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Abstract-GlutaryI-7-aminocephalospomnic acid(GL-7-ACA) acylase is an important enzyme for the production 
ofT-ACA (7-ammocephalosporanic acid). For an efficient immobilization of GL-7-ACA acylase, various carders were 
tested. A high-porous hydi-ophilic canier (FPHA) among various caniezs tested was found to be the best for the im- 
mobilization of GL-7-ACA acylase. In order to develop an effective inqanobilization method of GL-7-ACA acylase, 
the parameters that affect the immobilization of GL-7-ACA acylase were also investigated under different conditions 
of buffer solution and different concentrations of ~utaraldehyde. The highest value of GL-7-ACA acylase activity (70 
Uzzit/g-matnx) was obtained when ffranobilized with 1% ~uta-aldehyde m a 0.1 M Tzis buffer (pH 8.0). Aiso, in order 
to eiYnmxce the activity of the izranobilized GL-7-ACA acylase, mneacted aldehyde goups were quenched by reac- 
tion with a Iow moIecular weight agent such as L-Iysine after immobilization. The highest activity of immobilized GL- 
7-ACA acyIase was obtained at 0.1% of L-Iysine. The immobiIized GL-7-ACA acylase was tested for Iong-temx 
stability and it was fom~d that the activity was retained at about 62% of the initial value after 72 times of reuse at 25 ~ 
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INTRODUCTION 

7-ACA ks an important starting lnateiial for the synthesis of semi- 
synthetic Cephalosporins. 7-ACA is suitable for syrghesis of new 
deiivatives because it has highly reactive groups such as 3-ace- 
toxymethyI group and 7-amino group. Enzymatic transformation 
of CPC into 7-ACA can be perforated by a two-step process con- 
sisting of the oxidative demnination of CPC to GL-7-ACA cata, 
Iyzed by a D-amino acid oxidase and the subsequent hydrolysis cat- 
alyzed by GL-7-ACA acylase [Alfmi et al., 1997; Bianchi et aI., 
1997; Ezio et aI., 1998; Roberto et al., 1998]. The production of 7- 
ACA using microorg~lisms oi- purified enzymes has many tx-ob - 
Iems in that the biocatalyst must be removed fi-om the product and 
cannot be reused Recently, enzyme production has been improved 
and the purification of enzymes has been facilitated by genetic en- 
gineemg. So enzymatic transformation of 7-ACA is reconm~ended 
for use in the immobi]iTation method for tx~fied enzyme. Ckrrenfly, 
an eiwmatic method using a two-step process with immobilized 
D-amino oxidase and GL-7-ACA acylase is being used for the com- 
mercial production of 7-ACA [Tsuzuki et al., 1989]. 

There has been a geat  interest in hmnobilized enzymes and cells 
[Kim and Choi, 1983; Kwon and Rhee, 1984]. There are several 
reasons for the txepmation and use of mmmbilized eiwmes. In ad- 
dition to a more convenient handIkrg of enzyme txeparations, the 
two main targeted benefits are easy separation of the enzyme fi-om 
the tx(xtuct, and reuse of the enzyme. Easy sepm-ation of the enzyme 
fi-om the product simplifies enzyme applications and supports a re- 
liable and efficient reaction tectmoI%,y. In additior~ reuse of en- 
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zymes provides cost advantages which are often an essential pre- 
requisite for establist~g an enzyme-catalyzed process in the fff~t 
place [Wilhem et aI., 1999]. The 7-ACA produced by ffranobilized 
GL-7-ACA acylase is a useful intermediate of great commercial 
interest for the preparation of semis3mthetic cephalosporkl antibiot- 
ics. However, research activities dealing with immobilization of GL- 
7-ACA acylase are Iackkg. Therefore, the objective of this study is 
to develop a suitable mmmbilization method for G L-7-ACA acylase 
by covalent coupling to the resirt 

