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Optimal Culture Conditions for Production of Environment-
Friendly Biosurfactant by Pseudomonas sp. EL-G527
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A biosurfactant-producing microorganism was isolated from activated sludge by enrichment culture when
grown on a minimal salt medium containing r-hexadecane as a sole carbon source. This microorganism was
identified as Pseudomonas sp. and it was named Pseudomonas sp. EL-G527. It's optimal culture condition is 2%
n-hexadecane, 0.2% NHsNOs, 0.3% KH:POs, 0.3% K;HPOs, 0.02% MgSOs - TH,0, 0.0025% CaCl; - 6H,0,
0.0015% FeSO4 - 7H,0 in 14 distilled water and initial pH 7.0. Cultivation was initiated with a 2% inoculum
obtained from starter cultures grown in 30 m¢ of the same medium in 250 mf¢ flask. They were cultivated at 30
C in reciprocal shaking incubator and the highest biosurfactant production was observed after 4 days.

Key word : Pseudomonas sp. EL-G527, biosurfactant, activated sludge, n-hexadecane

L
St
O
o
2
[0
=
oft
L
ity
2

A AlEE T e AWBAAA ] )RR 49 Hol Ar|Ele] ABS(alkylbenzene sulfonate) %9
BetTAL ol gEAY dBEE 5459 s FEY dEAT AN 2 AN FAANTT e
o] &3to] 88A FAoz AAFH g}’ 19179 H, 2 99 A AHEFY ARLAA dEME
o ZYolA H&Eoz Aite] Tt ojFojnw FFLEY =] oA &z Utk wekA o)
GAAREHNAE A2 AANA o]T2 AF7x F TAZE HAT F Ude oA AESAA,
A AAHer a3 AaFI o] A& ZFdy AR XIE o|FT AUBAA, B3 nYE F9
3ok a2y olgd aEigd AREAAE A o AEARSAAAY Ade] Hashd HAUoh
ZHAol BEzbsln ARIEE F3]) woun A I o2 A EAYGeAM f8AZ GMS(glycerol

BEfAl] mxE SAo] wie 73 ®uk olel, W monostearate)®t  CMCl(carboxymethylcelluose) <]
— FRYAES ASFHY o] 4BRYH 329
Corresponding  Author : Sang-Joon Lee, Department of lecithin® arabic gum 203 48 A=Y %[.“10‘,

I\K/I(;cr:;(;blolog}', Pusan National University, Busan 609-735, o5 A 7hE TAAE Ba E= qRAAle of
Phone : +82-51-510-2268 HE 522 %9 xanthan gum, gellan gum 5

E-mail : sangjoon@pusan.ac.kr

177



A8 49
o W4T

=48
fn &
L=}

f3AZ A=z Qo
A &4, A% -EE A%, 7
FFE, 9 HAF 2 ”“oi}f—‘}
el ] A A2 3
Tllvrﬂa] 57 FE o7 Y X1],12)0i1—
recovery” P 29 odeME 1 S840 A
Zld s 3 gioh

o] Aol Al g} 7ol ‘3%741“5%31 x
7F wi Y3, goRo A% T3
]L} el olEs vAYE F

3 A7t AAAF R %}HLOMI
D% UM E %e Ayt s n
EAHEA A dizt #HL2 72
3 9 tiEo] 7EY A4 AW
FAzrgtolvt A AHE A Aol B &
Aty 2 AES thFojor gtog <l
oz A oA AdH oz gol] At
z2 Atk webA ol AL Hsf A
2 #Fo gr FRAHA AN 2 2

, A8 Tra}] 229 74

ARTINA] AE g B
271 AEAHEEA ] 7“‘“01 L7
AN, FEABELAE Histe 9A
—E‘?J ”1 A5k, A Y3 FHH =
o gy HEAHBAGAL A
Ae 9% 712 AEE AFSALA

&

T

#2)
24

Al
&

A
AA,

|’:

