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Onucana UMMOOMIM3AIUS BHEKJETOUYHbIX NMEHUINIMHAIMIIA3 U3 MULEJHAJBHBIX T'PH-
00B Aspergillus fumigatus u Mucor griceocianus ua Opuntia imbricata. O. imbricata — kak-
Tyc (MCKYCCTBEHHO Haca:KIeHHOe pacTeHue Ha ceBepe Mekcukn). /s obecneuyeHus: Xu-
MHYECKOIl MpUIIMBKHN (pepMEeHTa K HOCUTEII0 Nepel MMMOOuIu3anueil NpoBoININ aKTH-
BAllMIO HOCUTEJISI IyTeM 00pa0oTKH NepHOJATOM B PAa3HBIX KOHLEHTpauusax. Pe3yabrarsl
JAE€MOHCTPUPYIOT 0oJbliue BO3MOKHOCTU O. imbricata nnss umMoouIu3anuu pepMeHTOB.
B cayyae uMMOOMIM3AIMN NEHUUNWUIMHANMIA3 U3 MHIEIHAIBHBIX TPH00OB Had/II00a/1H
BBICOKMII YPOBeHb HMMOOM/IM3ALMU U BBICOKYIO YIeJbHYI0 AKTHBHOCTb, a TaK:Ke YJIy4-
HIeHUe ONePaANUOHHON CTA0OMILHOCTH U cTA0WILHOCTH (pepMenTa npu xpanenuu. [Ipeasa-
puTebHAS. AKTHBALMsA HOCHTe/sl MEePHOJATOM He OKA3bIBaJla 3aMEeTHOI'0 BJIMSHHS Ha
cBOiicTBA MMMOOUJIM30BAHHOIO (pepPMEHTa, YTO O0bsICHSIETCSI UMMOOMIU3a el MeHn-
HMJIHHANWIa3bl HAa O. imbricata B 0CHOBHOM 3a cueT ajcopOuuy, a He B pe3yJbTare XH-

MHUYECKOIo CBA3bIBAHUA.

INTRODUCTION

Penicillin G acylase (PGA) is the enzyme used
industrially to hydrolyze penicillin G to 6-aminopeni-
cillanic acid (6-APA). It is the key intermediate for the
production of semisynthetic antibiotics. Penicillin G
acylases are produced by various microorganisms, bacteria
as well as fungi and PGA from Escherichia coliis
widely studied and commercially used [1]. However, we
have recently described a novel and integrated evaluation
of similar PGAs from Aspergillus fumigatus and Mucor
griseocyanus, as a possible industrial alternative [2]. Evi-
dently, the transformation of these potential prospects
into a real industrial alternative requires the development
of immobilization methods and further stabilization of
this interesting enzyme. Enzyme lability is perhaps one
of the main drawbacks for the implementation of en-
zyme derivatives as industrial catalysts. However, a num-
ber of papers related to the development of enzyme
stabilization strategies are published [3—5]. One of these
strategies is the use of immobilization on supports,
which increases the stability and activity of the en-
zymes. Some studies described the use of polymeric or-
ganic materials such as resins, organic gels and fibers as
the conventional support for the immobilization of en-
zymes [3—35]. However, these materials have a low reus-
ability and created disposal problems [3].

In the present study we applied a support of natural
origin called Opuntia imbricata (coyonoxtle). O. imbricata
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is an abundant cactus in the northern region of Mexico
(Fig. 1). Recently it was demonstrated that the dry coy-
onoxtle trunk is composed of 28.68+/—6.27% hemicel-
lulose, 34.02+/—5.04% of cellulose and the most abun-
dant fraction is lignin (37.64+/— 6.31%) [6].

This support was recently used for the development
of biofilm reactor systems and applied for treatment of
different wastewater [7]. The operational and chemical
stability, resistance to hydraulic pressure as well as to
microbial attacks have been demonstrated. These charac-
ters were considered as important to test this natural

Fig 1. Trunk of Opuntia imbricata in natural state
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material as a matrix for penicillin G acylase immobili-
zation.

The goal of this study was to demonstrate that O.
imbricata could be employed as a support for enzyme
immobilization by means of adsorption and chemical
bonding. Results on the first trial immobilization of
the PGA on the pellets of this support material, treated
and untreated with periodate and the operational and
storage stability of the immobilized enzyme is present-
ed in this paper.

