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ABSTRACT

A total of thirty fungal strains expressing petinilV acylase activity belonging to genus Aspeugilsp., Fusarium
sp. Mucor sp., Penicillium sp. and Rhizopussp. wsmeened for the production of enzyme under sstide
fermentation in conical flasks. Among all fungaiasts, Fusariumoxysporum FUS-04 was found to bentiost
potential strain.p-lactamase test was also performed to gdéhctamase negative strain. Different fermentation
media were evaluated for enzyme production. Thaumei2 supplemented with wheat bran gave two fajtidr
enzyme production than M3, M4 and M5. It was olegrhat the amount of penicillin V acylase produeexs
highest at substrate to moisture ratio 1:2. Glutaracid was found to be a best inducer. Concentnagind time of
addition of glutamic acid was found to be criti¢af penicillin V acylase production. It was fouridht production of
penicillin V acylase was maximized by mode of &dibf inducer. The medium optimization by the Rédic
Burman and central composite designs resultedxisies increase in PVA production.

Keywords: B-lactam antibiotics, SSF, Penicillin V acylafelactamase negative.

INTRODUCTION

Penicillin V Acylase (Cephalosporin acylase) israc@l enzyme for the development of new enzympsithways
leading to the production of semi-synthetic cepspdoins. 7-amino desacetoxycephalosporanic aciD(CA) is
an important intermediate in these pathways. Lapgentities of this compound are needed, but thditivaal
production routes are time-consuming, expensivéaamblluting. Filamentous fungi are commonly usedsSF,
due to their relatively high tolerance to low waéetivities, their high potential to excrete hygtal enzymes and
their morphology [7]. Considerable work has beenedon bacterial acylases. However, research repoftingal
acylases is very limited. Pakistan being an agucal country has potential resources of biomassh s wheat
bran, molasses, corn steep liquor, cheese wheilaliswastes and defatted oil seed cakes for theploitation in
the manufacture of cell biomass, enzymes or miatabietabolites. Maintenance of optimum concentratis well
as the addition time of inducer is very critical fmaximizing the enzyme activity [5].It has beempoeed that
phenylacetic acid and its salts induces the pragluaif penicillin G acylase irfE.Coli and other bacteria.A very
little data has been published on the type and nafdaddition of inducer for the biosynthesis of dlin V
acylase.

Optimization of any bioprocess can be conducteldeeiby changing one factor at a time or by varysegeral
factors at the same time and examining their effaad interactions using statistical analysis. BBighs are very
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useful for screening process variables from a lamgeber of factors, and require fewer runs tharerofactorial
designs [10]. The influence of six variables onyene production was investigated using the methagolaf PB
design. So keeping in view the importance of indalsproduction of-lactam antibiotics, the present research work
focused on the biosynthesis of penicilin V acylager the hydrolysis of penicilin V to 7-amino
desacetoxycephalosporanic acid using fungal acyladth new enzyme technology which leads to sigaiit cost
reductions. Hence, this work objective is to enleatie biosynthesis of penicillin V acylase by apmyfactorial
design to determine the optimum media componestsgéusariumoxysporurrUS-04 and to increase the enzyme
production by mode of addition of inducer.

EXPERIMENTAL SECTION

Microorganism:

Fungal strainFusariumoxysporunkrUS-04 used in the present study was obtained sdteening of thirty different
fungal strains isolated from local habitats (sathter, air, spoiled fruits and vegetables, moldsalretc. The culture
was stored in culture tubes containing mineral aghir media (g/L; 1.0 K{#PQ,, 0.5 KCI, 0.5 (NH),SO,, 0.2
MgSQ,. 7H,O, 0.1 Cadl. 2H,0, 0.5 Lasparginine, 0.5 yeast extract with 1.8%rpags described by Eggins and
Pugh at 4+1°C [2].

Fermentation Technique:

Enzyme production was carried out in 250 mL cottevol plugged conical flasks. Six grams wheat brdry (
weight equivalent) was wetted with 25 ml minimalusion setting the moisture content to 83%. The position of

minimal solution was as follows (in % w/v): Lactds®; Glucose 0.5; NaN{.5; KH,PQ, 0.1; NaSQ, 0.1; CaCQ

1. Media was inoculated with 1.0 % seven days plates inoculum (conidial inoculum with 3.0 Xa€onidia/ml).

The flasks were incubated at 30°C for 72 h. Thelerenzyme extract was prepared by blending of fetedemedia
in distilled water for 3-5 min and filtered it by Mdtman filter paper no. 1 (pore size=0.44cm). Tikardiltrate was
assayed for enzyme activity.

