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Cl-IAtTI RIII 

1IAi'ERI LS SAND METHOD 

3.1 N lat criaIs 

Hic dctail o I, rhCnI irals_ ahharatus and instrumCnts is tabulated in Tahlc ; and 4. 

Fable 3: 1 
. 
ist ul'chcmicals cOnsumccl during cxherimcntatiOn 

Chen] icaIs 

NUtrlcllt 

I3rain hcart inl'usiun (13111) broth 

D- " -( ilUCosc anhýdruus 

I'0tassium dihý(Ir01'cn hl10shhatc (KI I11'0.1) 

I)isýýdiuni h\Llro,, cn phosphate (Na, l 11'0.1) 

: \nuilonium nitratc (NI I. INO; ) 

N la'-'ncsium sull"atc (\1, ýSO. 1) 

I'crnluti , L11 1111C ( I'ctiO1) 

('alcium ('11l01'R1c (CAT) 

\lann-'anc, c sull'; ltc (\1ntiO. 1) 

I-th\ Icnc(ii; uninc tctraacctic acid (Fl) TA) 

NI a ii ii fa etu re rs 

ONoid. I'll'-Iand 

Oxoid. I: muland 

13io Basic Inc.. Canada 

IMcrcl:. Gcrmaný1\lcrcl:. 

Gcrnr. mý 

Acros Oruanics. 11K 

Acros OrUlanics. 171K 

Fishcr Scicntilic. 1'K 

Mack. (icrmanýNIIcrcl:. 

Gcrmaný\ 

Icrcl:. Gcrnumý 
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I I\drochloric acid (I l('l) 

Methanol 

; \cct(1111t1'ilc 

I Iritluororicctic acid (lFFA) 

S urfactin standard 

RC'I Labscan. Thailand 

RC'I 1. abscan. Thailand 

RCI Labscan. Thailand 

Fischer Scicntiiic. 1ýh 

Siýama AIdrich. St. Louis. liS: A 

Table 4: List l11 appafaiUs and instruments collsUlllcd during C\(1C1'llllCill<111011 

A hlr. u atus/I list rumcnts 

Petri dish 

I`rlrnnlcý cr Ilask mth cap 

nutocla\c 

Incuhator 

I: otarýshakcr incubator 

C'cnU- i luge 

III I meter 

1111-111 hrrssurr IlllUlll chromatography (I 

('olunul: '/. urhaX 51.1111 CIS column 

I)ctcctor: \isihlr \u\rIrnýýth (VýV) 

Vacuum 0\ ell 

Manufacturcrs 

Fricndrmann Schmidt. : Australia 

Schott, (icrmanýI-Ilraý'anla 

ManUlaClUl'Iný,;, 
. 
la(lan 

Mcmmcrt. Germany 

Sastcc. N1a1avsla 

I lanil Scicncc Industrial. S. Korea 

Mettler 'foledo. Germany 

noilcnt Tcchnoluuics. USA and 

Merck. Germnaý (column) 

Binder. Gcrmaný 

INlatrix-assisted lascr (lesur11tloll/loll izatloll - time l3rul: cr. tiSA 

0I, Iliuht (\IAl. l)I-Tul') 
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3.2 Methods 

The procedures for both OFAT and RSM optimization are explained as below. 

3.2.1 Culture maintenance and seed culture preparation 

l Ile or! '_anlsm used in this study is a local isolate Bacillus suhlilis 3M which was obtained 

from the Microbiolop Lab, Faculty of Science and Technology, Unlversltl Kebanosaan 

Malay"Sla. I he latter Was cultured on nutrient agar at 37 °C Im- 24 h and maintained at 4 

°C'. l"or the seed cultures. B. suhti/is 3M from an agar slant was inoculated into 50 nil-, of 

sterile brain heart infusion (13111) broth medium containing (fig/L): brain infusion solids 

(12.5). bccl' heart infusion solids (5.0), proteose peptone (10.0). glucose (2.0), sodium 

chloride (5.0). disodium phosphate (2.5) and incubated in 100 ml. conical flasks at 30 °C 

and 200 rpm Im 24 h on a rotary shaker. 
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3.2.2 Optimization of media composition 

ý'OI' this OrtIIII Vlltloll CXpC1'II11CIlt, the 11,11'lllllCtCfS IIlV'OlV'Cd \VCPC '.? ILICOSC, 11111111OIlllllll 

I1111-a1C. ICITO11S SllIIa1C and Illall-'allCSC Slllla1C. 

3.2.2.1 I noculunm preparation 

For surl'actin production. 5 ml- ol' IreshlV "ro\\-n culture From 13111 broth culture was 

inoculated into 250 ml. I"rlenme\er llask containino l00 ml, of sterile inoculation ol' 

C'ooper's niedium as described b\ Cooper et al. (1981 ) which composed ol' glucose = 40 

Na, III'O. i 40 mM. hII, POa = ;0 mM. NIIaNO; = 0.05 M. MýuSO4 = 0.8 mM. 