MATERIALAND METHODS
The reagents 6-APA, p-dimethylaminobenzaldehyde
(PAB), penicillin G, sodium periodate were purchased
from Sigma-Aldrich Chemical Company (USA). The
Skim Milk medium was from ifco (USA). Methanol
and acetic acid were purchased from Merck (USA). All
reagents used in this study were of analytical grade.

Microorganisms
Aspergillus fumigatus H/6.17.3 and Mucor griseocyanus
H/55.1.1 were gifted by r. ustet from the Institute of
Sugar Cane erivatives (ICICA), Havana, Cuba. Strains
were transferred on malt agar plates, incubated for
7 days at 30°C and then stored at 4°C for further
use in this study.

Penicillin acylase production [8]

Both filamentous fungi were grown aerobically under
submerged conditions in 100 ml reactors, containing
20 ml of 10% Skim Milk as medium. Penicillin G
was employed as inducer at 2.5 mg/1. It was added
aseptically after 24 h of fermentation. Fermentations
were carried out for 144 h at 30°Cin thermoregulated
shaker at 150 rpm. Cells were removed by filtration.
Penicillin G acylase activity was determined in the liq-
uid extract.

Support treatment and activation

The coyonoxtle trunk was cut in to pieces of ap-
proximate 1 cmYlcmUlcm dimensions. Five g of coy-
onoxtle pieces were hydrolyzed with 250 ml of 2%
HCI under reflux condition for 3 h to eliminate
hemicellulose fraction [9]. Then the support was washed
with distilled water to neutral pH and dried at 60°C
for 24 h. Each 2 g of coyonoxtle was activated with
NalO, using 20 ml of 0, 0.05, 0.10, 0.15and 0.2 M
periodate solution [10]. The activation was carried out
under agitation at 250 rpm for 1 h in the dark. Fi-
nally, the activated support was washed three times with
20 ml of distilled water.

Penicillin acylase immobilization on Opuntia imbricata
pieces

PG acylases from Aspergillus fumigatus and Mucor
griseocyanus were immobilized on support with and
without NalO, activation. Immediately after activation,
2 g of activated or non-activated support was added to
5 ml of enzymatic extract. The reactors were main-
tained under agitation condition at 100 rpm for 24 h
at 4°C. The immobilized enzyme was recovered after
extract separation and washed with 10 ml of 0.1 M
phosphates buffer (PBS) at pH 8.0. All assays were
done in triplicate.The concentration of proteins was
determined by Bradford method [11] in the residual
solution and the wash-out after washing with PBS
and was deduced from the initial protein concentration
of enzyme extract,

Activity measurement

Penicillin G acylase activity was determined according
to the previous report technique [8] at 37°C and in
0.05 M PBS at pH 8.0. The technique is based on spec-
trophotometrical detection of reaction product of 6-APA,
formed after penicillin G hydrolysis, with PAB [8].

The activity of the immobilized enzyme was mea-
sured under the same conditions. The pieces of Opuntia
imbricata containing the enzyme were added to reaction
mixture containing 10 ml of 0.1 M PBS at pH 8 and
I ml of 0.05 M penicillin solution. The reaction mix-
ture was maintained under agitation at 150 rpm for
30 min.

Then 300 ml of reaction mixture was transferred to
a glass tube on an ice bath, which contained 2 ml of
20% acetic acid. The tubes were centrifuged at 3000 rpm
for 10 min. Finally, 1.8 ml of supernatant was added to
600 ml of 5% PAB. After 5 min of reaction absor-
bance at 415 nm was measured.

The activity was calculated using calibration plot ob-
tained for 6-APA under same conditions. The activity
was expressed on International Units (U). One Unit was
considered as the quantity of enzyme required for the
formation of 1 mmol of reaction product in 1 min.
The % of relative activity was calculated from specific
activity (U/mg of protein), considering the free enzyme
activity or the initial activity of immobilized preparation
as 100 %, according to the case.