Optimization of Cultural Conditions for PVA Product ion:

The effect of aeration on the production of pefiicl/ acylase was studied by changing the deptfeofentation
medium (3.0, 6.0, 12.0, 15.0 and 18.0 g) in 25Ccatlical flasks. The optimum moisture level was mead by
varying substrate to moisture ratio (1:1, 1:2, &3l and 1:5). Effect of POAA, PAA, glutamic acidtric acid,
acetic acid, lactic acid, formic acid, uric aciddaoxalic acid was studied as an inducer. The cdreton of
selected inducer was varied from 0.05 % to 0.35TB& effect of time of addition inducer was alsoetletined at
different time intervals (2, 4, 6, 8 and 10 h). fdlimentation media were incubated at 30 °C foh.72

Factorial Design for Optimization of Medium:

The selection of the medium components was cawigtdbased on the Plackett-Burman and central coitepos
designs. Penicillin V acylase produced was measureghch batch, followed by statistical analysisonder to
interpret the significant medium components.

Enzyme Assay:

Penicillin V acylase activity was determined by PB#ethod [4]. The absorbance of enzyme was measatred
415nm under UV-Vis spectrophotometer (U-2800 HITACEermany). One unit of enzyme activity was defiees
the amount of enzyme required to produce 1 pumoleADCA at 40 °C per min.

RESULTS AND DISCUSSION

Effect of Aeration:

The effect of aeration was studied by varying degtmedium in 250 ml conical flasks. The resultevgsld that an
increase in depth of medium (lower aeration) conoted to increase in enzyme production (Figurédb)vever, this
was hold up to 12 g (15.78 U/ml/min) and beyond thether increase lowered the enzyme productiorS$F the
aeration is needed for oxygenation, £@moval, heat dissipation (regulating the tempgeabf the medium),
distribution of water vapor (regulating humiditygnd distribution of volatile compounds produced imgr
metabolism [1].
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Figure 1: Effect of aeration on production of PVA byFusariumoxysporum FUS-04 Fermentation conditions: Inoculum size 1.0 %
temperature 30 °C, pH 6.5, inducer concentration 05 % and time course 72

Effect of Moisture Content:

In SSF the moisture levehould be adjusted at an optimum level. Our reseliealed that enzyme production
the medium with increasing initial moisture wasrgased. Enzyme production was maximum when thetrstibgo
moisture ratio was 1:2 (Figure 2). This can be ttuiaser growth ofthe organisms at higher moisture candsal
subsequent early initiation of enzyme productiop [9w moisture content is known to decrease thé&abwic and
enzymatic activity probably due to reduced soltjpitf nutrientsfrom solid subste, low substrate swelling ai
higher water tension [3].
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Figure 2:Effect of moisture content on production of PVA byFusariumoxysporum FUS-04 Fermentation conditions: Inoculum size 1.0 %
temperature 30 °C, pH 6.5, inducer concentration 05 % and time course 72 t

Effect of Inducer:

On the basis of findings of Savidgeeffect of diéfierrinducers was studied on the production of PM4.JAmong all
inducers, enzyme with glutamic acid showed maximemayme activity (33.96 U/ml/min) (Figure 3). Effect
concentration of glutamic acid and the time of aduiitiof glutamic acid on the biosynthesis of PVA vadso
investigated (Figure 4 & 5). It was clearly demoatgtd that inducer concentration higher than 0.tv& toxic to
cell growth. Strong inhibitory edict was also observed on the growth and enzymeatomwhen it was adde
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during early growth phase [3]. Such results are eported bSiewinsket alfor PGAproductivity [6].
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Figure 3: Effect of different inducers on production of PVA by Fusariumoxysporum FUS-04 Fermentation conditions: Inoculum size 1.(
%, temperature 30 °C, pH 6.5, inducer concentratior0.05 % and time course 72
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Figure 4:Effect of inducer (glutamic acid) concentration orproduction of PVA by Fusariumoxysporum FUS-04 Fermentation conditions:
Inoculum size 1.0 %, temperature 30 °C, pH 6.5 antime course 72 |

