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ABSTRACT

Tannase is a hydrolytic enzyme that is involved in the biodegradation of tannins and it has
biotechnological potential in pharmaceutical, chemical, food and beverage industries. Screening for tannase
production indicated that Aspergillus nomius GWA?S identified using analysis of 18S rRNA gene was the most
potent fungal isolate which yielded the highest hydrolysis of tannin (20 mm) using tannin agar medium. The
highest activity was up on using minimal medium with 2% tannic acid after 72 h. Optimization of fermentation
conditions was carried out using Plackett Burman experimental design. Under the predicted optimized
medium composition for cultivation of A. nomius GWAS5,tannase activity reached 46.6 U/ml with 1.5 fold
increase. Immobilization of A. nomius GWA?S on luffa enhanced the enzyme activity and the yield of gallic acid
by 1.1 and 1.4fold compared to free cells. Repeated use of the adsorbed cells retained high activity during the
first three cycles.HPLC analysis confirmed the formation of gallic acid as the end product of tannin
degradation by A.nomius GWAS tannase enzyme.The present study indicated the potentiality of marine
Aspergillus nomius GWAS as new and economic source fortannase production which can be applied for large
scale industries.
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INTRODUCTION

Tannins are the second most abundant group of plant phenolics after lignin [1] and the fourth most
abundant plant constituents after cellulose, hemicellulose and lignin [2]. On the basis of structure and
properties, tannins were traditionally classified into condensed tannins and hydrolysable tannins [3]. Currently,
the most accepted classification divides the tannins into four groups: gallotannins, ellagitannins, condensed
tannins, and complex tannins [4].

The large amount of phenolic hydroxyl groups present in tannins allows them to form complexes with
proteins and to a lesser amount with other macromolecules like pectin and cellulose [5]. Some of the
consequences of these interactions are the decline of the feed intake by livestock [6, 7], clean-up requirements
for effluents of the leather industry [8] as it has been used for tanning for thousands of years[9,10], and haze
formation in chilled beverages [6].

Tannin acyl hydrolase (EC 3.1.1.20) which is commonly referred as tannase is one of the hydrolytic
microbial enzymes. Tannase is an industrially important enzyme because of its wide applications in different
fields including biotechnology, food industry, ecology, pharmacology and medicine [11,12,13,14, 15, 16].It
catalysis decomposition of hydrolysable tannins especially gallo-tannins such as: (tannic acid, methyl gallate,
ethyl gallate,n-propylgallate, and isoamyl gallate) to glucose and gallic acid through the hydrolysesof ester and
depside bonds [17].

Tannase is an extracellular inducible enzyme that can be obtained from different sources including
fungi, bacteria, some yeasts, higher plants and animals[12, 14].These organisms produce tannase as developed
mechanisms to degrade and use tannin as a sole carbon source.

The degradation of hydrolysable tannins particularly gallotannins is best known in fungal systems [4].
Earlier investigations on tannase production indicated very clearly that almost all species of Aspergillus are
capable of synthesizing tannase on induction. Aspergillus sp. capable of growing on tannic acid medium
containing it as sole carbon source might definitely producetannase for its survival. Among the various species,
A. niger, A. flavus andA. oryzae were found to be the best tannase producers using tannic acid as a sole source
of carbon [18].

The conditions for obtaining the maximal production of the enzyme depend on two factors: the
system utilized and the source of the enzyme [19].Medium optimization by single dimensional search is
laborious and time consuming, especially for a large number of variables and it does not ensure desirable
conditions. Plackett-Burman design is widely used in screening experiment as the number of experiment run
required are very few, leading to saving of time, chemicals and man power [20].

Another interesting approach is the production of tannase by immobilized cells. The immobilization of
cells offers many advantages over the utilization of free cells, such as immobilized cell particles are more easily
to handle and can be packed in fermenter system for industrial processes, the support materials provide a
stabilizing effect on the cellular activities, the enzymes secreted are largely free of cells and cell debris which
facilitates downstream processing [19].

