Kor. J. Appl. Microbiol. Brotechnol.
Vol. 23, No.2, 229-235 (1995)

Rhodotorula muciloginosa G-10{|A AHALE|=
biosurfactant2| & U Sa|x AMA

Ol - Ol - 2R

A=CHE W Snicfet ojlMESED}

Purification and Physical Properties of Biosurfactant Produced
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Abstract — The surface tension-decreasing biosurfactant was purified from Rhodotorila muciloginosa
G-1. The purification procedure was the solvent extraction of culture broth. To ensure complete
extraction, the sample was extracted twice with equal volume of ethylacetate. The crude solution
was washed with n-hexane to remove unconsumed soybean oil. The crude sample of biosurfactant
was applied to Silica gel column chromatography equilibrated with chloroform, and eluted with
chloroform ! methanol gradient. Serveral solvent system was used to developed the thin layer
chromatography (TLC). The purified biosurfactant sample gave one spot (Rf 0.78). It was estimated
that biosurfactant was glycolipid about having M.W.1,500 with standard of polyethyleneglvcol by

Sephadex LH-20 column chromatography.

u| A-B-o] Ay 4b&}: biosurfactant % thH-E-S 23|
5= glycolipid= #htx2 <l Zwdl| 4] shingogly-
colipid, phytoglycolipid, glyceroglycolipid, 7 £]2]
shingosine, glycering 2] ¢+ glycolipid &9 4
7hA 2 B-F53 4 ol ofeldlt glycolipid 2+ rha-
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ol el STl
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No.145, No.1427} A4tshs Sdv|PE848 2te A
M3tAEA el 9 glycolipid e1-7-3}o] o] E3lo)
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lipide! rhamnose lipid-119}-& %+&lc} Hisatsuka %
© ebspAa 23S 2hs Pseudomonas aerogino-
sal] E¥sbpa ALspAE odtste] o]zl o A] Jarvis
7} ol rhamnolipid-1I3] 7-& ut&{ch
(1). Suzuki 5(3)& sl 23t v E=5E
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terium, Corynebacterium, Nocardia, Mycobacterium <5
o 'tEbpa ApspA] Algtel frshse] 7R typed
glycolipid, trehaloselipid-1& A4tshe 78 w738}
AH2).

gkl A Y= biosurfactant®] Y Abeko] nf
Aoz arelA g,

T F2
A=dl, thitH<ql biosurfactant ¥4k
ArnZye =shea AEY AREZA 9R1AA bio-
surfactant& A 4b8l= Torulopsis bombicola(ATCC
22114, KSM 36)7} sl o) Torulopsis bombicola7}
QY 4rake sophorolipidis 70~100g/ HES] Ee
Aakekg 7EA 3 gle] Ale] FE o] g AT}
o] oz <9ltH4,15). Sophorolipid®] FZ(FfE) &
A2 G4 ¥R ARl Candida bogorien-
sisoll 4 A Ak%]+ long chain fatty acid®] +3%7} o} &
sophorolipid-II7} <13, ©] W] Candidads % &
F7el AT AarEls= biosurfactant7} re] A

UTKI). o2t 3ol BEAelw oo e AR

JEAe]l EAshAR, 1 dRE ik AL ¥
el7h 23bstel 4 el Rolxw grk

A= APA6)N A w2l A% Rhodotorula
muciloginosa G-1° 41 Y 4F=|= biosurfactant 2] -2
A 4wl 7j2Agl B gk dE stk
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Biosurfactant®] =AM S AMASA

Thin layer chromatography{TLC) Silica gel G,
Silica gel G Fys, plate(Merk Co.) & o] 8-3}o] zhE o]
A&l ol 2] A7 seic)

2t&e| M3etebs A 3EkhE-2 Stahle] TLC
2hAH-E o] 8-3}ITH5). o] A2 10% etano-
he sulfuric acid, anthron, a-naphtol-sulfuric acid,
oricinol-sulfuric acid& A28} 3 amino acid 4
£ ninhydrin, lipid 24< lodamin 6G-& ©]£3}¢]
t}.

