WITH ALKALINE KMnO, .
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Rigguaazon

The partially purified peniciliin aoyiase fronm
E-gitrenhile is lmmebilized gquantitatively in prassnse eof
an exoess of CNBy-astivated Aspharose 4B and in approxi-
mately 90% efficiensy by she aldehyde derivative of
silanized ﬂoa. when adequate support is taken. The
enzyme fimmobilized on Sephaross shows an efficliency of
67% of demnd aotivity, She ensyme immedilized on Ti0p
shows 90-100X effioiensy. This could de explained prodabdbly
9[&0'}7’;‘;}105:1 reastrictions in the case of She gel and the
abasence of %his in She oase of the Contrelled-pors ceramis
support, The pH optinum of the ansyne has besn ahown e
be the sane aw thas of the soludle myio in the ense of
both supports. o

The enayae:imsobllized on TL0, has & K value similer
to that ef the soluble enzyse; the values for the ilmmobilimed
and the soluble ensyse being 2.5 aM and 2.7 a¥,respeotively,

The orloulated activation energy of the ensyse
immobllized on T10, is 11.2 Koal/mol, which is in olese
agresasnt $0 the wvalue obtained with the fres snsynse.
Erigsyme imnobllized on Sephaross has an astivation energy of
12,5 Xeal/mol sompared %o a ulﬁn of 10.9 Keal/mol of soludble
ensyme, Theoretically diffusional restriotions shoula
result in lowering of the activation energy, while any
snhansced temperature atabilisy due %0 immobllization should
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result in an insrease in Shis value. ZEnhancement of the
activation energy has been reported in the oase of glucose
Asonerase immobllised on fine glass particles, the values
being 17.8 Koal/acl(Lee &8 al. 1976) for the lamohiliszed
ensyse compared to 14,6 Koal/mel (Danno, 1970) reported
for the soluble snayme,

The eneyns Amuohilized an CNAp-activated Sepharose
has high operational stabilifty and no loss in aotividy
ooulad be deSested even after 32 oyoles of use. 3Such stability
has been reported in She enzyme froa JR.99l) immobilized on
CBrenstivated Sephadex =200 (EkeSrem ot al.,1974),

The snxyas imncbdilized on Censrolled-pore 710, also
ah;l!ﬂ high operational stability and in She 10 ayolea of
useqd to which the immedilized anmyxe preparation was pus,
no detestabdle loss in acotlvity wqa observed. Controlled-
pore 41203 tanted over # oyoles of use also showsd no
measurable losses. Contrelled-pors 510, on the other hand
was found %o iose approxisately 208 bewnd ensyme activity
in every ayels of use. 8uch behaviour ef 310,- iazobilixed
encynes has besn raported sarlier and astriduted o the
sang with which the surface -4t-0—llllne bonds are hydrolysed,
partiocularly at alkaline pR value {Weetall and Havewalla,
1972).

The applisation of penicillin aoylase from K.p9iSrephila
imnobilised en Ti0, for She conversion of 6=APA %0 amploillin

in the presence of phenylglyoine aethyl estser was sxsmined
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in prelizinary experiments using an sxeeas of ester,
Approximately SO¥ of She 6-APA sould be sonverted %o a
product resembling anmpioillin in thin=layer shronatography,

The pressnt inveatigation eatablishes the usefulness
of iamebilized penioillin soylase from X.oitrephils both
for Mulrilc of bensylpenioalillin te S«-APA as well as
for the synshesis of ampiaolllin from 6-APA and phenylglyoine
methyl esSer, These are the first reports on the behaviour
of immebilizned ensyms obSained from this source and also
of penieillin acylase covalenSly bound S0 inerganic supports
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