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ABSTRACT

A bioprocess was developed for extracellular MARdorction from Streptomyces gedanensiy/ solid-state
fermentation. Response surface methodology of Bankd® Design was performed to evaluate the intEnact
effects of most significant variables {inoculunesi@\NH,),SQ, concentration, MgS£7H,O and tryptone) on MAP
production after the single parameter optimizatand it resulted a maximum MAP production of 55.26IPUF
after 120 h of fermentation. The concentrated crivleP displayed a pH and temperature optimum of &8
50°C. By analyzing the thermal stability, the MABsWound to be stable in a temperature range ofo585°C but
lost about 50% of its activity at 65°C after 30 nilthis is a first report of this kind of study tdAP.
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INTRODUCTION 2011, 2012). Bacterial MAPs are targets for
antimicrobial therapy (Vaughan et al. 2002)
Methionine amino peptidase (EC 3.4.11.18; MAP)whereas the structurally similar human MAP-2 is a
preferentially hydrolyzes the ubiquitous N-target for anticancer agents (Logothetis et al.
terminal methionine from proteins and peptide2001). Therefore, discovery of new inhibitors may
substrates that have a small, uncharged amino a@tfer hope for the treatment of microbial infecigon
in the penultimate position (Bradshaw et al. 1998)as well as canceftreptomycesmino peptidases
Amino peptidases are important for theare of particular interest for biochemical and
development of flavour in fermented milk biomedical applications and are also valuable for
products since they are capable of releasing singtbe preparation of a debittered protein hydrolysate
amino acid residues from oligopeptides. In then the food industry (Arima et al. 2006) because
food industry, amino peptidases frolispergillus they are stable and have a low molecular weight,
oryzae andA. sojaeplay an important role in simple kinetics, high enzyme activity and broad
digesting peptides, producing free amino acidsubstrate specificity.
from soybean protein. We reported earlier thé&olid-state fermentation (SSF) using inert supports
amino peptidase mainly leucine aminopeptidasellows direct biomass estimation, cleaner
from S. gedanensiand also demonstrated its useenzymatic extractions and more homogenous
as tool for protein hydrolysate preparations withaeration (Zhu et al. 1994). Response surface
improved functional properties (Rahulan et almethodology (RSM), which has been extensively
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applied in the optimization of medium sucrose, 10; Tween 80, 0.3; pH (before
composition, conditions of enzymatic hydrolysis,sterilization), 6.53. Medium-3: sucrose, 10;
fermentation, and food manufacturing processekH,PQ;, 1.0; MgSQ.7H,O, 0.1; (NH),SO,, 1.0;
(Cui et al. 2006), is the collection of mathemdticaNaCl, 2.5; CaGl2H,O, 0.1; beef extract, 5.0;
and statistical techniques for experimental desigrmween 80, 0.3; pH (before sterilization), 6.0.
model development, evaluation factors, andvMedium-4: soybean powder, 10; sucrose, 10;
optimum conditions of different biotechnological KH,PQ,, 2.0; MgSQ.7H,O, 1.0; NaCl, 2.0;
bioprocess. The aim of the present study was tNaCO;, 0.5; Tween 80, 0.3; pH (before
develop a bioprocess for MAP production usinggsterilization), 6.8. SSF was carried out in 250 mL
SSF by optimizing the process parameters usingrlenmeyer flask containing 1.0 g PUF moistened
statistical tools and evaluating the basiovith 10 mL nutrient medium autoclaved at 121
characteristics of the concentrated crude MARor 20 min. Three millilitres (1.2xP@FU/mL) of
produced fron8. gedanensis. 48 h old culture used as the inoculum, for each
flask and incubated at 3D and for six days.
Samples were withdrawn as whole flasks in
duplicates. Fermented solid matter from each flask
Materials was . mixed with 100 mL distillgd water,
L-methionine p-nitroanilide and 4-nitroaniline centrifuged at 9500 X g at@for 15 min and the
were obtained from Sigma, USA. The mediumceII free supernatant was used for MAP assay. All

components were procured from Hi-mediathe experiments were carried out in duplicates and

(Mumbai, India). All other analytical grade ”,:e (rjepgr(tjed_r(t—:\_sults are the average values with
reagents were purchased from either MercR ‘andard deviation.
(Mumbai, India) or SD Fine Chemicals (Mumbai,Ana| .