According to the available literatures, studies on the tannase production using the local marine A.
nomius GWAS5have not been previously published. The present investigation deals with isolation of tannase
producing marine fungi as a novel source of enzymes in addition to optimization of medium and some culture
conditions for tannase production by A.nomius GWAS5, and enhancement of production using different
immobilization techniques.
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MATERIALS AND METHODS
Samples collection

Sediment samples were collected in a sterile screw capped bottles, transferred to laboratory in ice
box, and stored at 4 °C till analysis.

Isolation and screening for tannase production by marine fungi

Different dilutions of each sample were prepared, 100 pl of each dilution was spread plated on to
nutrient agar plates containing 1% tannic acid and incubated at 30 °C for 4 days. The nutrient agar plates
supplemented with tannic acid were flooded with FeCls solution (0.01 M FeClz in 0.01 N HCI) and kept for (5—
10) minutes at room temperature. FeCls reacts with tannic acid and forms a brown color, thus a clear zone is
formed on a dark brown background [21]. The diameter of the clear zone was determined and regarded as
positive result [22].

Growth conditions for fungal culture

The isolated fungi were grown on Czapek- Dox agar slants supplemented with 1% (w/v) filter sterilized
tannic acid and incubated at 30 °C for 4 days. After incubation, conidia were scraped with 5.0 ml of sterile
saline solution and the spores were obtained and counted using Haemocytometer. Then, 1 ml
(2x10°spores/ml) aliquots were used to inoculate 50 ml of sterilized basal medium supplemented with 1%
filter-sterilized tannic acid with initial pH of 6.0. The flasks were incubated for 4 days at 30 °C under static
condition.

Preparation of supernatant

The fungal growth was separated by centrifugation at 6000 g for 15 min in a cooling centrifuge and
the supernatant was used as the source of the crude enzyme.

Tannase activity assay

Tannase activity was estimated by the method of rhodanine [23]. The method is based on the
formation of a chromogen between gallic acid (released by the action of tannase on methyl gallate) and
rhodanine (2 thio-4- ketothiazolidine). The pink color developed was read at 520 nm using a
spectrophotometer. Tannase activity was expressed in international units. One unit of tannase activity was
defined as the amount of enzyme required to liberate one micromole of gallic acid per minute under the
defined reaction conditions.

The reaction mixture containing 0.25 ml enzyme sample and 0.25 ml methyl gallate (0.01M methyl
gallate prepared in 0.05 M citrate buffer, pH 5.0) was incubated for 5 min at 30°C. 0.3 ml of methanolic
rhodanine solution (0.667%; w/v) was added for stopping the reaction and for formation of complex between
gallate and rhodanine. The tubes were kept at 30°C for 5 min. This was followed by addition of 0.2 ml KOH
solution (0.5M) and the tubes were again kept at 30°C for 5 min. All the tubes were diluted and kept again at
30°C for 10 min. A set of blanks and controls were maintained and a standard curve was prepared using gallic
acid.

Spectrophotometric estimation of gallic acid

Spectrophotometric estimation of gallic acid was carried out [23]. In a standard (gallic acid) or suitably
diluted sample, 300 ul of methanolic rhodanine (0.667 % in methanol) was added followed by addition of 200
pl of 0.5 M potassium hydroxide. After incubation at 30°C for 5 min, 4 ml distilled water was added. The
absorbance was read at 520 nm after 5-10 min. Standard gallic acid stock (1mg/ml) was prepared in citrate
buffer (0.05M, pH 5.0) and calibration curve (5ug- 50ug) was plotted.
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Protein estimation

The protein content in the crude enzyme preparation was determined [24] and specific activity was
calculated by dividing the enzyme units with protein content and was expressed as U/mg protein.

Specific activity = Enzyme activity (U ml?)
Protein (mg ml?)

