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Table 2. Timing of the temperature cycles of PCR.

Step PCR data Cycle Time Temprature
[(9)

1 Initial 1 2 min 95
denaturation
Denaturation 30 sec 95

2 Annealing 28 50 sec 53
Elongation 50 sec 72

2 Extension 1 2 min 72
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Table 1. The sequence of primers used to reproduce
srfA fragment (surfactin encoder).

Primer
name

Forward 5’- CCCAAGCTTTTCGGCTGTTAGTTCATA-3’
Revers 5’- CGGATCCGTTGGTGGCGAAGTGTCT-3’
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DNA ¢l il &Sl eslial Ly 2L S, DNA
gl A Ol 08,5 e 0 8 s ST

-\.&rbu‘Y J}-\:— wb‘jjlﬁ:l{"_;hﬁ:u)u&f‘j-\.&



Y

IFAT Jlos c93 B ylowd (oo Ao ¢ SwijaoLS 30 g oo

)a:}JC,_.MU'Q\J'_:A;A_a:»éLA)L«;:JUlSJ'Iﬂ..L&
wglin 5 L5l 3 e STUIG S sl ba) b SS) p
S olaeaS W eoS 5 S el e 53
Glacbale 55 amals oSG, g il s 1y 5T o 2t
anlllan 550 lajles s F 51,5 LUl 55 aig
e e S 5 man 5 o1 5 S LS 5 s S
L La0T alin 5 pl g5 oy oy ot 5 5800 (T
Loss 0sn)T soled g olga byled opl 5l eslinl
..\..‘z(al;dlj\ﬁ)l{w
fal'd

Cdo v vaaks ISG)PCR gy L aslds ) p
Jel oS e i S sl Ol s1f 05 b 6l (b
05 i 48 cplas a5 L () JSK) Sl 5806 00
S8 g A g limn s Lo 585 5 84S A
e iy &5 &S 0l S s g, 5l s
3 5 eslial il oo 0S8 o (YL p3lie 5 oS
A5 aalllan 5 5 aslider a8 515 OLES B9y ol gws 2
S g 5753 5

SAL ol S Lo (S Olej oy 5
A5 Gl g e ol 87 5L ST Sd )
0355 Sy 5 (VP /D) 5S4 Sl a2 din
e ol 58l U aS™ (g pbas T Cwsas (/99 /1)
0355 S5 3 S0y g Ol s Sl 48 U (65
Slie (6 S oS nl Lal il e 53 (o 50
OLej L gls sme Soslis Colu VY e Ol s 2S5 ) o
DlHeds 0355 G § Ol 457 J= 3 55105 el 47
W I3 gmn ldde plaS AL o S (65t

L 2 PH (0588 5 A 5 52 4t PH L350 55
eyt i s (VY g/ 0595 o M55 51 7
V sPH: ¥ s (65l mme sl ¢ K85 5w 55 90 55 Ll
Y0 slales 3l ol Guios 53 Lk otalie (+/YYg/D)
S o smbon £ 53 ¥ (GLlas g S )3 YV 5T
s B 53 YO (sLas 5 (/OF /1) S, 5 L 5

Shal e cmwlis AV @) 0355 Cmn A 5 (6l o

S dg_.i;‘-)y“lgs_w: 23 odal sy <)
Sdaas $SUS gy 4 hie LIS 1S L 00 035 3]
kS 5L 93 51 ey s b 03 s plibe by B S
Jole 6855t gy ks Lol Lae (sles 53 (045
Al 58 s Olad 45T T s (63555 4
.(Abdel-mawgod er al., 2008)

G35 3 S g A 5 Ol 6 S 0300 (s
5 &bl b oslizad YU LI L mle 315 ks S
Cig O sim 1 o3liial U Lok gai (iS5 oS (5,8 ol
Sl 5558 65 5 o sl S ot 6 5 e San 56
S ST 5 aids 55 ma e &5 0L 2 S e b
.(Hsieh et al., 2004) L pll gy UV
OB 5 9w A 93 (S5l g