('aC'I, 7 4t\l. 1: 1) FA -4 p\l. FcSO. i -_ 4 µM and MnSO4 = 1.5 mM and incubated on a 

shaker at 200 rpm lior 24 h at 30 °C. 

3.2.2.2 One-factor-at-a-time (OFAT) optimization study 

One-I'actor-at-a-time (( )I :A T) ohtimiration vyas used in order to determine the central 

value for tuturc vyorL on response surtäce methodology (RSM). The experiment was 

pet rmed by changing only one variable at a time while other variables were kept at 
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constant Naluc. The parameters subjected to 0FAT optimization were glucose. 

allllllollltllll nitrate. icl'I'lllls sllllatc and Illall"ailese sultate Concentralions. Shake Hask 

let'nlelltatllln was carded out by using Cooper's media as well. thOllgll Certain 

concentration 111 Illedla components selected was varied according to the experimental 

deSluil. In all cases. a 250 nil. I', l'1CllnleV'et' flask containing ll)l) ml. or media m-as 

Inoculated with 5% (\'/V') lllllctilttllls and incubated at 30 °C in a rotary shaker at 200 ryn 

lör 90 h. All experiments \\'ere carried out in triplicate. 

3.2.2.3 Response surface methodology (IZSM) optimization study 

For this study shake 11ask 1CPmcntation also was performed by using Cooper's media as 

the Icrmentation media. Concentration of selected media components was varied 

according.; to the experimental design obtained 1rmm the previous O1'A l optimization 

study. In all cases, a 250) ml. Erlenmeyer flask containing 100 n1L of media was 

inoculated with ; (y/v) inoculums and incubated at 30 °C in a rotary shaker at 200 rpm 

for 96 h. All experiments were carried out in triplicate. 

lZCSl)L111SC SLII'l11cC Il1ClhC)Cjllll)gV' (IZSN4) \\ý115 employed to study the interaction 211110m-, ýOLII' 

V'Zll'MOICS. which are l'IllCl)SC, M1111101111.1111 Illll'ý11C, Il; l'I'OLIS SllIIL1lC 111101 1111111()1111C51' SLlIIillC 

concentrations 11I1Cj their coil ll'Ih1111O11 towards sLll'I11Cllll and biomass })I'OdLlclloll. A 
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fäctorial central composite design (CCD) for lour factors with replicates at the centre 

point and star points was employed, which required 30 experiments. Table 5 represents 

the range and center point values of lour independent variables. 

Table 5: Ranges of variation for four independent variables used in RSM 

Factors Codes Levels 

a10+l +cx 

Glucose A 20 30 40 50 60 

Ammonium nitrate (M) 13 0.03 0.04 0.05 0.06 0.07 

Ferrous sulfate (µM) C 40 80 120 160 200 

Manganese sullilte (mM) 1) 05 1.0 1.5 2.0 2.5 
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3.2.3 Optimization of fermentation condition 

For this optimization eXpcl'llllellt, tile Parameters involved \\ýCI'C 1CrnlClltiltiClil time. 

i1lllCUIUI11 %0111111C Cll1C1 tCmPCraturC. 

3.2.3.1 Inoculum preparation 

For surf. actin production. 5 ml. of fi'cshly grown culture from 13111 broth culture was 

inoculated into 250 ml. I: rlcnnmycr flask containing 100 nil, of sterile inoculation of 

modified ('oopcr's medium from media composition study by RSM which composed of 

, glucose 42 Na21Il'O. _ 40 ml\, l, KI l, l'O. i = 30 mM. NI I4NO; 0.05 M, MýýSO. i _ 

0.8 ml\Ml. C'aC'l, 7 pNI. l: l)'I'A -4 [NM. I cSO. j = 131 µM. MnSO4 = 1.64 mM and 

incuhated on a rotary shaker at 20O rpm for 24 h at 30 W. 

3.2.3.2 One-factor-at-a-time (OFAT) optimization stud) 

The optimization process for ICI'Illelltatioll condition vVaS Carried oUt by One-factor-at-a- 

time (()Iý: ýIl method vvhcrc onlya single factor vvas varied vvhilc the rcnnaining, läctor 

constant "us kept at constant. lie llhUnlal level 
of sUrlactln and biomass production \vas 
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S1UC{1cCj bv the lcrmcnlallOn time (24 h, 48 11.72 h, 96 h. 120 hand 1=44 h). 

1110cUl11111 vO(Ullle (1 ýý/o, 10 9/o, 15 and 20 %) and temperature (20 'C. 30 'C. 40 'C 

and 50 °('). 

In all Cases. freshly grown of' inoculunl broth culture was inoculated into 230 ml 

Erlenmeyer flask contalnino 100 ml of optimized Cooper's media from media 

composition optimization study. fermentation process was conducted by shake flask 

Ierlllelltation technique 111 a rotary shaker with 200 rpm. All experiments were carried out 

in triplicate. 