A2 §d A4 5 biosurfactant-5 Sephadex
LH-20 column(1.5 ¢ X 100 cm)ell 4] 20 mi/hre] 4
o2 83A1H 218 600, 1000, 4000, 6000, 80002)
polyethyleneglycol (PEG)3}2] 5-2]& % & v| 1w s}e]

TAES &k}

Biosurfactante] % &H

Biosurfactant®] Auiat 542 Chaplin®} Ken-
nedy2] phenol-sulfuric acid methodel| 2]&te] 2%
sledth6). Standard glycolipid €} control solution®d]
200 W/ 2] 5% phenol solution(W/V)S 78l 2 ml
9] zigt 3h4kg A 7EEF 3 100C ol 4] 1037F 7}ed 3}o]
Wb sl 2 & 5 gpectrophotometer 625 nmeol| 4] &3]
dtodck. vl brothiwiel 4 e Huisf =L methyl
ethyl ketone ©.%. glycolipid& F&3led & s}eic)

Biosurfactant?] SM&EHN

7| xHe] &8 7y HHS FHIAREA
A9] A A 712 SRS o
83t SAstdnh Alga8] 200miSs 99 cm
xololl A 30&7F HepAlA Be] 2y FE8 F
ZA) 7Ee] o FOF ¥ o] mm)S Z4s}o] 43
FH% Wy A7 sle] AR e
A slsict.

Decay constant@l &HA Decay constant(Ky)+

Cirigliano®} Carman®| Wii(8)& o] 8-3}e] 0.1% &

wo] Az 8l 5miel 5002 ZFE ol e Wb
200 rpmel| A 28-7F &3 & 1087 A=A sk 10
+ ArHe R 504 §<F 540 nmelA FHEE &7
star Al bell g FF 8 logihd 18 7]-&7](de-
cay constant)E T-3h3itt.

=4Ee] 58 FibH e A2 Kim#} Kime] 4
H4)oll F3Fed 100 m/ mass cylindere] 77t 0.3 g9
Fe.O38 ¥l Al &2 100 m/

=3 control)-5
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ok oA £x 2 7} mass cylinder® 5o Fe,0,
F TaF AR A A AT M) 9] 5L Mass cyli-
nderv] #HeEel 20 m/ U4 2mi 2 Fsho
25mie ST 34171 & 660 nmel| A FHEE
A%},

732 EH G359 4Y& Zuckerberg %
9] whos v}l33 o] Z#3}¢Ir}t. Hexade-
cane¥} 2-methyl naphthalene %2k 3% (.1 m/o)
Al 25 mi-& HrFsta 50 mM Tris-HCl buffer 7.4
m/E pHE 802 ZAstedr)h o] vlgl-g& 150
rpm, 256C, 12| 712] fE2e}t -T o0 8 B 5o F 3
105-7F A 2% b2 620 nmeol| A EFF v 2 Z2A3)
T3 EE FHEeRch ODgy 24 018 #-3H4) #Adch
12 A o]F 7IEAE “]ﬁ’ﬁ}ﬂidr

MEHL X A s AA A
(7) = 798 A Ay S-S ¥
gl e} 7|5 g8 (F-Ae) HFHE R
Hl 1. 12 &3 §% 20g monoolein 025g %
oilred 0.1 g& -&X]ll chloroform 60 m/ol| =) <
deps fofdel] H2Zl 3 oAw g xges
o] 41 150 rpm, 35 1]- el A 918 A A § & Lol
e 2919 500nmeld FRE AYskol AHH
e FAsdk 5 FA44 0D, ¢ 2.999]

TE& 7oke] Adbsksd

1=

E_Eoﬁ.ﬂ:i

o ¥ 0%

Biosurfactant 232 &

Crude biosurfactant?| E2| HA4Ee]ld sk
Solo] HCIE #7}ste] pH2~30.2 AT F o
7]ol| glycolipid 2|} +& AH8-E 1 Qli= ethylace-
tate s &% volume FH7}8}ivH4). APk 5 o)
gao] Heelal 124070 Aukal F Al shel &
718w Zubs FHEkeldch o] AL 2~33] whE.5l
rotary evaporators ©|-8-3te] F7|8o)5 7l 25
shod F2ak Nbe HHES 4

255313 9)+ vegetable oilS A A7) 2s)lod
T2 FAdol w2 A lipidel Felel A8+ a-
Hexane o & 23] A3 & g RE& 23} evapo-
ration 3tgich o] Ao v} FHF F A4S crude
biosurfactant 2 slod W4 ®Rsly A9 7 AL2-3)
it

Silica gel column chromatography(1st) 2]l 4]
o3& A]:#-E chloroformell 83l 4% ¥ chloroform.c.
&2 F%1%l Silica gel columnell -&-2HA1#c} Singer
e} Finnery-2 Silica gel column chromatography 4}
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Fig. 1. Elution diagram of 1st silica gel column chro-
matography.
Column was eluted with aceton.
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Fig. 2. Elution diagram of 2nd silica gel column chro-
matography.