Molecular characterization of isolate F5

For molecular identification, genomic DNA was isolated [25]and amplified by polymerase chain
reaction (PCR). The primers ITS 1 5' (TCC GTA GGT GAA CCT GCG G) 3'and ITS 4 5’ (TCC TCC GCT TAT TGA TAT
GC) 3' were used for the PCR. The PCR reaction was performed with 20 ng of genomic DNA as the template in a
30ul reaction mixture by using a EF-Taq polymerase (SolGent, Korea) as follows: activation of Tagpolymerase
at 95°C for 2 min, 35 cycles of 95°C for 1 min, 55°C, and 72 °C for 1 min each was performed, finishing with a
10 min step at 72°C. The amplification products were purified with a multiscreen filter plate (Millipore Corp.,
Bedford, MA, USA).Sequencing reaction was performed using a PRISM BigDye Terminator v3.1 Cycle
sequencing Kit. The DNA samples containing the extension products were added to Hi-Di formamide (Applied
Biosystems, Foster City, CA). The mixture was incubated at95 °C for 5 min, followed by 5 min on ice and then
analysed by ABI Prism 3730XL DNA analyzer (Applied Biosystems, Foster City, CA). All the previous mentioned
work of DNA extraction, PCR reaction and sequencing of PCR-DNA product was carried out at Macrogen
(Seoul, Korea).16S5rDNA sequence obtained from the fungal isolate wascompared with known 16S ribosomal
sequences in NCBldatabase using BLASTn (www.ncbi.nIm.nih.gov/blast). Multiple sequence alignment and the
phylogenetic tree were constructed by means of the MEGAG6 software using neighbor joining (NJ) algorithm

[3].

Optimization of tannase production (One factor at time)
Effect of different media

Culture of the selected fungus was grown on different 6 media (g/l): to each 10 g/| of tannic acid was
added, medium | (Tannic acid medium): NaNOs,3; KH2PO4, 1, MgS04.7H20,0.5, KCl, 0.5; FeSOs. 7H:0,
0.5;medium Il (Czapek’sDox medium): Sucrose, 2; KoHPQOs, 0.1, MgS04.7H20, 0.5; KCI, 0.5; FeSOs. 7H20,
0.01;medium Il (Dimitri’s medium): NaH2P04.2 H,0, 1; KH2PO4, 2;CaCl,, 0.025,FeS04.7H,0, 005, MnS04.7H:0,
0.015; ZnS04.7H;0, 0.03; (NH4)2S04, 1; Fructose, 1; medium IV (Malt extract, 20; K2HPOa, 1; NH4Cl, 1); medium V
(Potato dextrose medium): Potato (peeled), 20; Dextrose, 20and medium VI (Modified basal medium)
(NH4)2S04, 1; K2HPOQ4, 1; KH2PO4, 0.5; MgS04.7H:0, 0.5; CaCl2.H20, 0.02; FeS0O4.7H20, 0.001; NaCl, 20.

Effect of tannic acid concentration

Different concentrations (0.5, 1, 2, 3, 4 and 5%) of tannic acid were added to the production medium
and incubated for 96 h at 30°C, then the cell-free extract was assayed for the extracellular tannase activity and
gallic acid concentration [14].
Effect of incubation period

To study the effect of incubation period, the inoculated culture medium was incubated at 30°C for 7
days. The fungal biomass (dry weight), gallic acid concentration and tannase activity were estimated at time

intervals [26].

Fungal biomass was isolated by centrifugation at 5000 g. The retained biomass was washed 3 times
with distilled water and dried at 65 °C in an oven to a constant weight [27].

Optimization of nutritional factors using Plackett-Burman experimental design

Optimization process of different variables using statistical approach for maximal tannase production
was carried out using Plackett-Burman experimental design [28]. Multifactorial design of 11 independent
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variables was applied in order to identify which ingredients of the medium and culture conditions have
significant effect on tannase enzyme production. High (+) and Low (-) levels of each independent factors were
examined (Table 1). All trials were done in triplicates, and the mean of obtaining data was processed as the
response of tannse activity and gallic acid concentration. The main effect of each variable was determined with
the following equation:

Exi= (Mi+ -Mi-)/N

Where Exi is the variable main effect, and Mi+ and Mi- are the tannase activity (units), where
the independent variable is present in high and low concentrations respectively, and N is the number of trials
divided by 2. Statistical t-values of equal unpaired samples were calculated using Microsoft Excel to determine
the variable significance.