Py
T A=

=
29E

Qo
S

2 o
=T =,
ahed A
[e] [e]
m=

©
[e]

w o

O e © XN ok

A

=

=

A e 4 rie i
S oo N g
oZ e A -L)

O

i

ob ya ALt

8

£

=R

N
|~

d

5} %

H1
r 2 el

3

L=]

=

o ¢

ARGGA P

Aol 44

o ol Alg@

Hojd &
284 F71duA ¢
n-hexadecane 2%, NH:NO; 0.4%, NaHPO,
15%, KH:PO4 04% MgSOy - THO
2H,0 0.01%, FeSO4- TH20 0.001%

r
i

ol

o
N WU oy (2 X8 mp oL wo

o o (&
% o
bt

L

< 12H.0
0.02%, CaCl; -
(pH 7.0)0) %1t}

178

/\o]-

22 AEADRHA 4Bz HE
FAZ) ABAWDYA A2HA2DL Aeal
7] S1gte] F1duAE ARNMAL Fel 200 rpm
oA 297k N AAGHLIRA HFLE, 27
Bed, 449 0 QNG 2% 2 5% MgSOs
“TH0 2 71E & T 5ol 42 FA A

71\:!9’] o1 O
oy =4 aheleh

3 g x5 9 Femedts
A AAtel o)

AT = €]

7%l AEAT
atolr 7] 9ste] AvidAl AAE ]
ZAoA, 250me Az Zeaze] wjxA
7} 30~150m=  2elsked, 30T oA
|d7egs ¥ A AfEe &

259k Aujere
mmoll A 247t & A AEru kel o,
12000 rpm, 202 F<F YA 25k
3+d 3¢ 08% NaClz F rﬁ Ao}, £
folo] Ago=100] HEZ Heato] Eujokale]
F(2%, v/v)statt.

z}

S 35
T
1o =
=

30T, 200

Aurere

23 ¥4
TATY AREE AZTACE U

Z ok s A4 Hsto YAE12,000 rpm,
47T, 20 min)dted 3|3 pelletS 0.85% NaCl &

I M A 0—E‘(chloroform  methanol = 2 : 1, v/v)&

AgEel AHE ForhAl YAl 105CA
gaol @ wWAx Az EEFYY P

Fisher scientific surface tensiomat® ©]&3} ring
method2 ZA AT, TAFe] AZAARLA
A Ao djdde THAE AT 1 R
’31‘2* stk AlEARZEAA L] el

A& 4"%}01 Fude o] Frtete AlFe g
vl =2 VER = chc%kmo 2 Yehigidh

2
ufj o
_1
S

Az 9 3%

3.1 *@%74] HGAA A

@

o ]

5o

g

&} 7]

RN

O}
O;

#

5,

=

wj

i}
2

of Ffadrel Eoba
ANaR NHAs xUG
Adsrgla, 1 %OM
)\6]’ %Ta :L}‘]
14 xﬂ Agg}.?ﬂ-x%o
Bergey's Manual of Systemaﬂc Bacterlology Vol.
13} Bergey’'s Manual of Determinative Bacte-
riology Al 93} HlE, AEF AIFJ(AA) E
ZANHFL Pseudomonas sp.L.2 FAEHeH, A
2]lA Pseudomonas sp. EL-G5272 = % 3t}

i = OT A ot s o

tlo o2 o mu alo 24

oL



Pseudomonas sp. EL-G5279 9|3+ 317

32. AEARESA Az
T8 Ao WFEEE 20~40T7A GAE
ol =

2 wigsle 7A A& 1udY 2 FomeE
Az A= Table 1914 BE wbsl o} 30Tl A
T4 Ass 938 4% 9 Fome #ol 7H¢
FAh 3BT 37TAME 9wz vz &=
o AEAHFAA HAATS vehdK e 40T
MNE o A% {3 AEAEDEAA Aide]
elstct 298 wx9 pHE IN HCI# IN NaOH
o] &3to] %7] pHE 4.0~1007HA wAlEE =
Agle] FAITFS wlkd A3} pH 5 o8l Al A5

=

€2

o] 7] o]FojxA ek, pH 7.0~9.09 &z
M Fe AxEe Z¥FY A%, Fonc

#& BEAtHTable 2). 7 ¢33 5= Feme

e YER pH 705 A z7] pHE ZAsid.