: . ytical methods
India). UV 160A (Shimadzu, Kyoto, Japan)tnhe” methionine amino peptidase assay was
speqtrophotometer was used for the enzyme aSS8¥jonted from Tan and Konings (1990) and used
Cubical poly urethane foam (PUF), washed withyith glight modifications. The reaction mixture
distilled water and dried overnight at @Owas .4htained 1.0 mL of 2.5 mm of L-methionine b-

used as inert support for SSF. nitroanilide (in 200 mm NaOH-Glycine buffer, pH
8.5), 1.0 mL 100 mM NaOH-Glycine buffer, pH

Microorganisms and Inoculum preparation .
- 8.5 and 0.5 mL of the properly diluted supernatant.
Streptomyces gedanensis 1F13427 was a gift The well-mixed solution was incubated atG®@or

from Prof. Geroge Szakacs, Technical University . . o
Budapest, Hungary. A loop full of the spores were15 min. The reaction was stopped by the addition

transferred to the inoculum medium (50 mL in 2500fals'?nrgléSOfrggagfL%%eafnaidS;;d ”;es zt;:grggrr.c: d
mL Erlenmeyer flask), which contained (g/L); w u . y W I

Beef extract, 1;Yeast extract, 1: Trypton 2_out using appropriate substrate and enzyme blanks.

, 'One International Unit of enzyme activity is
Glucose, 10; FeSE/H0O, 0.1 at pH 6.0. The )
flasks were incubated at @and 200 rpm for 48 defined as the amount of enzyme that hydrolyses 1

h and used as inoculums, which contained 1 ?xld)lM of methionine p-r_litroanil_ide per min. Standar_d
CEU/ML ' ' curve was plotted using 4-nitroaniline. The protein

concentration was measured by the Folin phenol
Production media and Solid state fermentation "€agent method (Lowry et al. 1951).

(SSF) xperimental design and Data analysis

Four different media were used to screen th,:Eifferent extraction systems (NaOH-glycine
production of methionine amino peptidase in SS uffer, pH 8.5: Tris-HCI, pH 7.0: 0.1% of Tween

using poly urethane foam as inert support. Th 0 and distiled water) were used for MAP

composition of the media was as follows (g/L); traction the f ted matter. | der t
Medium-1: corn steep liquor (CSL), 10; KRQy, extraction Irom the fermented matter. In order 1o
) ) ] . study the effect of pH on MAP production, initial
2.0; MgSQ.7H,0, 1.0; NaCl, 2.0, N&LO,, 0.5; H of the moistening solution (medium) was set at

Tween 80, 0.5; sucrose, 10; pH (befor : ing solution ( ium) w

sterilization), 5.53.Medium-2: soybean powder, 0 - 8.5 using 1N HCI or NaGH. The |anL_Jence of
10; KH,PQ,, 1.0; MgSQ.7H,0, 1.0; FeSQ7H,0, |n|t|a_I m0|sture_cor_1tent on MA_P production was
0.1; NaCl, 2.0; beef extract, 5.0; yeast extradl;, 5 studied by adjusting the moisture of PUF to

MATERIALS AND METHODS
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different levels by varying the volume of distilled (Amersham Biosciences Ltd., UK) equilibrated
water. Studies were also carried out to find oat thwith 50 mM NaOH-glycine buffer (pH 8.5).
efficacy of carbon source supplementation (starchRroteins were eluted at 60 mL/h and collected in
cellulose, dextrose, inulin and maltose) on MAPL.0 mL fractions and the active fractions were
production. Different organic nitrogen sourcespooled and  subjected to  biochemical
(beef extract, yeast extract, tryptone, peptone araharacterization studies.

casein at 0.4%, w/w) were used to supplement the

medium to check their influence on MAP Effect of temperature and pH on MAP activity
production. After the identification of significant The reaction was carried out at various
factors affecting the production of MAP in SSF bytemperatures ranging from 40 to ‘65and the
‘one variable at a time strategy’, response surfacgzyme activity at different temperature points
methodology of Box- Behken design waswere compared to find out the optimum
employed to study the interaction effect oftemperature in each case. Similarly, the enzyme

significant factors. assay was carried out at different pH levels, such
as 6.5, 7, 7.5, 8, 85, 9, 9.5, 10 and 10.5. Three
Box Behken design (BBD) different buffers were used, 100 mm sodium

