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Abstract

Surfactin is one of the most effective bacterial cyclic lipopetides mainly produced by different
species of Bacillus that has antifungal activity. This compound are considered for using in various
industries, medical and pharmaceutical and agricultural as an effective antibiotic for pest and
disease management. Mostly the production of secondary metabolites in microorganisms is
strongly influenced by physical and chemical conditions. In the current study, effect of some
factors on surfatin production of B. velezensis UTB96 were evaluated. This strain is able to reduce
the surface tension of the water from 72 mN/m to 30 mN/m. In this research we evaluated the
production of surfactin by B. velezensis UTB96 as a potent producer. The strain was cultured in
two different media. The effect of different incubation time including 24, 48 and 72 hours, different
temperature including 25 and 37° C, and also, different sources of nitrogen and finally different
concentration of microelements surfactin production has been evaluated using HPLC analysis.
HPLC analysis indicated that surfactin considerably produced at the optimum temperature of 37°C
for a 48h-incubation period. Regarding media components, it was found that the optimum nitrogen
source was NH4NO3 (50 mM) and also, the optimum mineral slats were MnSO4 (0.01 mM), FeSO4
(4 uM). These results tend to suggest that B. velezensis UTB96 might be an appropriate strain to
produce surfactin in bioreactor fermentation for large-scale production in order to apply for
controlling A. flavus and to reduce its dangerous mycotoxin, aflatoxin as well. It was also revealed
that the extracted cyclic lipopeptides could inhibit the growth of the fungus Aspergillus flavus at
the concentration of 1mg/ml.
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Table 1- Original and modified culture media

Modified medium Original medium
Molasses 10g/1 Molasses 10g/1 Carbon source
NH4NO3 50mM Corn steep liquor 5g/1 Nitrogen source
MgS0, 0.5g/1 MgS040.5g/1
KHPO,40.5g/1 KHPO40.5¢g/1
KoHPO, 1g/1 KoHPO, 1g/1 Buffers
CaCl, 0.5¢g/1 CaCl, 0.5g/1
KCl10.5¢/1 KC10.5g/1
FeSO4 0.008g/1 FeSO4 0.008g/1 Cations
MnS040.01mM MnS0,0.1g/1
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Fig 1- Bacterial growth kinetic during 17 h in three media: original medium, LB and modified
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Fig 3- Chromatogram of standard sample of surfactin showing several isomers following incubation in modified
medium for 48 h at 37°C
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Table 2- Measurement of surfactin resulted from HPLC assay

Surfactin Treatment Surfactin Treatment
production production
(mg/ml) (mg/ml)
2.083¢ 24-h growth in original medium, 25°C 3.575 be 48-h growth in modified medium, 25°C
2.219¢  24-h growth in original medium, 37°C 6.529 a 48-h growth in modified medium, 37°C

1.326d 24-h growth in modified medium, 25°C 2221 ¢ 72-h growth in modified medium, 25°C

4.084 be

461bc  24-h growth in modified medium, 37°C 72-h growth in modified medium, 37°C
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Fig 4- Comparison of bacterial biomass cultured on two medium at 37°C
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grown in the modified medium for 48 hours

P o b 2lralr 0g0iT
ol S 53 (6 ity (S b i bl Lamms 5 gy Sl S| ol (6 5L O il g (29 b 03057 0l S G

w‘oMW&bV}?dlﬁJﬁ.ﬂ)JQ}.&)\ c:l...a J‘Juul)ébwwjbdﬁfLBM}JMLM}JL»?ALS;L



Lm sprenTIng (Cmy
(=]
'l

. LB tirm (h)
= Col3
. rodifed

(S0 5m) (23) qulo & by pn b i 55 (Sb iy ab e JSC
LB 5 olsm-Mol carly laes 4w 55 B. velezensis UTB96 (s S,
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Fig. 8- Reducing ability of tension surface of B. velezensis UTB96 in both basic and modified culture media
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Fig. 9- Antifungal activity of lipopeptides in a) Control, b) basic medium and ¢) modified medium (The components
of both media was described in Table 1)

