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ABSTRACT

The influence of media components plays an impbrtate on the enhanced production of products from
microorganism. An approach was done to enhanceptbduction of laccase from Pleurotus ostreatus -ftaviot
fungi by manipulating the different concertation variables using Response surface methodology.EFfzgme
production was correlated with the biomass produdedng the production process.6 g/L NajQ@.5 g/L KHPO;,

1 g/L Tryptone, 10 g/L Glucose, 0.5 g/L MgS0mbination showed maximum enzyme activity ofJ@@llwith an
agreeable increase in biomass (5.2 g/L). 50 expamisruns were attained this optimum conditions€ozyme
production and the coefficient of determination Was5%.

Keywords:. Pleurotus ostreatuBKN 04, ABTS, Optimization, RSM-CCD.

INTRODUCTION

Laccases are oxidoreductases produced by whitefurgi. These enzymes present several biotechnabgic
applications including catalyze the oxidation ofigas phenolic compounds [1-2], delignificationliginocellulosic
materials, biobleaching [3-4], effluents decolotiaa [5], bioremediation [6] and organic synthesis.

ThePleurotusgenus (higher Basidiomycetes) comprises of maaymof comestible fungi that has high nutritional
value due to the presence of high protein, fib@gamins and minerals [7]. Many species RiEurotusrepresent
valuable protein source, especially in the develgmountries [8]. In addition to their nutritionadlue, these fungi
produce important biomolecules that include prateenzymes, glycoproteins, polysaccharides andnargeids
with a number of biologic activities.

RSM is a group of mathematical and statistical méshfor developing experimental model. Design qfegdments
(DOE) was carefully aimed to optimize a responsdcktis influenced by many independent variables. An
experiment has a series of tests called runs, ah tte variations are made in the input variabtesrider to
recognize the motives for variations in the output.

RSM was established to model experimental res@ltafid then drift into the modelling of numericeahls. The
variation is in the kind of error produced by tlesponse. In the conventional experiments, inacgwag be due to
measurement errors whil@ silico experiments, numerical noise will result in incdetp union of iterative
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processes, round-off errors or the discrete reptaen of continuous physical phenomena [10]. 8\MR the errors
are assumed to be random.

In this communication, media optimization was perfed for enhanced growth Bfeurotus ostreattBKN04 using
Response surface methodology — Central compossigrie

MATERIALSAND METHODS

Organism

Pleurotus ostreatuBKN 04 was isolated from the decomposed wood aafditeers of Chennai forest and grown in
SDA. The organism was screened for the productfidaczase by ABTS method, subcultured to obtairepudture
and identified using 18s rRNA sequencing method.[11

Pleurotus ostreatuBKN 04was grown in Malt extract medium (MEA) ané 8§pores were washed and inoculated
in the fermentation medium [12].

Optimization of media components by Response Surface M ethodology (RSM)

RSM is a statistical experimental method used ursldiable experimental design to determine multiakde
equations and establish the relationship among citv@ributing parameters and the responses acquired.
comparison to the conventional mathematical or fa®r optimization at a time method, RSM is timasg and
economical [13]. The Central composite design wasied under RSM using Design Expert Version 7<bflware
[14].

Five factors at three different levels were usedluplicate. Three concentration of NaN(,6 9), KHPO, (1,

1.5,2), Tryptone (0.5,1,1.5), Glucose (5,10,15) MgB0, (0.25, 0.5, 0.75) were selected as the criticalabtes

and nominated as A, B, C, D and E respectively i@ab Table - 2). A total number of 50 runs wereriea out to
estimate the coefficients for the optimization oédia [15]. The data were displayed to Analysis afrighce
(ANOVA) and 3 dimensional response surface grapeseveonstructed Design Expert Version 7.0.0 progréom
study the responses (Enzyme activity and Biomass)rateractions between variables (Table -3). Tinity of the

fit of this model was expressed by the coefficisidetermination (8 [16].

The general quadratic equation
Y=90+91A+92B +93C +9 4D +95E+96A% + 978 + 98C° + 39D*+ + 910E%+ 911AB + 912AC+913AD+
914AE+915BC+916BD+917BE+918CD+319CE+320DE (1)

The quadratic equation where Y is the measuredorssp A, B, C, D and E are the coded independgmitin
variables 80 is the intercept tern$1, 92, 93, 94 and3d5 are the coefficients showing the linear effe&6 97, 98, 99
andd$10, are the quadratic coefficients showing the sepliaffects ané11,912,913,914,915,916,917,918,919
andd20 are the cross product coefficients showing tikeraction effects.