Column was eluted with CHCl;: methanol.

Line: (... } methanol concentration.

o} 4 acetone fraction®. 2 glycolipidut-g A= ™o g
welg 4 Qv ¥ usielel(10). webd F32E cr-
ude biosurfactantell 4 A& lipidE =] #8}7)
213}lo] 2 bed volume chloroform X w54l =
A58 washinggl § o]o]4] aceton®.® 50 mi/hr £

%—ﬁ}ﬁt} 0]“1{ frdctlon No.2] 23~308-2]& Holi]
Sal:ca gel column chromatography(an) 2] el| A

A& aceton fractione2 E.o} Silica gel columnei|

& 22|74t o] 718 2f 3 bed volume chloroform .5
washinggdl % chloroform¥ methanol-& stepwise®
of 2]3le] methanol?] ¥1E&E 0.5% ¥ S7H7]9
8 =3tedch 1 Ash chloroform?} methanol?] H]-&
o] 98 : 2014 FTasgk AT LY SEFE )
rejup bshA AEgsel sdle 49 lipid el
ol ated graph Abell A 22 4917} vhebtHFig. 2).
ol2]&l H-2}&5 A A&7} f8ked A2k Silica gel chro-
sloich

4

matography-s-

Fig. 3. Elution diagram of 3rd silica gel column chro-
matography.

Column was eluted with CHCl;: methanol.

Line: (........ ) methanol concentration.

Fig. 4. TLC of biosurfactant purification procedure,
Solvent system was CHCL: CH,OH: 5 M NH.OH (65:
35:5) and detection was done with 10% phenol sulfuric
acid in methanol,

Lane: culture broth (A); crude extract (B); 1st Silica
gel column chromatography (C); 2nd Silica gel column
chromatography (D); 3rd Silica gel column chromatog-
raphy (k).

Silica gel column chromatography(3rd) 2nd
Silica gel column chromatographyel 4] #4318 7}=
fraction No.13~—22%& R.o} 7}qt 53t 5 vhbA] Sil-
ica gel column chromatographyell &34 Zjc} 3 bed
volume chloroform 2.2 washingdt % chioroform¥}
methanol®] stepwise ¥ & 8- 3lgiti(lng. 3). Ch-
loroform¥ methanole] H]E-9] 99 1ol 4 =884

P97 w5 §Esle] HrHon ¥

tantE Fvh o] H>

biosurfac-
Fig. 42| TLCol|lA &#9l&
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Fig. 5. Estimation of molecular weight of biosurfactant
by using Sephadex LH-20 column chromatography.

Ut Fig 4= AA 332l 24 b el 4 2] biosur-
factant A A ZE vjel o)}

Molecular weight2] A& A A %! biosurfactant =
Sephadex LH-20 column(1.5X60 cm)ol| 4 90% me-
thanol® 20 mi/hre] #Ho 2 L2227} Bxjat
8000, 6000, 4000, 1000, 6002 PEGSe}le] Fal& v =
Hliste] PEG 7] ¥-3}eE2 2319 vKFig 5). &
A} 5l biosurfactant{“ PEG 7|& ¥=zleko] 1500¢]
ta‘ |42 FAHET o)7L Itohe} Inouer} ¥ 1(12)

J O ¥ mlapzs bombicolacl A1 WAz B A=k 600~
90001 glycolipid®] F-xpekz} f-Absledc) okol} 4] &)
g} biosurfactant®] ¥z W R A= %ﬁt}'%]-fﬂ o}
w7 #}h Crude biosurfactantel] 4] £2]&} biosurfa-
ctantv = odFeollA] Fel® TLC Ed7A3) et
?F 1,000]) carbohydrate2} fatty acids -3+ =
AR FART) o)== o|A7 ] XY Torulopsis bo-
mbicolasl| 1 Y A=)+ glycolipide} 7+ Ao}, o]
glycolipids+> sorbose #|%° % sorbose2} B-hydrox-
ydecanoic acids®| Z3loll 2]dle] F-Alxle] olc}yr
B =] cH2).