Effect of Immobilization on tannase production
Entrapment in Na- alginate

Entrapment was done in 3% sodium alginate solution. A 20ml sodium alginate solution was prepared
by dissolving 0.6g in 17ml distilled water and autoclaved at 121 °C for 10 minutes and left to cool. 3ml of
fungal spore suspension was added to the sterilized alginate solution. 10ml of the mixture were transferred
aseptically into a sterile syringe, and allowed to drop through a hypodermic needle into a cross linking solution
(sterile 2% CaCl2 solution) with continuous stirring to obtain spherical beads of calcium alginate gel
entrapping the fungus. The beads were left in the calcium solution for about two hours to allow complete
hardening, washed several times with sterile distilled water and then transferred to 50ml of sterile optimized
cultivation medium.

Entrapment in K-carrageenan

3ml of fungal spore suspension was added to 17ml of sterile 3% K-carrageenan. The solution
was mixed well and then 10ml fraction were introduced drop by drop with a sterile syringe into a sterilized
solution of 2% KCI, left for 2 hours to harden, washed several times with sterile distilled water and
then transferred aseptically to 50ml of sterile optimized cultivation medium.

Entrapment in agar-agar

For agar-agar entrapment, 0.6g agar-agar were dissolved in 16ml distilled water, and stirred well
before sterilization. 1.5 ml of spore suspension was added to the sterilized solution and mixed well. The
formed mixture was aseptically poured into sterile Petri- dish and left to solidify, then cut into cubes by a
sterile glass cover and transfer into 50 ml of sterile cultivation medium.

Immobilization by adsorption

Spore of suspension (1.5 ml) was added to the 250 ml Erlenmeyer flask containing 50 ml sterilized
culture medium and support materials such as sponge cubes, clay, ceramic, luffa pulp, pumice and art
pumice.The used supports were in the form of particles (about 0.5cm diameter) in case of clay, ceramic and
pumice, or in the form of small cutted cubic pieces of (about 0.5cm length) in case of luffa pulp and
sponge.The flasks were incubated under static condition at 35 °C for 72 h [30].

Recycling of adsorbed A. nomius GWA5

Fractions of the production media (50 ml) were used. The experiment was carried out by batch wise
reuse of the immobilized mycelia. The inoculated flasks were incubated at 35°C for 72hrs[31] At the end of
each cycle the culture media were decanted and fresh media were added under aseptic conditions to the
immobilized fungus and this was repeated for several times. Tannase activity and gallic acid concentration
were estimated in each cycle.
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Scanning electron microscopy

Morphological observation of immobilized cells preparations was performed using scanning electron
microscope (SEM). After incubation period, sample was taken and fixed for SEM. Fixation, sample preparation
and examinations were carried out at the Electron Microscope Unit at Faculty of Science, Alexandria
University.

Characterization of hydrolytic products of tannic acid
Thin layer chromatography (TLC)

TLC was used to investigate the hydrolytic products of the tannic acid by the action of crude tannase.
Gallic acid in the broth was extracted twice by ethyl acetate. Ethyl acetate was added in the ratio of 1:1 in
separating funnel, mixed vigorously and left for 10 min to form two immiscible clear phase. The solvent was
evaporated and the crude gallic acid obtained from evaporation was analyzed by TLC. Gallic acid standard was
applied on the same silica gel plate [32].

The thin layer chromatographic plates were run in a solvent system comprising of ethyl acetate,
chloroform and formic acid (4:4:1). The plates were air-dried and developed with ferric chloride reagent (0.81
g of FeCls dissolved in 50 ml of distilled water). Identification of hydrolytic products was studied by comparing
with the standard [33]. Retention factor (Rf) value was calculated according to the following equation from the
chromatogram.

Rf = Distance moved by the compound
Distance moved by the solvent

Characterization with high performance liquid chromatography (HPLC)

The sample was further analyzed with HPLC. A sample was loaded to the HPLC (Ultimate 3000).
Injection volume was 20ul. Absorbance was monitored at 280 nm and flow rate maintained at 0.5 ml/min. The
sample was applied to Waters Spherisorb 5um ODS2 (4.6*250 mm) column at 55°C temperature. The mobile
phase consists of water with 1% glacial acetic acid (solvent A), water with 6% glacial acetic acid (solvent B), and
water/acetonitrile (65:30 v/v) with 5% glacial acetic acid (solvent C). The sample and standard gallic acid were
run identically.