S
)sL_‘wjzuTufau6\)‘)‘\§Mou\;)d}l_wcld_.~)‘au\_&—\:3}5&:@&TQ%}&Q&)Hf%d#&h%}x}

L3 oo o gmn (gl S GG ) g 81 lin (s Rl 5 dins o ATy e 227 5 sl e 5 ST

R



Ll 5o ol OT oS U 55 (slags STU iy Cul, Ol Com e WS 5 ol J S su ol = (Ines and Dhouha, 2015)
c&jﬁ«.«a.&éup\f-ﬁej)\sw;ﬁjfL;J:YQJ;Q“).\.Z)JAaql:éucl;..apalefﬁapkcgﬁfja\.Q.»h.)..i‘.\.p‘.«.ab
o3 SBES 5 oslitul 3 50 (Odd grio Ll 55 Ll e OT W5 (g5lwaigs ey oplil ol Ol b J 287 53 age 2B
Wy Ol eciS 593 Jsb s S ys5  oanlsm Ol e PH clos Jio Calides oo Julyo 457 Lisls LS Oliioms .3, 13
(Joshi et al., 2008) ol 5 g0 LOEIUSS ) guo 50

& lin & el Sl 55 (Abdel-Mawgoud et al., 2008) dib o $/A 5 #/0 5 5d ¢ 5550 ) g A 5 (61 1 oslin &ty sl
ui.)\)'f&.b.ina:l::l{;_.h:.;djﬂ\A:JJJ6\)_3:;:‘-&M):\)qdc_mb'\ditiﬁﬂswcgumjg_w\gju:ﬁd)}@@j
odb A 5 /¥ 50/ aydul 45 B. subtilis RB14-CS 6 ;Sb o g oy 551 Ol 5u o 2iis Mizumoto and Shoda (2007)
a5l pogdhe ki ad 8 5 5 /A (2iST (ladasme pla &bl Goiond ol 53 S8 g A 5 (65 lniingy ) slate 4 L
33 5 NA G /2N Ly i B subtilis KO & o Ay O n o iy ol 330 WIS gn g A5 1 (5 5STL A5 893 b
(Younis et al., 2010) el 035ty o35 b Coslus YF 54z 53 ¥ (glos el y3 03 Sk s LB broth Lasws 2 e LS
J=1 e 02 0T 0L w3 3 sl Sl o (i a5 S OS5 ol W 5 ) 555 5 A 5 e 55 sege sl 0o
o Ll 53 OT Jlie c)cnlil o fsn 6 STL S plin (5 e 53 oS 5 opl el bl o 18110550 5B S
(Ines and Dhouha, 2015; Guez et al., 2021) 3,10 2alS 4 5, Ll 5

S5 Oljon 2 by 5 ol o 53 o A A 5 a3 (lino g 3 (68T iy L5 O o8 ol S5 5Y
los digs 45 (55 sboay Sl Soglite oo b WSS sy gy A5 (51 4ot (sl A 6, S eI YAF g 1T i 4 o STLss s
s 4l Lses 4y Loy e jlude oyl (Ohno et al,, 1995) usb g 455 YO 550l (6l 5 o smadn a3 )3 ¥V S5y 5 A 55 (61
Lﬁfaﬁé)y@ja\kaﬁﬁfsbt)u&HPLC@L:JJC_,.MLle:-):Oi\.:ﬁwj:.wLu@):Wéus):)@uVYj\
3 omwlie CLle 8T il ol ot i ¢ Jaes (sla, 5B 0 sDhe L ul by 695 Sl FA Sl dm 5 43 YV (gles 4
;;a-k-;r-ﬂ&‘f}J&TQw}_’wJ"wbwOJ;‘@L@‘.&f@)@“é#éh%ﬁ@j}b&)b@”&‘mﬁ'cC)\_/‘.L"?
YOr e mg 1751 i F UM ) S8 s Ik &7 (g5 pbas 63 50 o0 55 o A 57 53 (S0 me B ge (5 STL A
MO 0 gy 5l nlin Sl Bl o s e 5 5K S L 5 55 K05 SIS 56 6 (Wed and Chu, 1998) e oo
W e ge 51K e oo +/0) 03 S LS 5,05 B. subtilis s ;S Lo g 555 g A 5 2l 31 55 oagr sl 50
i 3 55 (AT ey I3 5155 YN Jla s I (Wei and Chu, 2002) 555 o Y/% g1 /¥ g I 51 058G 5
(o BB b o ste Ol g 5 58 Sl (55 S Gl p Tl 03,5 o3lial W3Sy s M (Sl S
33 50 g A 5 O e bl Gaiimed 53 (e ) ilanils ISy s g o 5 Ol s 53 1y L3506 op mis /0 g I 5 0/) g 1!
jﬁg;yﬂuw@}ojjg@uﬂ;t@pai.uw)ﬁg_:.fc))u;wuguj)nucwl}qghﬁmﬁ
035 jhge Jo 5 (S ctimn 5 50 S0 g 555 (T S Gute 055,85 wlin o7 i Sltiaiils Ssli5 oa b T
() o sde 315 S D53 ol S b b S e T O 0 S0 4 015 0 5 0S5 5 53 0 2Dl Lo
bods 0ol Lo S 5 53 487 i o sl 585 e o gt 4 (S gl Sl s A 5 03 55 5K 5 aT Sl
S5l oy s W57 GRIFIL (2alS S sbay s eolinal 4l Laoes 4 S 1S GBS I s Lo il 4 4 5