Table 1. Effect of temperature on the production of
biosurfactant

Temperature Growth Minimum surface Dilution factor

() (g/¢) tension{dyne/cm) (Feme)
20 0.02 496 1.0
25 285 36.2 21
30 3.95 30.1 43
35 3.18 30.3 39
37 308 304 38
40 1.46 43.1 1.7

Table 2. Effect of pH on the production of biosurfactant

oH Growth Minimum surface Dilution factor
(g/ 1) tension(dyne/cm) (Feme)

4.0 0.02 72.0 1.0

5.0 0.05 72.0 1.0

6.0 0.13 59.0 11

7.0 3.52 30.3 39

80 2.52 334 30

90 2.33 331 2.7

10.0 0.02 720 1.0
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Table 3. Effect of carbon source on the production of
biosurfactant

Growth  Minimum surface Dilution factor
Carbon source

(g/¢) tension(dyne/cm) (Femc)
Glucose 1.04 47.0 1.0
Fructose 1.55 33.0 14
Sucrose 0.01 69.0 1.0
n-Pentane - 72.0 1.0
n-Hexane - 72.0 1.0
n-Isooctane - 72.0 1.0
n-Octane - 72.0 1.0
n-Nonane - 72.0 1.0
n-Decane - 72.0 1.0
n-Undecane 0.03 56.0 1.0
n-Dodecane 1.04 40.0 1.0
n-Tetradecane  2.30 30.1 34
n-Hexadecane  2.86 302 38
n-Octadecane 1.72 34.0 12
Cyclohexane - 72.0 1.0
Benzene - 72.0 1.0
Ethylacetate 0.09 5.0 1.0
Toluene - 720 1.0
Crude Oil 0.22 520 11
Bunker A 0.36 470 1.2
Bunker B 0.05 56.0 1.0
Bunker C 0.15 59.0 1.0
Olive Oil 2.56 325 14
Soybean Qil 2.90 32.2 15
Corn Oil 3.64 320 12
Peanut Oil 193 3H.0 11
Caster Oil 2.44 33.3 1.0
Oleic acid 2.44 35.0 12
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Table 4. Effect of inorganic and organic nitrogen on
the production of biosurfactant

. Growth Minimum surface Dilution factor
Nitrogen source

(g/ ) tension(dyne/cm) (Feme)
None 0.02 70.0 10
KNOys 3.00 310 36
NaNO, 0.02 70.0 1.0
NaNO; 321 320 24
NHiNOy 322 30.2 82
NH,Cl 2.81 303 74
CHsCOONH, 0.78 375 14
(NH4),S0;4 2.83 30.2 6.1
NHH-PO; 1.28 305 1.8
{NHy):HPOq4 114 315 12
Urea 267 34.0 25
Yeast extract  1.53 32.0 21
Malt extract 0.03 62.0 1.0
Beef extract 0.08 380 1.0
Tryptone 2.66 314 2.6
Bactopeptone 212 320 25
Polypeptone 161 33.0 16

Qlatado] AEARTAA AAxo] v A& g3t
Polu7] ¢ste] wiAle]l KH:POs B Na:HPOq
- 12H:0, K:HPOsSl =8 dAAoZ ZHad
30C, 200 rpmo. 2 wlFste A A& HE
H@gAdx Adss PEISFAC. KHPOsNaHPO4
- 12H:0 systemB.tH KH.PO,-K:HPO, systemol Al

]

=

180
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t} (Table 6)