Biosurfactant?| T4 U 7|2 AMZA

2 AHA S biosurfactants] Eol g 83w
g 24K Slate] 1999) S g 77he] o] ol
te g PAste] 2 sl =E FhE st ciTable 1)
1 A3 ethyl acetate, methanol, butanol, iscamyl
alcohol, chloroformeli+= % =<9}o 1] actone, bhen-
zene, toluene, isopropyl alcoholel] A+ H-Ab=]+y A}
B2 3L n-hexane, isooctane, ethyl etherel A= #Ab
A efskeh Eeollv = HEG%) Y FE o|Ate

o A 83x= ¢t ¢]#)g A= Rosen-
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Table 1. Solubility of biosurfactant

Solvent Solubility
Benzene 1D
Ethylether I
Cyclohexane D
Isopropyl alcohol D
Ethylacetate 5
n-Hexane I
Acetone D
2,4-Trichloropentane I
Water WS
Methanol S
Butanol S
[soamyl alcohol S
Tolulene ID
Xylene D
Chloroform S
Trichloroethylene I

[D: msoluble but disperse, S: soluble, I insoluble, WS:
weak soluble

Table 2. Comparion with Rf value

Solvent sysytem Rf
CHCL:CH:OH:5 M NH,OH 0.78
(65:35:5)

Hexane:isopropyl alcohol:CH;OH 0.48
(70:35:15)

Hexane:isopropyl alcohol:acetic acid 0.1
(15:10: 1)

CHCls:aceton:CH;OH:acetic acid:H,O 0.19
(7:8:2:2:1)

CHCI;:CH,OH:H.O 0.5
(65:25:4)

CHC;:CH,OH:acetic aaid:H,O 0.31
(25:15:4:2)

berge}l Perry(11), Itoh®} Inoue(12)e] w.wu e} <l x]3}
Fodl ol® vlFo] A Nl A RE
FAdl AU Gl Ao 47,

Thin Iayer chromatography(TLC) 7} solvent sy-
stemel| 3t RfQ] zlo]E- FAgF A3} Table 29 73
whep 3lol wlFA] 2o Bl &e] AR EL solvent
system Shol| 4] Rfgte] 57 viehdo g 2elsl bio-

4ol wbe BAYL ok F gk

surfactant
=AM o E biosurfactant?] #elo
chloroform | methanol ! 5M ammonia water=65 :
35 59 4= 0.7¢] RfE vtehfgic) o)eldt Axje-
Kitamono®} Akiba(13)&] Candida antarical* €}

o] &¥ T 9l
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Table 3. ldentification of biosurfactant

Detection Substance Result
Phenol-sulfuric acid +
a-Naphtol-sulfuric acid +
10% Sulfuic acid +
Iodine vapor carbohydrate +
Orcinol-sulfuric acid +
Bromocresol-green +
Anthron +
Rodamin 6G lipid +
Ninhydrin amino acid +w

+: Positive, +w: weak positive

2] solvent system-2 AH8-8F-2 749 biosurfactant
MEL-A2] Rf 0.773% HAFskelar, Hideki®2} Macdo-
nald(14)2] mutant Candida sp.oll 18] biosurfactant
Rf 0.85%}= k7t Ale]dlic)

M3IE 22 Silica gel G, Silica gel G F,5 plate &
o]8-5}e] CHCI; : CH;0H : 5M NH,OH({65 . 35 b)
o} # g vlell A NSt 2 A3 Rf 0.789] 2
2-21.2. phenol-sulfuric acid, a-naphtol sulfuric acid,
sulfuric acid, iodine vapor, orcinol-sulfuric acid$]
ckol AlefFH ol HEAuUEZ-ol| A oFAIMEE-& i‘ﬁi

Lodamin 6Gel] 2§} lipid el A UVel] 3340 =
Hhl b ofAdubS-& Mg, ninhydrinel = plefgt

okAlnt-2--2- v}lel ¢l Table 3).
mpeba] o) BAS FAME Fze] 3& sk
AR R ZAgge) olx Itoh S(12)0] X w3l

Torulopsis bombicolao| 4l A== F71%]  glycoli-
pids2] Rf(=0.8)2} TLC #tell 212} anthrone, phenol-
sulfuric acid, bromocresol-green, ninhydrin g

Astel fAbsbedet.