The significant variables such as inoculum sizephosphate buffer (pH 6.5—-7.0), 100 mm Tris-HCI
(NH4).SO, concentration, MgS£/H,O and buffer (pH 7.5-8.0), and 100 mm NaOH-glycine
tryptone were chosen as the critical variables anouffer (pH 8.5-10.5).

designated as X X,, Xsand X, respectively. The

experimental design consisted of 29 runs and tH&fluence of metal ions on enzyme activity
independent variables were kept at three differerfto study the role of metal ions on enzyme activity,
levels. All the experiments were carried out in€ight metal ion salts were applied in three diffiere
duplicate and the average of MAP productiorfoncentrations (2, 5 and 10 mm) in the reaction
obtained was taken as the dependent variable Btixture. The following salts were used:
response (Y). Statistical analysis of the model wa§aCbh.2H;0O; CoCb.6H0; CuCb.7H.O;
performed to evaluate the analysis of varianc®9Cl.2H,O and ZnCGl2H0, FeC}, FeCl and
(ANOVA). Statistical significance of the model NiCl.. Enzyme assay was carried out atC>and
equation was determined by Fisher's test valu@H 8.5 for 15 min.

and the proportion of variance explained by thel_
model was given by the multiple coefficient of
determination, Rsquared (B value. For each
variable, the quadratic models were represented

emperature stability
Thermal stability of the enzymes was determined
g%llowing Karadzic et al. (2002).The concentrated

le was incubated at pH 8.5 at various
contour plots (3D) and response surface curves 2y e SaMp ; ) :
were generated. Design Expert (Ver.6.0) b)}emperatures (50, 60 and’6% for different time

STATEASE Inc., Minneapolis, USA was used inlntervals (0, 5, 10, 15, 30, 45 and 60 min). After
this investigatioﬁ' ' the heat treatment, samples were cooled and were

subjected to enzyme assay atG@or 15 min. To

Characterization of concentrated crude enzyme Study the role of metal ions on temperature
The crude enzyme sample collected after th&t@bility, metal ion salts such as Ca6H,O was
fermentation was concentrated by precipitatiofidded in 2 mM concentrations to the reaction
with 60-90% ammonium sulphate. The precipitaténixture and the stability was tested.

was dissolved in 50 mm NaOH-glycine buffer (pH

8.5) and dialyzed against the same solution. ThﬁESULTS AND DISCUSSIONS
active protein fraction obtained by ammonium

sulfate precipitation was applied onto the OQResults of single parameter experimental approach
Sepharose  HP column XK50 (Amershamto identify the significant factors for MAP
Biosciences Ltd., UK), previously equilibrated production in SSF are shown in Table 1. The
with 25 mm sodium phosphate buffer (pH 6.5)medium-1 had highest MAP activity (Table 1) at
The proteins were eluted at 60 mL/h with a linean20 h fermentation and was selected for further
NaCl gradient (0.0-1.0 M) and collected in 1.0 mLstudies. Studies on the effect of incubation
fractions. The active fractions were pooled andemperature and extraction system showed that the
subjected to pre-packed Sephacryl 100-HR columgaximum MAP recovery was obtained by distilled
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water at 36C (Table 1). A significant increase in indicated the determination coefficient ’Ras
MAP activity (39.36x 0.00 IU/g PUF) was 0.9733 for MAP production in SSF, which implied
obtained when initial moisture content of the inerthat the statistical model could explain 97.33 %
support was adjusted to 91.96%. Moisture contenariability in the response in reasonable agreement
is a critical factor on SSF processes because thigth the adjusted Rof 0.9465. Contour plots of
variable has influence on growth and biosynthesithe interaction between MgQ@H,O

and secretion of different metabolites (Chi et alconcentration (B) and tryptone (C) showed that
2003). Supplementation of nitrogen and carbon(Fig. 1A) a higher level of both factors led to
sources also influenced the enhancement afegative impact on MAP production. It was
enzyme production (Table 1). noticed that initially MAP production increased
The results of response surface methodology afradually with increase in the value of
Box Behken design experiments with differentMgSQ,.7H,0. However, under optimal
combinations of four variables are presented alonglgSQ,.7H,O  concentration (B), excessive
with the mean predicted and observed responsesiitcrease of tryptone (C) did not increase the yield
Table 2. The maximum MAP production wasof MAP activity. Fig. 1(B) represented the
57.38 1U/g PUF in run no 23 while the minimuminteraction between tryptone (C) and inoculum
MAP was 15.43 IU/g PUF in run no 12, whichsize (D) on MAP activity while other variables
indicated that choosing appropriate cultivationvere kept at constant level. The results showed
conditions could evidently enhance the yield othat MAP production increased gradually up to the
MAP. The results suggested that the MAPmMiddle level of both the factors and thereafter the
production from S. gedanensishad a higher enzyme yield declined.

