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Table 1 Experimental variables in two levels for production of lipase enzyme by Bacillus subtilis in
submerge fermentation

variables Unit Symbol Low level High level
Sesame oil % A 5 25
Black seed oil % B 5 25
Glucose % C 5 25
Yeast extract g/l D 5 15
Peptone g/l E 5 12
Olive oil g/l F 5 25
MgCl, mM G 15 35
Molasses g/l H 5 12
Sunflower oil % J 5 25
Agitation rate rpm K 140 190
Corn syrup g/l L 5 25
14


http://www.sid.ir

Y41 >1>JA N 092 A1 o)Lo.J

dl\.l.b @W;(}lﬁ

U eds ST O laded LB lsgy 1S oa
sor s LS PGS b S 65 pdssde
2 6ok sy sl BT - S 5~y
Olejer Ol o 1) €500 (o3h5 alas 5 )1 | ey g Sl
O 53 Sl Sl Sloms oS s IS e 355

D] 53l o ol 3 1) wias b s glular
el e s Sl s b 681 cnl Sl el
oI i o Ol e 4 Dl s 50 by e ool
e O UK sl el @l bl s (S
U/ml) sbs ol 55 51 @3l el o zin (FMIT)
G 4 g LS ORIl gday Dlallas Cogr a5 (VVY/VEY
S o o0 s Ol s S e i oS
s b Iy s b Sadpd 680 plebs o3 8 18
A5 betal ety g s ot IS TRNA 05 25
BLAST ol L 03

sl 3l b

4.lis ) http://www.ncbi.nlm.nih.gov/BLAST/(
b oot o3l s o8 515 OLES gl (1A) A2
oo e £ 5 8L cnl ol el skl s
70 Chle b wdy 4 B emen 3L o S te 1 i

(YJsd) sl e 3,80k a3 00 (glas plab S
il DV 5o skl il Gl 4 s SIS S
LIV W s sl Gls a g sl 0l 315
rsbidse ol sl V0] bt eslsl
3l el s [YY] i YSToS sl V1]
iy (T O 5 ' 6 5L et (s3lala [YY]
Sl Jsbe 2o Sl eas W5 sl gla

[re] w5 stala Tl 53 TS L s Sl

11. Gayathri
12. Coconut oil mill soil
13. Salem

14)

ch—u Uj‘j) }‘ oalzul \—3 6}\'.4 L -A-Y

ety
Gla e el oy S by ads) 3l L2 ) da
SFP Er b s S Sl Ll iy SU S
Pl My b Sl e S s S s s
Slr Vsame ol mhav 25 238 15 ealinad 5550 5L
o Bl L sl 4 e pder oS5 S o
L plelp s o OB @ ot Ll 5 Sl
SEas (A) amS iy e Jler B S Sse Sl
Olge & D) ot oslae 5 (C) IS e (B) 0525
el s (R) ey e 5T e e 5 o (gl jie
a3 YV VepH aerpm) S 3 s s

(oele YE St 4 sl Kl

555 S5l gl ) 5s ol 5 ol g Ll 5

G‘;:QJ@L‘S—\'

S bl -V -Y
Yoo Jlse glaciS 5 a8 oy Slilsl el
b s YOl iSOl el (681 4
Sl ol B als; Ky g ele @lls &5 28
ol Sl il cusls ghls K esle ol LA
LooiS bow ol o 2 UV o8 b LS ose
DF0) LS e by, S 5 G oS ol e
boodd Ay by oS (00 5 e ez sladted (U35
UV)}&U%)J}MJJ?/JJ;‘&#JQNJU@‘
5o DA] s e ocusy S GLbE sl dls

bl sl a1y L3, (1488) Sass


http://www.sid.ir

e 3wl e 5 e (5 SU sl

OLen 5 35 2lblb oy 3

bbb ol sl el il e 4 o8 UL
CotS 53 &S SIS o 8L Ll 5 b 5l e
R e s
SheeS sl bl s 4 e b psU als
e SlusSE Gl Gl Sl s apd e bl
LL S Jug bl wuse 5 Oly 038 i 51 3
sl e 53 Ypemo 65 s sle Jlasl 15,8 ol
A a0 ook Jelse oy o Jel S s 2 b
sle Shalesl 53 ool G S e el s SIS
26 mol s S bl S e pleld 65 JLs
R oS b nl 3 Sl sz e Jelse les )
LSt Sl oS Wik oY ST e Ses b 1S
SSE b Kl st JB sl b S

[YV] 5,8 el

o] o
= o
= =]

e
o

Lipase activity (U/ml)
=
=

o
=] =1

FnM1
FM2
FM3
FM4
FMS
FM6
FM7
FnMS8
FM9S
FM10
FM15
FM16
FM17
FM18
FM19
FM2Z O
FM21
FM22
FM23
FM24

¢
M
2
w

FM11
FM12

Isolates

Figure 1 Comparison of The lipase activities of
bacterial isolates
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Table 2 Morphological and biochemical characterization of potential lipolytic bacterial isolate

Characteristic

result

Configuration, Gram’s reaction and shape, Motility

Gram positive, short rods

non-motile
Growth on:
citrate, H2S production, catalase Positive
Voges-proskauer,
Indole, urea hydrolysis, oxidase, Nitrate reduction Negative
Tolerance to NaCl (%, w/v) 0-5%
(°C Temperature range ) 15-45
Acid production from:
L-Arabinose, Cellobiose, Raffinose Negative
Gentiobiose, D-Glucose, Inositol, Inulin, Lactose, D-Lyxose,
Maltose, D-Mannose, Melezitose, Melibiose, L-Rhamnose, positive