Optimization of Medium Components;

The amount of enzyme produced varies accordinpe¢acomposition of the medium and its constituemdsket-

Burman statisticaéxperimental design was applied to optimize thenéetation medium components (Table 1).

analysis of regression coefficient of six mediunmponents, glucose lactose,,PO, and CaC( showed positive
effect for enzyme activity, whereas Nas; and NaSQ, showed negative effect in the tested range of atration

(Table 2). The significant factors identified byaBket-Burman design were considered for the next staghe

medium optimization. Central composite design iatkd the exact quantity of ¢h constituent required for tt

medium and its effects on the production of PVA(€a3). Analysis of variance was performed in ortbevalidate
regression model (Table 4).
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Figure 5:Effect of time of addition of inducer (glutamic acil) on production of PVA by Fusariumoxysporum FUS-04 Fermentation
conditions: Inoculum size 1.0 %, temperature 30 °CpH 6.5, inducer concentration 0.1 % and time cours 72 t

Table 1: Plackett-Burman design for six wheat bran supplements assigua different levels of factorsand experimental runs

) Medium Components (% w/v - .
Trial No. Lactose | Glucose | NaNOs | KH.PO; | N&%SO, | CaCos Enzyme Activity (U/ml/min)
1 5.0 0.t 0.5 0.1 0.1 1.0 45.7¢
2 0.t 0.5 0.1 0.1 1.0 46.1¢
3 5.0 0.5 0.1 0.1 1.0 46.6¢
4 5.0 0.5 0.1 0.1 1.0 45.61
5 5.C 0.t 0.t 0.1 1.C 45.7(
6 5.C 0.5 0.t 0.1 1.C 45.82
7 5.0 0.E 0.5 0.1 0.1 46.6¢
8 5.0 0.1 0.1 1.0 46.7¢
9 0.5 0.1 0.1 1.0 45.4;
10 5.0 0.t 0.1 1.0 47 .42

Fermentation conditions: Inoculum size 1.0temperature 30 °C, pH 6.5, inducer concentratich%.and time course 72

Table 2: Regression analysis for the Placke-Burman design
Coefficient of determination? = 0.647

Sr. No. | Variable | Coefficient | t-value | p-value
1 Lactose 0.0793 0.75 0.473
2 Glucose 0.4105 0.44 0.674
3 NaNQy -1.4562 -1.82 0.106
4 KH,PO, 4.411 0.62 0.552
5 NaSO -6.600 -1.34 0.217
6 CaCQ 6.6256 0.90 0.393
7 Intercept 44.882 20.61] 0.000

Table 3: Central composite design for wheat bran qaplements assigned differenlevels of factors and experimental run

. Medium Components (% w/v) - .
Trial No. Lactose | Glucose | KH,PO, | CaCO, Enzyme Activity (U/ml/min)

1 5.0C 0.5(C 0.1( 1.0C 43.4¢

2 4.0C 0.50 0.10 1.00 43.29
3 5.0C 0.40 0.10 1.00 43.19
4 5.0C 0.50 0.05 1.00 40.29
5 5.0C 0.50 0.10 0.50 40.12
6 3.0C 0.50 0.04 1.00 41.41
7 2.0C 0.4( 0.1( 0.4( 39.37

8 5.0C 0.50 0.03 1.00 52.96
9 5.0C 0.30 0.02 0.30 40.72
10 5.0C 0.20 0.10 0.20 37.35

Fermentation conditions: Inoculum size 1.0 %, terapee 30 °C, pH 6.5, induceconcentration 0.1 % and time course
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Table 4: Regression analysis for the central compite design
Coefficient of determination? = 0.678

Sr. No. | Variable | Coefficient | t-value | p-value
1 Lactose -2.3477 -3.07 0.015
2 Glucos:t -1.01( -0.12 0.904
3 KH2PCy -33.1Z -1.0C 0.34¢
4 CaCQ 6.531 2.45 0.040
5 Intercept 46.143 8.23 0.000
CONCLUSION

FusariumoxysporurkUS-04 was found to be the best producer of piénid acylase among all other isolates. The
medium M2 gave twofold higher enzyme productiomthMil, M3, M4 and M5. Concentration and time of aitah

of glutamic acid was found to be critical for peltic V acylase production. Media optimization byaPkett-
Burman and central composite designs enhancechthyane activity six times.
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