Table 5. Effect of MgSO, - 7THxO concentration on the
production of biosurfactant

Concentration  Growth Minimum surface Dilution factor
(%) (g/?) tension(dyne/cm) (Feme)
0 0.12 704 1.0
0.005 332 36.2 10
001 372 3038 53
0.015 411 30.8 58
0.02 448 306 87
0.025 437 306 49
0.03 4.07 301 4.1
0.035 374 300 32
0.04 352 306 2.4

Table 6. Effect of FeSO4 - TH:O concentration on the
production of biosurfactant

Concentration  Growth Mimmum surface Dilution factor
(%) {g/t) tension{dyne/cm) (Feme)
0 464 338 16
0.0005 450 302 44
0.001 466 30.1 6.8
0.0015 452 301 76
0.002 467 30.3 71
0.0025 422 30.1 6.5
0.003 372 301 6.1
0.0035 354 300 53
0.004 340 30.0 2.6

S7)%o] BEAUGHA ALt v G
Table 7oA B vbel Zo} 250me £3%2 A4 E
g3l WA Fo] 4245 g2 AFTe AEA
maAa s Bl o]AL Pseudomonas
sp. EL-G5279) #7]% 22 n-hexadecanes 3l
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Table 7. The effect of aeration on the production of

biosurfactant
Medium Growth  Minimum surface Dilution factor
volume(nt)”  (g/4)  tension(dyne/cm) {Ferme)
30 0.873 30.7 86
50 0921 319 83
75 0918 322 6.1
100 0.742 326 42
150 0.4313 39.3 2.1

* Medium volume(m¢) in 250m¢ shaking flask.
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Fig. 1. Cell growth and production of biosurfactant
from Pseudomonas sp. EL-G527 on the

optimal condition.
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MgS0q - TH20 0.02%6, CaCls - 2H:0 0.025%, FeSOq4
- TH20 0.0015%, pH 7.0 2 30Col3Att 250 m¢ &
Fo A7 Feh23d wiA 30 mE AUHRE o
A ARG Adgol 713w #dd F
HulR X F 4dAe] FEAVEAA AYato]

7+ =9k

o}& Pseudomonas sp. EL-G5270] AAkete A
EAUEdAE B2 AAStn, 1 EAE €F 7
Zo| gAARG A} nugorN 1 AYF s}
g I} oH, dFAN Ve #BYger
AN TAAAEAA S oMt TS A} S

A F

o] =&82 T AG A #A47]E - A7)
AT AE(RRC-IETD S #9(99-10-05-02-A-3)
of oj3te] AxEon, oo AA=YUT

*3 g

1) Suzuki, T., K. Tanaka, I. Matsubara and S.

Kinoshi, 1969, Trechaloes lipi[d and o-
branched- 8 -hydroxyfatty acid formed by
bacteria grown on n-alkanes, Agr. Biol

Chem., 11, 1619-1627.

2) Zajic, JE. and K. Seffens, 1984, Biosurfactants,
CRC Crit. Rev. Microbial,, 5, 87-107.

3) Haferburg, D., R. Hommel, R. Claus and HP.
Kleber, 1986, Extracellura microbial lipids as
biosurfactant, Adv. Bioche. Engin/Biotech., 33,
53-53.

4) Parkinson, M., 1985, Biosurfactants, Biotech.
Advs,, 3, 65-68.

5) Zajic, J.E., 1976, Bio-emulsifiers, CRC Crit.
Rev. Microbiol., Nov., 39-66.

6) Thomas R. 1996, Significance of bacterial
surface-active compounds interaction of bacteria
with interface, Microbiol. Rev., 60, 151-166.

7) Kosaric, N,, N. C. C. Gray, and W. L. Cairns,
1987, Biotechnology and surfactant Industry,
Biosurfactants and Biotechnology, N. Kosaric,
W. L. Cairns, N. C. C. Gray eds., 1-45.