RESULTS AND DISCUSSION
Isolation and screening of marine fungi for tannase production

Six fungal isolates (F1-F6) were isolated from the Western harbor, Alexandria, Egypt. The isolates
were screened for their ability to hydrolyze 1% tannic acid. They showed different capabilities as indicated by
zone of hydrolysis which ranged between (12-20 mm), F5 was the most potent isolate, which realized zone of
hydrolysis (20 mm) So, it was choosen to compelete the study.

Molecular characterization of the most potent fungus exhibiting tannase activity

The extracted DNA was amplified using the primers ITS 1 and ITS 4. The produced amplicons were
detected using agarose gel electrophoresis. The sequencing data obtained was 593 base pair. This sequence
was compared with those which gave the highest homology using Blast search computer based program. The
resulting data indicated that the isolate under study was identified as Aspergillus nomius. The obtained
similarity was 98%. The nucleotide sequence was deposited to GenBank sequence database and has
KU359224accession number. The phylogenetic relationships of this experimental isolate and the closely
related relatives were analyzed as shown in Figure 1. Based on these results, the experimental marine fungal
isolate has been identified in this work as Aspergillus nomius GWAS.
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Figure 1: Phylogeneticrelationships among the representative experimental strain and the most closely
related Aspergillus species. The dendogram was generated using MEGA6 program

KU255224 F5

_l— Aspergillus nomius strain SGE19

Aspergillus sp. AQGSS
I: Asperglius sp. AQGWD 17

Aspergillus faws strain TUHT118

Aspergillus oryzae strain KVCETT

L Asperglius sp. BAB-2401

Earlier researches on tannase synthesis showed that Aspergillus spp. were thepredominant source of
tannase for industrial production and application [18]. Most of the tannase producing fungi are of terrestrial
origin and too little about marine fungi.

Optimization of culture condition

Effect of different media on the production of tannase by A. nomius GWA5

Six media (I, II, Ill, IV, V and VI) were tested for higher tannase production. As illustrated in
Figure 2A, medium (VI) showed the best tannaseactivity (27.8 U/ml) and gallic acid concentration (85.5ug/ml)
followed by medium lland medium Il which realized less tannase activity (25.6 and 22.9 U/ml) respectively,
and gallic acid concentration ( 83.6 and 76.6 ug/ml) respectively. On the other hand the lowest enzyme
production was observed up on using the media IV and Vwith 15.5 and 15.7 U/ml respectivelyhowever; growth
was appreciable in both the media.Some of these results go along with previous work [26] on Trichoderma
harzianum. It was obvious in the present study that medium VI which contained tannin as the sole carbon
source without addition of sugars realized the highest tannase activity as was previously documented [34, 35].
Concerning the effect of different nitrogen sources, ammonium sulphate supported tannase activity as in case
of the medium IIl. The same finding was documented [36] as they stated that supplementation of the
medium with ammonium sulphate as a nitrogen source had enhanced tannase formation by A. fumigatus.

Effect of tannic acid concentration

Effect of different concentrations (0.5, 1, 2, 3, 4 and 5% w/v) of tannic acid on tannase activity was
tested. It was observed that 2% tannic acid was suitable for the highest tannaseactivity (31.9 U/ml) as
illustrated in Figure 2B. 2% Tannic acid was optimum for enzyme production by A. flavus after 96 hour of
incubation as was stated in parallel study [37]. It was indicated that the decrease in enzyme activity at high
concentrations of tannic acid may be due to formation of complexes with membrane protein of the organism
thereby both growth and enzyme production may be inhibited [38], also they stated that higher
concentrations of substrate may lead to thickening (viscosity) of production medium that resulted in bad
mixing of air which was essential for growth of the organism, and subsequently the production of enzyme.
Excessive tannic acid also may act as repressor and prevents synthesis of mRNA. Moreover, an increase in
tannic acid concentration induced an increase in tannase activity followed by a decrease because the enzyme
synthesis was affected by deposition of gallic acid on the surface of the mycelia[39].