3.2.3.3 Response surface methodology (RSM) optimization study 

RSNI coupled vyIth a factorial central composite design (CCD) for three factors vVith 

replicates at the centre point and star points was used for optimization studs'. Table 6 

represents the range and center point Values 01' three indepelident Variables \Vhlch based 

on the pl'Cllminai Ol'A l experiments. 111 all CaSeS, freshly grown of illOCL11Lli11 broth 

culture Was Inoculated into 250 1111 Lrlen111ever flask containing 100 nil of optimized 

C oopel''s Illedia from Illedla coillpositloll optimization study. Fermentation process was 

conducted by shake flask fermentation in a rotary shaker with ? 00 rpm. All experiments 

were carried out in triplicate. 
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Table 6: Ranges of the three independent variables variation used in RSM 

Factors Codes Lc\ cls 

-(x -1 0+1 +a 

Fermentation time (h) n 31.6 48 72 96 112.4 

]noculum volume (°/ö) 13 3.3 5.0 7.5 10.0 11.7 

'I-cmhcraturc (°(1) C 21.6 25 30 35 3 8. -1 

Be that as it play . 
it is pertinent to understand of some key terms before beginning the 

discussion on the application of response surface in the optimization of media 

composit Ioils and lcrnlentation conditions IOC SurtaCtnl and biomass productloll. 1 he 

lorlllllla and definition of each term that applied are presented in Appendix D. 

3.2.4 Analysis ot'surfactin 

Sallll)lC broth \Vas \VýIIhCiCaml or about 20 ml and then cc11111ILlgCCj (I. O0Oý. ýO min. 4 

°C) 
Ill a centrifuge IllallLlfACILII'CCý by I lanil Science Industrial to remove the biomass. 

AI1Cr11"ardS, the Cell-Il'CC supernatant vvaS subjected to an acid precipitation h1' adjusting 

the I)Il to 2.0 with 6M IICI and left overnight at 4 °C (Gomr, el al.. 2009). Finally. the 
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Ilrccihitatc was collccicd hvccntrillu(-, atiun (10,000-. 20 min. 4 'C ) and dissolved in 
_, Il, 

oI Illcthalhol. '. 'urlaclnl cllro111at11()ralll and collcclllratloll vvcrc dctcl'llllilcd hvl1Slnýý 

rcvcrsc phasc I II'l. C' (scc : Ahhcndix 13). lHic svstcnl uscd vus an : Au'ilcnt 1200 1111111M 

LC tivstcnl ((; S: A) vvith a C'18 column (5 pm. iAlcrck). Hie mohilc hhasc 

cunsistcd of -'O°o 01' ". S 111\1 tri11u01'0aCCtiC aCili (H \) and SU°o acctoniurilc.: All sokcnts 

uscd vverc oI' I IPI-C' 21'adC. 10 IAl oi'samhlr volumc "us injected into the Ill'L(' and the 

cllitloil fate "asset at I IllIAn if I. I he ahsofhance lll the clUl'nt "As monitored at 205 ion. 

I he retention lillle aild peak A\crc compared \Vith the standard sllrlactin Ifoill S1S? Illa (St 

I. o1I1S. MO). 1'lllallv. Slll'Iactill hfodlietioll vvaS Illcatilired alld lp4ltillcd hva standard 

calibration cufve (scc . -\hhendix C). 

3.2.5 Analysis of hionuiss 

In this rescarch. hiýýnla, > conccntlation "as determined by nlcasurinT We ccll dr\ "eight. 

At ihc cud ul Icrillclltatloll, hloillass as har\ cstcd Sm thc crudc I'Criliclitatioll broth b\ 

ccllti-Illl',, atloll at IIoI- 
-'() 111111. Hic lallcr vVati thcll dried to Cllllstallt vVCl'-'ht at 00 "(' 

lor sullicicnt tinlc in Iahoratorv vacuunl owns. tItinlatclv, thc LIrv vvci_ýht Of thc hiOnlass 

\\a', thcn nlcasurcd until a cOrlstant \\ci, ýht \\ as achic\cL1 and la1cl- rccordcd. 
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3.2.6 Mass Spectrometry 

Matrix-assisted laser des01'ptloll/IOill%ati011 tlille-ol-illght (MALDI-1OI') was utilized to 

determine the molecular mass Ofl-IhI, C purified 1SO101'i11S. 0.5 LlI_ of matrix was IIXatC: d to 

the sample spot that contains a saturated solution Of ?, J-dihydPOXVheilZOlc acid (DHB) in 

water and I).? Illý/111I (x-cV'al1O-hj'CýI'O\\'clllllallllc acid in acctOllc: l'thallOl (2: 1. A"/V"). After 

proper mixing. the sample was spotted onto an anchor chip position. dried and set inside 

the sample cabinet of AB SCIIA "I'OF/TONT"' 5800 System (AB SCIEX. Framingham 

MA).. "I'hc molecules were separated according to their mass, accelerated by a voltage of 

25 kV and were identilied by the ion detector set in reflector mode. 