enzyme activity at 3.0 mL of inoculum size Hence, by keeping an appropriate level of such
(1.2X10 CFU/mL), 0.275% (w/v) MgS©7H,0, key variables, the whole process could be
0.275% (w/v) (NH),SO, and 0.55 % (w/v) of converted to an economically feasible process.
tryptone. After the statistical optimization of significant
The regression equation obtained after ANOVAvariables, the yield increased to 57 IU/g PUF.

Table 1 -Optimized conditions of parameters for MAP produtiunder SSF.

Optimized parameters Optimized conditions MAP activity (IU/gPUF) £Standard deviation
Mediumr Medium-1 28.99+0.0!
Incubation temperatu 3¢°C 30.97+0.0:
Inoculum siz 2; (1.2x1¢CFU/mL) 30.92+0.0!
Extraction syster Distilled wate 31.2740.0
Initial pH 5.5C 31.51+0.0;
Moisture content (¥ 91.96 % 39.36+ 0.0
CSL concentration (contre 1% (wiv) 38.95+ 0.0
Organic complexe Tryptone; 0.4% (wh 41.96+0.01
Inorganic nitroge (NH,),SC,4.0.1% (wW/ivV, 43.34+0.0:
Carbon sourct Starch; 0.1% (wh 44.58+0.0

g %ms?
“i"“' a2 = }-3 sstm
I !I.r"’ ‘:“-‘ 't“ 2 E 4754
g‘?ﬁﬁﬂ %Mﬂ]
¥ 152 2681
2
: :
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Figure 1 - A- shows the response surface graph of the interadtietween MgS@7H,0O
concentration (B) and tryptone (C) aBd shows the interaction effect of tryptone (C)
and inoculum size (D) on MAP production in SSFSgedanensis.

Braz. Arch. Biol. Technol. v.57 n.2: pp. 187-193aiApr 2014



MAP production 191

Table 2 - Experimental design and results of response sanfeethodology of BBD for MAP production in SSF
using inert support

A B C D Inoculum M AP activity (IU/g PUF)
Run (NH,)4SO, MgSO,.7H,0O Tryptone size (mL) Actual Predicted
(% wiv) (% wiv) (% wiv) value value
1 0.27¢ 0.27¢ 0.5t 3 52.1¢ 53.9:
2 0.05( 0.05(C 0.5¢ 3 46.3¢ 45.3¢
3 0.27¢ 0.27¢ 0.5¢ 3 53.2¢ 53.9¢
4 0.05( 0.50( 0.5¢ 3 15.4¢ 15.87
5 0.05( 0.27¢ 1.0C 3 25.4¢ 21.9Z
6 0.50(¢ 0.27¢ 0.5¢ 2 44.4: 42.1¢
7 0.27¢ 0.27¢ 0.5t 3 54.6: 53.9:¢
8 0.27¢ 0.27¢ 0.1C 2 56.2¢ 57.6¢
9 0.27¢ 0.50C 0.1C 3 18.4¢ 17.0z
1C 0.05( 0.27¢ 0.5t 2 52.2¢ 56.61
11 0.27¢ 0.27¢ 0.5¢ 3 52.1¢ 53.9¢
12 0.27¢ 0.50C 1.0C 3 15.4% 15.2¢
13 0.27¢ 0.05(C 0.5t 4 29.3¢ 27.1¢
14 0.500 0.27¢ 1.0C 3 36.2¢ 35.8:
15 0.27¢ 0.27¢ 1.0C 2 26.2¢ 27.1¢
1€ 0.50(¢ 0.27¢ 0.1C 3 39.2¢ 38.57
17 0.27¢ 0.27¢ 0.1C 4 23.4¢ 25.51]
18 0.05( 0.27¢ 0.1C 3 52.2¢ 48.5(
18 0.05( 0.27¢ 0.5t 4 20.3¢ 23.91
2C 0.27¢ 0.05(C 1.0C 3 16.5¢ 19.2¢
21 0.27¢ 0.27¢ 1.CO 4 26.21 26.7¢
22 0.50(¢ 0.50(¢ 0.5t 3 26.4¢ 30.4:
23 0.275 0.275 0.55 3 57.38 53.92
24 0.275 0.050 0.55 2 52.56 49.12
25 0.275 0.500 0.55 4 16.69 15.91
26 0.275 0.050 0.10 3 45.46 46.87
27 0.500 0.050 0.55 3 32.24 34.78
28 0.500 0.275 0.55 4 45.38 42.31
29 0.275 0.500 0.55 2 28.48 26.58
Enzyme preparation preparation is shown in Table 3. The enzyme was