It can be concluded that the experimental organism in this work A. nomius GWAS can tolerate high

concentrations of tannic acid as it was able to show a suitable enzyme activity even at 5% tannic acid
concentration of about (20.5 U/ml) and this is a significant feature which can be applied in future applications.
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Effect of incubation period

In the present study the maximum tannase production, gallic acid concentration and dry weight were
achieved in 72 hour of incubation with about 31.8 U/ml, 88.9and 13% respectively, they decreased gradually
after that as showed in Figure 2C.

Time course of tannase production in association with growth of A. nomius GWAS5 was studied at
different time intervals. Results indicated that tannase of A. nomius GWA5was growth associated in which the
maximum activity was detected at late exponential phase of growth after 72 h, similar results were reported
for A. terreus[4]and A. oryzae [11]. Decrease in enzyme activity after 72 h may be due to reduction in nutrient
level of the medium which affect the metabolic activity and enzyme synthesis causing inhibition and
denaturation of the enzyme as mentioned in previous work [37]. Also may be due to inhibition of the enzyme
by the end product (gallic acid) or substrate scarcity in the medium and secretion of toxic substances [11].

Figure 2: A) Screening of different media for maximum tannase production, B) Effect of substrate

concentration on tannase activity, C) Effect of incubation period on tannase activity, gallic acid
concentration and dry weight
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Optimization of culture (fermentation) conditions using Plackett-Burman experimental design

The Plackett-Burman experimental design was used to evaluate the relative importance of various factors
on the production of tannase enzyme in submerged cultures. Eleven culture variables were examined as
shown in Table 1. All experiments were performed in duplicates and the averages of results (tannase activity)
were presented as the response (Tablel). The experiment was carried out with 2% tannic acid as a carbon
source. The main effect of each variable on the production of tannase enzyme as well as t-values were
estimated for each independent variable as shown in Table 1.
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Table 1: The applied Plackett—-Burman experimental design for eleven cultural variables

Factor symbol Tannase
activity
(U/ml)
Trial N K2 K Mg Ca Fe Na pH CA IS T
1 +[1.5] +[1.5] | +[0.75] | +[0.75] +[0.03] +[0015] +[25] +[6.5] +[5] +[1.5] +[35] 40.8
2 -[0.5] |+][1.5] -[0.25] | +[0.75] +[0.03] +[0.0015] -[15] -[4.5] -[4] +[1.5] -[25] 38.9
3 -[0.5] -[0.5] +[0.75] -[0.25] +[0.03] +[0.0015] +[25] -[4.5] -[4] -[0.5] | +[35] 39.6
4 +[1.5] -[0.5] -[0.25] +[0.75] -[0.01] +[0.0015] +[25] +[6.5] -[4] -[0.5] -[25] 35.8
5 -[0.5] +[1.5] -[0.25] -[0.25] +[0.03] -[0.0005] +[25] +[6.5] +[5] -[0.5] | -[25] 40.2
6 -[0.5] -[0.5] +[0.75] -[0.25] -[0.01] +[0.0015] -[15] +[6.5] +[5] +[1.5] | -[25] 36.3
7 -[0.5] -[0.5] -[0.25] +[0.75] -[0.01] -[0.0005] +[25] -[4.5] +[5] +[1.5] | +[35] 40.6
8 +[1.5] -[0.5] -[0.25] -[0.25] +[0.03] -[0.0005] -[15] +[6.5] -[3] +[1.5] +[35] 34.7
9 +[1.5] +[1.5] -[0.25] -[0.25] -[0.01] +[0015] -[15] -[4.5] +[5] -[0.5] | +[35] 34.8
10 +[1.5] +[1.5] +[0.75] -[0.25] -[0.01] -[0005] +[25] -[4.5] -[3] +[1.5] | -[25] 35.3
11 -[0.5] +[1.5] +[0.75] +[0.75] -[0.01] -[0005] -[15] +[6.5] -[3] -[0.5] | +[35] 37.6
12 +[1.5] -[0.5] +[.0.75] | +[0.75] +[0.03] -[0005] -[15] -[3.5] +[5] -[0.5] | -[25] 35.6
13 0[1] 0[1] 0[0.5] 0[0.5] 0[0.5] 0[001] 0[20] 0[4.5] 0[4] 0[1] 0[30] 31.2
Main -2.7 0.83 0.003 1.4 1.6 0.37 2.4 0.1 1.07 0.5 1
effect
t- value -1.3 0.59 0.02 1.02 1.16 0.74 2.0 0.07 0.76 0.35 0.71