Lo 1 S0y Ay L5 (g5 latgy S shten
o3litul Godoss o) 5> (Nutrient Broth) mle s 8
5 K5 sla)sS6 3L Iyl il ja 55 e A
33 b3 (05l 5SS 0L Ly oS 0l s Souk) (g load
Olas Sde 23 8 51,5 gl sl 3,5 (H 5 Ss
CSKmi 95 4ol VY e 5 4% VY (FA CTF (O sl ST
9 U sk dom 53 YV 9 ¥ (YO (Los rpm YO 5 Y4 VO
g OLoj (Db 5,1 ) shieny 5 43 S i 55A 5V & pH
A ya W slas I 80 Sy S st 8l S
CiS Lsws 3,6kl pH LY orpm S 593 o gands
Sl odaT s diag Ol puonan ks 03lizusl (PH: V)
2 20 ey LS B el ey (58 5 Lt
s S 5SS el (sns sla2lesT
ot sl 5 88 s 5 P > pleand 5 (S5
Loy sS6 ,3U cins Loy Sl e slay ST
5 S mlie ol el (o 5e 58 ¢ aT) oS W
ol 2y Doline gl Ble L (S50 0wl
2348 8L 5 S 8 us gl Ol RS
A5 il 5o 1 S it e Sl s 2
sl I (G55 e Ol 15 bl 085 5
3 o e oS T Gl 5 055 O 520 5

a5 8 55 S5 e e p Gl s b DBl



... Bacillus subtilis UTB96 (s sSU ;> oS 9m Mg (il 381 1)) Ko 9 (555908 A

cwx_.‘..\.ufx;-).ﬂ* Lﬂb) "\‘:—J'l"g,ﬁ:g",)}"" -L_.‘_,: u,:u_bﬁ‘
L O gl 5SSl 5,95 J sl 5 YO 1pmM O jap 493 «pH: V
58S bl s Ol e (el 49 iSOl e

SR ub;::‘ LAO»L.S LEJI “*or 6‘}: ‘tﬂl‘i dl:a:.&
12

06 +—I u Biomass
- Surfactin
04 — — —
0.2 +— — —] S ——
o T .
pH

Temprature mm
Yoiles) g oland 5 S5 ol STB S1-Y S
Sz (V2 ol (YO TP Sl 93 ¢ o gomdis d 5
P S e 2 5SS s 5 035 L5 5 53 0T

S L
Fig. 2. The effect of optimum physicochemical
factors (30°C, 250rpm, pH:7) obtained in the

production of biomass and surfactin in gram per
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liter (g/1) of culture medium.
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Fig. 4. Comparison of the combined effect of
inducers on the production of biomass and surfactin
in gram per liter (g/l) of the culture meiium
(English letters above each column represent the

statistical grouping of that column).
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Table 3. Inducer factors concentrations used to increase

surfactin production (optimal concentrations are shown

with *).
Treatment Concentration
Iron (mM) 1 2 3*
Manganese (mM) 0.2* 0.5 1
Magnesium (mM) 0.6 08* 1
Ammonium
nitrate (mM) 0.3 0.6* 038
Glucose (g/1) 20 30 40 50*% 60
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Abstract

A Dbiocontrol bacterium, Bacillus subtilis is well known for producing wide spectrum of antimicrobial
compounds. Among these products, biosurfactant compounds such as surfactin have high importance.
Biosurfactants that are produced by the microorganisms are applied in the various aspects of industry, medicine
and agriculture because of their low toxicity and individual properties. However, these compounds are not
produced in high quantity due to their low production yield and high purification cost. In the current study for
investigating the production of surfactin in the isolate (UTB96), recognition of srf gene and determination of the
amount of surfactin production, we used Drop collapse, PCR and HPLC methods. Molecular analysis with
specific primer indicated that the isolate had srf gene. To optimize the fermentation process, influence of various
inducers and physiochemical factors were studied on the biomass and surfactin production. The results indicated
that maximum surfactin production occurred after amending the culture medium with glucose (1.243 g/l)
solution. After that influence of the combined inducer elements were studied in increasing the amount of
surfactin production. Results revealed that maximum production (5.055 g/l) was done in the presence of Fe**
Mn** and Mg2+ mixture in the culture medium. The results also showed that the amount and the type of the food
sources had remarkable impact on the surfactin production efficiency. The changes in the amount and
composition of the food sources therefore, could be economically considered for the commercial production of
this compound.
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