MATERIALS AND METHODS 

1. Materials 
Glutaraldehyde (Fltuka Co.), p-dimethylammobenzaldehyde 

(KANTO Chemical Co. INC) glutaric anhy&ide (Al&ich Co.) and 
3-mnmopropyltriethoxysilane (AI&ich Co.) were used. The tt~-ee 
resins used for immobilization m this st~dy, primary amino polysi- 
loxane cm'rier (PAP), polysiloxane ethylene diamine function career 
(DAP IlI) and high-porous hydrophilic carrier (FPHA), were sup- 
plied by the Chong Kun Dang Phannaceutical Corp. L-Lysme and 
7-ACA were also supplied by the Chong Kun Dang Phm~naceuti- 
caI Corp. Ullrafillrafion membrane (15659-00-1 ) was purchased fi-om 
Sartorius. 
2. Preparation of GL-7-ACA Acylase 

GL-7-ACA acylase was obtained fi-om the genetically engineered 
E. coli BL21 that cloned the GL-7-ACA acylase gene of Pseudo- 
monas sp. KAC-1 (supplied by the Chong Kun Dang Pharmaceu- 
tical Co, ix)ration ). Azr~noniu~n sulfate was added up to 20% satu- 
ration m the solution of ceil extracts and the suspension was cen- 
Nf-uged (10,000rpm for 15min). Afterward, the suspension was 
collected And the precipitate obtained after the addition of ammo- 
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nium sulfate (40% s~umtion) was resuspended in 100 mM phos- 
phate buffer (pH 8). The solution was dialyzed mid concenlrated 
by an ullrafiltmtion metnbmne (entoffM.W 30,000). All purifica- 
tion pt~ocedares were performed at 4 ~ unlem stated otherwise. The 
solution was stored at - 2 0  ~ and used for the immobilization. 
3. Synthesis of GL-7-ACA 

GL-7-ACA was prepea~ed hi the laboratoly following the proce- 
dare of Shibuya ct a]. [1981]. First 15.2g ofglutaric ~lhydtide in 
10 ml of acetone was added to a solution which ~WdS prepea~ed by 
dissolving 9.07g of 7-ACA in 70 ml of l .0  M sodinm bicarbonate 
(pH 9.0). The reaction mixture was sthi~ed at i~oom temperature for 
10 rain, and then evaporated under reduced pressure at 25 ~ for 
10 miu to remove the acetone. The solution was acidified with 5.0N 
HC1 to pH 1.5 and exWacted with 120 nil of  ethyl acetate, and quick- 
ly filtered by suction. The combined ethyl acetate 1wets fi~m tla~ee 
such runs were filtered through a Millipore filter (0.45 I.tm) and cen- 
centiaed to about 50 ml under reduced pressure at 25 ~ Chloro- 
form (450 nil) was added to the concentrated solution, and mixed 
well The precipitates were collected by fi~ation and washed thor- 
oughly with 50ml of  ethyl acetate. 
4. Assay of GL-7-ACA Acylase Activity 

The activities of the immobilized enzyme were measured by us- 
hag GL-7-ACA. The immobilized etlzyme was incubated at 37 ~ 
for 10 rain in the presence of 1% (w/v) GL-7-ACA. The reaction 
was stopped with an aqueous solution of 20% (v/v) acetic acid and 
0.05 N NaOI-l_ Then p-dimethylanlinobenaldehyde (PDAB, 0.5% 
w/v ha methanol) was added to the mixture. The Wodacts in the sup- 
ematant were detemlined by a spectrophotometer at 415 ran. One 
Unit of acylase activity was defined as the amount of enzyme that 
produced 1 Bmol of  7-ACA per min at 37~ pH 8. 
5. Calculation of Immobil ization Yidd 

Yield of immobilizaticn was calculated as the ratio of the amount 
ofpt~otein bound on the canier to the initial amount o fpmte~  Yidd 
was expre~ed in a percentage. The ~nount of  protein was deter- 
minedby the Folin-Lowy method [Lowry et al., 1951]. The amount 
of protein bound to the ca'riet~ was determined by the difference 
between initial and residual protein concentrations. 
6. Immobifization Method of GL-7-ACA Acylase 