Table-1 Design summary

Study Type Response Surface

Initial Design Central Composite

Design Model Quadratic

Runs 50

Factor Insgﬁggij:m Units | Low Coded Alzz?l\jval High Coded Akélt%rgal Mean | Std. Dev.
A NaNG; g/L -1 3 1 9 6 2.79221¢
B KoHPQ, g/L -1 1 1 2 15 0.465369
C Tryptone g/L -1 0.5 1 1.5 1 0.465369
D Glucose g/L -1 5 1 15 10 4.653693
E MgSQ g/L -1 0.25 1 0.75 0.5 0.232685

Table -2 Response computation

Response Units | Minimum | Maximum | Mean | Std. Dev. | Ratio M odel
Enzyme activity | U/mL 10 96 60.14| 18.8753 9.6] Quadratic
Biomass Mg 0.8 5.4 3.318| 1.043396 6.7% Quadratic
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L accase assay

Laccase activity was defined by the oxidation of /B The non-phenolic dye ABTS (2, 2 -azino-bis—{&thyl
benzothiazoline —6 —sulphonic acid]) was oxidizgddzcase produced Bleurotus ostreatuBPKN 04 to the more
stable condition of the cation radical. The intebkes-green colour formed was correlated to enzgotivity and
read at 420nm.

The mixture contained 0.5mM ABTS, 0.1M sodium atetgpH 4.5), and an appropriate amount of enzyme.
Oxidation of ABTS was observed by determining theréase in A420e420, 3.6 x 1 M?cm™). The reaction
mixture contained 0.5mM substrate(ABTS), 2.8 mlOdf M sodium acetate buffer of pH 4.5, and §Q®f culture
supernatant and incubated for 5 min. Absorbancergas at 420nm in a spectrophotometer againstabdeiblank.

One unit was expressed as the amount of the lachas®xidized lumol of ABTS substrate per min [17]. The
absorbance was read after 10 min interval usingll&5pectrophotometer (Varian Cary® 100 UV-Vis).

Biomass production
The fungal mycelium was harvested after every 1@0r$ of growth, cell free filtrate was obtained filration
through a Whatman No. 1 filter paper. The fungalhiss was repeatedly washed with distilled watdrdaied at
70°C overnight. The dry weight of the fungus walswated by using the following formula:

Dry weight = (weight of filter paper + mycelium)weight of filter paper).
Duplicated were used and the average was calcuiatexinimize the error.

RESULTSAND DISCUSSION

I solation and identification of organism
The isolated organism was identified using Macrpgcand microscopic method.
Microscopic Features: Spores 8-10.5 x 3-3.5 [; $mooylindrical to narrowly kidney-shaped. These dhe
measurements given by Petersen & Krisai-Greilhfdxean epitype collection d?leurotus ostreatufl8].

The enzyme activity and the biomass was calculiaeevery run that was obtained from DOE.

Table-3CCD matrix for laccase production from Pleurotus ostreatus PK NO4

Run | NaNO;z | K,HPO, | Tryptone | Glucose | MgSO, | Response (Enzyme activity) U/mL | Response (Biomass) mg
g/L g/L g/L g/L g/L Actual Predict Actual Predict
1 3 1 1.5 5 0.25 55 57.2 3.4 33
2 9 1 1.5 15 0.75 57 56.3 2.7 2.7
3 9 2 0.5 15 0.25 70 68.6 3.7 3.8
4 3 2 0.5 5 0.75 45 453 2.4 24
5 3 1 0.5 5 0.25 48 48.2 2.8 2.8
6 3 2 15 15 0.75 66 65.7 3.7 3.8
7 9 1 0.5 15 0.75 51 50.1 2.6 2.7
8 3 1 0.5 5 0.75 60 59.7 34 34
9 9 2 15 5 0.25 47 48.3 2.8 2.8
10 3 2 1.5 5 0.25 45 44.9 2.4 2.4
11 6 1t 1 10 -0.094¢ 68 68.4 3.7 3.8
12 6 15 1 10 0.5 95 94.2 5.1 5.2
13 6 15 -0.18921 10 0.5 38 37.3 2 2.0
14 9 2 1.5 15 0.75 55 53.5 2.8 2.9
15 9 2 0.5 15 0.75 57 56.6 3.1 3.1
16 9 1 1.5 5 0.75 55 56.8 3.1 3.1
17 3 2 1t 15 0.2t 58 57.4 3.2 3.2
18 9 2 0.5 5 0.25 57 57.3 3.1 3.1
19 6 15 1 10 0.5 92 94.2 5.2 5.2
20 3 2 0.5 15 0.75 58 60.0 3.5 3.5
21 6 0.3107 1 10 0.5 56 57.2 3.2 3.2
22 6 15 1 10 0.5 94 94.2 5.3 5.2
23 6 1t 1 -1.8920° 0.t 61 59.€ 3.2 34
24 6 1.5 1 10 0.t 93 94.2 54 5.2
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25 6 2.6892 1 10 0.5 51 50.4 2.7 2.7
26 3 1 15 15 0.75 77 75.9 4.1 4.0
27 13.135 15 1 10 0.5 10 10.8 0.8 0.8
28 3 2 0.t 15 0.2t 58 58.C 3.1 3.1