The crude MAP from S. gedanensiswas purified near 600 -fold from the crude extract,hwit
concentrated by selective fractionation witha yield of 6.31% (Table 3). MAP concentrated
ammonium sulfate and the two chromatographiérom S. gedanensisvas characterized to explore
steps resulted an enzyme preparation of 15.08 properties for industrial applications.

IlU/mg (Table 3). The summary of enzyme

Table 3 -Summary of MAP preparation froBtreptomyces gedanensis.
Total activity Total protein Specific activity Purification  Purification

Concentrating steps (IU/mL) (mg/mL) (IU/mg) fold Yield (%)
Crude enzyme 171.31 62.00 0.37 1.00 100.00
(NH,),SO, precipitation 69.00 15.70 1.93 5.21 40.20
lon exchange (Q-Sepharose) 67.26 5.67 11.86 32.05 9.243
Gel-filtration( sephacryl-100 HR)  10.82 0.72 15.02 641.6 6.316
Enzyme characterization Effects of metal ions on enzyme activity

Effect of temperature and pH on MAP activity The effect of different metal ions on MAP activity
The enzyme was most active at®GCand more was studied. Evidently Gbat 2 mm concentration
than 60% of relative activity was found from 45 toenhanced the activity of MAP and was strongly
65C (data not shown). Amidolytic activity againstinactivated by Ni, F&*, C#* and zZri*(data not
Met-p-NA was optimal at pH 8.5 (data not shown)shown). This collectively suggested that MAP was
but the activity rapidly declined after pH 9.5. a Cd'dependent metallo peptidase like Met AP of
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Bacillus stearothermophiluChung et al. 2002). to examine their effect on heat stability of pwdfi
Different metal ions are known to activate variousMAP from S. gedanensi§ig. 2B). CS" improved
MAPs in vitro - Co2+ and Zn2+ foE. coliMetAP  the thermal stability of MAP. Heat treatment with
(Lowther et al. 1999); Co2+ and Mn2+ for humanCo™ at 50 and 5& did not influence the enzyme
MetAP (Li and Chang 1996). activity; thus, the enzyme was thermo-stable at
this temperature. However, during the incubation
Thermal stability and metal ion influence onat 60 and 6%, the enzyme preparation retained
thermo-stability of MAP around 65 and 59% relative activities even after 60
Figure 2A shows the results of thermal stability ofmin incubation compared with that of the activity
the MAP preparation. Incubation for 1 h at 50 angh the absence of Cdons (Fig. 2B).The thermal
55C at pH 8.5 resulted in 25% relative aCtiVitystabiiity of a protein is determined by many
loss. The activity was retained around 53 and 25 q{actorS, which include hydrogen bonding
of the initial activities even after 45 min of networks, hydrophobic interactions, optimized
incubation at 6@nd 65C, respectively, but 99% of core packing, salt bridges, and the reduction ef th

activity was lost at 6& at 1 h incubation (Fig. entropy of unfolding (Vieille and Zeikus 1996).
2A).Cd™ ions at 2 mm concentration were selected

120

120

100 100 ¢

80 4 80

60 - 60

40 - 40

Kelative activity (%)
Relative activity (%)

e 500C —4—55 oC —+—500C —a—550C
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0 T T T T T T T r T T T 0 — - T S— - : ;
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Time (1nin) T (ouin }

Figure 2 - A- shows the temperature stability of crude MAP @hdshows the Co2+ metal ion
influence on MAP stability at various temperatures.
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