N: (NH4)2S03s; Kz2: K2HPOg4; K: KH2PO4; Mg: MgS04.7H20; Ca: CaCl2.2H20; Fe: FeS04.7H20; Na: NaCl; pH: pH; CA: Culture age; IS: Inoculum size; T: Temperature
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Results indicated that ammonium sulphate has a negative main effect, while the other tested variables
exhibited positive main effects on tannase enzyme activity. These results indicated that the use of lower
concentration of ammonium sulphate will give maximum tannase activity and alsohigher concentration of all
other medium components will give maximum activity [38].

MgSO4 and CaCl> showed positive effect on tannase production as was documented in previous studies [5,
36]. Beneficial effect of MgS0O4 for tannase production by Bacillus licheniformis KBR6 and Aspergillus sp.,
respectively was confirmed [39, 40].K2HPOsand KH2PO4 had positive effect on tannase production where the
process of tannin hydrolysis by tannase is an aerobic process, needs ATP(energy) that can be produced from
tannin as the sole carbon source, phosphate was responsible for maintaining buffer environment in the
production medium [41].It was noted with respect to marine microorganisms that potassium and phosphates
in the medium are stimulatory towards enhancing growth and enzyme production [40].

Maximum enzyme activity was observed at highertemperature (35°C)as was reported for tannase from
Aspergillus spp.[41]Other studies reported the fermentation temperature for optimum production of
tannase to be 30°C [42, 43]. pH strongly influences many enzymatic processes and transport of various
components across the cell membranes which in turn support the cell growth and product production [44]. In
the present study, pH had positive effect on tannase production and the highest productivity was determined
at pH 6.5, decrease in pH of the medium reduced tannase production which is consistent with previous
study[26]which documented pH range of (4.5-6.5) as the most suitable for production.

Statistical analyses of the results (t-test) showed that variations in sodium chloride concentration in the
tested ranges had the most significant effect on the activity of tannase produced by A. nomius GWAS. The
influence of NaCl in addition to other factors on tannase production by marine isolated fungus A. awamori was
studied [45]. It was illustrated that this observation could be attributed to the source of A. awamori, which is
seawater, where the organism exists in high saline environment, and hence the tannase-encoding genes could
be induced by the salt concentration. This fact goes along with the results obtained in the present work by
marine A. nomius GWAS.

According to obtained results, the predicted optimized medium composition for cultivation of A. nomius,
was as follows: (g/l): (NH4)2504, 0.5; K2HPOa4, 1.5; KH2Poa4, 0.75; MgS04.7H-0, 0.75; CaCl2.2H>0, 0.03;
FeS04.7H20, 0.0015; NaCl, 25; inoculum age, 5 days; Inoculum size, 1.5ml; Tannic acid, 20 adjusted to pH 6.5
and incubation period 72h at 35 °C.

In order to evaluate the accuracy of the applied Plackett-Burman statistical design, a verification
experiment was applied to compare between the predicted optimum levels of independent variables and the
basal condition settings. Results in Figure 3 confirmed that tannase activity (U/ml) increased to 46.6 U/ml with
1.5 fold increase and the produced gallic acid concentration increased t0102.1 pg/ml with 1.8 fold increase
when compared with activity obtained under the basal conditions.