29 9 1 0.5 5 0.25 51 52.8 3.3 3.3
30 3 2 0.5 5 0.25 45 45.2 2.2 2.2
31 9 1 0.5 5 0.75 51 50.3 2.9 2.9
32 9 2 15 15 0.25 59 59.3 3.4 3.3
33 6 15 1 10 0.5 94 94.2 5.1 5.2
34 6 1.t 1 10 0.t 95 94.2 5.2 5.2

35 3 1 15 15 0.25 57 56.2 2.7 2.9
36 6 15 1 10 0.5 94 94.2 5.2 5.2
37 9 2 15 5 0.75 40 40.6 2.1 2.1
38 6 15 1 21.89207 0.5 72 74.1 4.1 4.0
39 9 1 15 5 0.25 58 53.0 3.3 3.3
40 3 2 15 5 0.75 52 51.2 2.8 2.8
41 3 1 0.5 15 0.75 61 61.0 3.4 35
42 3 1 0.5 15 0.25 49 47.5 2.7 2.6
43 9 2 0.5 5 0.75 43 43.4 2.3 2.2
44 9 1 0.5 15 0.25 50 50.6 2.9 2.9
45 6 15 2.189207 10 0.5 43 44.3 2.3 2.3
46 3 1 15 5 0.75 75 74.9 4.1 4.1
47 6 15 1 10 0.5 96 94.2 5.2 5.2

48 | -1.1352 15 1 10 0.5 20 19.8 13 1.3
49 9 1 15 15 0.25 50 50.5 2.7 2.7
50 6 15 1 10 1.0946 75 753 4.1 4.0

Table-4 ANOVA for laccase production for Pleurotus ostreatus PK NO4

Source Sumof | df | Mean F p-value
Squares Square | Value Prob> F
Model 17737.15 20 886.8578 334.5615 <0.0001
Significant

A-NaNGCs 154.423: 1] 154.423: | 58.2552. | <0.000:
B-K;HPQ, | 88.43917 1| 88.43917 33.36313 < 0.0001
C-Tryptone | 94.24727 1 9424722 35.55419 <0.0001
D-Glucose 403.2659 1 403.2659 152.1296 < 0.0001
E-MgSQ 90.6153 1 90.6153 34.184Q7 < 0.0001
AB 112.5 1 112.5| 42.43998 < 0.0001
AC 153.12! 1] 153.12¢ | 57.7654 | <0.000:
AD 4.t 1 4.5 | 1.69759 | 0.202¢
AE 392 1 392| 147.879¢ <0.0001

1

1

1

BC 171.125 171.12% 64.55586 < 0.0001
BD 364.5 364.5 137.5054 <0.0001
BE 264.5 264.5 99.781 < 0.0001

CD 0.12¢ 1 0.12¢ | 0.04715! | 0.829¢

CE 78.12¢ 1 78.12% | 29.4721i | <0.000:

DE 8 1 8| 3.017951 0.0930

A? 10797.79 1| 10797.79 4073.398 < 0.0001
B? 2827.91 1 282791 1066.812 <0.0001
c 4943.377 1| 4943.377 1864.8%9 <0.0001
D? 1299.38:i 1] 1299.38t | 490.186: | <0.000:

E 867.7832 1| 867.7832 327.36%9 <0.0001
Residual 76.87335 29 2.650805

Lack of Fit | 65.99835 22 2.999925 1.930986 0.1886
Not significant

Pure Error 10.875 1 1.553571

Cor Total 17814.02 49

Std. Dev. 1.628129 R 0.995685
Mean 60.14] AdjR 0.992709
CV.% 2.707232] PredR 0.985753
PRESS 253.795% Adeq Precision 78.98923
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Based on the CCD analysis the final equation imtef coded factor

R1 =94.17815-1.88818A-1.42893B + 1.4751C + 3.05D2871.446399E + 1.875AB-2.1875AC-0.375AD-3.5AE-
2.3125BC3.375 BD-2.875BE-0.0625CD + 1.5625CE + @&8I3.9396A-7.133738-9.43183C-4.835640-
3.95175E )

To authenticate the statistical results and thegheduation, ANOVA was executed as displayed inl§&h the F
value is a measure of difference of the data alloeitmean, the P value functions as a tool for dneckhe
significance of each and every coefficient. Thedimted R value is reasonably agreement with the adjusted R
value. The R2 value of enzyme activity is 0.995 #rasures the satisfactory adjustment of the qtiadreodel to
the experimental data.