An aqueous solution (1%, v/v) ofglutaraldehyde was added to 
the suspended resins mentioned in the M~-Tials section in a 100 
mM phosphate buffer (pH 8) at 20 ~ A_frer sth~lg (150 ipm) for 
2 hr, the suspension was filtered ald the solid washed wkh water 
The activated resin (0.1 g) was then resus-pended ha 100 m_M phos- 
phate buffer. A solution of GL-7-ACA acylase was added, and the 
suspension was stiued at 20 ~ for 2 hr. The innnobilized GL-7- 
ACA acylase recovered by filtration was washed mid resuspended 
in 100 mM phosphate htffet: L-Lysine was added in the msats-pended 
immobilized enzyme to remove the anreacted aldehyde group. After 
stining for 1 hr, the immobilized GL-7-ACA acyhse was recov- 
ered mid washed with 1 M NaCI, and the solid was fdtered mid re- 
suspended in a 100 mM phosphate buffet'. 
7. Conversion 

The immobilized enzyme reacted with G1-7-ACA (1%, w/v) in 
the 100 mM aPho~hate buffet" (pH 8) at 25 ~ and 37 ~ The pro- 
gress of  the hydrolytic reaction was monitored by HPLC utilizing a 
20 mM anunonianl acetate pH 5.5/20/o (v/v) acetonilfile as eluent at 
aflow rme o:['1 mlhnin an a ~ Bondapak C18 cokann (3.9• tmn). 
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Fig, 1. Comparison of activity of GL-7-ACA aeylase -among vari- 
ous carriers on the immobilization. 

RESULTS AND DISCUSSION 

1. Determination of Suitable Cmaier mad Crosslinkiag by Glu- 
tm'alddhyde 

Immobilization is otten accompanied by some changes in enzy- 
matic activity, optimum pH, affinity for the sabs~nte, and stability. 
The extent o f  these changes depends on the enzynle mad cartier slap- 
pott and on the immobilization conditions. Among these, the sap- 
polt is the most impottmlt [Tumutmk ct al., 2000]. Thus, in this work, 
vmious caniers were tested in order to determine the most suitable 
crofter for the hnmobilization of GL-7-ACA acylase As shown in 
Fig. 1, the best result for the activity of immobilized GL-7-ACA 
acylase among the various canias tested in this study was obtained 
by the GL-7-ACA acylase immobilized on the FPtL~ can-ier. This 
value was 47.70 Unit/g-mala-ix. According to above result, FPHA 
was chosen as the most suitable carrier among the vmious carriem 
tested mid therefore used in further studies. One of the most im- 
portalt techniques for enzyme knmobilization is the attachnlent of 
aniino groups on ca'tiers because amino groaps m~e susceptible to 
coupling reaction. Modification of the caniet" surface for the attach- 
ment of  anino groups has usually been introduced in the immobi- 
lization ofetlzymes. However, when FPHA is used as the immobi- 
lizaion canJer, modification of FPHA surface is not required bec~tse 
FPRA possesses amino groups Thus, the use of  FPHA as an inl- 
mobilization can'ier can simplify the immobilization process by ab- 
breviating the modification phase of the can'ier sarface. 

Gluta'alddlyde plays a role as a space ~m of the caniers [Wil- 
hem et al., 1999]. In this work, the effect of  glum'aldehyde on the 
activity of immobilized GL-7-ACA acylase was investigated. As 
shown in Fig. 2, the activity of the immobilized GL-7-ACA acy- 
lase ina~eased up to 1% c~the glataraldehyde conceraiation. Beyond 
this concenttmicn, the activity gradually decreased with increasing 
gluta'adehyde concentraions. Such a decrease in activity at above 
1% ofglutea'aldehyde is believed to be caused by the adverse effect 
ofglutmaldehyde to the immobilized GL-7-ACA acylase [Park et 
~ ,  2001]. When used in excess, the unused glutaraldehyde seemed 
to attack the anine group of the enzyme mid therefore uff'ect the 
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Fig. 2. Effect of ~l.utm-.aldel~de concentrmion on inmmbOizal ion 
using FPHA.  