8) Dunvnjak, J. D. G. Cooper and N. Kosaric,
1982, Production of biosurfactant by Arthrobacter



Av A9 a

3

pardffineus ATCC 19558, Biotechnol. Bioeng.,
24, 165-175.

9) Poremba, K., W. Gunkel, S. Lang, and F.
Wagner, 1991, Marine biosurfactants, II. toxicity
testing with marine microorganisms and
comparison with synthetic surfactants, Z.
Naturforch, 46¢, 21-216 14.

10) Shepherd, R., J. Rockey, 1. W. Sutherland,
and S. Roller, 1995, Novel Bioemulsifier from
Microorganisms for Use in Foods, J
Biotechnol., 40, 207-2117.

11) Roller, S. and 1. C. M. Dea, 1992, Biotech-
nology in the Production and Modification of
Biopolymers for Foods, CRC Crit Rev.
Biotechnol., 12, 261-277

12) Park, ]J.Y. and 1S. Park, 1998, Emulsification
of bunker-C o0il by a marine bacterium
Arthrobacter sp. M-1220, Kor. J. Appl
Microbiol. Bioeng., 16, 384-388.

13) Gutnick, D.L. and E. Rosenberg, 1977, Oil
tankers and pollution: a microbiological
approach, Ann Rev. Microbiol,, 31, 379-396.

14) Aheam, G.P., 1987,  Surfactants for oil
recovery, J. Am. Oil Chem. Soc., 46, 540-580.

15) Beersteacher, E., 1954, Petroleun Microbiology,
Elsevier, Houston.

16) Kim, D.W., M.]. Kim and S.M. Kang, 1995,
Purification and properties of Biosurfactant
from Pseudomonas aeruginosa, Kor. J, Appl
Microbiol. Biotechnol., 23, 337-345.

17) Lee, S.J., 1993, Characteristics of the rhamno-
lipid biosurfactant prepared with Pseudomonas
sp, 13, Ph. D. Thesis, Dept. of Chem. Eng,
Chun Buk National Univ, Chunjoo.

" R2EAEZTF N E
18) Lee, KH., 1993, Carbon mass balance
analysis of biosurfactant, sophorose lipid,

182

fermentation by Torulopsis bombicola, Ph. D.
Thesis, Dept. of Biotechnology, KAIST, Daejon.

19) Lee, J M., 1993, The studies on biosurfactant
production by Microorganism, M. S. Thesis,
Dept. of Microbiology, Pusan National Univ.,
Busan.

20) Chopineau, J., F.D. MacCafferty, M. Therisod,
and AM. Klibanov, 1988, Production of bio-
surfactant from sugar alcohol and vegetable
oils catalyzed by lipase In a nonaqueous
medium, Biotechnol. Bioeng., 31, 208-214.

21) Magaritis, A., K. Kennedy, J.E. Jajic, and
DF. Gerson, 1979, Biosurfactant production
by Nocardia erythropolis, Develp. Ind,
Microbiol., 20, 623-630.

22) Luis, G.S. and K. Othmar, 1984, Pseudomonas
aeruginosa biosurfactant production in conti-
nuous culture with glucose as carbon source,
Appl. Environ. Microbiol., 48, 301-305.

23) Krieg, NR. and ] G. Holt, 1984, Bergey's
Manual of Systematic Bacteriology, 1, The
William and Wilkins Co., US.A.

24) Krieg, NR. and J.G. Holt. 1974, Bergey's
Manual of Determinative Bacteriology 9th ed.
The William and Wilkins Co., U.S.A,, 21.

25) Itoh, S. and T. Suzuki, 1974, Sucrose lipids
of Arthrobacter, Corynebacteria, and Nocardia
grown on sucrose, Agri. Biol. Chem, 38 567-563.

26) Hisatsuka, K., 1971, Formation of rhamnolipids
by Pseudomonas aeuruginosa and it's function
in hydrocarbon fermentation, Agri. Biol. Chem,,
35, 686-692.