'Li

'Y



b W15 e DLS 5 ol S o Sl 15 S| als e (18 4 DLS 5 51K 2 058 BLST 4 015 el
353m Soslie Jammn oyl b 03 (65 EtS Lo )3 3 g g0 SLS 5 STl b oyl pen cal ol 63,108 il ensls 5 s o
W 55 S ol & sls plsi ¥ mN/mA{VYmN/m)'\;.;T&qui_ﬁfdmlfjj\mjéhojﬁjT@w.:J:f)\}d\q-}:
T:?w;‘Sblf,'\Q\kalsg\mw;.JTCJM;\QTQ;;,\;Qcuwl{&\qﬂ\?ofﬂ.;)uﬁ}:J{tséx_,.;\}su%,g
Gt (o ol 33 5,8 515y p 3590 i lroile BL ol 3 Wil 5 oo CSUSG ) g g | 1 g Sl Slay g5 o
BEGT S el 15 i3 8 (s5lultor L1 5 §L S 13 05 4T (slabl ) 26 6557 4 5 0 Slidont 3 01Sen 5 6 S

V) ol bl 3 g il O gty 03 T (Gladi gad o 53 555 ,la 5 1 2S5 5 Ay 5 3455 53 @YU Ul 54 flavus
db,gﬂ;ﬂgu.{;.a R LR ey ] Py e P N PR W IS E R H P j.\wy o= Jl= s .(Afsharmanesh et al., 2014
u\i_:..luJ'T.b_\J_&J;);.lﬁGjﬁéj)jngfl.:«i\.kq-alj'?}p@\:.i@«:_-jU.’\Jé.ﬁj_‘iggj_mm)ljlaﬁ&b:l_.péw
AT 5 o el ods S8 plail U1 Sy Jalse 20l g F 55 L5 o0 i JeaSS Sl 5 U o T

Ay OUSN 4 Aspergillu flavus - B. velezensis UTB96 ;| sid (g 5lu ol (6 gil> gladzy o 2,605

3 g g BT ) g 5

(Abdel- s SLT )8 ¢ glasd s (Sl s (F 0 55 <ST31 s @ oy 5 5l ol £ 5 5 (ludig SIS 5 5ba
Sedyls Sslite i8S ke b os Seds Lol (sl ladas o 315l ol clasl 5 ¢S .mawgoud et al. 2008)
eSS 5 plol b 3 o ol (5 03 28 Dl ks (a3l 30 5 6T o 031 00 8) (gME mlin 5 Ll 3 030 550!
S o e ol & 5l Ol gda Slades gLyl Lol Sl g 2 yBUAs ol s w4 B sl il e s
(Guinda et al., 2012) > ls bl

348 u“g’)}“ o594 5 Sedl slada, s U5 55 glo sdll Ol & Bacillus velezensis UTB96 4 s ¢ in g3 opl =Bk

Sy Ol oo 1y asllom ol 10 550 2S5 s A 55 Olan ol 331 5 (sols ome BB L350 Jaoes Jul e 5 CiST Laes (6 5luaigs
5 Sh 0 S am IS 5 (65,8 Ll slaes s 53 55 S slgihy LESESS ) s (S0l W5 5 gxio slas
c_s,;w,,,:L;J\?;Q)yafﬂudu)wya\.;ﬁeﬁL@lewwgd:suduu:@ﬁj@méwcdju,,u
Db el g g Oyl
S 3! Rl
j‘.gl._.w\ﬁé;(:l?;}‘(ol)ﬁ\{)‘;%bﬁj‘;)}bwﬁ@ijTQU&\}O‘Mo@‘)JDQL@QWL‘Ji‘
T el 5 5558 g (8 S 3 4 b g o s 1 3 5 o S Wlerens S8 Jale e 310 O gl 5S> ST
Wl 3 8 plonil OLIT g o o8l (59055 5 5 i psbe gzl (6,0 b b g o

References
ABDEL-MAWGOUD, A. M., ABOLWAFA, M. M., & HASSOUNA, N. A.-H. 2008. Optimization of

surfactin production by Bacillus subtilis isolate BS5. Applied Biochemistry and Biotechnology,
150(3): 305- 325. https://doi.org/10.1007/s12010-008-8155-x