Storage stability evaluation
Penicillin acylase of A. fumigatus and M. griseocyanus
immobilized on O. imbricata were stored at 4°C. The
enzyme stability was evaluated by means of activity
measurement as described above. The activity was deter-
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Fig. 2. Protein immobilized (%) on Opuntia imbricata in the presence and absence of periodate at different
concentrations: left, — assay performed with penicillin acylase extract from M. griseocyanus; right, — from 4.
fumigatus

mined one time per week for one month. Moreover, the
immobilized preparations were applied on an assay to
define the enzyme activity after their repeated applica-
tion in penicillin G hydrolysis. The activity was deter-
mined as described above. Between each cycle, the im-
mobilized preparation was washed with 10 ml of PBS.

Statistical analysis
All assays were carried out in triplicate and the mea-
surements were performed in duplicate. The results were
analysed for ANOVA using Stat Graphics program.

RESULTS AND DISCUSSION

The penicillin acylase were obtained by fermentation
of M. griseocyanus and A. fumigatus and the enzyme
specific activity was 0.006 U/mg and 0.009 U/mg, re-
spectively.

In the present study penicillin acylase from both
fungi was immobilized on the pieces of O. imbricata.
Two different immobilization methods were compared;
adsorption using of non-activated support and covalent
attachment of the enzyme on support activated by dif-
ferent concentrations of periodate. This activation tech-
nique was chosen considering that O. imbricata contains
34.02+/—5.04% cellulose. The mechanism of periodate
activation suggested the transformation of cellulose alco-
hol groups to aldehydes, which are united chemically
with amino groups of the enzyme forming —CH=N-—
bonds between enzyme and support [10].

No significant difference was observed between the
two methods of immobilization, and as well as between
treatments with different periodate concentrations. Fig. 2
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showed that the percent of protein was immobilized on
support without periodate treatment (see, 0 M concentra-
tion) was same as that present on O. imbricatatreated
with different concentrations of periodate. The immobi-
lized protein was in the range of 88.31t0 89.76% and
from 85.41t0 89.46% for M. griseocyanus and A. fu-
migatus penicillin acylase extract, respectively. The fact
that only 85—89% of protein was immobilized signified
that there was saturation of support with enzyme or
the presence to steric hindrances during the immobili-
zation process [12].

The results on high protein immobilization agreed
with the data of high relative activity of the immobilized
enzyme. Fig. 3 showed that practically 100% of initial
activity was present on the immobilized preparation of
enzyme from both fungi. The activity of residual solu-
tions of enzyme extract obtained after immobilization
demonstrated practically zero activity. In some cases the
activity of immobilized preparations was higher than
that of free enzyme. It could be due to the presence of
enzymatic activity inhibitors in the crude penicillin acy-
lase extract. It is known that the products of penicillin
G hydrolysis (6-APA and phenyl acetic acid) are the
inhibitors of acylase activity [2]. These and other prob-
able inhibitors present on crude enzyme extract might
have decreased the measured activity of free enzyme. The
immobilized preparations are free of enzyme inhibitors
present in the crude extract.

Similarly, the enzyme activity was not significantly
different in the immobilized preparations on the activat-
ed and no activated supports (Fig. 3). This indicated that
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Fig. 3. Relative activity of penicillin acylase immobilized on Opuntia imbricata in the presence and absence of
different periodate concentrations: left, — assay performed with penicillin acylase extract from M. griseocyanus;
right, — from A. fumigatus. The specific activity (U/mg of protein) of free enzyme was used as 100 %
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first measurement was used as 100%

there was no difference between the immobilization by
adsorption and chemical attachment due to the treatment
with different concentrations of periodate.

The obtained results demonstrated that the O. imbri-
cata contained considerable amount of the active sites,
which are appropriated for enzyme immobilization. The
activation by periodate probably increased the number
of active sites but it was smaller than the amount of
naturally present groups and the interaction of enzyme-
support seem to represent an adsorption equilibrium.
This could be the reason for the no difference in ac-
tivity between adsorption and chemical immobilization.

We assumed that the subtle differences may be exhibited
during the repeated used of the immobilized preparations,
if the adsorption of the enzyme is of weak interactions.
The enzyme might be desorbed, if the interactions were
weak. The results of the activity of immobilized prepara-
tions on various cycles are presented in Fig. 4.