F H 

Fig, 4. Effect of pH on the bnmobil ization by using F P H A .  

stability of  the immobilized enzyme. 
2 . D e t e r m i n a t i o n  of  Opt imal  Condi t ions  of  Immobilization 

One of the most important parameters that affect the immobili- 
zation of the enzyme is the buffer condition used. It is generally ac- 
cepted that the activity of immobilized enzyme is affected by buf- 
fer conditions such as solution type, and the pH in the immobiliza- 
tion procedure [Moly EI~I  et al., 2000, Alfani et al., 1999]. In this 
work, vmious buffet" solutions such as Tris, ptlosphate and borate 
buffet'were tested in order to determine a suitable buffet" for the im- 
mobilization ofGL-7-ACA acylase on FPHA. As shown in Fig. 3, 
the highest value of activity of immobilized GL-7-ACA acylase 
was obtained with a 100 m_M Tris buffer (pH 8), and this value ~v-as 
2-3 fold greater than those fi'om other buffets. 

The etmyme has a quaenm-y structure ald is stabilized a a suit- 
able pH. If  the pH is changed, enzyme confonnaion is changed mid 
becomes unstable, thus reducing activity. Therefore, in this study, 
the influence o fpH on the immobilization was investigated w~h a 

100 m_M "Iris buffet, which was chosen as the most suitable buffer 
sohtion as discussed above�9 As shovm in Fig. 4, the optimal pH 
for innnobilization was pH 8. The activity of  innnobilized GL-7- 
ACA acylase and innnobilization yield was 42.33 U/g-m~ix aid 
87.4% respectively. According to the above results, a ' I r is  buffer 
o fpH 8 was chosen as the most suitable buffer for the immobiliza- 
tion of  GL-7-ACA acylase. 

Coupling time can have a considerable influence on enzyme sta- 
bility. Thu~ detemlinafion of the coupling time for the immobiliza, 
lion of GL-7-ACA acylase is very import~lt. Fig. 5 shows the effect 
of coupling time on the hmnobiliz~ion of GL-7-ACA acylase Ac- 
tivity t~ovety mid immobilization yield improved with ~ increase 
in coupling time up to 4 hr, but decreased thereafter: The maxi- 
mum values for immobilization yield and activity were 86. 70% mid 
41.44 Unit/g-matrix, respectively, at 4 tu: Coupling time must affect 
stabilizaion as the activity of immobilized enzymes decreased with 
increase in coupling time from 4 to 20111: 
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I f  the functional ~oups of ghtamldehyde are not occupied by 
the amine groups of  the enzyme, the unbound groups can ran- 
dondy bind with anine groups of the enzymes, affecting enzyme 
activity [Chaset al., 1998]. In this work, unreacted aldehyde groups 
are quenched by reaction with a low molecular weight material inch 
as L-lysine uffer immobilization in order to enhance the activiy of 
immobilized GL-7-ACA acylase. When different concentrations 
(0.05-0.3%, v/v) of L-lysine were added, the highest activity of  im- 
mobilized GL-7-ACA acylase was obtained at 0.1% of L-lysine (Fig. 
6). This result suggested that the activity of the immobilized en- 
zyme increased by about 23% because mu'eacted aldehyde groups 
are removed by reaction with L-lysine. 

Although the enzyme is bound to resin activated, weakly bound 
enzyme exists in file resin aid contaminants are also bound to the 
resin because apartially purified exmyane was used. Therefore, weak- 
ly bound enzymes and contaminants must be removed because ac- 
tivity of  the immobilized enzyme is overestimated and weakly bound 
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Fig, 7. Effect of  NaCI Weatment on the htmLobBization of GL-7- 
A C A  acylase. 
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enzymes can interfere with file accessibility of the s u b s ~ e  to the 
normally bound enzyme In order to remove them, the immobilized 
enzyme preparation w ~  washed with 1 M NaC1 after treatment with 
L-lysine. As shown in Fig. 7, the activity of  innnobilized GL-7- 
ACA ao]lase treated with 1 M NaC1 increased about 15% conl- 
pared to fllat obtained fi'om immobilized GL-7-ACA acylase un- 
treated with 1 M NaC1. This result suggests that the weakly bound 
enzyme and contaminants interfered with the accessibility of  the 
substmte to file normally bound enzyme. 
3. Reuse of Immobilized Enzyme on the F P H A  Resin 