'Y


https://doi.org/10.1007/s12010-008-8155-x

AFSHARMANESH, H., AHMADZADEH, M., JAVAN-NIKKHAH, M., & BEHBOUDI, K. 2014.
Improvement in biocontrol activity of Bacillus subtilis UTB1 against Aspergillus flavus using
gamma-irradiation. Crop. Protection, 60: 83-92. (In Farsi with English summary).
http://dx.doi.org/10.1016/j.cropro.2014.02.013

BAIS H. P., FALL R., & VIVANCO J. M. 2004. Biocontrol of Bacillus subtilis against infection of

Arabidopsis roots by Pseudomonas syringae is facilitated by biofilm formation and surfactin
production. Plant Physiology, 134(1): 307-319. https://doi.org/10.1104/pp.103.028712
BANAT, I. M., SATPUTE, S. K., CAMEOTRA, S. S., PATIL, R., & NYAYANIT, N. V. 2014. Cost-

effective technologies and renewable substrates for biosurfactants’ production. Frontiers in
Microbiology, 5: 697-715 .https://doi.org/10.3389/fmicb.2014.00697
COLLA, L. M.,RIZZARDL J., PINTO, M. H., REINEHR, C. O., BERTOLIN, T. E., & COSTA, J. A. V.

2010. Simultaneous production of lipases and biosurfactants by submerged and solid-state
bioprocesses. Bioresource Technology, 101(21): 8308-8314.
https://doi.org/10.1016/].biortech.2010.05.086

GANCEL, F., MONTASTRUC, L., LIU, T., ZHAO, L. and NIKOV, I. 2009. Lipopeptide overproduction

by cell immobilization on iron enriched light polymer particles. Process Biochemistry, 44: 975—
978. https://doi.org/10.1016/j.procbio.2009.04.023

GHRIBI, D., MNIF, I, BOUKEDI, H., KAMMOUN, R., & ELLOUZE-CHAABOUNI, S.
2011.Statistical optimization of low-cost medium for economical production of Bacillus subtilis
biosurfactant, a biocontrol agent for the olive moth Prays oleae. African Journal of Microbiology
Research, 5(27): 4927-4936. https://doi.org/10.5897/ajmr11.1125

GUDINA, E. J., PEREIRA, J. F.,, RODRIGUES, L. R., COUTINHO, J. A., & TEIXEIRA, J. A. 2012.
Isolation and study of microorganisms from oil samples for application in microbial-enhanced oil
recovery. International Biodeterioration & Biodegradation, 68: 56-64.
https://doi.org/10.1016/].ibiod.2012.01.001

GUEZ, JS, VASSAUX, A, LARROCHE, C, JACQUES, P, COUTTE, F. 2021. New continuous process

for the production of lipopeptide biosurfactants in foam overflowing bioreactor. Frontiers in
Bioengineering and Biotechnology, 28;9:678469. https://doi: 10.3389/fbioe.2021.678469
HSIEH, F.C., Li, M.C,, LIN, T.C. and KAO, S.S. 2004. Rapid detection and characterization of surfactin

producing Bacillus subtilis and closely related species based on PCR. Current Microbiology, 49:
186—191. https://doi.org/10.1007/s00284-004-4314-7

¥


http://dx.doi.org/10.1016/j.cropro.2014.02.013
https://doi.org/10.1104/pp.103.028712
https://doi.org/10.3389/fmicb.2014.00697
https://doi.org/10.1016/j.ibiod.2012.01.001

HOFEMEISTER, J., CONRAD, B., ADLER, B., HOFEMEISTER, B., FEESCHE, J., KUCHERYAVA,
N., ZWINTSCHER, A. 2004. Genetic analysis of the biosynthesis of non-ribosomal peptide-and
polyketide-like antibiotics, iron uptake and biofilm formation by Bacillus subtilis A1/3. Molecular
Genetics and Genomics, 272(4): 363-378. https://doi.org/10.1007/s00438-004-1056-y

INES M, DHOUHA G. 2015. Lipopeptide surfactants: Production, recovery and pore forming capacity.
Peptides, 71:100-12. https://doiorg 10.1016/j.peptides.2015.07.006
JOSHL, S., YADAYV, S., & DESAI, A. J. 2008. Application of response-surface methodology to evaluate

the optimum medium components for the enhanced production of lichenysin by Bacillus
licheniformis R2. Biochemical Engineering Journal, 41(2): 122-127.
https://doi.org/10.1016/].bej.2008.04.005

JOURDAN, E., HENRY, G., DUBY, F., DOMMES, J., BARTHELEMY, J.-P., THONART, P., &

ONGENA, M. 20009. Insights into the defense-related events occurring in plant cells following
perception of surfactin-type lipopeptide from Bacillus subtilis. Molecular Plant-Microbe
Interactions, 22(4): 456-468. https://doi.org/10.1094/mpmi-22-4-0456

KEARNS, D. B., CHU, F., RUDNER, R., & LOSICK, R. 2004. Genes governing swarming in Bacillus

subtilis and evidence for a phase variation mechanism controlling surface motility. Molecular
Microbiology, 52(2): 357-369. https://doi.org/10.1111/].1365-2958.2004.03996.x
KESHAVARZI, S., AHMAD ZADEH, M., MIRZAE]I, S., BEHBOUDI, K., and BANDEH POUR, M.