Biosurfactantg 4

s4of e HEHAEHHC M3 Crude biosurfac-
tante} ¥-2]3t S2S 1mg/~10g/e] s WHE
AlA A BeAEe] H3lE vlarstel ol (Fig. 6).
# 2} EHAHE L crude biosurfactant?] 74-% 38 dyn/
cm, YA ¥ E2.2 29 dyn/ecmelHch o|e M 3] =
Candida apicolaol Xl 4= biosurfactantﬁﬂ 21
(dyne/cm)el] Bl&} = EL& TR ojvt Torulopsis gla-
brata)| ~) A A=) biosurfactant 39(dyne/cm)X v}
= F& el

pHS| B30} o8t FHA2 2 HE Biosurfactant
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Fig. 6. Effect of concentration on biosurfactant tension.

Table 4. Stabilization of substrate by biosurfactant

s

s

Decay constant (Ky)

Substrate : : Difference
Without With
BS BS
Soybean oil -52 - 0.8 4.40
Olive oil - 3.2 -~ (.82 2.38
Crude ol — 7.8 - 1.48 5.32
Hexadecan —84 - 34 5.00
Kerosen —10.7 —6.5 4.10
0.1%(w/v) &-42] pH W}l upE Bz HItE
wabstednh. Aeks pHoF st g has

el el ol Biosurfactant+= 3574712 233 carbo-
xyl7] & 713l glycolipid2, .1 HlE

A od o] biosurfactant= #Adql ‘%g; ¥} carboxyl”?]7}
v oFEo] $1AqcH13). Lelnz pHob Ashew
carboxyl7] 8} Aol 2o} =7 A=z, =
o] alpAd7] Hhe] WA %o A e] Fradhe 4
A5 A o AtEXich pH7F Fr1bAl H
W gAdo] HapHoe R Frisiil webd Eyi Aol
shol ]t}

Biosurfactant 7loi| 2{8t {3 2™ E 2| 7}
Biosurfactant 7} soybean oil, olive oil, kerosene, he-
xadecane ] FEFA ke 7 x| d3Fg Al
(Table 4). ©] Ks 3 38 Al 7koll gt vH5}2]

12712 10 79 AR ek o) 7|&7]7F 3
STE 0..35}1;:_,] Hatzl Ay el e = =oly B o
sict. o328 oilE Fl 4 soybean oilel|

AAO‘]’H—*] blO-
surfactant 7)ol ¢t FalebA w7} 7}3F ko)

=+ glycolipid

71EF Ao @A Aite] "l
B.2] &} biosurfactant®] AHFA A 2a]e] oyl E
438 o]s]s}7] 213} Diocytyl sulfsuccinate(AOS),
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Table 5. Surfactant surface tension

Kor. [ Appl. Microbiol. Biotechnol.

Table 6. Difference of soybean oil emulsion by surfac-
tants

Surfactant Surface tension
(dvne/cm)
AOS 37
Tween 20 42
Span 80 21
Sale detergent 35
Standard detergent 49
Biosurfactant 38

Decay constant

tol 7
L AdHEa

n
=
n §
a
Q
a
3
o

Fig. 7. Washing ability of each surfactant.

Line: water {A); AOS (B); Tween 20 (C); Span 80 (D);
Sale detergent (E); Standard detergent (F); biosurfac-
tant (G).