Increased operational stability of immobilized enzymes is emen- 
tial for achieving cost benefits The long-term stability of  immobi- 
lized GL-7-ACA acylase at 25 ~ and 37~ was investigated by 
assaying it for repeated use. hmnobilized GL-7-ACA acylase reacted 
with GL-7-ACA (1%, w/v) as mbslrate hi a 0.1 M Tris buffer (pH 
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Fig. 8. Operational stability of nnmobilized GL-7-ACA acyla~e on 
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8.0) for 10n:in, and the reaction was repeated under the same con- 
ditions. As shown in Fig. 8, 51.32% of the activity of the immobi- 
Iized enzyme at 37 ~ remained after 32 N::es of reuse. On the othe~ 
t~nd, 62% of the activity of the immobilized enzyme re:named after 
72 times of reuse at 25 ~ (Fig. 9). Operational stability of the im- 
mobilized enzyme at 25 ~ was much better tim:: at 37 ~ 

Bianchi et al. [1997] reported on the GL-7-ACA acylase immo- 
bilized on a:therlite XAD7, a poly (methacrylic ester) resin :::edi- 
fied by a bifunctional aliphatic an:me. However; Iong-te:m stability 
following reuse was not investigated in their study altho~w,=~h the en- 
zyme showed a complete retention of activity after 100 in- of con- 
finuous operation. 
4. Conversion of GL-7-ACA into 7-ACA 

Fig 10 shows the conversion of GL-7-ACA acylase immobi- 
Iized on FPHA into 7-ACA at 37 ~ Initial activity of the immobi- 
Iized enzyme was 49.28 Unit/g when reaction te~-npera~-e was 37 ~ 
About 85.08% of the conversion of GL-7-ACA was obtained after 
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Fig. 10. Enzymatic tl~nsformation of GL-7-ACA by GL-7-ACA 
acylase immobilized on FPHA resin at 37 ~ 
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Fig. 11. Enzymatic transformation of GL-7-ACA by GL-7-ACA 
acylase immobilized on FPHA resin at 25 ~ 
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120 :::in and 15.32 mM of 7-ACA was produced But the produc- 
tion rate of 7-ACA was decreased after 40 m R  This assumed that 
the it:m:obilized enzyme was inhibited by product Fig. 11 shows 
the conversion of OL-7-ACA into 7-ACA at 25 ~ Initial activity 
of the immobilized enzyme was 48.01 Unit/g when the reaction 
tempera~-e was 25 ~ About 76.98% of the conve:~ion of OL-7- 
ACA was obtained after 230min and 14.16mlvl of 7-ACA was 
produced But the production :-ate of 7-ACA decreased after 190 
:nit: In the case of 25 ~ the production :ate of 7-ACA was slower 
than that of 37 ~ because enzyme activity was affected by tem- 
perature. 

CONCLUSION 

The objective of this study is to develop a suitable immobiliza- 
tion method for OL-7-ACA acylase by covalent coupling to resin. 
A high porous hy&ophilic can-let (FPHA) was selected as a suit, 
able resin for the mamobilization ofGL-7-ACA acylase. Immobili- 
zation could be successfully ca:-ied out with 1% (v/v) gluta-alde- 
hyde, 0.1% (w/w) L-lysine and 100mM riffs buffer (pH 8). Oper- 
atio:laI stability was also examined by repeated use of the immobi- 
lized enzyme under the optm:aI conditions. The activity of the it'a- 
mobilized enzyme on FPHA remained at about 60% of the initial 
activity after 72 times of reuse at 25 ~ The it:m:obilization deveI- 
otzed in the present study should be applicable to the :::ass produc- 
tion of 7-ACA in large scales. 
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