Sucrose,D-Tagatose, Trehalose, D-Xylose
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Figure 2 Estimated effects of ten variables via
Plackett—Burman design on lipase activity of
Bacillus subtilis strain.
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Table 3 Plackett—Burman matrixes for the evaluation of the lipase activity produced by Bacillus

subtilis isolate

Experimental variables Llpase

Run activity

(U/ml)

A B C D E F G H J K L

1 1 1 -1 1 1 1 -1 -1 -1 1 -1 125
2 -1 1 1 -1 1 1 1 -1 -1 -1 1 54
3 1 -1 -1 -1 1 -1 1 1 -1 1 1 122
4 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 36
5 1 -1 1 1 1 -1 -1 -1 1 -1 1 90
6 -1 1 1 1 -1 -1 -1 1 -1 1 1 35
7 1 1 -1 -1 -1 1 -1 1 1 -1 1 101
8 1 -1 1 1 -1 1 1 1 -1 -1 -1 259
9 -1 -1 -1 1 -1 1 1 -1 1 1 1 126
10 1 1 1 1 -1 -1 -1 1 -1 1 1 22
11 -1 1 -1 1 1 -1 1 1 1 -1 -1 46
12 -1 -1 1 -1 1 1 -1 1 1 1 -1 15

Table 4 Central composite experimental design matrixes for the evaluation of the lipase activity

produced in submerge fermentation.

(35 polis) Jiolesl ola uize Responce
Run Sesame oil % Olive 0il %  MgCl, (mM) Yeast extracrt % Lipase
(A) (B) © (D) activity

(R)

1 10 1.5 20 0.5 245
2 20 1.5 20 0.5 259
3 10 3 20 0.5 276
4 20 3 20 0.5 289
5 10 1.5 30 0.5 233
6 20 1.5 30 0.5 312
7 10 3 30 0.5 261
8 20 3 30 0.5 401
9 10 1.5 20 1.5 265
10 20 1.5 20 1.5 392
11 10 3 20 1.5 212
12 20 3 20 1.5 437
13 10 1.5 30 1.5 204
14 20 1.5 30 1.5 492
115 10 3 30 1.5 371
16 20 3 30 1.5 508
17 0.5 2.25 25 1 254
18 25 2.25 25 1 574
19 15 0.75 25 1 195
20 15 3.75 25 1 376
21 15 2.25 15 1 205
22 15 2.25 35 1 323
23 15 2.25 25 0 209
24 15 2.25 25 2 327
25 15 2.25 25 1 325
26 15 2.25 25 1 323
27 15 2.25 25 1 329
28 15 2.25 25 1 321
29 15 2.25 25 1 325
30 15 2.25 25 1 328
31 15 2.25 25 1 330
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Table 4 ANOVA of the experimental results of the optimization

Source F value P value
Model 16.91 0.00001>
Sesame oil (A) 112.18 0.0000>
Olive oil (B) 20.74 0.0003
MgCl, (C) 16.77 0.0008
Yeast extract (D) 31.48 0.00001>
AB 2.981 E-003 0.9571
AC 427 0.0553
AD 17.16 0.0008
BC 3.7 0.0720
BD 5.476 E-004 0.9816
CD 1.04 0.3221
A? 16.35 0.0009
B? 1.73 0.2065
C? 49 0.0417
D’ 3.38 0.0847

Lipase activity (Uml) 4

i
=
E
H
—

Lipasa activity (U'ml)

3 =
Yeast extract {8} e W=C1D ()

Fig 3 3D surface plots showing the significant (p < 0.05) interaction effects on the activity variation of lipase (a-
e) produced by Bacillus subtilis.
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Figure 5 The Lineweaver—Burk plot for lipase
produced by Bacillus subtilis.
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Figure 4 Growth curve and lipolytic activity of
Bacillus subtilis; 25 g/L olive oil; 3% v/v sesame
oil; 25 g/L yeast extract, nutrient broth; pH 6.5; 170
rpm; 37C),the optimized process.
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Fat milk sample was selected to isolationg lipolitic bacteria. 25 strains were isolated from fat milk.
The best isolate was selected for identifing and further study according to lipase producing with
amount of 177 U/ml lipase activities that was the most lipase activity among bacteria strains. This
bacterium was identified as a strain of genus Bacillus based on morphological and biochemical
characterization and 16S rRNA gene sequence. Optimization was done for economical producing of
lipase by Respone Surfase Method. After optimization, screening of culture parameters was
conducted by Placket Burman Design. The effect of oive oil, yeast extract, peptone, Mgcl,, glucose,
corn syrop, molase, sesame oil, black seed oil, rotation speed and sunflower oil was investigated for
optimization. The optimum lipase activity (574 U/ml) was achieved at optimum levels of factors of
sesame oil (25.0w/w), olive oil concentration (22.5 g/L), yeast extract (10 g/l) and Mgcl, (25 mM/1)

(160 rpm, pH 6.5 and 24 h) that lipase activity increased to 3.24-fold.

Kinetic parameters, Km and Vmax for the purified lipase was calculated from the Michaelis—Menten

plot. The lipase showed lower Km value (1.62 mM) and high Vmax value (0.667 mM/min) than the
other Bacillus subtilis.

Keywords: Fat milk, Lipolitic, Bacillus subtilis, Respone Surfase Method
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