A verification experiment was applied also, to compare between the anti- optimum levels of independent

variables and the basal condition settings. Results in Figure 3 confirmed that tannase activity decreased to 24.4
U/ml with 1.3 fold decrease when compared to cells grown under the basal conditions.
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Figure 3: A verification of the Plackett-Burman experimental results
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Effect of immobilization on tannase production by A. nomius GWA5

Immobilization by entrapment using different gel materials such as carrageenan, sodium alginate and
agar in addition to immobilization on different support materials (sponge cubes, clay, ceramic, luffa pulp,
pumice and art pumice (Fig.4A) were carried out aiming at enhancing tannase activity. Results indicated that
adsorbed cells on luffa revealed the highest tannase activity and gallic acid concentration (49.2U/ml and
143.1pg/ml) with 1.1 and 1.4 fold increases, respectively when compared to free cells and also was superior
than the entrapped cells. Thus cultures containing luffa realized the highest activity and was choosen to
complete the study. Figure 4B(2) shows A. nomius GWAS5 adsorbed on luffa pulp and Figure 4B(3,4) show
free A. nomius GWAG.

Figure 4: A) Production of tannase by A. nomius GWAS5 adsorbed on different solid supports; B) Scanning
electron micrographs showing (1) control luffa pulp; (2) A. nomius GWA5 adsorbed on luffa pulp and (3,4 )
free A. nomius GWADS5; C) Repeated batch culture for tannase production using immobilized cells of A.
nomius GWAS.
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The higher productivity of A. nomius GWAS adsorbed on luffa pulp could be due to absence of toxicity
problems, mechanical strength for essential support and open spaces within the matrix for growing cells
therefore avoiding splitting and diffusion problems as was reported in previous studies [46, 47].

The semicontinuous production of tannase by A. nomius GWAS adsorbed on luffa (Figure 4B.2) was
performed for six successive cycles aiming for enhancing the enzyme activity and gallic acid productivity. The
enzyme activity and yield of gallic acid was monitored each cycle. The graphically presented data in Figure 4C
revealed that almost stable amounts of enzyme were produced during the first 3 cycles while the next cycles
showed a drop in enzyme activity until reaching 30% of the enzyme activity at the first cycle.

Hamdy and Fawzy[31] studied the efficiency of the immobilized A. niger for tannase production in a
repeated batch process, the results obtained by them were closely related to those of the present work. They
explained the observed decrease in enzyme productivity after several cycles with the high growth of biomass,
increasing cell density and/or the presence of dead cells that cause diffusional limitation of oxygen and
substrate. Different studies reported the advantage of using immobilization in the enzyme production and
reuse of the whole immobilized cells to increase the productivity [48, 49].

Characterization of hydrolytic products of tannic acid
Thin layer chromatography (TLC)

TLC was used to investigate the hydrolytic products (gallic acid) of the tannic acid by the action of
crude tannase. As illustrated in Figure 5A,blue colored spots corresponding to the gallic acid with Rf value of
0.67 were observed indicating the production of gallic acid by A. nomius GWA5due to the hydrolysis of tannic
acid, which correlated with the already reported value (0.69) in parallel study [18].

Characterization with high performance liquid chromatography (HPLC)

HPLC results indicated the purity of extracted sample of gallic acid and efficiency of the method in
separating the gallic acid. Standard run of gallic acid had single peak near retention time of 4.3 minute (Figure
5B). A peak was observed at the same retention time in the sample run and indicated the presence of gallic
acid in the crude extract (Figure 5C) as a result of tannic acid degradation by the action of tannase produced by
A.nomius GWAS5. Many researchers have used HPLC for detection of gallic acid as a product of tannin
degradation by tannase enzyme [1, 31, 50].
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Figure 5: A) TLC analysis showing Lane (1) standard gallic acid; Lane (2) gallic acid produced by action of
A. nomius GWA5 tannase; B) HPLC analysis showing standard gallic acid, C) HPLC analysis of gallic acid
produced by action of A. nomius GWAD5 tannase;

, 3 “
CONCLUSION
The marine A. nomius GWADS appears to be good and economic candidate for tannase enzyme

production. Successful immobilization of the whole cells and reuse of them led to increase the production of
the enzyme which can be applied in different future industrial applications.
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