2018. Enhancing surfactant production in Bacillus subtilis UTB96 by fermentation optimization.

Biocontrol in Plant Protection. 5(2), 13-26. https://doi.org/10.22092/bcpp.2018.117885

KLICH, M.A. 2002. Identification of Common Aspergillus species. Utrecht: Centraalbureau voor
Schimmelcultures. LUO, C., LIU, X., ZHOU, X., GUO, J., TRUONG, J., WANG, X., and CHEN,
Z. 2015. Unusual biosynthesis and structure of locillomycins from Bacillus subtilis 916. Applied
and Environmental Microbiology, 81(19): 6601-6609. https://doi.org/10.1128/AEM.01639-15

MIZUMOTO, S., & SHODA, M. 2007. Medium optimization of antifungal lipopeptide, iturin A,

production by Bacillus subtilis in solid-state fermentation by response surface methodology.
Applied Microbiology and Biotechnology, 76(1): 101-108. https://doi.org/10.1007/s00253-007-
0994-9

MORIKAWA, M., DAIDO, H., TAKAO, T., MURATA, S., SHIMONISHI Y., & IMANAKA, T., 1993.

A new lipopeptide biosurfactant produced by Arthrobacter sp. strain MIS38. Journal of
Bacteriology, 175(20): 6459-6466. https://doi.org/10.1128/jb.175.20.6459-6466.1993

VO


https://doi.org/10.1007/s00438-004-1056-y
https://doi.org/10.1016/j.bej.2008.04.005
https://doi.org/10.1094/mpmi-22-4-0456
https://doi.org/10.1111/j.1365-2958.2004.03996.x
https://doi.org/10.22092/bcpp.2018.117885
https://doi.org/10.1128/AEM.01639-15
https://doi.org/10.1007/s00253-007-0994-9
https://doi.org/10.1007/s00253-007-0994-9
https://doi.org/10.1128/jb.175.20.6459-6466.1993

ONGENA, M., DUBY, F., JOURDAN, E., BEAUDRY, T., JADIN, V., DOMMES, J., & THONART, P.
2005. Bacillus subtilis M4 decreases plant susceptibility towards fungal pathogens by increasing
host resistance associated with differential gene expression. Applied Microbiology and
Biotechnology, 67(5): 692-698. https://doi.org/10.1007/s00253-004-1741-0

ONGENA, M., & JACQUES, P. 2008. Bacillus lipopeptides: versatile weapons for plant disease
biocontrol. Trends in Microbiology, 16(3): 115-125. https://doi.org/10.1016/].tim.2007.12.009

RAAIJMAKERS, J. M., DE BRUIIN, 1., NYBROE, O., & ONGENA, M. 2010. Natural functions of

lipopeptides from Bacillus and Pseudomonas: more than surfactants and antibiotics. FEMS
Microbiology Reviews, 34(6): 1037-1062. https://doi.org/10.1111/1.1574-6976.2010.00221.x
SAMAD, M. Y. A., RAZAK, C. N. A, SALLEH, B., YUNUS, W. Z. W., AMPON, K. & BASRI, M.

1989. A plate assay for primary screening of lipase activity. Journal of Microbiological Methods,
9(1): 51-56. https://doi.org/10.1016/0167-7012(89)90030-4

ZHU, Z., ZHANG, J., WU, Y., RAN, W., & SHEN, Q. 2013. Comparative study on the properties of
lipopeptide products and expression of biosynthetic genes from Bacillus amyloliquefaciens XZ
173 in liquid fermentation and solid-state fermentation. World Journal of Microbiology and

Biotechnology, 29(11): 2105-2114. https://doi.org/10.1007/s11274-013-1375-4

\ 7


https://doi.org/10.1007/s00253-004-1741-0
https://doi.org/10.1016/j.tim.2007.12.009
https://doi.org/10.1111/j.1574-6976.2010.00221.x
https://doi.org/10.1007/s11274-013-1375-4

R4