It was observed that all preparations immobilized by
using of periodate were characterized by the same be-
havior than the preparation obtained without periodate
treatment (Fig. 4). The activity decreased with increasing
number of cycle. The decrease in activity was not de-
pendent on the presence or absence of previous support
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Fig. 5. Storage stability of immobilized PGA at 4°C: left, — enzyme preparations from M. griseocyanus; right, — from

A. fumigatus. Periodate concentrations applied for O. imbricata activation: 0.2 M (7), 0.15M (2), 0.1 M (3) and 0.05

M (4) as well as 0 M corresponded to non-activated support (5).The activity immediately after immobilization was
used as 100%

activation as well as the activator concentration. This
meant that under the applied conditions, the penicillin
acylase immobilization on O. imbricata was more repre-
sented by adsorption equilibrium than by the chemical
attachment.

There was difference in the performance of M.
griseocyanus and A. fumigatus PGA immobilized prepa-
rations (Fig. 4). The immobilized enzyme from M.
griseocyanus practically lost all its activity on 14" cycle
(Fig. 4, left), but the major decrease in activity was de-
tected after 10 cycles. The observed difference between
different preparations of M. griseocyanus PGA (Fig. 4,
left) was not statistically significant.

The immobilized preparation of PGA from A. fumi-
gatus was more stable in comparison with M. griseocy-
anus. There was no significant change in activity for 4
cycles (Fig. 4, right). uring the 14" cycle, the immobi-
lized enzyme demonstrated nearly 30—35 % of its ini-
tial activity.

The results demonstrated that the PGA from A. fu-
migatus provided better conditions for the support-en-
zyme interaction and facilitated increased cycle number
of application than for M. griseocyanus PGA.

There was no correlation between type of immobili-
zation and storage activity of immobilized enzyme
(Fig. 5). Allimmobilized preparations lost their activity
and this phenomenon was independent of activator ap-
plication or its concentration. This is an evidence that
adsorption prevailed the chemical attachment mechanism
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during immobilization of PGA on O. imbricata. General-
ly the enzyme maintained nearly 80% of its activity for
the initial two weeks. The activity decreased rapidly to
27—32% during the next two weeks (Fig. 5). There was
no considerable difference in stability of immobilized
PGA from M. griseocyanus and A. fumigatus. The major
variability in kinetics was observed for M. griseocyanus,
however, these differences did not show statistical validity.

Inactivation constant (k; ) calculated from storage stability
kinetics at 4°C for the immobilized PGA obtained from A.
fumigatus and M. griseocyanus betweenl4th and 28th days

Periodate ki , day !
concentration

applied for support | PGA from M. PGA from 4.
activation, M griseocyanus fumigatus
Free enzyme* 0.05 0.13

0 0.06 0.07

0.05 0.06 0.06

0.10 0.08 0.08

0.15 0.08 0.07

0.2 0.07 0.07

* The data corresponded to free enzyme was reported by Martmez
Hern6ndez J.L. [2].
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The comparison of immobilized and free enzyme
stability was performed using the literature data [2],
which reported the values of inactivation constant for
free enzyme during its storage (Table). The inactivation
kinetics was described by the exponential function that
corresponded to first order mechanism. The inactivation
constant (k; ) was calculated for both enzymes as a
slope obtained in semi-logarithmic coordinates. The free
enzymes lost its activity immediately upon storage. But
in the case of immobilized PGA preparations, the inac-
tivation of enzyme, which was described by exponential
function, was observed only after 2 weeks of storage.
Thus, for two weeks the immobilized enzyme from
both fungi was more stable than the free enzyme.

Application of the semi-logarithmic coordinate to ki-
netic data obtained during next 2 weeks provided the
values of inactivation constant corresponding to this
storage period. Table showed that the k, calculated for
immobilized M. griseocyanus was greater than the free
enzyme. [t indicated that the immobilization of this
enzyme on O. imbricataincreased the enzyme stability
only for initial 2 weeks. After this period a rapid en-
zyme inactivation occurred.

However, the enzyme from A. fumigatus was stable by
means of immobilization. The effect was observed for
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The immobilization of the extracellular penicillin acylases (PGA) from filamentous fungi
(Aspergillus fumigatus and Mucor griceocianus) on the Opuntia imbricata is reported in this
paper. The results obtained in the present study showed that O. imbricata offered great
possibilities for enzyme immobilization. In the case of PGA from filamentous fungi, high
levels of protein immobilization and relative activity were demonstrated. Likewise an
improvement in the operational and storage stability of the enzyme was observed.
However, the activation of support by means of periodate did not demonstrate any
appreciable effect on the proprieties of immobilized enzyme.