Optimization of biomass production using RSM.

Biomass production byleurotus ostreatusvas optimized using CCD -RSM by Design Expert,si@r 7.0.0
software (Stat —Ease Corp). Biomass productiorhisf fungi was optimized by varying the concentnagiof the
medium components especiallyNap®,HPQO,, Tryptone, Glucose, MgSand the incubation time, temperature
and pH were not taken under consideration duritigvation.

The results predicted the maximum biomass produdi@ g byPleurotus ostreatuBPKN 04 in 100 ml of designed
medium under the experimental conditions of 6 gAN®;, 1.5 g/L KHPQy, 1 g/L Tryptone, 10 g/L Glucose, 0.5
g/L MgSQ, (Table - 3 Run 50). All the five variables Nap®&,HPQ,, Tryptone, Glucose, MgS(and quadratic
terms (AB, AC, AE, BC, BD, BE, CD, CE, and squatedns (&, B?,C?, D? E? and ABCDE were significant,
indicating biomass production depended on all ike factors selected and optimum conditions for imaxn
biomass production was verified by three dimendiogsponse surface plots.

Table-5 ANOVA for Biomass production by Pleurotus ostreatus PK NO4

Source Sum of df Mean F p-value
Squares Square Value Prob> F
L < 0.0001
Model 54.20622 20 2.710311 345.3756 -
Significant
A-NaNG; 0.424745 1 0.424745 54.1254 < 0.0001
B-K,HPQO, 0.507661 1 0.507661 64.6913 < 0.0001
C-Tryptone 0.157699 1 0.157699 20.09556 0.0001
D-Glucose 0.777391 1 0.777391 99.06312 <0.0001
E-MgSQ 0.117022 1 0.117022 14.91211 0.0006
AB 0.300313 1 0.300313 38.26884 < 0.0001
AC 0.475313 1 0.475313 60.56914 < 0.0001
AD 0.112813 1 0.112813 14.37572 0.0007
AE 2.257813 1 2.257813 287.7134 < 0.0001
BC 0.165313 1 0.165313 21.06581 <0.0001
BD 2.475313 1 2.475313 315.429¢ <0.0001
BE 0.427813 1 0.427813 54.51624 < 0.0001
CD 0.052813 1 0.052813 6.72990 0.0147
CE 0.090313 1 0.090313 11.50854 0.0020
DE 0.090313 1 0.090313 11.50854 0.0020
A? 30.22317 1 30.22317 3851.344 <0.0001
B? 8.96277 1 8.96277 1142.12! < 0.000:
C? 16.38638 1 16.38638 2088.12 < 0.0001
D? 4.021866 1 4.021866 512.5073 <0.0001
= 3.034231 1 3.034231 386.6521 < 0.0001
Residual 0.227576 29 0.0078417
Lack of Fit 0.15882! 22 0.00721! 0.7350¢ 0.7295Not significar
Pure Erro 0.0687! 7 0.00982.
Cor Total 54.4338 49
Std. Dev. 0.08858§ R 0.995819
Mean 3.318] AdjR 0.992936
CV.% 2.669853] PredR 0.987784
PRES! 0.66497. | Adeq Precisio 76.7700!

R2 = 5.210662- 0.09903 A - 0.10826 B + 0.060339 @.}3397 D + 0.051978 E + 0.096875 AB - 0.12188AC -
0.05938 AD - 0.26563 AE - 0.07188 BC + 0.278125 B11563 BE - 0.04063 CD + 0.053125 CE + 0.053125
DE - 0.73749 A- 0.40161 B- 0.54303 &- 0.26903 B- 0.23367 E ()
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Figure-1 Response surface plots of interaction between process variablesin enzyme activity by Pleurotus ostreatus PK NO4
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CONCLUSION

Central composite experimental design for nutriooptimization engages a specific study on the aféndividual

factors. Production of laccase increased by matific of media components. In this study, RSM-CC&swsed
for optimizing culture media for maximizing laccgs®duction by usingPleurotus ostreatum batch fermentation.
The optimized medium composition increased two fdlthccase production.
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