Tween 20, Span 80 2] Al=HEAdA e}l Al T3l
AA, A AAE AlE FAAAE B AR
2 Addsiginh A0S 539 A AfF Sol7hke
T A& Aol Tweend #F3tso] sk AlHg
A A, Spang AMEFrstAlE AREE|I ol Al A
AE A @A A e} AlFHE AlE A A A Al
Ao} ofe] FAEe] 3R] Qs BdEHe|n) o]
Al 555 50mM Tris-HCI(pH 8.0)o] =5o9 0.1%(w/
vy $A5 hE 5 7 Al gAdAd 5A1S varstksich
Al & bilosurfactant+= crude biosurfactantS A}-8-5}
Art. A &AdA 54 FollA AHAHE, 3K,
7134 55 vlasksich

HHEEY o] 29 72 dyn/cm)S 100%E
stade o 27 AR FEE 01%= A 7
AMiel FHAES el ocKTable 5). Tween 203}
Al X FAAAE Aest 1 9]9) A&+ biosur-
factantel] ¥]3alo] whe FoiAeds Jelyoh

MEE 2 A5e AlHY¥E F/HTF 0%E 7+

|

stod MM %2 ebllci(Fig 7). 2 2 8.2] A A

(Ka) (10 ) ,
Substrate : : Ditference
Without With
sample sample
AQOS* — 6.0 - —
Tween 20 —6.0 —5.0 1
Span 80 - 6.0 —4.5 2.5
Sale detergent —6.0 —10 —
Standard detergent —6.0 —3.0 3
Biosurfactant - 6.0 —1.2 4.8
150

-
-

50 -

Forming force(mm)

Surfactant

Fig. 8. Forming force of each surfactant.
Line: AOS (A); Tween 20 (B); Span 80 (C); Sale deter-
gent (D); Standard detergent (E); biosurfactant (F).

2 AOS7} 66%, Tween 200} 71%, *|=+A}#]7} 86%,
A 2= F-ALA A 7} 89%, biosurfactant 7} 28% 0ok
 Aldel r|3}o] biosurfactant®] A =& w3
She A E vheblich Kim3t Kim2 Candida sp.el)
A QA=)+ biosurfactant®] Az o] o] girh=
Ha4)s shdd 2 oo Ee2l%l biosurfac-
tantv= = Hxel A HHo] glddch e} &
gAA RS vzl e FAE viehlgdc)
FEeHHEE 7 A 829 soybean oilell h3l -3}
hYE wleksiciTable6). 7t Al&2] K, &
Tween 20¢] —1, Span 80-2 —2.5, A& FA4
A= —3, biosurfactant~ —4.8 5 2% biosurfac-
tantef] wHEF FbdAwrt ofE statAE A A o
ulslol f4shgivh o]gh A& o]8-3k 34
hib vhgAde]l =k & 4 gl
Zixe 7} xlme 7]EHE-E unitE FA|shedc)
(Fig. 8). 7z} x|1:e] 7]x=2 AQS”F 136, Tweeno|
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20-2- 35, A ;A A7} 150, Al HZ FA| A7) 50, bio-
surfactant 7} 0.2% 78L& 49t} AA A8} ¥
& u) biosurfactant®] 71E®L- A o #xt
gledct. Kim3# Kime Candida sp.ollAl A=
biosurfactant2] 7)1E8 e} gloke ¥ 2(4)E sH
d oo} FARgE At AAZR HEFAME
o higsurfactant7} AAFejx HEF-o] Uojux]
olr- 7jo] W&z} o] AT 0.2% biosufactant
F-g-olo] ¥mAeo] 38dyne/cm® wHE FHAH
olof| & BTl #Fo] dHAe| qlxe HAHE Hof
Fa glel A} Ay} vi=A] AEFE #AR
e B 4 goh AEe A A¥Ys 53
oz oelx glom T AHFol dAtR| U
A A ko] A Qlrh =g stEH 4
b g olale] AHEo] HAMEE Z dW W ¥
719}e] &8 ajchsie] 3 AefA ] ofddkE 7
e 7oz odelxr o] 238y 7]E7E S
ot AHGAAE Aaggpy & F ded o)t
A2 2o a7 AHENe] vheAe] il ¥
S14= 2
® ¢

Rhodotorula muciloginosa G-1°14] #-2]%t biosur-
factant2] ®e), ®A= & Az TLC Aol|4 0.784]
Rf A& zZte GdEAL A& & 2Ry FA3EE
Zzxgh Aa} BEzjeke] 1500 71=F =+ glycolipidsd
t} o] B4 n-hexaneol= &35 #] @43ko™, ch-
lorofrorm, methanol, ethylacetate %o+ % &85
grl. Bl Aag zARE Ag v]EL] FHEH
HaAd Ao ulate] AlHHLe Wiz} {33, LA
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